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In this book we have set out to provide a practical
guide to bone marrow diagnosis, based on an inte-
grated assessment of peripheral blood and bone
marrow aspirate films, trephine biopsy sections and
various supplementary investigations. We believe
that a trephine biopsy specimen should not be ex-
amined and interpreted in isolation. We have there-
fore discussed the clinical context of bone marrow
diagnosis and have given equal weight to cytolog-
ical and histological features. Since bone marrow
diagnosis is no longer based on morphological fea-
tures alone we have also, in this edition, discussed
in considerable detail the role of immunopheno-
typic, cytogenetic and molecular genetic analysis. 

We have dealt very fully with haematological 
disorders for which bone marrow examination is
commonly performed. However, we have also
sought to be as comprehensive as possible, includ-

ing whatever information is available on uncom-
mon and rare disorders so that the book will serve
as a useful reference source. When possible, we
have illustrated rare as well as common conditions
and have cited the relevant scientific literature
extensively.

In this edition we have introduced a new section
entitled ‘Problems and pitfalls’ which we believe
will be of value. We have also expanded the descrip-
tion of technical methods. We hope that haemato-
logists and histopathologists will continue to find
Bone Marrow Pathology a useful aid in their day-to-
day practice and that trainees in these disciplines
will find it indispensable. 

BJB, DMC, IAL, BSW

December 2000
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MGUS monoclonal gammopathy of
undetermined significance
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PLL prolymphocytic leukaemia
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may also be classified histologically on the basis of
whether there are well-organized osteons in which
a central Haversian canal is surrounded by concen-
tric lamellae composed of parallel bundles of fibrils
(lamellar bone) (Fig. 1.1) or, alternatively, whether
the fibrils of the bone are in disorderly bundles
(woven bone) (Fig. 1.2).

The cortex is a solid layer of compact bone which
gives the bone its strength. It is composed largely of
lamellar bone but also contains some woven bone.
The lamellar bone of the cortex consists of either
well-organized Haversian systems or angular frag-
ments of lamellar bone which occupy the spaces
between the Haversian systems; in long bones there
are also inner and outer circumferential lamellae.
Extending inwards from the cortex is an anasto-
mosing network of trabeculae which partition the
medullary space (Fig. 1.3). The medullary bone is
trabecular or cancellous bone; it contains lamellae
but the structure is less highly organized than that
of the cortex. Most of the cortical bone is covered on
the external surface by periosteum which has an
outer fibrous layer and an inner osteogenic layer. At
articular surfaces, and more extensively in younger
patients, bone fuses with cartilage rather than being
covered by periosteum. The bony trabeculae and
the inner surface of the cortex are lined by end-
osteal cells including osteogenic cells (osteoblasts)
and osteoclasts. Osteocytes are found within lacunae
in bony trabeculae and in cortical bone. Although
osteoblasts and osteoclasts share the surface of the
bone trabeculae, they originate from different stem
cells. Osteoblasts, and therefore osteocytes, are of
mesenchymal origin, being derived from the same
stem cell as chondrocytes and probably also stromal
fibroblasts. Osteoclasts, however, are derived from a
haemopoietic stem cell, being formed by fusion of
cells of the monocyte lineage.

ONE

THE NORMAL BONE MARROW

The distribution of haemopoietic
marrow

During extra-uterine life haemopoiesis is normally
confined to the bone marrow. Bones are composed
of cortex and medulla. The cortex is a strong layer 
of compact bone; the medulla is a honeycomb of
cancellous bone, the interstices of which form 
the medullary cavity and contain the bone mar-
row. Bone marrow is either red marrow contain-
ing haemopoietic cells or yellow marrow which 
is largely adipose tissue. The distribution of
haemopoietic marrow is dependent on age. In the
neonate virtually the entire bone marrow cavity is
fully occupied by proliferating haemopoietic cells;
haemopoiesis occurs even in the phalanges. As the
child ages, haemopoietic marrow contracts cen-
tripetally, being replaced by fatty marrow. By early
adult life haemopoietic marrow is largely confined to
the skull, vertebrae, ribs, clavicles, sternum, pelvis
and the proximal half of the humeri and femora;
however, there is considerable variation between
individuals as to the distribution of haemopoietic
marrow [1]. In response to demand, the volume of
the marrow cavity occupied by haemopoietic tissue
expands.

The organization of the bone marrow

Bone

The cortex and the medulla differ functionally as
well as histologically. Bone may be classified in two
ways. Classification may be made on the basis of the
macroscopic appearance into: (i) compact or dense
bone with only small interstices that are not visible
macroscopically; and (ii) cancellous (or trabecular)
bone with large, readily visible interstices. Bone

1



The cells that give rise to bone-forming cells are
designated osteoprogenitor cells; they are flattened,
spindle-shaped cells which are capable of develop-
ing into either osteoblasts or chondrocytes, depend-
ing on micro-environmental factors. Osteoblasts
synthesize glycosaminoglycans of the bone matrix
and also the collagenous fibres which are embedded
in the matrix, thus forming osteoid or non-calcified
bone; subsequently mineralization occurs. Bone
undergoes constant remodelling. In adult life,
remodelling of the bone takes place particularly in

the subcortical regions. Osteoblasts add a new layer
of bone to trabeculae (apposition), while osteoclasts
resorb other areas of the bone; up to 25% of the 
trabecular surface may be covered by osteoid. The
osteoclasts which are resorbing bone lie in shallow
hollows, known as Howship’s lacunae, created by
the process of resorption, while osteoblasts are seen
in rows on the surface of trabecular bone or on the
surface of a layer of osteoid. As new bone is laid
down, osteoblasts become immured in bone and are
converted into osteocytes. The bone that replaces

2 CHAPTER ONE

Fig. 1.1 BM trephine biopsy
section showing normal bone
structure; the trabeculae are
composed of lamellar bone.
Paraffin-embedded, reticulin stain
×188.

Fig. 1.2 BM trephine biopsy
section showing woven bone 
(pale pink; without lamellae) 
in a hypocellular but otherwise
unremarkable bone marrow.
Paraffin-embedded, H&E ×188.
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osteoid is woven bone which, in turn, is remodelled
to form lamellar bone. The difference between the
two can be easily appreciated by microscopy using
polarized light. The organized fibrillar structure of
lamellar bone, with bundles of parallel fibrils run-
ning in different directions in successive lamellae,
gives rise to alternating light and dark layers when
viewed under polarized light.

Trephine biopsies from children may contain 
cartilage as well as bone and endochondrial bone
formation may be observed (Figs 1.4 and 1.5).

Transition from resting cartilage to proliferating and
hypertrophic cartilage can be observed, followed by
a zone of calcifying cartilage, invading vessels and
bone. Mature cartilage can also be seen in trephine
biopsy specimens from adults (Fig. 1.6).

Other connective tissue elements

The haemopoietic cells of the bone marrow are
embedded in a connective tissue stroma which
occupies the intertrabecular spaces of the medulla.

Fig. 1.3 BM trephine biopsy
section showing normal bone
structure; there are anastomosing
bony trabeculae. Paraffin-
embedded, H&E ×48.

Fig. 1.4 BM trephine biopsy
section from a child showing
endochondrial ossification in 
an island of cartilage. Paraffin-
embedded, H&E ×188.



Fig. 1.5 BM trephine biopsy
section from a child showing
endochondrial ossification; a bony
spicule with a core of cartilage is
lined by osteoblasts. Paraffin-
embedded, Giemsa ×376.

The stroma is composed of fat cells and a meshwork
of blood vessels, branching fibroblasts, macrophages,
some myelinated and non-myelinated nerve fibres
and a small amount of reticulin. Stromal cells in-
clude cells that have been designated reticulum or
reticular cells. This term probably includes two cell
types of different origin. Phagocytic reticulum cells
are macrophages and originate from a haemopoietic
progenitor. Non-phagocytic reticulum or reticular
cells are closely related to fibroblasts, adventitial
cells of sinusoids (see below) and probably also
osteoblasts and chondrocytes. They differ from
phagocytic reticulum cells in that the majority are

positive for alkaline phosphatase. There is close
interaction between haemopoietic cells and their
micro-environment, with each modifying the other.

The blood supply of the marrow is derived in part
from the central nutrient artery which enters long
bones at mid-shaft and bifurcates into two longi-
tudinal central arteries [2]. Similar arteries penetrate
flat and cuboidal bones. There is a supplementary
blood supply from cortical capillaries which pene-
trate the bone from the periosteum. The branches 
of the central artery give rise to arterioles and capil-
laries which radiate towards the endosteum and
mainly enter the bone, subsequently turning back

4 CHAPTER ONE

Fig. 1.6 BM trephine biopsy
specimen from an adult showing
cartilage adjacent to the cortex. 
By contrast with childhood
appearances, a well-defined layer
of cortical bone separates this
cartilage from the bone marrow.
Cartilage cells are dispersed singly
or in small groups and are not
aligned into columns, as they are 
in childhood. Paraffin-embedded,
H&E ×188.
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to re-enter the marrow and open into a network 
of thin-walled sinusoids [2]. Only a minority of 
capillaries enter the sinusoids directly without first
supplying bone. The sinusoids drain into the central
venous sinusoid which accompanies the nutrient
artery. Sinusoids are large, thin-walled vessels
through which newly formed haemopoietic cells
enter the circulation. They are often collapsed in
histological sections and are therefore not readily
seen. In the presence of marrow sclerosis, these ves-
sels are often held open and are then very obvious.
The walls of sinusoids consist of endothelial cells,
forming a complete cover with overlapping junc-
tions, and an incomplete basement membrane. The
outer surface is clothed by adventitial cellsalarge,
broad cells which branch into the perivascular space
and therefore provide scaffolding for the haemopoi-
etic cells, macrophages and mast cells. Adventitial
cells are thought to be derived from fibroblasts; they
are associated with a network of delicate extracellu-
lar fibres which can be stained with a reticulin stain.
Reticulin fibres are concentrated close to the perios-
teum as well as around blood vessels. It is likely that
both adventitial cells and fibroblasts can synthesize
reticulin [3], which is a form of collagen.

The marrow fat content varies inversely with 
the quantity of haemopoietic tissue. Fat content
also increases as bone is lost with increasing age.
Marrow fat is physiologically different from subcu-
taneous fat. The fat of yellow marrow is the last 
fat in the body to be lost in starvation. When
haemopoietic tissue is lost very rapidly, it is replaced
initially by interstitial mucin. Subsequently this
mucin is replaced by fat cells.

Haemopoietic and other cells

Haemopoietic cells lie in cords or wedges between
the sinusoids. In man normal haemopoiesis, with
the exception of some thrombopoiesis at extra-
medullary sites, is confined to the interstitium. 
In pathological conditions haemopoiesis can occur
within sinusoids. Mature haemopoietic cells enter
the circulation by passing transcellularly, through
sinusoidal endothelial cells [2]. The detailed dis-
position of haemopoietic cells will be discussed
below.

Bone marrow also contains lymphoid cells, small
numbers of plasma cells and mast cells (see below).

Examination of the bone marrow

Bone marrow was first obtained from living patients
for diagnostic purposes during the first decade of
the last century but it was not until the introduction
of sternal aspiration in the late 1920s that this be-
came an important diagnostic procedure. Specimens
of bone marrow for cytological and histological
examination may be obtained by aspiration biopsy,
by core biopsy using a trephine needle or an electric
drill, by open biopsy and at autopsy. The two most
important techniques, which are complementary,
are aspiration biopsy and trephine biopsy.

Bone marrow aspiration causes only mild dis-
comfort to the patient. A trephine biopsy causes
moderate discomfort and, in an apprehensive patient,
sedation can be useful. In children, aspiration and
trephine biopsies are often performed under gen-
eral anaesthesia.

Bone marrow aspiration

Aspiration biopsy is most commonly carried out 
on the sternum or the ilium. Aspiration from the
medial surface of the tibia can yield useful diag-
nostic specimens up to the age of 18 months but is
mainly used in neonates in whom other sites are
less suitable. Aspiration from ribs and from the
spinous processes of vertebrae is also possible but is
now little practised. Sternal aspiration should be
carried out from the first part of the body of the ster-
num, at the level of the second intercostal space.
Aspiration from any lower in the sternum increases
the risks of the procedure. Aspiration from the ilium
can be from either the anterior or the posterior iliac
crest. Aspiration from the anterior iliac crest is best
carried out by a lateral approach, a few centimetres
below and posterior to the anterior superior iliac
spine. Approach through the crest of the ilium with
the needle in the direction of the main axis of the
bone is also possible but is more difficult because 
of the hardness of the bone. Aspirates from the pos-
terior iliac crest are usually taken from the posterior
superior iliac spine. When aspiration is carried out
at the same time as a trephine biopsy, it is easiest to
perform the two procedures from adjacent sites.
This necessitates the use of the ilium. If a trephine
biopsy is not being carried out, there is a choice
between the sternum and the iliac crest. Either is



suitable in adults and older children, although great
care must be exercised in carrying out sternal aspi-
rations. In a study of 100 patients in whom both
techniques were applied, sternal aspiration was
found to be technically easier and to produce a suit-
able diagnostic specimen more frequently, although
on average the procedure was more painful, both
with regard to bone penetration and to the actual
aspiration [4]. Sternal aspiration is also more dan-
gerous. Although deaths are very rare, at least 20
have been reported and we are aware of three fur-
ther fatalities, not reported in the scientific liter-
ature; deaths have been mainly consequent on 
laceration of vessels or laceration of the heart with
pericardial tamponade. Sternal aspiration is unsuit-
able for use in young children. Posterior iliac crest
aspiration is suitable for children, infants and many
neonates. Tibial aspiration is suitable for very small
babies but has no advantages over iliac crest aspira-
tion in older infants.

Bone marrow specimens yielded by aspiration are
suitable for the following: (i) preparation of wedge-
spread films and films of crushed marrow frag-
ments; (ii) study of cell markers (by flow cytometry
or on films or cytospin preparations); (iii) cytoge-
netic study; (iv) ultrastructural examination; (v)
culture for micro-organisms; and (vi) culture to
study haemopoietic precursors and preparation of
histological sections of fragments. Cytogenetic ana-
lysis is most often indicated in suspected haemato-
logical neoplasms but it also permits rapid diagnosis
of suspected congenital karyotypic abnormalities
such as trisomy 18; diagnosis is possible within a
day, in comparison with the 3 days needed if periph-
eral blood lymphocytes are used.

Bone marrow aspiration may fail completely, this
being referred to as a ‘dry tap’. Although this can
happen when bone marrow histology is normal, a
dry tap usually indicates significant disease, most
often metastatic cancer, chronic myeloid leukaemia,
idiopathic myelofibrosis or hairy cell leukaemia [5],
with associated fibrosis.

Trephine biopsy of bone marrow

Trephine or needle biopsy is most easily carried out
on the iliac crest, either posteriorly or anteriorly, as
described above. The posterior approach appears
now to be more generally preferred. If a trephine

biopsy and a bone marrow aspiration are both to be
carried out, they can be performed through the
same skin incision but with two areas of periosteum
being infiltrated with local anaesthetic and with the
needle being angled in different directions. Core
biopsy specimens, obtained with a trephine needle,
are suitable for histological sections, touch prepara-
tions (imprints) and electron microscopy. A touch
preparation is particularly important when it is not
possible to obtain an aspirate since it allows cytolog-
ical details to be studied. In addition, touch prepa-
rations may show more neoplastic cells than are
detected in an aspirate and may detect bone 
marrow infiltration when it is not detected on an
aspirate, for example in hairy cell leukaemia, mul-
tiple myeloma or lymphoma [6]. Touch preparations
may be made either by touching the core of bone on
a slide or rolling the core gently between two slides.
Biopsy specimens can be used for cytogenetic study
but aspirates are much more suitable. Frozen sec-
tions of trephine biopsy specimens are possible and
allow the application of a wide range of immuno-
logical markers. However, they are not usually very
satisfactory because of technical problems, includ-
ing difficulty in cutting sections, poor adhesion 
of sections to glass slides during staining procedures
and poor preservation of morphological detail. His-
tological sections may be prepared from fixed biopsy
specimens which have either been decalcified and
paraffin-embedded or have been embedded in 
plastic without prior decalcification.

Processing of trephine biopsies

The two principal methods of preparation of fixed
trephine biopsy specimens have advantages and
disadvantages. Problems are created because of the
difficulty of cutting tissue composed of hard bone
and soft, easily torn bone marrow. Alternative 
approaches are to decalcify the specimen or to
embed it in a substance that makes the bone mar-
row almost as hard as the bone. Decalcification can
be achieved with weak organic acids, e.g. formic
acid and acetic acid, or by chelation, e.g. with ethy-
lene diamine tetra-acetic acid (EDTA). Decalcifica-
tion and paraffin-embedding lead to considerable
shrinkage and loss of cellular detail. Nuclear staining
may become blurred. Some cytochemical activity 
is lost; for example chloro-acetate esterase activity is

6 CHAPTER ONE
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lost when acid decalcification is used. Because sec-
tions are thicker, cellular detail is harder to appreci-
ate. However, immunological techniques are much
more readily applicable to paraffin-embedded than
to plastic-embedded specimens and, with careful
techniques, very good histochemical results can be
obtained. Plastic-embedding techniques are more
expensive and, for laboratories which are processing
only small numbers of trephine biopsy specimens,
are technically more difficult. However, there is 
no shrinkage, preservation of cellular detail is excel-
lent and the thinness of the sections means that 
fine cytological detail can be readily appreciated.
Some enzyme activities, for example chloro-acetate
esterase, are retained. Although immunological
techniques can be applied, excessive background
staining is often a problem. Plastics with differing
qualities are available for embedding. Methyl metha-
crylate requires lengthy processing and is therefore
not very suitable for routine diagnostic laboratories.
Glycol methacrylate is more satisfactory; however,
when cellularity is low, sections tend to tear and, in
this circumstance, a small amount of decalcification
may be useful. Methods which we have found satis-
factory are given in the Appendix.

Relative advantages of aspiration and core
biopsy

Bone marrow aspiration and trephine biopsy each
have advantages and limitations. The two procedures
should therefore be regarded as complementary.
Bone marrow aspirates are unequalled for demon-
stration of fine cytological detail. They permit a
wider range of cytochemical stains and immunolog-
ical markers than is possible with histological sec-
tions. Aspiration is particularly useful, and may well
be performed alone, when investigating patients
with suspected iron deficiency anaemia, anaemia of
chronic disease, megaloblastic anaemia and acute
leukaemia. Trephine biopsy is essential for diagnosis
when a ‘dry tap’ or ‘blood tap’ occurs as a con-
sequence of the marrow being fibrotic or very densely
cellular. Only a biopsy allows a complete assess-
ment of marrow architecture and of the pattern 
of distribution of any abnormal infiltrate. This 
technique is particularly useful in investigating sus-
pected aplastic or hypoplastic anaemia, lymphoma,
metastatic carcinoma, myeloproliferative disorders

and diseases of the bones. We have also found
trephine biopsy generally much more useful than
bone marrow aspiration when investigating patients
with the advanced stages of HIV infection in whom
hypocellular, non-diagnostic aspirates are common.
It should not be forgotten, however, that trephine
biopsy undoubtedly causes more pain to the patient
than does aspiration.

Complications of bone marrow aspiration and tre-
phine biopsy are very rare. Cardiac and great vessel
laceration has been mentioned above. Otherwise,
haemorrhage is uncommon but, when procedures
are carried out on patients with a haemostatic
defect, prolonged firm pressure is necessary afterwards
to ensure that bleeding has stopped. Haemorrhage
is also occasionally a problem when a biopsy is car-
ried out on bone with an abnormal vasculature, for
example in Paget’s disease. Severe retroperitoneal
haemorrhage has also been observed in patients
with osteoporosis and in several patients with nor-
mal bones but with haematological disorders.
Damage to the lateral cutaneous nerve of the thigh
occurs rarely and is suggestive of poor technique.
Pneumothoraces have occurred following sternal
aspiration and sternomanubrial separation has 
been observed in one patient. In patients with
osteosclerosis, needles may break. Infection is a rare
complication.

Other techniques

It is occasionally necessary to obtain a bone marrow
specimen by open biopsy under a general anaes-
thetic. This is usually only required when a specific
lesion has been demonstrated, by radiology or bone
scanning, at a relatively inaccessible site.

At autopsy, specimens of bone marrow for histo-
logical examination are most readily obtained from
the sternum and the vertebral bodies, although any
bone containing red marrow can be used. Unless
the autopsy is performed soon after death, the cyto-
logical detail is often poor.

Cellularity

Bone marrow cellularity can be assessed most ac-
curately in histological sections (Fig. 1.7), although
assessment can also be made on aspirated bone
marrow fragments in wedge-spread films (Fig. 1.8).



Specimens which are suitable for histological assess-
ment of cellularity are: (i) aspirated fragments; (ii)
needle or open biopsy specimens; and (iii) autopsy
specimens. The cellularity of the bone marrow in
health depends on the age of the subject and the site
from which the marrow specimen was obtained. 
It is also influenced by technical factors, since
decalcification and paraffin-embedding lead to
some shrinkage of tissue in comparison with plastic-
embedded specimens; estimates of cellularity based
on the former are approximately 5% lower than
estimates based on the latter [7].

The cellularity of histological sections can be
assessed most accurately by computerized image
analysis or, alternatively, by point-counting using
an eyepiece with a graticule; the process is known
as histomorphometry. Results of the two procedures
show a fairly close correlation [7,8]. Cellularity can
also be assessed subjectively. Such estimates are less
reproducible and may lead to some under-estimation
of cellularity but show a reasonable correlation with
histomorphometric methods; in one study the mean
cellularity was 78% by histomorphometry (point-
counting) and 65% by visual estimation, with the
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Fig. 1.7 Section of normal BM:
normal distribution of all three
haemopoietic lineages; note the
megakaryocyte adjacent to a
sinusoid. Plastic-embedded, 
H&E ×188.

Fig. 1.8 Aspirate of normal BM:
fragment showing normal
cellularity. MGG ×377.
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correlation between the two methods being 0.78
[7]. Bone marrow cellularity is expressed as the per-
centage of a section that is occupied by haemopoi-
etic tissue. However, the denominator may vary.
The cellularity of sections of fragments is expressed
in terms of haemopoietic tissue as a percentage of
the total of haemopoietic and adipose tissue. In the
case of a trephine biopsy, however, the cellularity
may be expressed either as a percentage of the
entire biopsy (including bone) [9] or as a percentage
of the marrow cavity [7,10]. There are advantages
in the latter approach, in which the area occupied
by bone is excluded from the calculation, since the
percentages obtained are then directly comparable
with measurements made on histological sections
of aspirated fragments or estimates made from frag-
ments in bone marrow films.

The bone marrow of neonates is extremely cellu-
lar, negligible fat cells being present. Cellularity
decreases fairly steadily with age, with an acceler-
ated rate of decline above the age of 70 years 
(Figs 1.9 and 1.10) [9–13]. The decreasing percent-
age of the marrow cavity occupied by haemopoietic
tissue is a consequence both of a true decline in the
amount of haemopoietic tissue and of a loss of bone
substance with age requiring adipose tissue to
expand to fill the larger marrow cavity. In subjects
with osteoporosis this effect can be so great that
even young persons who are haematologically 
normal may have as little as 20% of their marrow
cavity occupied by haemopoietic cells [11]. In
haematologically normal subjects without bone 
disease, typical reported rates of decline in average
marrow cellularity (expressed as a percentage of
haemopoietic cells plus adipose cells) are: (i) from
64% in the second decade to 29% in the eighth
decade in the iliac crest [10]; (ii) from 85% at age 
20 to 40% at age 60, also in the iliac crest [11]; and
(iii) from 66% at age 20 to 30% at age 80 in the 
sternum [13].

Bone marrow cellularity is determined also by
the bone on which the assessment is made. Study of
the two tissues by the same techniques has shown
that the cellularity of lumbar vertebrae is, on aver-
age, about 10% more than the cellularity of the iliac
crest [9]. Vertebrae are also more cellular than the
sternum. Because of the considerable dependence
of the assessment of cellularity on methods of pro-
cessing and counting, it is much more difficult to

make generalizations when different tissues have
not been assessed by the same techniques. Bennike
et al. [4], in comparing the two sites in 100 subjects,
considered the sternum to be on average somewhat
more cellular than the iliac crest. However, compar-
ison of the results of histomorphometric studies 
by different groups found that, comparing a single
study of the sternum with four studies of the iliac
crest, the sternum was generally less cellular [9–13].
It should be noted that the lowest estimates of iliac
crest cellularity are from a study using decalcified,
paraffin-embedded bone marrow specimens [10],
while the highest estimates are from a study using
non-decalcified plastic-embedded specimens [9].
Some studies have been conducted on biopsy speci-
mens [13] and others on specimens obtained at
autopsy [9,10,12]. Because of such technical con-
siderations it is difficult to make any generalizations

Fig. 1.9 Mean and 95% range of cellularity at various
ages of anterior iliac crest bone marrow which has been
decalcified and paraffin-embedded. Cellularity is
expressed as a percentage of the bone marrow cavity.
Calculated from Hartsock et al. [10].
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about normal bone marrow cellularity. However, it
is possible to say that, except in extreme old age, cel-
lularity of less than 20% indicates hypoplasia and,
except in those less than 20 years of age, cellularity
of more than 80% is likely to indicate hyperplasia.

In making a subjective assessment of the cellular-
ity of films prepared from aspirates, the cellularity
of fragments is of more importance than the cellu-
larity of trails, although occasionally the presence of
quite cellular trails despite hypocellular fragments
suggests that the marrow cellularity is adequate. An
average fragment cellularity between 25 and 75% is
usually taken to indicate normality, except at the
extremes of age.

Because of the variability of cellularity from one
intertrabecular space to the next, it is not possible 
to assess marrow cellularity if few fragments are
aspirated or if a biopsy core is of inadequate size. In 
particular, a small biopsy sample containing only a
small amount of subcortical marrow does not allow
assessment of cellularity since this area is often of
low cellularity, particularly in the elderly. A biopsy
specimen containing at least five or six intertra-
becular spaces is desirable, not only for an adequate
assessment of cellularity but to give a reasonable
probability of detecting focal bone marrow lesions.
This requires a core of 20–30 mm in length. Smaller
specimens may fail to show a focal lesion that is 
present in the bone marrow (Fig. 1.11).

10 CHAPTER ONE

Fig. 1.10 Mean value of bone marrow cellularity at
various ages expressed as percentage of bone marrow
cavity: (a) iliac crest, autopsy, not decalcified (recalculated
from Frisch et al. [9]); (b) iliac crest, autopsy, not
decalcified [12]; (c) sternum, biopsy, not decalcified [13];
(d) ilium, autopsy, decalcified [10].

Fig. 1.11 A section of a trephine
biopsy specimen of adequate size
from a patient with Hodgkin’s
disease showing only a small area
of infiltration at one end of the
specimen, illustrating how a small
biopsy may miss focal lesions.
Paraffin-embedded, H&E ×24.
(By courtesy of Dr K Maclennan,
Leeds.)
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Haemopoietic cells

A multipotent stem cell gives rise to all types of
myeloid cell: (i) erythrocytes and their precursors;
(ii) granulocytes and their precursors; (iii) macro-
phages, monocytes and their precursors; (iv) mast
cells; and (v) megakaryocytes and their precursors
(Fig. 1.12). It should be mentioned that the term
‘myeloid’ can be used with two rather different
meanings. It is used to indicate all cells derived from
the common myeloid stem cell and also to indicate
only the granulocytic and monocytic lineages, as in
the expression ‘myeloid:erythroid ratio’ (M:E). It 
is usually evident from the context which sense is
intended but it is important to avoid ambiguity in
using this term. The common myeloid stem cell and
stem cells committed to the specific myeloid lineages
cannot be identified morphologically but it is likely
that they are cells of similar size and appearance to 
a lymphocyte. The various myeloid lineages differ

both morphologically and in their disposition in the
bone marrow. The normal bone marrow contains,
in addition to myeloid cells, smaller numbers of
lymphoid cells (including plasma cells) and the stro-
mal cells which have been discussed above.

Erythropoiesis

Cytology

Precursors of erythrocytes are designated erythro-
blasts. The term normoblast can also be used but 
has a narrower meaning; ‘erythroblast’ includes all
recognizable erythroid precursors, whereas ‘nor-
moblast’ is applicable only when erythropoiesis is
normoblastic. There are at least five generations of
erythroblast between the morphologically unrecog-
nizable erythroid stem cell and the erythrocyte.
Erythroblasts develop in close proximity to a macro-
phage, the cytoplasmic processes of which extend

Fig. 1.12 A semi-diagrammatic representation of granulopoiesis and erythropoiesis. Cell division occurs up to the
myelocyte and intermediate erythroblast stages.



between and around individual erythroblasts. 
Several generations of erythroblast are associated
with one macrophage, the whole cluster of cells
being known as an erythroblastic island [14]. 
Intact erythroblastic islands are sometimes seen in
bone marrow films (Fig. 1.13). Erythroblasts are
conventionally divided, on morphological grounds,
into four categoriesaproerythroblasts and early, 
intermediate and late erythroblasts. An alternative
terminology is: proerythroblast, basophilic erythro-
blast, early polychromatophilic erythroblast and late
polychromatophilic erythroblast. The term orthochro-
matic erythroblast is better avoided since the most
mature erythroblasts are only orthochromatic (that
is acidophilic, with the same staining characteristics
as mature red cells) when erythropoiesis is abnormal.

Proerythroblasts (Fig. 1.14) are large round cells
with a diameter of 12–20 µm and a large round
nucleus. The cytoplasm is deeply basophilic with 
a pale perinuclear zone, attributable to the Golgi
apparatus, sometimes being apparent. The nucleus
has a finely granular or stippled appearance and
contains several nucleoli.

Early erythroblasts (Fig. 1.15) are smaller than
proerythroblasts and more numerous. The nucleo-
cytoplasmic ratio is somewhat lower. They have
strongly basophilic cytoplasm and a granular or
stippled chromatin pattern without visible nucleoli.
A perinuclear halo, which is less strongly basophilic
than the rest of the cytoplasm, may be apparent.

Intermediate erythroblasts (Figs 1.14 and 1.15)

are smaller again, with a lower nucleocytoplasmic
ratio than that of the early erythroblast, less baso-
philic cytoplasm and moderate clumping of the
chromatin. They are more numerous than early
erythroblasts.

Late erythroblasts (Figs 1.14 and 1.15) are 
smaller and more numerous than intermediate 
erythroblasts. They are only slightly larger than
mature red cells. Their nucleocytoplasmic ratio is
lower than that of the intermediate erythroblast
and the chromatin is more clumped. The cytoplasm
is only weakly basophilic and in addition has a pink
tinge due to the increased amount of haemoglobin.
Because of the resultant pinky-blue colour the cell
is described as polychromatophilic.

Late erythroblasts extrude their nuclei to form
polychromatophilic erythrocytes, which are slightly
larger than mature erythrocytes. These cells can be
identified by a specific stain as reticulocytes; when
haemopoiesis is normal they spend about 2 days of
their 3-day life span in the bone marrow.

Small numbers of normal erythroblasts show
atypical morphological features such as irregular
nuclei, binuclearity and cytoplasmic bridging be-
tween adjacent erythroblasts [15].

Histology

Erythroblastic islands (Figs 1.16 and 1.17) are recog-
nizable as distinctive clusters of cells in which one
or more concentric circles of erythroblasts closely
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Fig. 1.13 BM aspirate: an erythroid
island. MGG ×940.



Fig. 1.15 Aspirate of normal BM:
early, intermediate and late
erythroblasts and a lymphocyte.
MGG ×940.

Fig. 1.14 Aspirate of normal BM: 
a proerythroblast, intermediate
erythroblast, four late
erythroblasts, a myelocyte, large
and small lymphocytes and a
neutrophil. MGG ×940.

Fig. 1.16 Section of normal BM: 
an erythroid island (centre).
Plastic-embedded, H&E ×377.
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surround a macrophage. The erythroblasts which
are closer to the macrophage are less mature than
the peripheral ones. The central macrophage sends
out extensive slender processes which envelop 
each erythroblast. The macrophage phagocytoses
defective erythroblasts and extruded erythroblast
nuclei; nuclear and cellular debris may therefore 
be recognized in the cytoplasm and a Perls’ stain
(see page 54) may demonstrate the presence of
haemosiderin. Erythropoiesis occurs relatively close
to marrow sinusoids although it is probable that, as

in the rat [16], only a minority of erythroblastic
islands actually abut on sinusoids.

Early erythroblasts (Fig. 1.18) are large cells; they
have relatively little cytoplasm and large nuclei
with dispersed chromatin and multiple, small, irreg-
ular or linear nucleoli often abutting on the nuclear
membrane. The nuclei are rounder than those of
myeloblasts but, in contrast to the nuclei of early
erythroid cells in bone marrow aspirates of healthy
subjects, in histological sections some appear ovoid
or slightly irregular. More mature erythroid cells
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Fig. 1.17 Section of normal BM: 
an erythroid island containing
intermediate and late erythroblasts
and a haemosiderin-laden
macrophage; a Golgi zone is seen 
in some of the intermediate
erythroblasts. Plastic-embedded,
H&E ×970.

Fig. 1.18 Section of normal BM: 
an erythroid island containing early
and intermediate erythroblasts.
Plastic-embedded, Giemsa ×940.



THE NORMAL BONE MARROW 15

have condensed nuclear chromatin and cytoplasm
which is less basophilic. The chromatin in the 
erythroblast nuclei is evenly distributed and, as
chromatin condensation occurs, an even, regular
pattern is retained.

There are four features which are useful in distin-
guishing erythroid precursors in the marrow from
other cells: (i) in normal bone marrow they occur in
distinctive erythroblastic islands containing several
generations of cells of varying size and maturity; (ii)
erythroblasts adhere tightly to one another; (iii)

their nuclei are round; and (iv) in late erythroblasts
the chromatin is condensed in a regular manner
whereas nuclei of small lymphocytes show coarse
clumping. With a Giemsa stain (Fig. 1.19), the
intense cytoplasmic basophilia with a small, neg-
atively staining Golgi zone adjacent to the nucleus 
is also distinctive. In paraffin-embedded specimens
(Fig. 1.20), artefactual shrinking of cytoplasm of
later erythroblasts can be useful in distinguishing
them from lymphocytes. Shrinkage artefact is
absent in plastic-embedded sections, in which the

Fig. 1.19 Section of normal BM:
erythroid island containing three
early, one intermediate and
numerous late erythroblasts; note
the cytoplasmic basophilia of early
erythroblasts. Plastic-embedded,
Giemsa ×940.

Fig. 1.20 Section of normal BM:
erythroid island showing
intermediate and late erythroblasts
with haloes surrounding the nuclei.
Paraffin-embedded, H&E ×940.



identification of erythroid cells is aided by their syn-
cytial appearance (Fig. 1.21).

When the bone marrow is regenerating rapidly,
erythroid islands may be composed of cells, all of
which are at the same stage of maturation. This
results in some islands consisting only of immature
elements. A similar pattern is sometimes seen 
when erythropoiesis is abnormal, for example in
myelodysplasia, in which the intramedullary death
of erythroblasts is a major mechanism.

The identification of abnormal erythroblasts 
can be more difficult than the identification of their
normal equivalents, for example, if well-organized
erythroblastic islands are not present or if they contain
only immature cells. When there is any difficulty 
in recognizing erythroid precursors, their identity
can be confirmed by cytochemical or immunocyto-
chemical staining (see page 67).

Granulopoiesis

Cytology

There are at least four generations of cells between
the morphologically unrecognizable committed
granulocyte–monocyte precursor and the mature
granulocyte but cell division does not necessarily
occur at the same point as maturation from one

stage to another. The first recognizable granulo-
poietic cell is the myeloblast (Figs 1.22 and 1.23). 
It is similar in size to the proerythroblast, about 12–
20 µm. It is more irregular in shape than a proery-
throblast and its cytoplasm is moderately rather than
strongly basophilic. The chromatin pattern is diffuse
and there are several nucleoli. Myeloblasts are gen-
erally defined as being cells that lack granules but,
in the context of the abnormal myelopoiesis of
acute myeloid leukaemia and the myelodysplastic
syndromes, primitive cells with granules may also
be accepted as myeloblasts. Myeloblasts are capable
of cell division and mature to promyelocytes.

Promyelocytes (Fig. 1.23) have a nucleolated,
slightly indented nucleus, a Golgi zone and primary
or azurophilic granules which are reddish-purple
with a Romanowsky stain. Promyelocytes are larger
than myeloblasts, usually 15–25 µm, and their
cytoplasm is often more strongly basophilic. By light
microscopy, promyelocytes of the three granulo-
cytic lineages cannot be distinguished but, by 
ultrastructural examination, the distinction can be
made. Promyelocytes are capable of cell division
and mature to myelocytes.

Myelocytes (Fig. 1.23) are smaller than promye-
locytes and are quite variable in sizeafrom 10 to 
20 µm. Their nuclei show partial chromatin con-
densation and lack nucleoli. Their cytoplasm is less
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Fig. 1.21 Syncytial appearance of
erythroblasts in an erythroid island
in sections from a resin-embedded
trephine biopsy specimen. Plastic-
embedded, H&E ×592.
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basophilic than that of promyelocytes and specific
neutrophilic, eosinophilic and basophilic granules
can now be discerned, staining lilac, orange–red and
purple, respectively. Eosinophil myelocytes may
also contain some granules that take up basic dyes
and stain purple; these differ ultrastructurally from
the granules of the basophil lineage and are best
designated pro-eosinophilic granules. There are
probably normally at least two generations of mye-
locytes so that at least some cells of this category are

capable of cell division. Late myelocytes mature to
metamyelocytes which are 10–12 µm in diameter
and have a markedly indented or U-shaped nucleus
(Fig. 1.23). The metamyelocyte is not capable of 
cell division but matures to a band form which has 
a ribbon-shaped nucleus. The band cell, in turn,
matures to a polymorphonuclear granulocyte with
a segmented nucleus and specific neutrophilic,
eosinophilic or basophilic granules. The bone mar-
row is a major reservoir for mature neutrophils.

Fig. 1.22 Aspirate of normal BM: 
a myeloblast, three neutrophils and
two monocytes; the myeloblast has
a high nucleocytoplasmic ratio, a
diffuse chromatin pattern and a
nucleolus. MGG ×940.

Fig. 1.23 Aspirate of normal BM: 
a myeloblast and a promyelocyte
(centre), a myelocyte (lower right),
a metamyelocyte, band forms, a
neutrophil and a late erythroblast;
the promyelocyte is larger than the
myeloblast and is showing some
chromatin condensation but with
persisting nucleoli, well-developed
cytoplasmic granulation and a
Golgi zone. MGG ×940.



Histology

Myeloblasts (Fig. 1.24) are the earliest granulocyte
precursors identifiable histologically; they are pre-
sent in small numbers and are most frequently
found adjacent to the bone marrow trabecular sur-
faces or to arterioles. They are fairly large cells with
round to oval nuclei and one to five relatively small
nucleoli. There is no chromatin clumping. They
have relatively little cytoplasm. They are readily dis-
tinguished from lymphoid cells by the absence of
chromatin clumping and the presence of nucleoli.
Myeloblasts are far outnumbered in normal mar-

rows by the promyelocytes (Figs 1.24 and 1.25) and
myelocytes (Fig. 1.25) which are recognized, at
least in plastic-embedded sections, by their granu-
larity. Primary and neutrophilic granules may be
seen as faintly eosinophilic granules in good quality
haematoxylin and eosin (H&E) stains on sections
cut from plastic-embedded specimens, but they are
best seen with a Giemsa stain. Granules of cells of
eosinophil lineage are large, refractile and more
strongly eosinophilic. They are therefore easily re-
cognized on both H&E and Giemsa stains of either
paraffin- or plastic-embedded biopsies. Basophil gran-
ules are water-soluble and, since trephine biopsy
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Fig. 1.24 Section of normal BM:
myeloblasts and promyelocytes
adjacent to a bony trabecula.
Plastic-embedded, H&E ×970.

Fig. 1.25 Section of normal BM:
promyelocytes, myelocytes and
maturing neutrophils and
eosinophils adjacent to a sinusoid.
Plastic-embedded, H&E ×970.
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specimens are fixed in aqueous fixatives, basophils
are not recognizable in histological sections. As 
maturation occurs, granulocytic precursors are found
progressively more deeply in the haemopoietic
cords but away from the sinusoids. When they
reach the metamyelocyte stage, they appear to
move towards the sinusoids and, at the polymorpho-
nuclear granulocyte stage, cross the wall to enter
the circulation.

In undecalcified plastic-embedded sections, 
and in sections from specimens decalcified using
EDTA, the chloro-acetate esterase stain is a reliable
marker of neutrophil haemopoiesis from the
promyelocyte stage onwards. Overnight incubation
of acid-decalcified sections in a buffer at pH 6.8 
partially restores chloro-acetate esterase activity.
Alternatively, the identity of the granulocytic lin-
eage may be confirmed by immunocytochemistry
(see page 66).

Monocytopoiesis

Cytology

Monocytes are derived from a morphologically
unrecognizable common granulocytic–monocytic
precursor. The earliest morphologically recogniz-
able precursor is a monoblast, a cell which is larger
than a myeloblast with abundant cytoplasm show-
ing a variable degree of basophilia and with a large

nucleus which may be either round or lobulated.
Monoblasts are capable of division and mature into
promonocytes which are similar in size to promye-
locytes; they have cytoplasmic granules and usually
some degree of nuclear lobulation. Promonocytes
mature into monocytes which migrate rapidly into
the peripheral blood. Monocytes are 12–20 µm
in diameter. They have a lobulated nucleus and
abundant cytoplasm which is weakly basophilic.
The cytoplasm may contain small numbers of fine
azurophilic granules and often has a ground-glass
appearance, in contrast to the clear cytoplasm of a
lymphocyte.

Monocytes mature into macrophages (Fig. 1.26)
in the bone marrow as well as in other tissues. These
are large cells, 20–30 µm in diameter, of irregular
shape, with a low nucleocytoplasmic ratio and
voluminous weakly basophilic cytoplasm. When
relatively immature, they may have an oval nucleus
with a fairly diffuse chromatin pattern. When mature,
the nucleus is smaller and more condensed and the
cytoplasm may contain lipid droplets, recognizable
degenerating cells and amorphous debris; an iron
stain commonly shows the presence of haemo-
siderin. Bone marrow macrophages may develop
into various storage cells which will be discussed in
later chapters.

Both monocytes and their precursors are quite
infrequent among marrow cells since, in contrast to
mature neutrophils, they are released rapidly into

Fig. 1.26 Aspirate of normal BM: 
a macrophage containing granular
and refractile debris and several
normoblast nuclei. MGG ×940.



the peripheral blood rather than being stored in the
bone marrow. Macrophages (histiocytes), however,
are readily apparent.

Histology

Monocytes are recognized in histological sections 
of the marrow as cells which are larger than neu-
trophils with lobulated nuclei; monocyte precursors
are not usually recognizable. In haematologically
normal subjects, only small numbers of randomly
distributed monocytes are present.

Macrophages (Fig. 1.27) are identified as irregu-
larly scattered, relatively large cells with a small
nucleus and abundant cytoplasm. In thin sections,
only the cytoplasm may be visible, the nucleus being
out of the plane of the section. Phagocytosed debris
may be prominent in the cytoplasm. Some are asso-
ciated with erythroblasts (forming erythroblastic
islands), plasma cells or lymphoid nodules. Immuno-
histochemistry of trephine biopsy sections highlights
a prominent network of dendritic macrophages dis-
persed through the stroma (Fig. 1.28).

Megakaryopoiesis and thrombopoiesis

Cytology

In normal marrow, the earliest morphologically
recognizable cell in the megakaryocyte lineage is

the megakaryocyte itself although, when haemo-
poiesis is abnormal, a megakaryocyte precursor of
similar size and morphology to a myeloblast can
sometimes be recognized. Megakaryocytes undergo
endoreduplication as they mature, resulting in a
large cell (30–160 µm) with a marked degree of het-
erogeneity in both nuclear DNA content (ploidy)
and nuclear size. Megakaryocytes can be classified
by their ploidy level. In normal marrow they range
from 4 N (tetraploid) to 32 N with the dominant
ploidy category being 16 N. Megakaryocytes can
also be classified on the basis of their nuclear and,
more particularly, their cytoplasmic characteristics
into three stages of maturation [17]. Group I
megakaryocytes (Fig. 1.29) have strongly basophilic
cytoplasm and a very high nucleocytoplasmic ratio.
Group II megakaryocytes have a lower nucleocyto-
plasmic ratio and cytoplasm which is less basophilic;
the cytoplasm contains some azurophilic granules.
Group III megakaryocytes (Fig. 1.30) have plentiful
weakly basophilic cytoplasm containing abundant
azurophilic granules; the cytoplasm at the cell mar-
gins is agranular. Group III megakaryocytes are
mature cells, capable of producing platelets and no
longer synthesizing DNA. There is some correlation
between the three stages of maturation and ploidy
level. All stages of maturation include megakary-
ocytes which are 8 N, 16 N and 32 N but 4 N
megakaryocytes are confined to group I and 32 N
megakaryocytes are more numerous in group III.
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Fig. 1.27 Section of normal BM: 
a macrophage containing cellular
debris. Plastic-embedded, 
H&E ×940.
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The nuclei of the great majority of normal polyploid
megakaryocytes form irregular lobes joined by
strands of chromatin. A minority have either a 
non-lobulated nucleus or more than one nucleus.
The final stage in megakaryocyte maturation is 
an apparently bare nucleus (actually with a thin
cytoplasmic rim), the great bulk of the cytoplasm
having been shed as platelets (Fig. 1.31).

An increased demand for platelets, for example
due to peripheral destruction, leads to an increase in
ploidy level and cell size, apparent in a bone mar-
row film as an increased volume of cytoplasm and a

large, usually well-lobulated nucleus. It should be
noted that whether or not megakaryocytes appear
to be budding platelets shows little correlation with
the number of platelets being produced. In patients
with thrombocytosis, particularly with essential
thrombocythaemia, there are often many ‘budding’
megakaryocytes but in auto-immune thrombocy-
topenia, in which platelet production is also greatly
increased, ‘budding’ megakaryocytes are quite
uncommon.

It is necessary to assess megakaryocyte numbers
as well as morphology. In films of an aspirate 

Fig. 1.28 Section of trephine
biopsy specimen showing a
network of dendritic macrophages.
Paraffin-embedded,
immunoperoxidase with CD68
monoclonal antibody ×470.

Fig. 1.29 Aspirate of normal BM:
an immature megakaryocyte with 
a polyploid nucleus showing little
chromatin condensation: the
cytoplasm is scanty and basophilic.
MGG ×940.



this can only be a subjective assessmenta
that megakaryocytes are decreased, normal or
increased. A more accurate assessment can be made
from histological sections of aspirated fragments or
from sections of trephine biopsy samples. Some-
what fewer megakaryocytes are seen in sections 
of aspirated fragments than in trephine biopsies,
possibly because these large cells are not as readily
aspirated as smaller marrow cells.

Megakaryocytes may ‘engulf’ other haemopoietic
cells (lymphocytes, erythrocytes, erythroblasts and

granulocytes and their precursors), a process known
as emperipolesis or pseudophagocytosis (Fig. 1.32).
This process differs from phagocytosis in that the
engulfed cells have entered dilated cavities in the
demarcation membrane system rather than being in
phagocytic vacuoles; on examination of bone mar-
row films the cells within the megakaryocyte are
observed to be intact and morphologically normal.

Identification of megakaryocytes is aided by cyto-
chemistry and immunocytochemistry (see pages 59
and 67).
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Fig. 1.30 Aspirate of normal BM: 
a mature megakaryocyte with a
lobulated nucleus and voluminous
granular cytoplasm. MGG ×940.

Fig. 1.31 Aspirate of normal BM: 
a late megakaryocyte which has
shed most of its cytoplasm as
platelets. MGG ×940.
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Histology

Megakaryocytes are by far the largest of normal
bone marrow cells, their size being related to their
ploidy. They have plentiful cytoplasm and usually a
lobulated nucleus. With a Giemsa stain, the demar-
cation of platelets within the cytoplasm is apparent.

Megakaryocytes are most frequently found 
associated with sinusoids, at some distance from
bony trabeculae (Figs 1.7, 1.33 and 1.34). They are 
found in a paratrabecular position only when

haemopoiesis is abnormal. Serial sections show
that, in normal marrow, all megakaryocytes abut
on sinusoids [18]. Megakaryocytes lie directly out-
side the sinusoid and discharge platelets by protrud-
ing cytoplasmic processes through endothelial cells;
such processes break up into platelets. ‘Bare nuclei’
which have shed almost all their cytoplasm in this
manner can be recognized in histological sections
(Fig. 1.35) as well as in bone marrow films. Intact
megakaryocytes and bare nuclei can also enter the
circulation and are seen within vessels in histological

Fig. 1.32 Aspirate of non-
infiltrated BM from a patient with
Hodgkin’s disease: a mature
megakaryocyte exhibiting
emperipolesis. MGG ×940.

Fig. 1.33 Section of normal BM
showing cells of all haemopoietic
lineages including a normal
megakaryocyte with finely
granular cytoplasm. Paraffin-
embedded, Giemsa ×940.



sections of lung, spleen, liver and other organs.
Multiple mitotic figures are sometimes observed in
megakaryocytes (Fig. 1.36). Emperipolesis is readily
observed in histological sections (Fig. 1.37).

In assessing the morphology of megakaryocytes,
it is important to remember that the megakaryocyte
is a very large cell and only a cross-section of it is
being examined. It is therefore not possible to deter-
mine the size or degree of nuclear lobulation of sin-
gle megakaryocytes. However, by examining a large
number of cells it is possible to form a judgement as

to the average size of the megakaryocytes, the aver-
age degree of lobulation, and whether hypolobulated
or micromegakaryocytes are present.

When haemopoiesis is normal, megakaryocytes
do not form clusters of more than two or three 
cells. Larger clusters of megakaryocytes are seen in
regenerating marrow, following chemotherapy and
bone marrow transplantation, and also in various
pathological states; this feature is diagnostically 
useful.

Megakaryocytes can be quantified by counting
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Fig. 1.34 Section of normal BM
showing a normal megakaryocyte
and other normal haemopoietic
cells. Paraffin-embedded, 
H&E ×940.

Fig. 1.35 Section of normal 
BM showing a normal mature
megakaryocyte and a ‘bare’
megakaryocyte nucleus. 
Paraffin-embedded, H&E ×940.
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their number per unit area, or a subjective impres-
sion can be formed as to whether they are present in
decreased, normal or increased numbers. Depending
on the processing and staining techniques employed,
estimates of mean megakaryocyte number in nor-
mal marrow vary from 7 to 15 per mm2 [19]. If an
immunocytochemical technique is used, estimates
are considerably higher, with the mean normal
value being 25 per mm2; this is probably because
more small megakaryocytes and megakaryocyte
precursors are recognized [19].

Mast cells

Cytology

Mast cells (Fig. 1.38) are derived from the multipot-
ent myeloid stem cell. In bone marrow films they
appear as oval or elongated cells varying in size
from 5 to 25 µm. The nucleus is central, relatively
small and either round or oval. The cytoplasm is
packed with granules which stain deep purple with
Romanowsky stains. Mast cells can be distinguished

Fig. 1.36 Section of trephine
biopsy specimen from a patient
with polycythaemia rubra vera
showing two megakaryocytes, one
of which shows multiple mitotic
figures; note shrinkage haloes
around intermediate and late
erythroblasts. H&E ×940.

Fig. 1.37 Section of trephine
biopsy specimen from a patient
with AIDS: two megakaryocytes
show prominent emperipolesis; in
normal marrow emperipolesis is
less striking. H&E ×940.



from basophils by the different nuclear character-
istics (non-lobulated nucleus with less chromatin
clumping) and by the fact that the granules do not
obscure the nucleus.

Histology

Mast cells are rare in normal marrow. They are
difficult to recognize in H&E-stained histological
sections because the granules do not stain distinc-
tively. They are readily recognizable in a Giemsa stain
(Fig. 1.39) in which the granules stain metachro-

matically; their vivid purple colour makes them
conspicuous. Mast cell granules also give positive
reactions for chloro-acetate esterase, are periodic
acid–Schiff (PAS)-positive and stain metachromat-
ically with toluidine blue. Mast cells are distributed
irregularly in the medullary cavity but are most
numerous near the endosteum, in the periosteum,
in association with the adventitia of small blood
vessels and at the periphery of lymphoid nodules or
aggregates [20]. They appear as elliptical or elongated
cells with an average diameter of 12 µm. Their cyto-
plasmic projections stretch out between haemopoi-
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Fig. 1.38 Aspirate of normal BM: 
a mast cell and a normoblast; the
mast cell has a round nucleus and
cytoplasm packed with deeply
basophilic granules. MGG ×940.

Fig. 1.39 Section of trephine
biopsy specimen from a patient
with renal failure: a mast cell 
and maturing granulocytes. 
Plastic-embedded, Giemsa ×940.
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etic cells. Their distribution and cytological features
can be demonstrated by immunohistochemistry
(Figs 1.40 and 1.41).

Osteoblasts and osteoclasts

Osteoblasts and osteoclasts differ in their origin but
have complementary functions. Osteoblasts have a
common origin with other mesenchymal cells and
are responsible for bone deposition. Osteoclasts are
formed by fusion of cells of monocyte lineage and
are responsible for dissolution of bone.

Cytology

Osteoblasts (Fig. 1.42) are mononuclear cells with 
a diameter of 20–50 µm. They have an eccentric
nucleus, moderately basophilic cytoplasm and a
Golgi zone which is not in apposition to the nuclear
membrane. The nucleus shows some chromatin
condensation and may contain a small nucleolus.
Osteoblasts can be distinguished from plasma cells,
to which they bear a superficial resemblance, by 
the lesser degree of chromatin condensation and
the separation of the Golgi zone from the nucleus.

Fig. 1.40 Section of a trephine
biopsy specimen showing a reactive
increase in interstitial and
paratrabecular mast cells.
Immunoperoxidase, mast cell
tryptase (McAb AA1) ×188.

Fig. 1.41 Section of a trephine
biopsy specimen showing a reactive
increase in mast cells; note that 
some mast cells are round 
and some are spindle-shaped.
Immunoperoxidase, mast cell
tryptase (McAb AA1) ×376.



Osteoblasts are uncommon in bone marrow 
aspirates of healthy adults but, when present, often
appear in small clumps. They are much more
numerous in the bone marrow of children.

Osteoclasts (Fig. 1.43) are multinucleated giant
cells with a diameter of 30–100 µm or more. Their
nuclei tend to be clearly separate, uniform in
appearance and slightly oval with a single lilac-
staining nucleolus. The voluminous cytoplasm 
contains numerous azurophilic granules which are
coarser than those of megakaryocytes. Osteoclasts

are not commonly seen in marrow aspirates of
healthy adults but are much more often seen in
aspirates from children.

Histology

Osteocytes, osteoblasts and osteoclasts in histolog-
ical sections are identified by their position and
their morphological features. Osteocytes (Fig. 1.44)
lie within bone lacunae. Osteoblasts (Fig. 1.45)
appear in rows along a bone spicule or a layer of
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Fig. 1.42 Aspirate of normal BM:
two osteoblasts; note the eccentric
nucleus and basophilic cytoplasm;
these cells can be distinguished
from plasma cells by their larger
size and the position of the Golgi
zone which is not immediately
adjacent to the nucleus. 
MGG ×940.

Fig. 1.43 Aspirate of normal BM:
an osteoclast: note the highly
granular cytoplasm and the
multiple nuclei which are uniform
in size and have indistinct medium
sized single nucleoli. MGG ×940.
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osteoid and their eccentric nuclei and prominent
Golgi zones are apparent. Osteoclasts (Fig. 1.46) are
likely to be found on the other side of a spicule 
from osteoblasts or some distance away. They are
identified as multinucleated cells lying in hollows
known as Howship’s lacunae. They show tartrate-
resistant acid phosphatase activity in EDTA- but not
acid-decalcified specimens.

Fat cells

Fat cells are almost always recognizable in bone

marrow specimens, exceptions being found in very
young infants and when the bone marrow is
markedly hypercellular.

Cytology

Stromal fat cells are present mainly in aspirated
fragments. Since the fat dissolves during process-
ing the cytoplasm appears completely empty. In 
isolated fat cells (Fig. 1.47), an oval nucleus, either
peripheral or central, is present within apparently
empty cytoplasm.

Fig. 1.44 Section of normal BM:
bone spicule containing osteocyte;
note myeloblasts in adjacent
marrow. Plastic-embedded, 
H&E ×940.

Fig. 1.45 Section of BM from a
patient with Fanconi’s anaemia:
the trabecula is lined by osteoblasts;
note the distinct Golgi zones which
do not abut on the nuclear
membrane. Plastic-embedded, 
H&E ×377.



Histology

In sections of bone marrow, the fat cells appear in
clusters, separated by haemopoietic tissue. They are
often particularly prominent adjacent to trabeculae.
Fat cells appear as empty spaces with an oval nucleus
at one edge of the cell.

Lymphopoiesis

Lymphocytes

Both B and T lymphocytes share a common origin

with myeloid cells, all of these lineages being
derived from a pluripotent stem cell. The bone mar-
row contains mature cells and precursor cells of
both T- and B-lymphoid lineages. T cells are more
numerous among mature cells whereas, among pre-
cursor cells, those of B lineage are more frequent.

Cytology

Bone marrow lymphocytes are small cells with a
high nucleocytoplasmic ratio and scanty, weakly
basophilic cytoplasm. The nuclei show some 
chromatin condensation but the chromatin often
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Fig. 1.46 (a) Section of BM from a
patient with renal osteodystrophy:
osteoclast with four nuclei.
Paraffin-embedded, H&E ×970.
(b) Section of BM showing a bone
spicule; one side is lined with
osteoblasts while the other shows
Howship’s lacunae, two of which
contain osteoclasts. H&E ×376.

(a)

(b)
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appears more diffuse than that of peripheral blood
lymphocytes. Lymphocytes are not very numerous
in the marrow in the first few days of life but other-
wise during infancy they constitute a third to a half
of bone marrow nucleated cells [21]. Numbers
decline during childhood and in adults they do 
not generally comprise more than 15–25% of
nucleated cells, unless the marrow aspirate has
been considerably diluted with peripheral blood. If
there is no haemodilution, they usually account for
approximately 10% of nucleated cells. The majority
of lymphocytes in normal bone marrow are CD8-
positive T lymphocytes.

The bone marrow of children with various ill-
nesses, and even the bone marrow of perfectly
healthy children, may show significant numbers of
immature cells with a cytological resemblance to
leukaemic lymphoblasts, referred to as haemato-
gones (see page 241); these are B-lymphocyte 
precursors.

Histology

Normal marrow contains scattered interstitial lym-
phocytes and sometimes small lymphoid nodules 
or follicles. Estimates of lymphocyte numbers based
on histological sections are considerably lower than
those based on aspirates. In one study approxi-
mately 10% of bone marrow cells were lymphocytes

with the ratio of T to B cells being 6:1 [22].
Lymphocytes appear to concentrate about arterial
vessels near the centre of the haemopoietic cords.
Lymphoid follicles of normal marrow have small
blood vessels at their centre and may contain a few
macrophages, peripheral mast cells or plasma cells.
Lymphoid follicles are discussed further on page 114.

Plasma cells

Cytology

Plasma cells (Fig. 1.48) are infrequent in normal
bone marrow in which they rarely constitute more
than 1% of nucleated cells. In healthy children they
are even less frequent [23]. They are distinctive cells
with a diameter of 15–20 µm and an eccentric nucleus,
moderately basophilic cytoplasm and a prominent
paranuclear Golgi zone. The cytoplasm may contain
occasional vacuoles and sometimes stains pink 
with a May–Grünwald–Giemsa (MGG) stain, con-
sequent on the presence of carbohydrate. The
nuclear chromatin shows prominent coarse clumps,
although the clock-face chromatin pattern which is
often discernible in histological sections is usually
less apparent in films. Occasional normal plasma
cells have two or more nuclei. Plasma cells may
occur in small clumps and may be detected within
aspirated marrow fragments and around capillaries.

Fig. 1.47 BM aspirate showing a
fat cell. MGG ×470.



Histology

Normal marrow contains scattered interstitial
plasma cells but plasma cells may also be associated
with macrophages and are preferentially located
around capillaries (Fig. 1.49). Typical mature
plasma cells in histological sections are readily
identified by their eccentric nuclei and prominent
Golgi zones. The chromatin is coarsely clumped and
often distributed at the periphery of the nucleus
with clear spaces between the chromatin clumps,

giving the appearance of a cartwheel or clock-face.
In Giemsa-stained sections the cytoplasm, with the
exception of the Golgi zone, is deeply basophilic.

The cellular composition of bone
marrow

Cytology

The cellular composition of aspirated bone marrow
is determined by the volume of the aspirate since
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Fig. 1.48 Aspirate of BM from 
a patient with an inflammatory
condition: three plasma cells; note
the basophilic cytoplasm, eccentric
nucleus and Golgi zone adjacent to
the nucleus. MGG ×940.

Fig. 1.49 Section of BM from
patient with Hodgkin’s disease
(without marrow infiltration):
pericapillary plasma cells,
neutrophils, eosinophils and
erythroblasts. Plastic-embedded,
Giemsa ×940.
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the larger the volume aspirated the more sinusoidal
blood is sucked into the aspirate. Dilution of mar-
row with blood leads to a higher percentage of lym-
phocytes and mature granulocytes and a lower
percentage of granulocyte and erythroid precursors.
Dresch et al. [24] found, for example, that as the
volume of aspirate from the sternum increased
from 0.5 to 4.5 ml the total concentration of nucle-
ated cells fell to about one sixth; the percentage of
granulocyte precursors (myeloblasts to metamyelo-
cytes) declined from approximately 55% to approx-
imately 30%, while the percentage of mature
neutrophils showed a more than twofold rise.
Ideally, a cell count should be performed on films
prepared from the first one or two drops of aspirated
marrow. If large volumes are required for further
tests, a second syringe can be applied to the needle
after the syringe containing the first few drops has
been removed. The differential count is then repre-
sentative of the cellular composition of the bone
marrow.

Determining the cellular composition of marrow
requires that large numbers of cells be counted so
that a reasonable degree of precision is achieved.
This is particularly important when the cell of inter-
est is one that is normally infrequent, such as the
myeloblast or the plasma cell. A 500-cell count 
provides a reasonable compromise between what is
desirable and what is practicable. The cell count
should be performed in the trails behind fragments
so that the cells counted represent cells that have
come from fragments rather than contaminating
peripheral blood cells. Alternatively, the cell count
can be performed on squashed bone marrow frag-
ments. Because some cells, for example plasma cells
and lymphocytes, are distributed unevenly through
the marrow, it is important to count the trails behind
several fragments or the squashes of several frag-
ments. Because cells of different lineages may not
be released from the fragments into the trails to the
same extent there may not be good correlation
between differential counts on wedge-spread films
and squashes. It is likely that counts on squashes are
more valid. However, counts are usually performed
on wedge-spread films and hence published refer-
ence ranges are based on such counts.

It is customary and useful to determine the M:E
ratio of aspirated marrow since consideration of 

this value, together with an assessment of the over-
all cellularity, allows an assessment of whether 
erythropoiesis and granulopoiesis are hypoplastic,
normal or hyperplastic. It is simplest to include in
the myeloid component all granulocytes and their
precursors and any monocytes and their precursors.
However, some haematologists exclude mature
neutrophils and others include neutrophils but
exclude eosinophils, basophils and monocytes.
These inclusions and exclusions will make a slight
difference to what is regarded as a normal M:E 
ratio but their effects are heavily outweighed by 
differences caused by different aspiration volumes.
The larger the volume of the aspirate the higher the
M:E ratio, particularly if mature neutrophils are
included in the count.

The bone marrow at birth has major erythroid
and myeloid components with few lymphocytes
and very few plasma cells [21,23,25,26] (Fig. 1.50).
The percentage of erythroid cells declines steeply in
the first weeks [25,26]. The percentage of lympho-
cytes increases during the first month and remains
at a high level until 18 months of age [21]. In chil-
dren above the age of 2 years the proportions of dif-
ferent cell types do not differ greatly from those in
normal adult bone marrow. However, children may
have increased numbers of immature lymphoid
cells (see page 241). Typical values determined for
the cellular composition of normal marrow at vari-
ous ages are shown in Tables 1.1 and 1.2. Bain [15]
found a significantly higher proportion of granulo-
cytes in the bone marrow of women than of men.
This was not observed in a smaller cohort studied by
den Ottonlander [32].

Histology

It is possible to perform differential counts and esti-
mate an M : E ratio from plastic-embedded bone
marrow biopsy sections [33,34] although this is
rarely necessary in practice. Such counts have the
potential to be more accurate than those obtained
from aspirates since there is no dilution with sinu-
soidal blood. It is also possible that larger cells or
cells adjacent to trabeculae might be less likely to 
be aspirated. However, an element of inaccuracy 
is introduced by the fact that larger cells appear at
more levels of the biopsy so are more likely to be



counted in any given section. Lack of dilution by
blood means that the estimated M:E ratio is likely 
to be lower than that determined from an aspirate.
This is borne out by the results of a study of 13
healthy subjects which found a mean M:E ratio of
1.52 with a range of 1.36–1.61 [33].

Interpretation of bone marrow
aspirates and trephine biopsies

Examination of a bone marrow aspirate in isolation
permits cytomorphological features to be ascer-
tained but does not permit full interpretation of the
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Table 1.1 Mean values (observed range) for bone marrow cells in healthy infants and children.

Birth [21] 0–24 hours [26] 8–10 days [25] 3 months [26]
(n = 57) (n = 19) (n = 23) (n = 12)

M:E ratio 4.4 1.2 1.35 2.4
Myeloblasts 0.3* 1 (0.5–2) 1 (0–3) 1.5 (0–4)
Promyelocytes 0.8 1.5 (0.5–5) 2 (0.5–7) 2 (1.5–5)
Myelocytes 4 4 (1–9) 4 (1–11) 5 (0.5–16)
Metamyelocytes 19 14 (4.5–25) 18 (7–35) 11 (3–33)
Bands 29# 22 (10–40) 20 (11–45) 15 (2–24)
Neutrophils 7$
Eosinophil series 2.7 3.5 (1–8)† 3 (0–6)† 2.5 (0–6)†
Basophil series 0.12 — (0–1.5)† — (0–1)† a (0–0.5)
Monocytes 0.9 — (0–2.5)† 1 (0–3) 0.5 (0–1)
Erythroid 14.5 39.5 (23.5–70)† 7.5 (0–20.5)† 16 (3.5–33.5)†
Lymphocytes 15 12 (4–22) 37 (20–62) 47 (31–81)
Plasma cells 0 0 0 0

* ‘Unknown blasts’.
† Approximate (sum of ranges for different categories).
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Fig. 1.50 The percentage of the intertrabecular space occupied by cells of different lineages during the first 18 months of
life, derived from Rosse et al. [21]; the higher initial erythroid percentage and sharp fall in erythroblast number observed
by Glaser et al. [25] and Gairdner et al. [26] are shown as dotted lines.
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findings. The haematologist must also know the age
and sex of the patient, the full blood count and 
relevant clinical details, and must have examined 
a peripheral blood film. Similarly, examination of
trephine biopsy sections in isolation permits detec-
tion of histomorphological abnormalities but not a
full assessment of a case. The pathologist should
beware of the risks of either over-interpreting
biopsy findings or failing to offer an adequate inter-
pretation because of lack of consideration of clinical
and haematological features and aspirate findings.
It is desirable that trephine biopsies are either
reported by a haematopathologist who is also able
to interpret bone marrow aspirates or that the
histopathologist and haematologist examine aspirate
films and biopsy sections together. It should be
appreciated that a trephine biopsy is just one part of
a jigsaw puzzle and it may not always be possible 
to make a definitive diagnosis. Sometimes it is 
desirable to seek a second opinion. When this is so,
it is essential that the haematopathologist is sent full
clinical and haematological information. Films of
the peripheral blood and the bone marrow aspirate
should accompany trephine biopsy specimens being
sent for a second opinion.

Examination of bone marrow aspirate films

A minimum of two or three films should always 
be examined. If there is a likelihood of infiltration 

of the marrow and the first films do not show any
abnormality, it is important to stain and examine a
larger number.

Bone marrow films should first be examined
under low power (×10 objective) in order to assess
cellularity and megakaryocyte numbers and to scan
the entire film for any abnormal infiltrate. The film
should then be examined with a ×40 or ×50 objective
which will allow appreciation of most morpholog-
ical features. At this stage, all cell lineages should 
be specifically and systematically examined from the
point of view of both numbers and morphologya
the erythroid series, granulocytic lineages including
eosinophils and basophils, megakaryocytes, lym-
phocytes and plasma cells. Consideration should be
given to whether there is an increased number of
mast cells, macrophages, osteoblasts or osteoclasts
and whether any non-haemopoietic cells are pres-
ent. Only when a thorough assessment of several
films has been carried out at this magnification
should the film be examined under high power
(×100) with oil immersion in order to assess fine
cytological detail. A differential count of cells in the
trails behind several fragments is best carried out
under high power but only after assessment of
whether there is any increase of minority popula-
tions, for example blast cells or plasma cells,
confined to one film or to the cell trail behind one
fragment. Films stained for iron should similarly be
examined under low power to assess storage iron,

3 months [21] 1 year [21] 18 months [21] 2–6 years [27] 2–9 years [28]
(n = 24) (n = 12) (n = 19) (n = 12) (n = 13)

4.9 4.8 5 5.8 (2–13) 5.3
0.6* 0.5* 0.4* 1 1.3 (0.7–1.8)
0.8 0.7 0.6 0.5 2.8 (0.8–4.8)
2 2 2.5 17 26.7 (18–35)†

12 11 12 20 22 (15.7–29)
15 14 14 11 4.5 (0.9–8)
3.5 6 6 10 8.3 (2.6–14)
2.5 2 3 6 1.2 (0–2.5)
0.1 0.1 0.1 — 0
0.7 1.5 2 0.4 0

12 8 8 13 12.5 (9.5–22.3)†
44 49 46 21 18.2 (8.5–28)
0 0.03 0.06 — 0.13 (0.05–0.41)

Table 1.1 (cont’d)



with a ×40 or ×50 objective to detect abnormally
prominent siderotic granulation and with a ×100
objective to assess whether siderotic granulation is
reduced, normal or increased.

Films of squashed bone marrow fragments should
similarly be examined in a systematic manner.

Reporting a bone marrow aspirate

The report of a bone marrow aspirate should 
commence with the clinical details given to the
haematologist and a record of the full blood 
count and peripheral blood film appearances at 
the time of bone marrow aspiration. There should
then be a statement as to the site of aspiration, the
texture of the bone and the ease of aspiration. The
aspirate report should include an assessment of
overall cellularity, an M:E ratio and a description 
of each lineage. Storage iron in fragments and
siderotic granules in cells should be described. If a

trephine biopsy was performed this should be 
stated and, if a trephine biopsy would normally
have been expected but was not performed suc-
cessfully, this should also be stated. Any supple-
mentary tests for which samples were taken, for 
example immunophenotyping or cytogenetic ana-
lysis, should be listed so that the clinician is aware
that other results are to be expected. Finally, a brief
summary of significant findings should be made
and an interpretation offered, bearing in mind that
this might be the only part of the report read by
some clinicians. Reports should distinguish be-
tween factual statements and opinions. The de-
scription of the aspirate should be purely factual
whereas it is useful for the final summary to include
an explanation of the significance of the findings
and, when relevant, suggestions for further tests. The
report should be signed or computer-authorized 
by the haematologist or haematopathologist re-
sponsible for it.
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Table 1.2 Mean values and 95% ranges for bone marrow cells in sternal or iliac crest aspirates of healthy 
adult Caucasians.

20–29 years [28] 20–30 years [29]

(Males and females, (Males, n = 52)
Site n = 28) sternum sternum (Females, n = 40)

Volume aspirated ≤0.5 ml 0.2 ml 3 ml
M:E ratio 3.34 — —
Myeloblasts 1.21 (0.75–1.67) 1.32 (0.2–2.5) 1.2 (0.1–2.3)
Promyelocytes 2.49 (0.99–3.99) 1.35 (0–2.9) 1.65 (0.5–2.8)
Myelocytes 17.36 (11.54–23.18) 15 (7.5–22.5) 16.6 (11.4–21.8)
Metamyelocytes 16.92 (11.4–22.44) 15.7 (9.2–22) 15.8 (11.0–20.6)
Band cells 8.7 (3.58–13.82) 10.5 (3–17.9) 8.3 (4–12.4)
Neutrophils 13.42 (4.32–22.52) 20.9 (9.9–31.8) 21.7 (11.3–32) 
Eosinophils 2.93 (0.28–5.69)* 2.8 (0.1–5.6)* 3 (0–7.2)*
Basophils 0.28 (0–0.69)* 0.14 (0–0.38) 0.16 (0–0.46)
Monocytes 1.04 (0.36–1.72) 2.3 (0.5–4) 1.61 (0.2–3)
Erythroblasts 19.26 (9.12–29.4)† 12.9 (4.1–21.7) 11.5 (5.1–17.9)
Lymphocytes 14.6 (6.66–22.54) 16.8 (7.2–26.3) 18.1 (10.5–25.7)
Plasma cells 0.46 (0–0.96) 0.39 (0–1.1) 0.42 (0–0.9)

* Including eosinophil and basophil myelocytes and metamyelocytes.
† Approximate (sum of ranges for different categories of erythroblast).
‡ Promyelocytes were categorized either with myeloblasts or with myelocytes.
§ Neutrophils plus precursors: erythroblasts.
|| Including basophil precursors and mast cells.
¶ Neutrophil plus eosinophil myelocytes mean and range 8.9 (2.14–15.3); band cells included in neutrophil category;
macrophages mean and range 0.4 (0–1.3).
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Examination of trephine biopsy sections

The interpretation of trephine biopsy sections is
often viewed as one of the more difficult areas of
surgical pathology. This is probably because the
organized structure of haemopoietic tissue is not as
readily apparent as that of many other tissues.
However, as the preceding part of this chapter 
illustrates, the bone marrow is actually highly 
organized, with the various elements maturing in
different micro-anatomical sites. Failure to recog-
nize this and failure to identify individual categories
of cell may lead to a lack of systematic analysis, with
diagnoses being made only by a process of pattern
recognition. Conversely, the haematologist, although
experienced in cytology, may be unfamiliar with
the interpretation of tissue sections, in which archi-
tectural features are often of prime importance.

A systematic approach, which is essential for
accurate diagnosis, requires a working knowledge
of the normal micro-anatomy and the pathological
changes that may occur, coupled with a methodical
examination of the various component parts. Initi-
ally, the whole section should be examined at low
power, preferably using a ×4 objective. This allows 
a general impression of the biopsy to be gained,

including overall cellularity and megakaryocyte
number and distribution. Abnormalities of the bone
are often apparent at this magnification. It should
also be noted if the biopsy specimen is too small, or
is composed largely of cortical bone and subcortical
marrow, or shows crush artefact or other artefactual
distortion of the architecture. Focal lesions, such as
granulomas or infiltrates of metastatic tumour or
lymphoma, are often better appreciated on low power
examination. Following this, the bone, haemopoietic
elements and marrow stromal elements should be
studied using medium power (×10 or ×20 objective)
and a high power dry objective (×40); examination
under oil immersion (×100 objective) is not neces-
sary as a routine but is often useful to study fine
cytological detail. The bone should be examined for
trabecular thickness, number of osteoblasts and
osteoclasts, and presence and number of Howship’s
lacunae; undecalcified plastic sections should be
assessed for the quantity of osteoid (see Chapter 11).
With a little experience, visual estimations of the
marrow cellularity, of the relative amounts of 
granulocytic and erythroid elements, and of any
deviations from normal can easily be made. The
next step is to examine the various haemopoietic
elements for the following features.

17–45 years [30] Age not stated [31] 21–56 years [15] ¶ Age not stated [32]

(42 males, 8 females, (Males, n = 12) (30 males, 20 (53 males, 14 females) 
n = 50) sternum sternum females) iliac crest site not stated

— 0.1–0.2 ml —
6.9 2.3 (1.1–3.5)§ 2.4 (1.3–4.6) 2.2 (0.8–3.6)
1.3 (0–3) 0.9 (0.1–1.7) 1.4 (0–3) 0.4 (0–1.3)

— ‡ 3.3 (1.9–4.7) 7.8 (3.2–12.4) # 13.7 (8–19.4)
8.9 (3–15) 12.7 (8.5–16.9) 7.6 (3.7–10.0)¶ $ 
8.8 (4–15) 15.9 (7.1–24.7) 4.1 (2.3–5.9) 5

23.9 (12.5–33.5) 12.4 (9.4–15.4) — 6 35.5 (22.2–48.8)
18.5 (9–31.5) 7.4 (3.8–11) 34.2 (23.4–45)¶ 7
1.9 (0–5.5) 3.1 (1.1–5.2)* 2.2 (0.3–4.2) 1.7 (0.2–3.3)
0.2 (0–1) <0.1 (0–0.2)|| 0.1 (0–0.4) 0.2 (0–0.6)
2.4 (0–6) 0.3 (0–0.6) 1.3 (0–2.6)¶ 2.5 (0.5–4.6)
9.5 (2.5–17.5) 25.6 (15–36.2) 25.9 (13.6–38.2) 23.6 (14.7–32.6)

16.2 (7.5–26.5) 16.2 (8.6–23.8) 13.1 (6–20) 16.1 (6.0–26.2)
0.3 (0–1.5) 1.3 (0–3.5) 0.6 (0–1.2) 1.9 (0–3.8)

Table 1.2 (cont’d)



Erythroid series. The presence and appearance of
erythroblastic islands, the morphology and degree
of maturation of erythroblasts and evidence of
dyserythropoiesis.

Granulocytic series. The morphology and relative
proportions of immature and mature granulocytic
precursors and the position of the immature precur-
sors (promyelocytes and myeloblasts).

Megakaryocytes. The number, morphological fea-
tures, localization and presence or absence of clus-
ters, with special attention being paid to cell size and
nuclear morphology.

Lymphoid series. The number, localization and
morphology of lymphocytes and plasma cells and
the presence, position and morphology of lymphoid
aggregates.

Macrophages. The number of macrophages and
any evidence of haemophagocytosis, phagocytosis
of micro-organisms (usually fungi or protozoa) or 
of lysosomal storage diseases such as Gaucher’s 
disease.

It is often easy to neglect to examine the stromal
elements, yet these are disturbed in a variety of 
conditions. The important changes that should be
noted include: (i) gelatinous change; (ii) fibrosis;
(iii) ectasia of sinusoids; (iv) oedema; and (v) less
commonly, amyloidosis and vasculitis.

A stain for reticulin should be examined in every
case. Depending on laboratory policy, an iron stain
may also be examined in all cases. Choice of further
special stains is dependent on clinical features and
histological findings.

Obviously, in many cases, as when there is heavy
infiltration by leukaemic cells or metastatic carci-
noma, the above scheme is modified.

Reporting trephine biopsy sections

The trephine biopsy report [35] should include a
statement as to the length of the biopsy specimen
and its integrity. The report of the microscopic
appearance should describe the cellularity and any
abnormality in bone, stroma or haemopoietic tis-
sue. The reticulin stain and, if performed, the iron
stain should be described. In sections from a plastic-
embedded specimen, iron stores should be graded;
with a decalcified biopsy specimen an assessment
should be made as to whether stainable iron is
absent, present or increased but further grading

should not be attempted (see page 56). Any 
other histochemical or immunohistochemical stains
should be described. In describing the results of
immunohistochemistry, the cluster of differentia-
tion (CD) number of the antibody used should be
stated (see page 63).

Following a description of biopsy histology, a
conclusion should be given in which all relevant
findings are summarized and interpreted (as for 
the bone marrow aspirate, bearing in mind that
many clinical staff will read only the summary). If
the report is provisional, either because further
stains are pending or because a second opinion is
being sought, this should be stated clearly in the
concluding summary. The report must be signed or
computer-authorized by the responsible pathologist
or haematologist.

Guidelines and audit

Guidelines on best practice in performing, pro-
cessing and reporting bone marrow aspirates and
trephine biopsies have been published [36,37].
Periodic audit is advised.

Artefacts

Various artefacts in bone marrow aspirates and
trephine biopsies need to be recognized so that they
are not misinterpreted as evidence of disease.
Artefacts are of three main types: (i) introduced by
the biopsy process or by processing in the labo-
ratory; (ii) consequent on extraneous material or 
tissue being included in the biopsy; and (iii) con-
sequent on previous tissue damage at the biopsy
site. The latter group are not, strictly speaking, arte-
facts since what is observed are real changes in the
tissues. Nevertheless, they are potentially mislead-
ing in the same way as artefacts and will therefore
be considered here.

Cytology

Processing artefacts can be induced in bone marrow
aspirates by inadequate drying of the film, poor
fixation or prolonged storage of the film prior 
to fixation and staining. If slides are fixed before
they have dried adequately, there is an appearance
suggesting that nuclear contents are leaking into
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the cytoplasm and cellular outline is indistinct 
(Fig. 1.51). Water uptake into methanol used in
fixation causes refractile ‘inclusions’ in red cells and
poor definition of cellular details. Delayed fixation
and staining of archival bone marrow slides usually
leads to a strong blue or turquoise tint to the film;
this can be avoided by fixing slides prior to storage
although this limits the uses to which they can 
subsequently be put.

Extraneous non-haemopoietic cells which may
appear in bone marrow aspirates include endothe-
lial cells (Fig. 1.52) and epithelial cells (Fig. 1.53).

Endothelial cells may appear in masses and be pleo-
morphic. It is important that they are not confused
with tumour cells. They have weakly basophilic
cytoplasm and oval nuclei which appear grooved.
Epithelial cells, both nucleated and anuclear, are
more readily recognized by their voluminous,
opaque, powder-blue cytoplasm. Extraneous ma-
terial which may appear in bone marrow aspirate
films includes crystals of glove powder. These are
blue with an MGG stain (Fig. 1.54) and red with a
PAS stain.

Abnormalities in bone marrow aspirates may

Fig. 1.51 BM aspirate showing 
the effect of fixing and staining the
film before adequate drying has
occurred; erythroblast nuclear
content appears to have leaked 
into the cytoplasm. MGG ×940.

Fig. 1.52 Vena cava scraping
showing endothelial cells; similar
cells are occasionally observed in
BM aspirates. MGG ×940. (By
courtesy of Dr Marjorie Walker,
London.)



result from a previous biopsy performed at the same
site a short time before. Increased numbers of
macrophages, including foamy macrophages, can
be found. The scars of previous biopsies are usually
apparent and repeat biopsies should be carried out
from the other side of the pelvis or a centimetre or
so away from any recent biopsy on the same side. It
should also be noted that, if the pelvis has previ-
ously been irradiated, biopsies will show bone mar-
row hypoplasia or aplasia which is not indicative 
of the appearance of the bone marrow at other 
sites. Biopsy of previously irradiated bone marrow
should therefore generally be avoided.

Histology

A trephine biopsy specimen that is too short or a
biopsy that is performed at the wrong angle may
mean that the specimen includes only subcortical
bone, which is often markedly hypocellular. 
This can create a mistaken impression of aplastic
anaemia. Performing a biopsy and processing the
specimen can induce crumbling of bone to amor-
phous material (Fig. 1.55), or bone marrow tissue
may be absent from the intertrabecular spaces 
(Fig. 1.56). The latter artefact may be related to the
use of blunt needles since it does not appear to be a
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Fig. 1.53 BM aspirate, epithelial
cells. MGG ×94.

Fig. 1.54 Crystals of glove powder
in a BM aspirate. MGG ×376.
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problem with disposable needles. Torsion artefact
(Fig. 1.57) is common. The elongated nuclei which
are produced by twisting should not be confused
with the nuclei of fibroblasts. Usually, twisted bone
marrow is not interpretable but sometimes it is 
possible to recognize neoplastic cells, e.g. myeloma
cells or carcinoma cells, despite the artefact.

Artefacts can be introduced during fixation. If
formol-saline is used as a fixative, it is necessary to
allow at least 18 hours for fixation. If more rapid
fixation is required then a protein precipitant 
formulation should be used. Poor fixation leads to
glassy nuclei in which detailed structure cannot be

recognized (Fig. 1.58). Poor fixation is aggravated
by the use of strong decalcifying agents. Often it is
impossible to give any reliable interpretation of a
poorly fixed marrow. Another fixation-related prob-
lem is deposition of formalin pigment (Fig. 1.59).
Formalin pigment is blackish brown and should be
distinguished from haemosiderin which is golden
brown.

Artefacts induced during processing are most
often a problem in paraffin-embedded tissue. Some
degree of shrinkage artefact is usual. This is most
apparent with erythroblasts for which the halo 
which surrounds the nucleus can be an aid to

Fig. 1.55 BM trephine biopsy
section, crushed bone. H&E ×188.

Fig. 1.56 BM trephine biopsy
section showing apparently empty
intertrabecular spaces consequent
on squeezing of the biopsy
specimen. H&E ×94.



Fig. 1.57 BM trephine biopsy
section from a patient with chronic
lymphocytic leukaemia showing
torsion artefact. H&E ×188.

Fig. 1.58 BM trephine biopsy
section showing nuclei which
appear glassy and homogeneous as
a consequence of fixation artefact.
H&E ×940.

Fig. 1.59 BM trephine biopsy
section showing formalin pigment.
H&E ×376.
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identification. Shrinkage artefact also leads to mega-
karyocytes appearing within large empty spaces 
(Fig. 1.60). The use of a blunt knife can lead to tear-
ing of sections or to the sections appearing banded
(Fig. 1.61). Bony trabeculae may be lost during pro-
cessing leaving a gap in the section (Fig. 1.62).

Artefactual inclusion of extraneous tissue in the
biopsy is not uncommon. Trephine biopsy samples,
particularly from children, may include cartilage
(Fig. 1.63). Pieces of skin (Fig. 1.64), adipose tissue,
striated muscle (Fig. 1.65), hair follicles (Fig. 1.66)
and sweat glands (Figs 1.66 and 1.67) can be intro-

duced into the biopsy specimen during the biopsy
process. Occasionally synovium (Fig. 1.68), or even
a gouty tophus (Fig. 1.69), is included in the speci-
men. Other extraneous material can be transferred
from the blade used in cutting sections and can be
embedded with the bone marrow biopsy specimen
(Fig. 1.70). Tissue from other biopsy specimens can
contaminate the water bath in which sections are
floated prior to mounting on glass slides. Such tissue
may adhere to the trephine biopsy specimen or 
to the glass slide adjacent to the section, and may
thus appear to represent part of the trephine biopsy

Fig. 1.60 BM trephine biopsy
section showing megakaryocytes
surrounded by an empty space as a
consequence of shrinkage artefact.
H&E ×376.

Fig. 1.61 BM trephine biopsy
specimen showing an artefact
caused by using a blunt knife. 
H&E ×376.



Fig. 1.62 BM trephine biopsy
specimen showing displacement of
bony trabeculae; if trabeculae are
completely displaced confusion
with dilated sinusoids can occur.
Reticulin stain ×98.

Fig. 1.63 An inclusion of paediatric
cartilage in a trephine biopsy
specimen. H&E ×188.

Fig. 1.64 BM trephine biopsy
showing a piece of epidermis which
has been driven into the biopsy
specimen. H&E ×37.
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Fig. 1.65 Trephine biopsy showing
striated muscle which has been
driven into the biopsy specimen:
(a) H&E ×384; (b) reticulin stain
×384.

Fig. 1.66 A hair follicle and ducts
of a sweat gland which have been
driven into a trephine biopsy
specimen. H&E ×94.

(a)

(b)
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Fig. 1.67 BM trephine biopsy
showing sweat glands which 
have been driven into the 
biopsy. (a) Giemsa ×96. (b)
Immunohistochemistry with an
antibody to smooth muscle actin
demonstrating the myoepithelial
cells of the sweat gland.
Immunoperoxidase ×94.

Fig. 1.68 Section of BM trephine
biopsy specimen showing
synovium on the periosteal surface
of cortical bone. H&E ×94.

(b)

(a)
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specimen. Sometimes the abnormal tissue which is
inadvertently included is dysplastic or neoplastic.
Examination of reticulin stains can be helpful if
there is doubt as to whether or not abnormal tissue
is an intrinsic part of the biopsy specimen. If foreign
tissue has been transferred with a knife, it will not
be present if repeat sections are cut. However,
sometimes extraneous tissue that was floating in a
solvent solution is actually included in the block
and will therefore also be present in repeat sections.
Histopathology laboratories need good practices 

for dealing with small friable biopsy specimens to
avoid this problem and both haematologists and
histopathologists must be aware of this potential
problem. In a last resort the unexplained tissue 
can be dug out of the block and human leucocyte
antigen (HLA) typed against the trephine biopsy
specimen or any other candidate biopsy to establish
its true origin.

Artefacts can be induced by a previous aspiration
or trephine biopsy at the same site. A bone marrow
aspiration performed immediately before a trephine

Fig. 1.69 Section of trephine
biopsy specimen showing a gouty
tophus which has been driven into
the bone marrow; the empty spaces
represent areas where uric acid has
been removed during processing.
H&E ×94.

Fig. 1.70 BM trephine biopsy
specimen showing dysplastic
bladder epithelium which has 
been embedded with the biopsy 
as a result of contamination 
during processing. H&E ×96.



biopsy usually causes haemorrhage, disruption of
the tissue and loss of haemopoietic cells. Occasion-
ally, the actual track of the aspiration needle is
apparent (Fig. 1.71). This artefact can be avoided 
if the aspiration and trephine biopsy needles are
introduced several millimetres apart and angled
somewhat differently. This can be done even if they
are inserted through the same skin incision. A
biopsy performed some time previously may lead to
the pathological specimen showing fat necrosis,
with focal collections of foamy macrophages, or
granulation tissue. A biopsy performed inadver-

tently at the site of a healing fracture produces a
similar histological picture. There is initially granu-
lation tissue, increased reticulin deposition and 
new bone formation; this can be confused with
myelofibrosis. Subsequently, granulation tissue is
usually replaced by adipose tissue in which islands
of haemopoietic cells develop. A trephine biopsy
(Fig. 1.72) or other localized bone marrow damage
(Fig. 1.73) can result in a biopsy specimen showing
a scar which, in the case of a previous trephine biopsy,
may be linear. Scars should not be confused with
fibrosis resulting from other pathological processes.
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Fig. 1.71 BM trephine biopsy
specimen showing needle track
from a bone marrow aspiration
performed immediately before the
trephine biopsy. H&E ×38.

Fig. 1.72 BM trephine biopsy
specimen showing a linear scar
resulting from damage by a
previous biopsy at the same 
site. H&E ×48.



THE NORMAL BONE MARROW 49

References

1 Hashimoto M (1962) Pathology of bone marrow. Acta
Haematol (Basel), 27, 193–216.

2 de Bruyn PPH (1981) Structural substrates of bone
marrow function. Semin Hematol, 18, 179–193.

3 Wickramasinghe SN. Human Bone Marrow. Blackwell
Scientific Publications, Oxford, 1975.

4 Bennike T, Gormsen H and Moller B (1956) Com-
parative studies of bone marrow punctures of the 
sternum, the iliac crest, and the spinous process. Acta
Med Scand, 155, 377–396.

5 Humphries J (1990) Dry tap bone marrow aspiration:
clinical significance. Am J Hematol, 35, 247–250.

6 Aboul-Nasr R, Estey EH, Kantarjian HM, Freireich EJ,
Andreeff M, Johnson BJ and Albitar M (1999) Compari-
son of touch imprints with aspirate smears for evaluating
bone marrow specimens. Am J Clin Pathol, 111, 753–758.

7 Kerndrup G, Pallesen G, Melsen F and Mosekilde L
(1980) Histomorphometric determination of bone
marrow cellularity in iliac crest biopsies. Scand J
Haematol, 24, 110–114.

8 Al-Adhadh AN and Cavill I (1983) Assessment of 
cellularity in bone marrow fragments. J Clin Pathol, 36,
176–179.

9 Frisch B, Lewis SM, Burkhardt R and Bartl R. Biopsy
Pathology of Bone and Marrow. Chapman & Hall,
London, 1985.

Fig. 1.73 Section of BM 
trephine biopsy specimen from 
an intravenous drug abuser with
Hodgkin’s disease showing bone
marrow scar; there is deposition 
of haemosiderin in the scar: 
(a) H&E ×376; (b) Perls’ stain ×376. (b)

(a)



10 Hartsock RJ, Smith EB and Petty CS (1965) Normal
variations with ageing of the amount of hematopoietic
tissue in bone marrow from the anterior iliac crest; a
study made from 177 cases of sudden death examined
by necropsy. Am J Clin Pathol, 43, 326–331.

11 Meunier P, Aaron J, Edouard C and Vignon G (1971)
Osteoporosis and the replacement of cell populations
of the marrow by adipose tissue. Clin Orthop, 80,
147–154.

12 Courpron P, Meunier P, Edouard C, Bernard J,
Bringuier J-P and Vignon G (1973) Données his-
tologiques quantitatives sur le vieillissement osseux
humain. Rev Rhum, 40, 469–482.

13 Bryon PA, Gentilhomme O and Fiere D (1979) Étude
histologique quantitative du volume et de l’hétéro-
généité des adipocytes dans les insuffisance myéloïdes
globales. Pathol Biol (Paris), 27, 209–213.

14 Bessis M (1958) L’Îlot érythroblastique, unité fonc-
tionelle de la moelle osseuse. Rev Hematol, 13, 8–11.

15 Bain BJ (1996) The bone marrow aspirate in healthy
subjects. Br J Haematol, 94, 206–209.

16 Mohandas N and Prenant M (1978) Three-dimen-
sional model of bone marrow. Blood, 51, 633–643.

17 Queisser U, Queisser W and Spiertz B (1971)
Polyploidization of megakaryocytes in normal humans
and patients with idiopathic thrombocytopenia and
with pernicious anaemia. Br J Haematol, 20, 489–501.

18 Tavassoli M and Aoki M (1989) Localization of
megakaryocytes in the bone marrow. Blood Cells, 15,
3–14.

19 Thiele J and Fischer R (1991) Megakaryocytopoiesis in
human disorders: diagnostic features of bone marrow
biopsies. An overview. Virchows Arch A Pathol Anat
Histopathol, 418, 87–97.

20 Johnstone JM (1954) The appearance and significance
of tissue mast cells in the human bone marrow. J Clin
Pathol, 7, 275–280.

21 Rosse C, Kraemer MJ, Dillon TL, McFarland R and
Smith NJ (1977) Bone marrow cell populations of 
normal infants: the predominance of lymphocytes. 
J Lab Clin Med, 89, 1225–1240.

22 Thaler J, Greil R, Dietze O and Huber H (1989)
Immunohistology for quantification of normal bone

marrow lymphocyte subsets. Br J Haematol, 73,
576–577.

23 Steiner ML and Pearson HA (1966) Bone plasmacytic
values in children. J Pediatr, 68, 562–568.

24 Dresch C, Faille A, Poieriero O and Kadouche J (1974)
The cellular composition of normal human bone mar-
row according to the volume of the sample. J Clin
Pathol, 27, 106–108.

25 Glaser K, Limarzi L and Poncher HG (1950) Cellular
composition of the bone marrow in normal infants and
children. Pediatrics, 6, 789–824.

26 Gairdner D, Marks J and Roscoe JD (1952) Blood for-
mation in infancy. Part I. The normal bone marrow.
Arch Dis Child, 27, 128–133.

27 Diwany M (1940) Sternal marrow puncture in children.
Arch Dis Child, 15, 159–170.

28 Jacobsen KM (1941) Untersuchungen über das
Knochenmarkspunktat bei normalen Individuen 
verschiedener Altersklassen. Acta Med Scand, 106,
417–446.

29 Segerdahl E (1935) Über sternalpunktionen. Acta Med
Scand, 64 (Suppl.), 1–105.

30 Vaughan SL and Brockmyr F (1947) Normal bone mar-
row as obtained by sternal puncture. Blood, 1 (special
issue), 54–59.

31 Wintrobe MM, Lee RG, Boggs DR, Bithell TC, Athens
JW and Foerster J. Clinical Hematology, 7th edn. Lea
and Febiger, Philadelphia, 1974.

32 den Ottonlander GJ (1996) The bone marrow aspirate
in healthy subjects. Br J Haematol, 95, 574–575.

33 Dancy JT, Deubelbeiss KA, Harker LA and Finch CA
(1976) Neutrophil kinetics in man. J Clin Invest, 58,
705–715.

34 Wilkins BS and O’Brien CJ (1988) Techniques for
obtaining differential cell counts from bone marrow
trephine biopsy specimens. J Clin Pathol, 41, 558–561.

35 Bain BJ. Bone marrow. In: Domizio P and Lowe D
(eds) Reporting Histopathology Sections. Chapman & Hall,
London, 1997.

36 Bain BJ (2001) Bone marrow aspiration. J Clin Pathol,
in press.

37 Bain BJ (2001) Bone marrow trephine biopsy. J Clin
Pathol, in press.

50 CHAPTER ONE



niques that may be applied to trephine biopsy 
sections include: (i) a wider range of cytochemical
stains; (ii) immunohistochemistry; (iii) cytogenetic
and molecular genetic analysis; and (iv) ultrastruc-
tural examination.

Cytochemical and histochemical stains

Cytochemical stains on bone marrow
aspirates

Perls’ stain for iron

A Perls’ or Prussian blue stain (Figs 2.1 and 2.2)
demonstrates haemosiderin in bone marrow macro-
phages and within erythroblasts. Consequently, it
allows assessment of both the amount of iron in
reticulo-endothelial stores and the availability of
iron to developing erythroblasts.

Assessment of storage iron requires that an ade-
quate number of fragments are obtained. A bone
marrow film or squash will contain both intracellu-
lar and extracellular iron, the latter being derived
from crushed macrophages. It is usual to base
assessment of iron stores mainly on intracellular iron
since iron stains are prone to artefactual deposits
and it can be difficult to distinguish between extra-
cellular iron and artefact. Iron stores may be
assessed as normal, decreased or increased, or may
be graded as 1+ to 6+ as shown in Table 2.1, grades
of 1+ to 3+ being considered normal. Alternatively,
iron stores may be graded as 1+ to 4+ [3,4].

Examination of a Perls’ stain of a bone marrow
film allows adequate assessment of erythroblast
iron as long as a thinly spread area of the film is
examined with optimal illumination. A proportion
of normal erythroblasts have a few (one to five) fine
iron-containing granules randomly distributed in

TWO

SPECIAL TECHNIQUES APPLICABLE
TO BONE MARROW DIAGNOSIS

Peripheral blood samples, bone marrow aspirates and
trephine biopsy specimens are suitable for many
diagnostic investigations, in addition to routine
microscopy of Romanowsky-stained blood and bone
marrow films and haematoxylin and eosin-stained
histological sections. Some of these techniques, for
example Perls’ stain to demonstrate haemosiderin
in a bone marrow aspirate, are so often useful that
they are performed routinely, whereas other tech-
niques are applied selectively. This chapter will deal
predominantly with special techniques that are
applicable to bone marrow aspirates and trephine
biopsy sections but reference will be made to the
peripheral blood where this is the more appropriate
tissue for study.

Bone marrow aspirate films are stained routinely
with a Romanowsky stain such as a May–
Grünwald–Giemsa (MGG) or a Wright–Giemsa stain.
Other diagnostic procedures that may be of use 
in individual cases include: (i) cytochemistry; (ii)
immunophenotyping (by immunocytochemistry or
flow cytometry); (iii) cytogenetic and molecular
genetic analysis; (iv) ultrastructural examination;
(v) culture for micro-organisms; and (vi) culture for
assessment of haemopoietic progenitor cells.

In most countries, histological sections cut from
bone marrow trephine biopsies are stained rou-
tinely with H&E. Most laboratories also use silver
stains routinely to demonstrate reticulin and some
employ, in addition, a Giemsa stain, a Perls’ stain 
or both. We recommend the routine use of H&E,
Giemsa and reticulin stains. Giemsa staining per-
mits the easy identification of mast cells, facilitates
recognition of plasma cells and helps in making 
a distinction between early erythroid cells and
myeloblasts. If a Giemsa stain is not performed 
routinely, then it is important that it is used when-
ever necessary for these indications. Other tech-
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the cytoplasm (Fig. 2.3). Such erythroblasts are de-
signated sideroblasts. In haematologically normal
subjects with adequate iron stores, 20–50% of 
bone marrow erythroblasts are sideroblasts [5–7].
Examination of an iron stain allows detection not
only of an increased or decreased proportion of
sideroblasts but also of abnormal sideroblasts. The
latter include those in which siderotic granules 
are merely increased in size and number and those
in which granules are also distributed abnormally
within the cytoplasm, being sited in a ring around
the nucleus rather than randomly (ring sideroblasts).
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Fig. 2.1 Aspirate of normal BM:
bluish-black iron in macrophages 
in a fragment. Perls’ stain ×377.

Fig. 2.2 Aspirate of normal BM: 
a fragment with no stainable iron.
Perls’ stain ×377.

Table 2.1 Grading of bone marrow storage iron [1,2].

0 No stainable iron
1+ Small iron particles just visible in reticulum cells

using an oil objective
2+ Small, sparse iron particles in reticulum cells,

visible at lower power
3+ Numerous small particles in reticulum cells
4+ Larger particles with a tendency to aggregate

into clumps
5+ Dense, large clumps
6+ Very large clumps and extracellular iron
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In certain pathological conditions, plasma cells
contain haemosiderin inclusions which are irregular
in shape and relatively large. On an MGG stain they
are greenish-black (Fig. 2.4a). Their nature is con-
firmed by a Perls’ stain (Fig. 2.4b). Haemosiderin
inclusions in plasma cells are observed mainly in
iron overload (for example in haemochromatosis
and transfusional siderosis) and in chronic alco-
holism [8].

Problems and pitfalls

Since iron is distributed irregularly within bone
marrow macrophages, it is necessary to assess a
number of fragments before concluding that storage
iron is absent or reduced. If necessary, a Perls’ stain
can be performed on more than one bone marrow
film. Stain deposit on the slide must be distin-
guished from haemosiderin. Careful examination
will show that it is not related to cells and is often in
another plane of focus.

Other cytochemical stains

Cytochemical stains are employed mainly in the
investigation of acute leukaemia and the myelodys-
plastic syndromes (MDS). In acute leukaemia there
may be numerous blast cells in the peripheral 
blood and it is then useful to perform cytochemical
stains on blood and bone marrow in parallel. Cyto-
chemical investigation of suspected MDS should be

performed on bone marrow films since there are
usually only small numbers of immature cells in the
peripheral blood.

The techniques recommended for diagnosis and
classification of acute leukaemia are either myelo-
peroxidase or Sudan black B staining, to identify
cells showing granulocytic differentiation, plus a
non-specific esterase or combined esterase stain, 
to identify cells showing monocytic differentiation.
Enzyme cytochemistry for either α-naphthyl butyrate
esterase or α-naphthyl acetate esterase is suitable as
a ‘non-specific’ esterase staining method for the iden-
tification of monocytic differentiation. In a combined
esterase stain either of these methods is combined
with demonstration of naphthol AS-D chloro-
acetate esterase (chloro-acetate esterase), the latter
to show granulocytic differentiation. The applica-
tion of these stains will be discussed in Chapter 4.

Other cytochemical stains which are occasionally
used include toluidine blue to demonstrate the
metachromatic granules in basophils and mast cells
and staining of cells of mast cell lineage for ε-
aminocaproate. When immunophenotyping is avail-
able, periodic acid–Schiff (PAS) and acid phosphatase
stains are redundant in the investigation of acute
leukaemias, although differences can be observed
between different types of acute lymphoblastic
leukaemia (ALL) and acute myeloid leukaemia
(AML) [9,10]. Either a Sudan black B or a myelo-
peroxidase stain should also be used in cases of 
suspected MDS to facilitate detection of Auer rods.

Fig. 2.3 BM aspirate from a
healthy volunteer showing a
normal sideroblast. Perls’ stain
×960.



Cytochemistry now has little place in the inves-
tigation of lymphoproliferative disorders. However,
the demonstration of tartrate-resistant acid phos-
phatase activity is still of value in the diagnosis of
hairy cell leukaemia, particularly when a large
panel of appropriate immunophenotyping reagents
is not available.

Histochemical stains on trephine biopsy
sections

Perls’ stain for haemosiderin

Because of the irregular distribution of iron within
bone marrow macrophages, a biopsy may show the

presence of iron when none has been detected in 
an aspirate. Haemosiderin can often be detected,
particularly when it is increased, as golden brown
refractile pigment in an unstained or H&E-stained 
section (Fig. 2.5). In a Giemsa-stained section it 
is greenish-blue (Fig. 2.6). An iron stain (Fig. 2.7)
can be successfully carried out using either plastic-
embedded or paraffin-embedded biopsy specimens.
However, plastic-embedded specimens give more reli-
able results. Decalcification of a paraffin-embedded
specimen, whether by acid decalcification or by
chelation, leads to some leaching out of iron.
Plastic-embedded samples are also superior for the
detection of ring sideroblasts or other abnormal
sideroblasts. These can sometimes also be detected
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Fig. 2.4 BM aspirate from a patient
with chronic alcoholism showing
haemosiderin in plasma cells. 
(a) MGG ×960. (b) Perls’ stain ×960.(b)

(a)



Fig. 2.5 Section of BM showing
haemosiderin within macrophages
in an HIV-positive patient with 
iron overload. Paraffin-embedded,
H&E ×376.

Fig. 2.6 Section of BM trephine
biopsy specimen showing
haemosiderin in stromal
macrophages demonstrated by
Giemsa staining. A distinctive
yellow–green colour is obtained
that is easily visible against
background haemopoietic cell
staining. Paraffin-embedded,
Giemsa ×940.

Fig. 2.7 Section of normal BM:
macrophage containing iron.
Plastic-embedded, Perls’ stain ×940.
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in paraffin-embedded bone marrow fragments 
but not in decalcified trephine biopsy sections.
However, no technique for processing and staining
of a biopsy specimen allows assessment of whether
siderotic granules are normal or decreased; this
requires an iron stain of an aspirate. Haemosiderin
deposits in plasma cells may, however, be suf-
ficiently large that they can be detected on sections
of paraffin-embedded trephine biopsy specimens
(Fig. 2.8).

Practice differs between laboratories as to wheth-
er a Perls’ stain for haemosiderin is performed 
routinely. If a bone marrow aspirate containing
adequate fragments is available, then iron staining
of trephine biopsy sections is redundant. However,
it may well be more efficient for organizational rea-
sons to perform an iron stain routinely rather than
to perform it selectively only in those cases where it
is likely to give information of specific diagnostic
use.

Problems and pitfalls

The amount of iron that is leached out when a
paraffin-embedded biopsy specimen is decalcified 
is variable and unpredictable. The amount of stain-
able iron is reduced and sometimes all stainable 
iron is removed. Loss of stainable iron is less 
with ethylene diamine tetra-acetic acid (EDTA)
decalcification than with other methods. Because 
of the unpredictable leaching out of iron it is not

possible to quantify iron accurately on a decalcified
biopsy specimen. It is only possible to say that iron 
is present or increased but not that it is decreased 
or absent.

There are conflicting reports of the comparability
of iron stains performed on aspirates and biopsy
specimens, not all of which are readily explicable 
by the factors already mentioned. Lundin et al. [3]
found that in 8% of cases iron was detectable in 
a biopsy specimen and not in an aspirate and in
another 8% the reverse was true; by assessing other
factors they were not able to establish that one or
other method was more valid. Fong et al. [4] found
that in 8% of patients iron was present in an 
aspirate but was not detectable in a biopsy sample;
however, this was not due to the process of
decalcification since it was noted with regard to 
sections of marrow fragments as well as for trephine
biopsy sections. Conflicting findings were reported
by Krause et al. [11] who found that iron was
always detectable in a biopsy when it was present in
an aspirate, but two thirds of patients with absent
iron in an aspirate had detectable iron on a biopsy
specimen. It is clear that minor variations in tech-
nique may be critical. Our own observations are
that when specimens are decalcified using manual
processing techniques there may be a failure to
detect iron in a trephine biopsy specimen when it is
clearly present in an aspirate. Iron stains performed
on aspirates and biopsies should clearly be regarded
as complementary.
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Fig. 2.8 Section of trephine biopsy
specimen from a child with iron
overload associated with congenital
sideroblastic anaemia showing a
number of plasma cells containing
large haemosiderin deposits.
Paraffin-embedded, Perls’ 
stain ×960.
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Reticulin and collagen stains

Histological sections, either from particle prepara-
tions or trephine biopsy specimens, can be stained
for reticulin using a silver-impregnation technique
and also for collagen using a trichrome stain. We
have found a Martius Scarlet Blue stain superior to
a van Gieson stain for the identification of collagen.
Reticulin and collagen deposition can be quant-
ified as shown in Table 2.2 [12] and illustrated in
Figs 2.9–2.13. The majority of haematologically
normal subjects have a reticulin grade of 0 or 1 but
occasional subjects have a grade of 2. There is a 

Fig. 2.9 Section of normal BM:
reticulin grade 0, showing no
stainable fibres. Plastic-embedded,
Gomori’s reticulin stain ×188.

Fig. 2.10 Section of normal BM:
reticulin grade 1, showing scattered
fine fibres. Plastic-embedded,
Gomori’s reticulin stain ×188.

Table 2.2 Quantification of bone marrow reticulin and
collagen [12].

0 No reticulin fibres demonstrable
1 Occasional fine individual fibres and foci of a fine

fibre network
2 Fine fibre network throughout most of the

section; no coarse fibres
3 Diffuse fibre network with scattered thick coarse

fibres but no mature collagen
4 Diffuse often coarse fibre network with areas of

collagenization



Fig. 2.11 Section of normal BM:
reticulin grade 2, showing a fine
fibre network but no coarse fibres.
Paraffin-embedded, Gomori’s
reticulin stain ×195.

Fig. 2.12 Section of abnormal BM:
reticulin grade 3, showing thick
coarse fibres. Paraffin-embedded,
Gordon and Sweet stain ×188.

Fig. 2.13 Section of abnormal BM:
reticulin grade 4, showing a coarse
fibre network; collagen was
present. Paraffin-embedded,
Gordon and Sweet stain ×188.
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tendency for more reticulin to be detected in iliac
crest biopsies than in sections of particles aspirated
from the sternum. Reticulin is concentrated around
blood vessels and close to bone trabeculae and these
areas should be disregarded in grading reticulin
deposition.

The term myelofibrosis is used to indicate deposi-
tion of collagen in the marrow and sometimes also
to indicate increased reticulin deposition. To avoid
any ambiguity it is preferable to either grade retic-
ulin/collagen deposition as shown in Table 2.2 or to
use the term ‘reticulin fibrosis’ for grade 3 fibrosis
and ‘myelofibrosis’ for grade 4. The term myeloscle-
rosis has also been used in various senses; it is best
regarded as a synonym for myelofibrosis.

A reticulin stain should be performed on every
trephine biopsy specimen. It has two major roles.
Firstly, increased reticulin deposition provides non-
specific evidence of an abnormality of the bone
marrow. Secondly, focal abnormality in the pattern
of reticulin deposition can be very useful in detect-
ing abnormalities that might be overlooked in 
an H&E-stained section. Abnormal infiltrates may
show an associated increase in reticulin deposition
or, less often, there may be a general increase in
reticulin deposition but with an absence of reticulin
in an area that is heavily infiltrated by non-
haemopoietic cells. Focal abnormalities that may 
be highlighted by a localized increase in reticulin

deposition include granulomas and infiltrates of
carcinoma or lymphoma cells.

Problems and pitfalls

To avoid confusion, pathologists should refer to re-
ticulin and collagen deposition in a precise manner.
Increased reticulin deposition provides evidence 
of a bone marrow abnormality but should not be
over-interpreted since the causes are multiple. The
causes of collagen deposition are fewer and this
abnormality is therefore of more diagnostic sig-
nificance. The significance of reticulin and collagen
deposition is discussed in Chapter 3 (see page 130).

Other histochemical stains

Other potentially useful histochemical stains and
their roles in diagnosis are shown in Table 2.3. A
chloro-acetate esterase (Leder) stain is illustrated 
in Fig. 2.14.

Problems and pitfalls

The reactivity of histochemical stains is influenced
by the choice of fixative, the method of embed-
ding and the process of decalcification employed.
Fixation in either Bouin’s or Zenker’s solution leads
to reduced metachromatic staining of mast cells

Table 2.3 Cytochemical and histochemical stains and their indications.

Cytochemical stain Role

Chloro-acetate esterase (Leder) Identification of granulocytic differentiation and mast cells

Periodic acid–Schiff (PAS)* Staining of complex carbohydrates: identification of plasma cells 
and megakaryocytes (staining is variable); identification of 
some tumour cells; identification of fungi

Toluidine blue Identification of mast cells

Alcian blue Identification of cryptococci and some tumour cells; staining of 
stromal mucins

Grocott’s methenamine silver stain (GMS) Identification of fungi

Congo red stain Identification of amyloid

Ziehl–Neelsen stain (ZN) Identification of mycobacteria

Martius Scarlet Blue (MSB) Staining of collagen and fibrin/fibrinoid

* Neutrophils are also PAS-positive.



with a Giemsa stain and also reduces or abolishes
chloro-acetate esterase activity. Other histochem-
ical stains are satisfactory with fixation in formalin
or Bouin’s or Zenker’s solution. However, it should
be noted that prolonged storage of formalin at high
ambient temperatures can lead to formic acid pro-
duction; if the formalin is unbuffered, inadvertent
decalcification may occur during the process of
fixation with resultant adverse effects on staining.
Histochemical stains are satisfactory with both
paraffin- and plastic-embedding. Acid decalcification
impairs chloro-acetate esterase activity whereas
EDTA decalcification does not. Over-exposure to
EDTA reduces or abolishes Giemsa staining.

We have found that many of the proprietary
combined fixation–decalcification solutions, which
are sometimes used to achieve rapid processing,
impair histochemical stains. For example, haema-
toxylin staining may be impaired so that nuclear
detail and cytoplasmic basophilia are not apparent.
Giemsa staining may be severely impaired.

Immunophenotyping

Antigens may be expressed on the surface of cells,
within the cytoplasm or within the nucleus. De-
pending on the techniques applied for immunophe-
notyping, there may be detection of only surface
membrane antigens or cytoplasmic and nuclear
antigens may also be detected. Detection of antigens
may be by means of polyclonal antibodies, raised 

in animals such as rabbits, but increasing use is
being made of monoclonal antibodies produced by
hybridoma technology. Many monoclonal antibod-
ies, reactive with lymphoid or myeloid antigens,
have been characterized at a series of international
workshops and are described by cluster of differen-
tiation (CD) numbers. A CD number refers to a
group of antibodies that recognize the same antigen
and also refers to the antigen expressed. It is im-
portant to note that monoclonal antibodies may
recognize specific epitopes on antigens so that not
all antibodies with the same CD number have
exactly the same reactivity with normal and abnor-
mal cells. A complete list of CD numbers is given in
reference 13. Some important monoclonal antibod-
ies have not yet been assigned a CD number, e.g.
FMC7 and DBA44.

Immunophenotyping by
immunofluorescence flow cytometry

If there are significant numbers of circulating
abnormal cells, it is most convenient to perform
flow cytometric immunophenotyping on a periph-
eral blood sample. Otherwise this procedure can be
performed on a bone marrow aspirate or, alternat-
ively, on a serous exudate, cerebrospinal fluid or 
a suspension of cells from a lymph node or other 
tissue. When peripheral blood is used, the procedure
can be applied to either a mononuclear cell prepara-
tion or to whole blood in which the red cells have
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Fig. 2.14 Section of trephine
biopsy specimen from a patient
with large granular lymphocyte
leukaemia stained for chloro-
acetate esterase. Myeloid
precursors are positive and
lymphocytes are negative. Plastic-
embedded, Leder’s stain ×940.
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been lysed [14]. The latter technique minimizes cell
loss and potential artefacts that can be induced by
exposure to Ficoll and density gradient separation.
It also increases the speed and convenience of the
procedure. Choice of appropriate proprietary lysis
solutions is important to avoid reduction of expres-
sion of certain antigens [15].

The principle of flow cytometry is that cells bear-
ing specific antigens are identified by means of a
monoclonal antibody (or, occasionally, a polyclonal
antiserum) labelled with a fluorochrome (Fig. 2.15).
The flow cytometer permits classification of cells
according to their light-scattering characteristics
and the intensity of their fluorescence upon activa-
tion by laser light, detected after passing through an
appropriate filter for the particular fluorochrome
employed. Three or more fluorochromes can be
used so that the simultaneous expression of two,
three or more antigens can be studied. If permeabil-
ization techniques are employed, cytoplasmic and
nuclear antigens can be detected as well as those
expressed on cell surfaces. Techniques are also avail-
able for the quantification of antigen expression.

Flow cytometry immunophenotyping is appli-
cable to diagnosis and classification of haematolo-
gical neoplasms. When expression of three or four
antigens is assessed simultaneously it is also applica-
ble to the detection of minimal residual disease.

Problems and pitfalls

Flow cytometry has the disadvantage that im-
munophenotype cannot be related directly to cytol-
ogy. Results must always be interpreted in the light
of the cytological features of the cells being studied.

When there are large numbers of circulating 
neoplastic cells, results of peripheral blood analysis
are generally reliable. However, a low frequency of
abnormal cells may not be detected. When flow
cytometry is performed on cell suspensions from
bone marrow or other tissues, results may be mis-
leading in two circumstances. Firstly, an abnormal
infiltrate may not be represented in the aspirate to
any significant extent. This is often the case in follic-
ular lymphoma with paratrabecular infiltration but
may also occur in any lymphoma in which reticulin
deposition is increased in the infiltrated area, inter-
fering with aspiration of abnormal cells. Secondly, 
if neoplastic cells are outnumbered by reactive 
cells, as in Hodgkin’s disease and in T-cell-rich B-
cell lymphoma, the immunophenotyping may
relate only to reactive T lymphocytes, not to the
minor population of neoplastic cells. In both of these
circumstances immunohistochemistry is superior.
In addition, correct techniques are of critical impor-
tance. For example, if gating techniques (see below)
are used in order to determine the immunopheno-
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Fig. 2.15 Scatter plot showing flow
cytometry immunophenotyping in
a case of T-lineage prolymphocytic
leukaemia. The leukaemic cells are
positive for CD4, CD7 and TCRαβ;
they are negative for CD8. (By
courtesy of Mr R Morilla, London.)



type of a subpopulation of cells, it is essential to ensure
that the gated cells are the neoplastic population.

Caution is required in interpreting flow cytome-
try findings during post-treatment follow-up of
ALL. Normal immature lymphoid cells, known as
haematogones, express CD10, CD34 and terminal
deoxynucleotidyl transferase (TdT) and can thus be
confused with residual leukaemic cells [16] unless
the strength of expression of antigens is also con-
sidered. The detection of persisting cells with an
aberrant combination of antigens is more reliable,
as is polymerase chain reaction (PCR) analysis for
rearranged immunoglobulin heavy chain (IGH) or
T-cell receptor (TCR) genes (see below).

Immunocytochemistry

By convention, the term immunocytochemistry
refers to the study of the antigen expression of cells
by means of polyclonal or monoclonal antibodies
applied to fixed cells on glass slides. The material
investigated may be either a blood or bone marrow
film or a cytocentrifuged preparation of washed
mononuclear cells isolated from blood or bone mar-
row. The reaction of antibodies with cells carrying 
a specific antigen is detected by either: (i) direct
labelling of the primary antibody with an enzyme
such as peroxidase or alkaline phosphatase; or (ii)
an indirect method using a second, labelled anti-
body that recognizes the first (e.g. a secondary 
antibody reactive with mouse immunoglobulins
when the primary antibody is murine). A variety of
indirect methods are available. Indirect labelling
techniques offer the advantage of increased sensi-
tivity but are more time-consuming to perform than
direct labelling.

The use of washed, separated cells in cytocentrifuge
preparations is necessary for immunocytochemistry
to detect surface membrane immunoglobulins,
including κ and λ light chains. Plasma immunoglob-
ulins interfere with the staining if blood films or
films of bone marrow aspirates are used. For detec-
tion of most other antigens, either cytocentrifuge
preparations or wedge-spread films are satisfactory.
If there are significant numbers of abnormal cells 
in the circulating blood, then a peripheral blood
sample is very satisfactory for immunocytochem-
istry. Otherwise study of a bone marrow aspirate is
necessary.

Immunocytochemistry can also be used to dem-
onstrate the product of an oncogene or a cancer-
suppressing gene. For example, PML protein, the
product of the gene that is rearranged and dysregu-
lated in acute promyelocytic leukaemia, can be dem-
onstrated with a fluorochrome-labelled monoclonal
antibody and an abnormal pattern of distribution
can be shown in this type of leukaemia. Similarly, 
a labelled antibody can be used to demonstrate
increased expression of p53 protein when the gene
is dysregulated; p53 protein is below the level of
detection when only the wild type gene is present.

Problems and pitfalls

Immunocytochemistry has the advantage that 
reactivity with an antibody can be related to cell
morphology. However, it should be noted that cyto-
centrifugation introduces artefactual changes, such
as nuclear lobulation. It is useful to examine an
MGG-stained cytocentrifuge preparation in parallel
with the immunocytochemical stains and wedge-
spread films.

Cytochemistry is slow and labour intensive and
thus is not suitable for large workloads or for pro-
ducing rapid results. Interpretation is subjective
and, because only a small number of cells can be
assessed, results are imprecise. Some useful anti-
bodies, for example FMC7, cannot be used success-
fully for immunocytochemistry although they are
very reliable with flow cytometry.

Relative advantages of flow cytometry and
immunocytochemistry

Flow cytometry has various advantages over im-
munocytochemistry and is therefore the preferred
technique where it is available as:
1 it is rapid and less labour intensive;
2 it permits large numbers of cells to be analysed so
that the percentage of cells bearing a specific anti-
gen is estimated much more precisely and minor
populations of cells may be identified;
3 multiple directly labelled antibodies can be used
to study the co-expression of two, three or even
four antigens;
4 it is possible to ‘gate’ for cells having particular
characteristics in order to investigate antigen expres-
sion by a defined population (‘gating’ or selection of
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a subpopulation may be based on light-scattering
characteristics of cells or on expression of a specific
antigen); and 
5 the amount of antigen expressed on a specific
population of cells can be quantified, whereas im-
munocytochemistry is not quantitative.

These advantages of flow cytometry mean that it
can be used to identify minor normal populations,
such as CD34-positive haemopoietic stem cells, and
minor abnormal populations showing atypical com-
binations of antigen expression, as in the detection
of minimal residual disease in patients treated for
haematological neoplasms.

There are two important disadvantages of flow cyto-
metry in comparison with immunocytochemistry:
1 without modification, the technique detects only
surface membrane antigens and not antigens ex-
pressed within the cytoplasm or in the nucleus; and 
2 cytological features of the cells studied cannot be
appreciated.

The first disadvantage can be overcome readily by
the use of techniques for permeabilizing cells so that
antigens expressed in the nucleus or in the cyto-
plasm can be detected. The second defect cannot be
overcome easily but use of light-scattering charac-
teristics of cells does at least permit a determination
of whether specific antigens are expressed on large or

small cells. Results of flow cytometry should not be
interpreted in isolation; the cytological features of
the cells being studied must be taken into account.

Immunocytochemistry has the advantage over
flow cytometry that the precise cytological features
of cells bearing a certain antigen can be recognized.
As mentioned above, however, it is very labour
intensive and more time-consuming than flow
cytometry and results are not quantitative. Double
or multiple antigen combinations on individual
cells cannot be demonstrated routinely. Although
techniques exist for sequential immunocytochem-
ical staining of several antigens in the same prepara-
tion, these are largely restricted to use as research
tools at present because of their practical difficulties.

Antibodies for flow cytometry and
immunocytochemistry

Antibodies to be used in flow cytometry are selected
depending upon the purpose of the investigation.
There are relatively few circumstances in which a
single antibody is used in isolation. Specific combi-
nations are used for investigation of suspected acute
leukaemia or possible lymphoproliferative disor-
ders. Suggested panels are provided in Tables 2.4
and 2.5.

Table 2.4 Monoclonal and other antibodies useful in immunocytochemistry and flow cytometry immunophenotyping
in suspected acute leukaemia.

Primary panel

For detection of myeloid differentiation CD117, CD13*, CD33, anti-MPO, CD65 

For detection of B-lymphoid differentiation CD19, CD22*, CD79a

For detection of T-lymphoid differentiation CD2, CD3*, anti-TCRαβ, anti-TCRγδ

For detection of immature cells Anti-TdT (anti-terminal deoxynucleotidyl transferase), CD34, HLA-DR 

Secondary panel

For further investigation of myeloid Anti-glycophorin for erythroid differentiation, CD41 (or CD61) for 
differentiation megakaryocyte differentiation, CD14 for monocytic differentiation,

CD11b for granulocytic or monocytic maturation 

For further investigation of B-lineage CD10, cytoplasmic immunoglobulin, surface membrane 
differentiation immunoglobulin

For further investigation of T-lineage CD1a, CD4, CD5, CD8
differentiation

* Testing is more sensitive if cytoplasmic rather than surface membrane antigen is tested for, either by ‘permeabilizing’
cells or by using immunocytochemistry rather than flow cytometry.



In addition, flow cytometry can be used for:
1 quantification of CD34-positive haemopoietic stem
cells for stem cell harvesting and transplantation;
2 quantification of CD4-positive lymphocytes for
assessment of immune status in HIV infection; and
3 quantification of DNA for cell cycle and ploidy
studies; e.g. for detection of hyperdiploidy in ALL.

Problems and pitfalls

Because many immunophenotypic markers are not
lineage-specific it is always necessary to use a panel
of antibodies rather than relying on reactivity with 
a single antibody. Immunophenotypic markers
showing good lineage specificity include CD79a 
and CD79b for the B lineage, CD3 for the T lineage
and myeloperoxidase for myeloid cells. However, it
should be noted that cross-reactivity of CD79a with
some cases of T-lineage ALL has been reported [17].

Immunophenotypic markers with poor lineage
specificity include TdT, HLA-DR, CD7 and CD10.

Immunohistochemistry

Immunohistochemistry refers to the demonstration
of antigens in histological tissue sections. It has
advantages and disadvantages in relation to flow
cytometry and immunocytochemistry. For prac-
tical purposes, flow cytometry and immunohisto-
chemistry should be regarded as complementary
investigations.

In flow cytometry, a wider range of antibodies
can be used and quantification of antigen expres-
sion can be achieved. There is also less likelihood 
of non-specific staining in flow cytometry than in
immunohistochemistry. However, immunohisto-
chemistry has the advantage that immunopheno-
typic information can be obtained and assessed in
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Table 2.5 Monoclonal and other antibodies useful in immunophenotyping suspected chronic lymphoproliferative
disorders.

Primary panel

To establish lineage A pan-B marker such as CD79a, CD19 or CD24 and a pan-T marker such as 
CD2 or CD3

To establish clonality of B-lineage Anti-κ and anti-λ
lymphoproliferative disorders and 
to establish the strength of expression
of surface membrane immunoglobulin

To distinguish B-lineage chronic CD79b (or CD22), CD5, CD23 and FMC7 (CLL cells are usually CD5 and 
lymphocytic leukaemia from other CD23 positive, CD22, CD79b and FMC7 weak or negative and show weak 
less common B- and T-lineage disorders expression of SmIg; the reverse pattern is usual in most types of B-lineage 

NHL)

Secondary panel

For further investigation of suspected CD10 (more often positive in follicular lymphoma); CD11c, CD25, CD103 and 
B-lineage lymphoproliferative HC2 (for suspected hairy cell leukaemia); anti-cyclin D1 (suspected mantle 
disorder cell lymphoma); CD38, CD79a, CD138 and CyIg (for suspected plasma cell or 

lymphoplasmacytoid neoplasm)

For further investigation of suspected CD4, CD8 (usually positive in large granular lymphocyte leukaemia), CD7 
T-lineage lymphoproliferative (usually positive in T-PLL), CD25 (usually positive in ATLL); CD11b, CD16, 
disorder CD56, CD57 (for suspected large granular lymphocyte or NK cell 

leukaemia/lymphoma)

Anti-terminal deoxynucleotidyl Recommended if it is not certain if cells are precursor lymphocytes 
transferase (anti-TdT) (ALL or lymphoblastic lymphoma) or mature lymphocytes

For planning of therapy CD20 (or any other antigen that may be a target of monoclonal antibody 
therapy)
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association with preserved information regarding
the spatial organization of labelled and unlabelled
cells. Immunohistochemistry also permits assess-
ment of the cytological features of cells expressing
particular antigens, in a context which is often more
familiar than that offered by immunocytochemistry
(particularly cytocentrifuge preparations, in which
significant morphological artefacts are induced by
the centrifugation technique itself).

Because a large number of antigens can be
stained individually in adjacent thin tissue sections,
the lack of easy techniques for double-staining is
not a major problem in immunohistochemistry per-
formed for diagnostic and staging purposes. In a
complex infiltrate it is relatively easy to demonstrate
a variety of cell types differing in morphological and
immunophenotypic characteristics. For example, in
T-cell-rich B-cell lymphoma, the large, neoplastic
cells can be shown to have a B-cell phenotype while
the more numerous T cells are seen to be cytologi-
cally normal small lymphocytes.

Immunohistochemistry can permit the identifica-
tion and characterization of an abnormal bone 
marrow infiltrate not represented in the patient’s
aspirate sample. This situation usually arises when
there is significant reticulin fibrosis associated with
an infiltrate, which hinders aspiration of cells from
the involved area or areas of bone marrow. Such
reticulin fibrosis occurs frequently in follicular lym-
phoma and almost invariably accompanies bone
marrow infiltration by Hodgkin’s disease.

When immunohistochemistry first gained wide-
spread use in histopathology during the 1970s, it
was commonly assumed that decalcification, particu-
larly with methods involving exposure to acids, led
to destruction of many antigens. This has proved to
be untrue and the procedure can be performed very
successfully with acid- or EDTA-decalcified trephine
biopsies as well as with non-decalcified samples
embedded in methacrylate resins. A few important
technical modifications were required to overcome
the different performance of bone marrow trephine
biopsy specimens relative to other formalin-fixed
tissues. For example, early antigen retrieval tech-
niques, involving tissue digestion by proteolytic
enzymes to reverse protein–protein binding induced
by formalin fixation, were responsible for many 
initial poor results of immunohistochemistry in
bone marrow trephine biopsy specimens as a conse-

quence of degradation of the antigenic target. Prior
exposure to acid appears to render formalin-fixed
tissue more susceptible to proteolysis and leads to
degradation of some antigenic targets during incu-
bation with the enzyme. In general, considerably
shortened incubation times have therefore been
found to be beneficial with these antigen retrieval
methods. The major advance, however, has come
through development of wet-heat methods for 
antigen retrieval, exposing tissue sections to acid or
alkaline solutions in combination with microwave
oven or pressure cooker heating. This has been as
important for immunohistochemistry as a general
tool in histopathology as it has been for bone mar-
row trephine biopsy specimens. It has encouraged a
huge expansion in the development of new mono-
clonal antibodies for diagnosis in addition to making
possible excellent results using many existing anti-
bodies that were previously unsuccessful.

The second technical modification required for
successful immunohistochemistry in bone marrow
biopsy specimens was necessary to minimize non-
specific staining due to endogenous enzyme activity.
Most methods employ indirect labelling techniques
with either peroxidase or alkaline phosphatase con-
jugated to the secondary antibody. The enzyme
generates an insoluble, coloured product from a
chromogenic substrate to permit visualization of the
primary antigen–antibody interaction. Cells of the
granulocyte series, particularly eosinophils, are rich
in endogenous peroxidase activity and bone mar-
row stroma contains dendritic cells that are rich in
alkaline phosphatases. When performing immuno-
histochemistry on bone marrow trephine biopsy
specimens, additional steps are required to block
such endogenous enzyme activities and minimize
non-specific staining. To compound this problem,
highly efficient amplification steps are included in
many current immunohistochemistry methods, in-
creasing sensitivity by exploiting the extremely high
binding affinity of avidin or streptavidin for biotin.
Endogenous biotin activity, particularly in mast
cells, may also therefore require specific blockade to
avoid false-positive staining.

In practice, the necessary technical modifications
are easy to incorporate to achieve excellent results in
bone marrow trephine biopsy samples with a range
of primary antibodies. While this range is somewhat
limited compared with that used in flow cytometry,



it is nonetheless extensive. Moreover, since much
bone marrow trephine biopsy immunohistochemistry
is performed in the investigation of lymphoprolifer-
ative disorders, it is valuable that the antibodies
which can be used successfully are also entirely
suitable for use with other formalin-fixed tissue
samples such as biopsied lymph nodes.

Immunohistochemistry can be used to demonstrate
surface membrane, cytoplasmic and nuclear anti-

gens. It can be used specifically to provide molecular
genetic information, e.g. by demonstration of the
protein product of oncogenes, such as ALK, BCL1
and BCL2, or of cancer-suppressing genes, such as
p53.

Tables 2.6 and 2.7 give details of useful anti-
bodies for the immunohistochemical detection 
of antigen expression on haemopoietic and lym-
phoid cells in bone marrow trephine biopsies.
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Table 2.6 Antigens expressed by myeloid cells and demonstrable by immunohistochemistry in fixed, decalcified bone
marrow trephine biopsy specimens.

Antigen

CD34

CD45

Lysozyme
(muramidase)

Myeloperoxidase

Alpha-1-antitrypsin

CD66e

CD68—broad
specificity

CD68—monocyte
restricted

CD163

CD14

Neutrophil elastase

CD15

Comments

Endothelial cells also positive

Proteolytic pre-treatment
abolishes granulocytic and
monocytic reactivity

Many metastases of epithelial
origin also positive

Mast cells also positive

Mast cells also positive

Developing monocytes strongly
positive; macrophages weak or
negative

Promyelocytes and myelocytes
strongly positive; metamyelocytes
and mature  neutrophils stain
weakly or are negative

Membrane and cytoplasmic
staining but membranes negative
after proteolytic pre-treatment;
expressed by neoplastic cells of
Hodgkin’s disease

Specificity

Primitive haemopoietic
cells

Lymphoid, granulocytic
and monocytic cells

Granulocytic and
monocytic cells

Granulocytic and
monocytic cells

Granulocytic and
monocytic cells

Granulocytic cells

Granulocytic and
monocytic cells, including
osteoclasts

Monocytic cells, including
osteoclasts

Monocyte lineage cells
including osteoclasts

Monocytic cells

Granulocytic cells

Monocytic and granulocytic
cells, especially late
granulocyte precursors

Antibody

QBEnd 10

PD7/26, RP2/18, RP2/22

Polyclonal antisera

Polyclonal antisera

Polyclonal antisera

85A12

KP1

PG-M1

10D6

NCL-CD14-223

NP57

LeuM1, BY87
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Antigen

Calprotectin
(previously called 
calgranulin)

Eosinophil major 
basic protein

Mast cell tryptase

CD117

CD1a

Glycophorin A
(α-sialoglycoprotein)

Glycophorin C
(β-sialoglycoprotein)

Spectrin

Haemoglobin A

An epitope on the 
ABO blood group 
H glycoprotein

CD61

CD42b

Von Willebrand factor
(previously known as 
Factor  VIII-related 
antigen)

Comments

Macrophages weakly stained or
negative

Avoidance of problems with
diffusion of reaction product and
non-specific background staining
needs careful pre-treatment

The antibody is not sufficiently
sensitive in fixed, decalcified
trephine biopsy sections  to detect
haemopoietic progenitor cells

Few, if any, such cells are normally
present; used in diagnosis of
Langerhans cell histiocytosis

Very early proerythroblasts not
stained

Expression seen in earlier
proerythroblasts than α-
sialoglycoprotein; cross-reactivity
with myeloblasts is seen in some
cases of AML

No commercially available
antibody at present [18]

Early erythroid precursors weak or
negative

Expressed from earliest
recognizable stages of erythroid
differentiation; also expressed by
endothelial cells, megakaryocytes
and cells of some large cell
lymphomas

Variable staining between cells;
many early or dysplastic
megakaryocytes unstained

Strong, uniform cytoplasmic
staining, including early and
dysplastic forms

Strong cytoplasmic staining;
variable results with early and
dysplastic forms

Specificity

Late granulocyte precursors
and monocytic cells

Eosinophil granulocytes

Mast cells

Mast cells

Langerhans cells

Erythroid cells

Erythroid cells

Erythroid cells

Haemoglobinized
erythroid cells

Erythroid cells

Megakaryocytes

Megakaryocytes

Megakaryocytes

Antibody

Mac387

BMK13

AA1

57A5D8

MTB1, JPM30

JC159, BRIC101

Ret40f

Polyclonal antisera

Polyclonal antisera

BNH9

Y2/51

MM2/174

F8/86 and various
polyclonal antisera

Table 2.6 (cont’d)
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Table 2.7 Antigens expressed by lymphoid cells (B, T and NK lineages) and demonstrable by immunohistochemistry in
fixed, decalcified bone marrow trephine biopsy specimens.

Antigen Antibody Specificity Comments

CD45 PD7/26, RP218, Lymphoid, granulocytic Proteolytic pre-treatment minimizes
RP2/22 and monocytic cells granulocytic and monocytic staining

Terminal NPT26 Primitive lymphoid cells In addition to ALL, up to 15% of AML
deoxynucleotidyl and some primitive are positive
transferase (TdT) myeloid cells

CD10 56C6 Subsets of B cells Expressed in common and pre-B ALL, Burkitt’s 
lymphoma and follicle centre cell lymphoma; 
also expressed by a subset of marrow 
stromal cells 

CD20 L26 Most B cells Some early B-lineage lymphoid cells and cells 
showing plasmacytic differentiation are 
negative

CD79a Mb1, HM47/A9, Most B cells Includes early B-lineage lymphoid cells and
JCB117 those with plasmacytic differentiation; may 

be negative in non-secretory myeloma; 
megakaryocytes are weakly positive

CDw75 LN1 B cells Preferential staining of large, transformed 
B cells (e.g. centroblasts and immunoblasts)

CD45RA 4KB5 B cells and a subset Small, mature B cells stain preferentially
of T-lineage 
lymphoid cells

Immunoglobulin Polyclonal Plasma cells Expression by other B cells usually too weak 
light chains— antisera are to be detected; excessive background 
κ and λ usually used staining may occur due to plasma 

immunoglobulins within the tissue

Immunoglobulin Polyclonal Plasma cells Expression by other B cells usually too weak 
heavy chains antisera are to be detected; excessive background 
—γ, α, µ, ε, δ usually used staining may occur due to plasma 

immunoglobulins within the tissue

Rough endoplasmic VS38c Plasma cells Osteoblasts and a subset of stromal cells 
reticulum-associated also stain
antigen (p63)

CD138 (syndecan) B-B4 Plasma cells Some carcinomas and large cell NHL 
are positive

CD38 AT13/5 Plasma cells Also expressed by thymocytes, early B cells, 
germinal centre B cells and some erythroid 
cells and neutrophils

Unclustered DBA44 B cells Relative specificity for hairy cell leukaemia; 
red cell membranes and some macrophages 
may also stain

Tartrate-resistant 9C5 and 14G6 Hairy cell leukaemia Mast cells, Langerhans cells, macrophages 
acid phosphatase and osteoclasts also stain [19]

CD23 1B12 Subset of B cells Small lymphocytic lymphoma/CLL positive; 
mantle cell, lymphoplasmacytoid and follicle
centre cell lymphomas negative
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CD5 4C7 Subset of B cells, Small lymphocytic lymphoma/CLL and
most T cells mantle cell lymphoma positive; 

lymphoplasmacytoid and follicle centre 
cell lymphomas negative

BCL2 Bcl-2/100/D5, I24 T cells, mantle zone B Non-neoplastic germinal centre cells are 
lymphocytes and follicle negative; other B-cell lymphomas and some 
centre cell lymphoma haemopoietic cells are positive; it is difficult 

to interpret positive staining in the 
bone marrow

Cyclin D1 DCS-6, P2D11F11 Mantle cell lymphoma Apoptotic nuclei and some endothelial 
(nuclear expression) cell nuclei are positive; immunostaining is 

technically difficult

CD2 AB75 Most T cells Also expressed by some monocytes

CD3 CD3-12 and Most T cells More specific than CD2; the monoclonal 
polyclonal antibody is superior in performance to 
antisera polyclonal antisera

T-cell receptor βF1 T cells expressing αβ The majority of CD3-positive T cells and cells 
β chain T-cell receptor of many T-lineage neoplasms

CD45RO—broad UCHL-1 Antigen-experienced Granulocytes, monocytes and macrophages 
specificity T cells (membrane are also positive (cytoplasmic expression); 

expression) excessive decalcification may lead to 
non-specific nuclear staining

CD45RO—T-cell OPD4 Antigen-experienced Less reactivity with non-lymphoid lineage 
restricted T cells (membrane cells than with UCHL1

expression)

CD43 MT1, DFT1 Most T cells and a subset Strong expression by granulocytic and 
of B cells; lymphocytic monocytic cells
lymphoma/CLL and 
mantle cell lymphoma 
are usually positive; 
follicular lymphoma, 
lymphoplasmacytic
lymphoma and marginal 
zone lymphomas 
are negative

CD4 1F6 T-cell subset There is often poor localization of reaction 
product to individual cells; macrophages are 
also positive

CD8 4B11 T-cell subset

CD56 1B6 Natural killer cells and Nerve fibres, neuro-ectodermal tumours, 
some cytotoxic T cells some leukaemic myeloblasts and cells 

of some cases of multiple myeloma 
are positive

CD57 Leu7, NC1 Natural killer cells and Nerve fibres and neuro-ectodermal tumours 
some cytotoxic T cells are positive

Table 2.7 (cont’d)

Antigen Antibody Specificity Comments



Immunohistochemical stains are illustrated in 
Figs 2.16–2.19. Monoclonal antibodies useful in 
the detection of micro-organisms are shown in
Table 3.1 and those for use in the diagnosis of non-
haemopoietic malignancy in Table 10.1.

Problems and pitfalls

Antigen cross-reactivity between cell types. Antigen
cross-reactivity between different types of cell is 
a significant problem in immunohistochemistry

70 CHAPTER TWO

CD30 BerH2 Reed–Sternberg cells and Plasma cells and some erythroid precursors 
mononuclear Hodgkin’s positive if proteolytic pre-treatment is used; 
cells, cells of anaplastic wet-heat antigen retrieval is preferred; 
large cell lymphoma and some carcinomas, especially embryonal, 
some other pleomorphic are positive
large cell lymphomas

CD15 LeuM1, BY87 Neoplastic cells in classical Granulocytic and monocytic cells positive, 
Hodgkin’s disease (but may particularly late granulocyte precursors  
be negative in up to 15% 
of cases of Hodgkin’s 
disease including 
lymphocyte-predominant)

Epithelial GP1.4 Cells of anaplastic large Some plasma cells are positive; neoplastic cells 
membrane antigen cell lymphoma in some cases of Hodgkin’s disease and many 

carcinomas are positive; some cases of 
anaplastic large cell lymphoma are negative

Anaplastic lymphoma- ALK-1 Cells of anaplastic large More likely to be positive in childhood than 
associated kinase cell lymphoma adult cases

Ki67 antigen Ki67, MM1, Proliferating cells Useful for assessing grade of lymphoma from 
MIB-1 (nuclear expression) infiltrates in bone marrow; proliferating 

haemopoietic cells are also positive

Table 2.7 (cont’d)

Antigen Antibody Specificity Comments

Fig. 2.16 Section of trephine
biopsy specimen from a patient
with a myelodysplastic syndrome
showing elastase-positive
granulocyte precursors. Paraffin-
embedded, immunoperoxidase
technique with anti-elastase 
McAb NP5 ×960.



Fig. 2.17 Section of trephine
biopsy specimen from a patient
with M6 AML showing
erythroblasts, one of which is
binucleated. Paraffin-embedded,
immunoperoxidase technique with
antiglycophorin antibody McAb
Ret40f ×940.

Fig. 2.18 Section of trephine
biopsy specimen from a patient
with a myelodysplastic syndrome
showing a cluster of
megakaryocytes. Paraffin-
embedded, immunoperoxidase
technique with CD61 McAb ×940.

Fig. 2.19 Section of trephine
biopsy specimen showing
pericapillary plasma cells. Paraffin-
embedded, immunoperoxidase
technique with McAb VS38c ×940.
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(Fig. 2.20). There is a tendency to regard antigen ex-
pression as being lineage-specific, whereas expression
is more accurately considered as lineage-associated
or lineage-restricted. Many antigens familiar in 
the context of expression by T cells, B cells or both
in lymphoid tissues are also expressed by myeloid
lineages. This is particularly the case with T-cell-
associated antigens, which are widely expressed by
cells of granulocytic and monocytic lineages. CD43
should be avoided as a T-cell marker in bone 
marrow because of extensive cross-reactivity of this
type. Antibodies reactive with CD45RO should be
selected with care; the clone OPD4 stains T cells
preferentially, with little granulocytic and mono-
cytic reactivity, while UCHL-1 often stains cells of
the latter types strongly. Expression of CD45RO by
granulocytes and monocytes can be distinguished
from that shown by T cells since the former is 
cytoplasmic, whereas T cells show membrane stain-
ing. Bone marrow stromal macrophages express
CD4 and, because of the poor localization of a rather
weak signal that is often seen with the currently
available antibody, accurate assessment of CD4-
positive T cells may not be possible. Monoclonal
antibodies reactive with CD3 are currently the best
and most specific T-cell markers for use with bone
marrow trephine biopsy sections.

For B cells, CD79a is probably the best antigenic
target but some antibody clones cross-react with
vascular smooth muscle and megakaryocytes; these
reactivities rarely cause problems in interpretation.

In our experience, many bone marrow B cells appear
negative or react only weakly for CD20; both CD79a
and an alternative B-cell marker, 4KB5 (CD45RA),
show consistently more small B cells than does
CD20 both in normal bone marrow and in low grade
lymphoproliferative disorders. For this reason, tre-
phine biopsy immunostaining for assessment of
CD20 expression for therapeutic purposes should
not, at present, be regarded as reliable if a negative
result is obtained. It should be noted that L26, the
CD20 monoclonal antibody used to detect reactivity
in trephine biopsy specimens, detects an intracellu-
lar epitope, whereas the monoclonal antibody used
for therapy reacts with a surface membrane epitope.
Antibodies directed against CD5 and BCL2 react
with T cells as well as subsets of normal and neo-
plastic B cells; results should be interpreted with
care in bone marrow lymphoid infiltrates, in which
non-neoplastic T cells frequently predominate.

The specificity of CD45 antibodies for lymphoid
cells can be improved if myeloid reactivity is reduced
by proteolysis (performed as for antigen retrieval).
Antibodies reactive with CD30 may cross-react with
plasma cells and, depending on fixation, with eryth-
roid cells. Expression in these cell types is cytoplas-
mic rather than Golgi- or membrane-associated as in
Reed–Sternberg cells or cells of anaplastic large cell
lymphoma. This cross-reactivity is unlikely to cause
difficulty in the interpretation of possibly lymphoid
infiltrates. However, it can be abolished by use of wet
heat for antigen retrieval, rather than proteolysis.
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Fig. 2.20 BM trephine biopsy
section from a patient with diffuse
large B-cell lymphoma; there 
is heavy interstitial lymphoid
infiltrate with lymphoma cells
showing moderate activity for
CD79a (clone Mb1), whereas three
megakaryocytes show strong cross-
reactivity. Immunoperoxidase,
CD79a ×188.
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Endothelial cell expression of CD34 can mimic
reactivity in haemopoietic cells if tiny capillaries 
are viewed in cross-section. However, the granular
nature of haemopoietic cell CD34 expression can be
distinguished from the homogeneous pattern seen
in endothelium.

Problems relating to fixation and decalcification. Use of
proprietary combined fixative–decalcifier solutions
can lead to extensive loss of immunoreactivity
within tissues, as can excessive decalcification by
EDTA. Even in optimally fixed and decalcified 
tissues, some antigens are difficult to demonstrate.
Cyclin D1 and CD4 are problematical in this regard
with currently available monoclonal antibodies.
Non-specific nuclear staining may occur with a
variety of antibodies in tissues that are poorly fixed,
excessively decalcified or both. In our experience,
the antibodies UCHL-1 (CD45RO), Ber-H2 (CD30)
and NB84 are particularly prone to this problem.

Technical problems due to endogenous enzyme activity
and non-specific antibody binding. Endogenous enzyme
activity and non-specific antibody binding can both
lead to technical problems. When immunostain-
ing trephine biopsy sections with detection systems
based on horseradish peroxidase, particular atten-
tion must be paid to blockade of endogenous per-
oxidase activity. Granulocytes express abundant
peroxidase activity that is not destroyed by fixation
or processing. Use of methanolic hydrogen peroxide
is satisfactory but longer incubation (e.g. 30 minutes,
compared with 15 minutes for most other tissues) 
is helpful. Because the solution oxidizes rapidly,
replacement with freshly prepared methanol/H2O2

at intervals during incubation is helpful. Addition 
of sodium azide to the final chromogenic substrate
provides additional peroxidase blockade in difficult
cases.

When using an alkaline phosphatase–anti-
alkaline phosphatase detection system, there is
rarely any problem from endogenous alkaline 
phosphatase activity, since the enzyme is largely
destroyed during processing. A weak background
blush may be seen in some cases, due to residual
activity in stromal cells. This can be inhibited by
adding levamisole to the chromogenic substrate.

Occasionally, endogenous biotin expression can
cause non-specific staining when avidin–biotin or

streptavidin–biotin detection systems are used. This
is found particularly when using antibody AA1 to
demonstrate mast cell tryptase. Such activity can be
blocked by sequential incubation of sections with
saturating solutions of avidin and biotin prior to
immunostaining.

Non-specific binding of antibodies to protein
residues in the tissue, which may be a particular
problem with polyclonal antisera, can be blocked by
pre-incubation of sections with bovine serum albu-
min or normal human serum. Background serum
staining with anti-immunoglobulin light and heavy
chain antibodies may be reduced by use of wet 
heat methods for antigen retrieval rather than 
proteolysis.

Problems of interpretation. Other problems in inter-
pretation can occur. As mentioned above, im-
munostaining for antigens such as CD4 and cyclin
D1 can be suboptimal and results need to be inter-
preted with care. Positive controls, with known
reactivity, should always be performed to ensure
that the technique has worked satisfactorily. It 
may be necessary to repeat the staining in some
cases. It should be noted that cyclin D1 expression
in mantle cell lymphoma is nuclear (and only a pro-
portion of cells are positive). This nuclear staining
should not be confused with non-specific weak
cytoplasmic staining that is sometimes observed in
other neoplastic lymphocytes.

Expression of CD5 by neoplastic B cells in chronic
lymphocytic leukaemia (CLL) and mantle cell 
lymphoma is much weaker than the constitutive
expression of this antigen by T cells. For this reason,
it is important to ensure that the dilution of the
antibody used is optimal for the detection of weakly
expressed antigens on neoplastic cells. Similarly, it
is important to use for comparison a positive control
that represents one of these lymphomas, rather than
normal tissue. The detection of neoplastic B cells in
CD5-immunostained bone marrow trephine biopsy
sections requires careful evaluation of sections since
such cells are often present among a background
population that contains numerous, strongly stained,
non-neoplastic T cells.

Detection of BCL2 expression by cells in B-cell
lymphoid infiltrates in bone marrow is seldom use-
ful because of the abundance of non-neoplastic,
BCL2-positive T cells, the rarity of follicle formation



and the positive reactions that can be observed not
only in follicular lymphoma but also in other B-cell
lymphomas.

Cytogenetic analysis

Specific, non-random chromosomal abnormalities
are a common finding in haematological neoplasms
and often play a central role in pathogenesis. In
addition, some haematological neoplasms are de-
fined more precisely by the presence of specific
chromosomal abnormalities than by haemato-
logical or histological features. For example, a
specific subtype of AML, which can be designated
M4Eo/inv(16)(p13q22)/CBFβ-MYH11 fusion AML,
is better defined by the presence of inversion of
chromosome 16 than by the cytological or histolog-
ical features of acute myelomonocytic leukaemia
with eosinophilia. The presence of certain chromo-
somal abnormalities also offers prognostic informa-
tion. For example, in AML, the presence of t(8;21)
(q22;q22), t(15;17)(q22;q21) or inv(16)(p13q22) is
indicative of a better prognosis. Cytogenetic analy-
sis can also help in distinguishing a neoplastic from
a reactive process, as when the demonstration of a
clonal cytogenetic abnormality provides evidence
that a case of ‘idiopathic’ hypereosinophilic syn-
drome is actually eosinophilic leukaemia.

Classical cytogenetic analysis can be performed
only on cell suspensions such as those obtained from
peripheral blood or bone marrow [20]. Cytogenetic
analysis for investigation of suspected haematolog-
ical neoplasms involves the examination of meta-
phase spreads which can be prepared from blood 
or from bone marrow aspirates either as direct
preparations, in tumours with a high proliferative
fraction, or after a preliminary period of culture either
with or without mitogens. Cells are arrested in meta-
phase by exposure to a spindle poison such as col-
cemid. After cell lysis the chromosomes are visualized
with stains such as Giemsa or quinacrine mustard 
(a fluorescent agent). Individual chromosomes are
identified by their size, by the position of the cen-
tromere and by their banding pattern (the sequence
of light and dark bands apparent after staining). 
The findings may be illustrated by a karyogram, an
ordered array of chromosomes (Fig. 2.21). Alterna-
tively, they may be expressed as a karyotype. For
example, the karyotype 47,XY,+8 [18], 46,XY [2]
from the bone marrow of a male patient indicates
the presence of a clone of cells with trisomy 8; of the
20 metaphases examined, two were normal.

Cytogenetic analysis has a major role in haemato-
logical diagnosis. Applications include:
1 confirmation of diagnosis, e.g. by demonstration
of t(15;17)(q22;q21) in M3 variant AML;
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Fig. 2.21 A karyogram showing
t(11;14)(q13;q32) in mantle cell
lymphoma. (By courtesy of 
Dr Fiona Ross, Salisbury.)
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2 detection of chromosomal rearrangements that
are indicative of good or bad prognosis and should
be considered in the choice of treatment, e.g.
demonstration of hyperdiploidy, indicative of good
prognosis in ALL;
3 confirmation of a neoplastic process when this 
is otherwise difficult, e.g. in the hypereosinophilic
syndrome or in lymphocytosis with large granular
lymphocytes;
4 monitoring treatment, e.g. by estimation of the
number of Philadelphia chromosome-positive meta-
phases when a patient with chronic granulocytic
leukaemia is being treated with interferon;
5 post-transplant monitoring, e.g. by study of sex
chromosomes in a sex-mismatched allogeneic stem
cell or bone marrow transplant recipient;
6 diagnosis of therapy-related AML and MDS (see
Chapter 4); and
7 confirmation of a constitutional abnormality that
may underlie the development of a haematological
malignancy, e.g. detection of trisomy 21 in a child
with acute megakaryoblastic leukaemia in whom
Down’s syndrome is suspected, or demonstration of
sensitivity to clastogenic agents, confirming a diag-
nosis of underlying Fanconi’s anaemia in a patient
presenting with AML.

Problems and pitfalls

Metaphase spreads in leukaemias are often of poor
quality so that the characterization of an abnormal-
ity can be difficult. In addition, some specific chro-
mosomal rearrangements, e.g. t(12;21)(p12;q22) 
in ALL, are difficult to detect by karyotypic ana-
lysis while others are impossible; for these rear-
rangements, molecular genetic techniques are
required.

Cytogenetic analysis fails or yields too few meta-
phases for adequate analysis in a proportion of cases
of acute leukaemia. Inappropriate techniques may
mean that there is selection for residual normal
cells, e.g. if direct examination rather than prelimi-
nary culture is used for the investigation of acute
promyelocytic leukaemia.

When there is only partial replacement of the
marrow by a neoplastic clone, e.g. in the MDS, a
cytogenetically abnormal clone may be present but
may not be identified if insufficient metaphases are
examined.

In some slowly growing tumours it is not possible
to obtain suitable metaphase preparations and meta-
phases may represent residual normal cells rather
than neoplastic cells. This is often the case, for ex-
ample, in CLL.

Molecular genetic analysis

Cytogenetic analysis has been part of the diagnostic
assessment of haematological neoplasms for many
years. More recently, techniques such as Southern
blot analysis and PCR have allowed molecular genetic
events associated with such chromosomal abnor-
malities to be studied. These techniques have also
led to the detection of additional genetic abnormal-
ities in haematological diseases. They are being used
increasingly for diagnosis and follow-up of patients
on a routine basis.

In addition, molecular genetic analysis can be used
to establish clonality; this is particularly valuable in
lymphoid neoplasms, where antigen receptor gene
rearrangements provide unique clonal markers for
neoplastic cell populations. Molecular genetic tech-
niques are most readily applicable to peripheral
blood or bone marrow aspirates but modified tech-
niques suitable for application to trephine biopsies
are being developed currently.

New concepts with regard to somatic hypermuta-
tion of antigen receptor (IGH and TCR) variable
region genes in lymphoid cell maturation are emer-
ging currently from molecular genetic analysis.
Knowledge of such mechanisms in T-cell matura-
tion is much less advanced than it is for the B-cell
lineage. Basic understanding of the somatic mutation
processes underlying affinity maturation of immuno-
globulin molecules, which occur within germinal
centres, allows distinction between lymphomas
derived from pregerminal centre (non-mutated),
germinal centre (hypermutated with evidence of
ongoing acquisition of additional mutations) and
postgerminal centre (hypermutated with no ongo-
ing mutation) lymphoid cells. For example, sub-
categories of CLL have been described which differ
by virtue of showing pregerminal centre (60%) 
and postgerminal centre (40%) patterns of IGH
hypermutation.

Molecular analysis can also be used to identify
viral DNA or RNA in blood or bone marrow (see
Chapter 3).



Fluorescence and other in situ hybridization
techniques

In situ hybridization (ISH) is a molecular genetic
technique although it can also be regarded as an
extension of conventional cytogenetics. It is based
on the hybridization of a labelled probe to inter-
phase nuclei or metaphase spreads. The technique
can employ fluorescence microscopy (fluorescence
in situ hybridization or FISH), enzymatic methods
[21,22] or a radioactive label. Probes, consisting of
synthetic DNA in various forms, visualized with the
aid of fluorochromes, enzymes or radio-isotopes,
can be used to detect numerical abnormalities of
chromosomes or the presence of various chromoso-
mal rearrangements. Target DNA may be identified
by means of a probe conjugated to a fluorochrome.
Alternatively, binding of the probe to target DNA
can be identified by means of hybridization of the
primary probe to complementary bases in a second
complementary probe that also contains a reporter
molecule [20]. Following stringency washes per-
formed to remove excess probe, binding of the probe
to its target DNA is detected by means of complex-
ing of the reporter molecule in the second probe
with a reporter-binding molecule conjugated either
to a fluorochrome or to an enzyme such as perox-
idase or alkaline phosphatase. By using different
fluorochromes or two enzymes it is possible to iden-
tify simultaneously multiple (typically two or three)
different specific DNA sequences in a single prep-
aration of cells. Direct fluorescence methods are
more rapid than indirect and give less non-specific
background staining, whereas indirect fluorescence
methods generally give a stronger signal. Enzymatic
methods are currently less used but have the advan-
tage that a fluorescence microscope is not needed.

Fluorescence and other ISH techniques are ap-
plicable to: (i) films of blood or bone marrow cells;
(ii) imprints of trephine biopsy specimens; (iii) 
cytocentrifuge preparations; and (iv) films of cells
that have been cultured with or without mitogens.
These techniques have the particular advantage
over classical cytogenetic analysis that they can 
be applied not only to metaphase spreads but also to
interphase nuclei. Chromosome abnormalities can
therefore be detected in neoplastic cells that do not
readily enter mitosis, such as the neoplastic cells of
CLL and multiple myeloma. In addition, ISH can be

applied to blood or bone marrow films previously
stained with a Romanowsky stain or by immunocyto-
chemistry, thus permitting correlation of cytological
and immunophenotypic features with karyotypic
information. Obviously, unlike cytogenetic analy-
sis, ISH permits visualization of only restricted areas
of individual chromosomes rather than giving a
global view of the entire chromosome complement
within a cell.

The probes most often employed in ISH techniques
are: (i) repetitive sequence centromeric probes (avail-
able for all chromosomes and applicable to cells in
interphase or metaphase); (ii) whole chromosome
paints (available for all chromosomes but appli-
cable only to cells in metaphase); and (iii) specific
sequence probes, including those identifying onco-
genes, cancer-suppressing genes and the break-
points of recurring translocations (applicable to cells
in interphase or metaphase).

Numerical abnormalities of chromosomes can be
detected either with centromeric probes or with
whole chromosome paints. When such probes are
used, normal cells have two separate fluorescent
signals. If there is an abnormality of chromosome
number, the number of signals will vary. For ex-
ample, in trisomy 12, FISH with a centromeric probe
for chromosome 12 shows three signals per cell
whereas, in monosomy 7, FISH with a centromeric
probe for chromosome 7 shows only one signal per
cell (Fig. 2.22). If using centromeric probes, rather
than whole chromosome paints, care must be taken
in making assumptions that gain or loss of a signal
represents gain or loss of an entire chromosome 
target.

Several strategies can be used for detecting specific
translocations or other rearrangements. Use of a
single probe spanning a specific chromosomal break-
point is useful when multiple chromosomal partners
can disrupt a gene of interest, as is the case with
MLL and BCL6. When both partner chromosomes
are predictable a variety of techniques can be used.
Whole chromosome paints can be used for the two
chromosomes of interest. Alternatively, two probes
can be selected which bind to specific oncogenes or
bind to the two chromosomes of interest at a site
close to the expected breakpoint. The two probes
are labelled with different fluorochromes. In normal
cells there will be two separate signals of different
colours whereas, in cells in which a translocation
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has occurred, the two colours come together on 
a single chromosome (Fig. 2.23). Alternatively,
probes spanning the expected breakpoint on each
chromosome can be used so that, if a translocation
has occurred, the signals are split. Each abnormal
chromosome then has two adjacent signals of dif-
ferent colours, while the two remaining normal
chromosomes have a single colour signal (Fig. 2.24);
this technique is sometimes referred to as D-FISH,
signifying double fusion FISH. It is also possible to
combine one probe spanning an expected break-
point with another that is adjacent to the second
breakpoint. A single probe spanning one of the
breakpoints can also be used, a split signal being
consistent with a translocation. In this case it is
sometimes necessary to demonstrate that three 
signals represent a normal and a split signal rather
than trisomy (Fig. 2.25). Triple colour FISH permits
the use of a single probe identifying a sequence on
one of the chromosomes implicated together with
two separate probes identifying genes on either side
of the breakpoint on the second chromosome. The
latter two signals are dissociated when the relevant
translocation occurs (Fig. 2.26).

(a)

Fig. 2.23 Diagrammatic representation illustrating the
principles of FISH, using two oncogene probes to detect a
translocation. Probes for BCR (red) and ABL (green) have
been used. In the normal cell (left) there are four separate
signals. In the cell from a patient with t(9;22)(q34;q11)
associated with chronic granulocytic leukaemia (right)
there are single normal BCR and ABL signals and a double
red plus green signal where the two oncogenes have been
juxtaposed. The red–green signal is yellow.

Fig. 2.22 Diagrammatic representation illustrating the principles of FISH, using a centromeric probe for the identification
of trisomy or monosomy. (a) Centromeric probe for chromosome 12 in chronic lymphocytic leukaemia showing four
trisomic cells and one disomic cell. (b) Centromeric probe for chromosome 7 in myelodysplastic syndrome showing all
cells to have monosomy 7.

(b)



difficult to recognize on classical cytogenetic ana-
lysis if preparations are suboptimal, can be detected; 
5 large numbers of cells can be scanned so that a low
frequency abnormal population can be recognized;
and
6 deletion of cancer-suppressing genes or amplifica-
tion of oncogenes can be demonstrated.

Fluorescent immunophenotyping and interphase
cytogenetics (FICTION) is a technique combining
immunophenotyping with FISH. It can be used, 
for example, to demonstrate that trisomy 12 in CLL 
can occur in only a proportion of the clonal 
lymphocytes.

A recent development of FISH is spectral karyo-
typing (SKY) in which a complex panel of probes
applied simultaneously permits the identification 
of all chromosomes in metaphase preparations. 
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Fig. 2.24 Diagrammatic representation illustrating the
principles of FISH, using two oncogene probes, both of
which are split in a given translocation, to detect the
translocation. Probes spanning BCR (red) and ABL
(green) have been used. In the normal cell (left) there 
are four separate signals. In the cell from a patient with
t(9;22)(q34;q11) associated with chronic granulocytic
leukaemia (right) there are single normal BCR and ABL
signals and two double red plus green signals (fusion
signals are yellow) representing BCR-ABL and ABL-BCR.

(a)

(b)

Fig. 2.25 Diagrammatic representation illustrating the
principles of FISH, using a whole chromosome paint 
to detect a translocation. (a) In this case, a paint for
chromosome 11 has been used. A normal cell (left) 
shows two signals, whereas a cell from a patient with
t(11;14)(q13;q32) associated with mantle cell lymphoma
(right) shows three signals representing, respectively, 
one normal chromosome and two signals representing
the two parts of chromosome 11 separated as a result of
translocation. (b) To ensure that the three signals do not
represent trisomy for chromosome 11, FISH can also be
performed with a centromeric probe for chromosome 11;
since the centromere is not split in the translocation this
shows two signals in both the normal cell (left) and the
cell with the translocation (right).

Probes spanning specific breakpoints are also useful
for detecting isochromosome formation (Fig. 2.27)
and chromosomal inversion. For example, inver-
sion of chromosome 16 can be detected by using a
probe that spans one of the breakpoints. When a
pericentric inversion has occurred, the signal is split
and appears on both the long and short arms of the
chromosome in a metaphase spread (Fig. 2.28).

The FISH technique can also be used to identify
deletion or amplification of chromosomal material.
For example, specific probes can be used to show
deletion of a cancer-suppressing gene such as RB1
or p53 or amplification of an oncogene such as MYC.

An ISH technique has the following advantages
over classical cytogenetics: 
1 living cells are not required; 
2 some abnormalities can be recognized in inter-
phase nuclei, making the technique particularly
useful for neoplasms, such as CLL, with a low pro-
liferative rate;
3 a suspected abnormality can be confirmed when
morphology of the chromosomes is poor; 
4 chromosomal rearrangements, such as inver-
sion(16), which have only subtle alterations in the
chromosome banding pattern and are therefore
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This technique is particularly useful for investiga-
ting complex chromosomal abnormalities. Because
expensive equipment, reagents and software are
required the technique is currently mainly used in
research rather than in routine diagnosis.

Techniques for FISH are applicable to a more lim-
ited extent to trephine biopsy sections, in which at
present they are best restricted to analysis of poten-
tial chromosomal gains. For mathematical reasons,
analysis of chromosomal loss in tissue sections (in
which many nuclei are only partly represented) 
is complex. Spatial resolution of FISH signals in 
histological sections is not adequate with current
methods to permit routine application of dual colour
techniques to demonstrate translocations, although
split signals from a probe spanning an expected break-
point can be resolved. Some of these limitations can
be overcome by applying FISH to cytocentrifuge prep-
arations from intact nuclei or whole cells extracted
by proteolysis from thick sections. As for immuno-
histochemistry, pre-treatments are required to unmask
target DNA sequences. Because these vary con-
siderably with different fixation and decalcification

Fig. 2.26 Diagrammatic representation of triple colour
FISH, a technique used to reduce the probability of false-
positive results, utilizing an ABL probe (red), a BCR probe
(green) and a probe for the ASS gene (yellow) which is
just proximal to ABL. A normal cell (left) has two green
BCR signals and two fused yellow–red signals representing
ABL plus ASS; a cell from a patient with t(9;22)(q34;q11)
has one normal BCR signal (green) and one normal ASS
plus ABL signal (yellow plus red); the translocation has
separated ASS from ABL so that there is a separate ASS
signal (yellow) and a BCR-ABL fusion signal (red plus
green). The red–green fusion signal appears yellow.

Fig. 2.27 Diagrammatic representation of demonstration
of an isochromosome by FISH. A normal cell (left) is
compared with a cell from a patient with T-lineage
prolymphocytic leukaemia showing an isochromosome 
of the long arm of chromosome 8. A centromeric probe
(red) has been combined with a probe for the MYC
oncogene (green) which is located on 8q. The normal 
cell shows two chromosomes, each with a red signal and 
a green signal. The cell on the right shows, in addition, 
an isochromosome with two green (MYC) signals on
either side of the centromeric (red) signal.

Fig. 2.28 Diagrammatic representation of the use of FISH
to demonstrate chromosomal inversion showing a normal
cell (left) and a cell from a patient with M4Eo AML and
inv(16)(p13q22). A chromosome paint for the short arm
of chromosome 16 has been used. In the normal cell there
are two chromosomes, each with a single red signal. 
In the cell with an inversion there is one normal
chromosome (with a single signal) and one abnormal
chromosome (with a split signal). The inversion is
pericentric and the inverted telomeric part of the short
arm is now fused with the telomeric part of the long arm.



protocols, FISH applied to bone marrow trephine
biopsies is still predominantly a research tool.

It should be noted that ISH techniques to detect
messenger RNA (mRNA) targets can also be applied
to cytological and histological bone marrow prepa-
rations. Either enzymes or fluorochromes can be
used to identify the target mRNA. Double labelling
with two different fluorochromes is possible, e.g. for
either κ or λ mRNA and for either TNFα or IL-1β
mRNA, in order to determine whether neoplastic
light chain-restricted plasma cells are capable of
synthesizing these cytokines. In diagnostic practice,
ISH for the detection of mRNA is useful for de-
monstration of κ- or λ-expressing plasma cells (Fig.
2.29) and for the detection of viral mRNA, such 

as Epstein–Barr early RNA (EBER) in Epstein–Barr
virus (EBV) infection. Otherwise, its present role is
in research.

Problems and pitfalls

FISH and other ISH techniques have various 
disadvantages:
1 in any single preparation, it is only possible to
identify the specific abnormality for which relevant
probes are being employed; for example, if cells 
are being investigated for the presence of t(8;21),
other leukaemia-associated translocations such as
t(15;17) or t(9;11) will not be detected;
2 secondary abnormalities are not recognized; for
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Fig. 2.29 In situ hybridization
showing (a) κ and (b) λ light chain
messenger RNA. There are only
occasional κ-positive cells but 
λ-positive cells are numerous.
Paraffin-embedded,
immunoperoxidase-labelled
probes ×160.

(a)

(b)
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example, if the proportion of Philadelphia-positive
metaphases were being evaluated in a case of chronic
granulocytic leukaemia, the presence of an isochro-
mosome of 17q (which might be associated with
impending acute transformation) would not be
detected;
3 the use of whole chromosome paints does not
permit the detection of rearrangements within a
single chromosome, such as an inversion, or small
deletions;
4 in screening for trisomies and monosomies there
are some false-positive findings, caused by accidental
co-localization of signals, so that a low frequency of
the abnormality being sought cannot be detected
reliably; and 
5 if neoplastic cells are present in the bone marrow
but cannot be aspirated because of associated fibrosis,
there will be a failure to detect any relevant cytoge-
netic abnormality.

The first two of these disadvantages can be cir-
cumvented to some extent by the use of multicolour
FISH or spectral karyotyping [21].

Southern blot analysis

In this technique DNA is extracted from a fresh,
unfixed tissue sample and digested with a panel 
of restriction endonucleases. Sometimes, when the
bone marrow is cellular, unfixed bone marrow
films on glass slides may yield sufficient material for
analysis. The restriction endonucleases used are
enzymes that recognize specific nucleotide sequences
between 4 and 10 base pairs in length and cut the
DNA molecule wherever their target sequences
occur. This results in DNA fragments of variable
length that can be separated, according to their size,
by gel electrophoresis. These are then transferred 
by capillary action onto a more solid nitrocellulose
membrane to create a Southern blot. Fragments
containing the DNA sequences of interest can then
be identified by hybridization with a radiolabelled
DNA probe followed by autoradiography. One of the
major breakthroughs that Southern blot analysis
allowed was the detection of clonality in B- and T-
lymphoid neoplasms (see below). In addition, rear-
rangement of a gene arising from translocation or
some other acquired chromosomal rearrangement
can be detected. This technique is used, for example,
for detecting rearrangement of the MLL or BCL6 genes
since rearrangement can result from a considerable

number of different translocations, not all of which
can be detected by alternative techniques. The
Southern blot technique is also applicable for the
detection of translocations in which there is con-
siderable heterogeneity of breakpoints precluding
use of a simple PCR technique.

Southern blot analysis can be used to demonstrate
clonal integration of HTLV-I proviral DNA and 
integration of defective HTLV-I in adult T-cell
leukaemia/lymphoma [23].

Problems and pitfalls

The major drawbacks of Southern blot analysis as a
diagnostic tool are the requirement for radioactive
materials, long turnaround times and the need for
relatively large quantities of DNA in the diagnostic
sample, which limits the sensitivity of the method.
The latter feature limits its applicability to trephine
biopsy specimens [24].

The polymerase chain reaction 

The polymerase chain reaction (PCR) [25,26] is a
method of in vitro amplification of a defined DNA
target that is flanked by regions of known sequence.
The development of this technique has greatly
expanded the diagnostic potential of molecular
genetics as a result of its ability to generate almost
limitless copies of selected target DNA sequences.
The technique is 400–4000 times more sensitive
than Southern blot analysis. It consists of a repeat-
ing cycle of three basic steps (denaturation, primer
annealing and elongation), with each cycle potenti-
ally leading to a doubling of the amount of the target
DNA sequence.

The first step (denaturation) involves heating 
the DNA sample to around 90°C which causes the
double-stranded DNA molecule to separate into
two complementary single strands. The next stage
(primer annealing) requires short DNA primer
sequences that are complementary to the ends of
the target DNA segment that is to be amplified. The
primer is added to the denatured single-stranded
DNA and the sample is cooled. As cooling occurs,
the primers anneal (link via the complementary
nucleotide sequences) to the single-stranded target
DNA. The third step (elongation) requires addition
of free nucleotides to the ends of the primer DNA
segments, producing complementary copies of each



of the two single-stranded target DNA sequences.
This is achieved using a thermostable DNA poly-
merase. The strands of DNA thus generated are 
separated from their complementary strands by ele-
vating the temperature again. The cycle is repeated
by elevating and lowering the temperature of the
container in which the reaction takes place. This
process is performed in an automated thermal
cycling instrument preset with specific temperatures
and times that are optimized for each primer pair.
The cycles of denaturing, annealing and elongation
are repeated 10–40 times. Amplification is initially
exponential since each cycle doubles the amount of
DNA template present. In later cycles the rate of
increase in the quantity of DNA is closer to linear
than to exponential. Nevertheless, very large quan-
tities of the target DNA sequence are generated. The
size of the DNA segment can be estimated by elec-
trophoresis, by comparison with known standards
(Fig. 2.30). The DNA generated can be directly 
visualized by staining with ethidium bromide and
viewing under UV light. This technique has many
advantages over Southern blot analysis for diag-
nostic use, principally the short turnaround time,
the lack of a requirement for radio-isotopes, the 
ability to amplify very small quantities of target
DNA and its applicability to fixed tissue, including

archival samples and even stained or unstained
blood or bone marrow films scraped off glass slides.
Stained slides are, however, less satisfactory than
paraffin-embedded tissue because DNA degradation
is greater. Techniques are available for use with
decalcified paraffin-embedded trephine biopsy speci-
mens [27]; EDTA decalcification rather than formic
acid decalcification is required to ensure that DNA is 
not degraded. The amplification achieved by PCR
makes the technique very sensitive. The DNA frag-
ments produced are suitable for sequencing. Because
of these advantages PCR, or its modification reverse
transcriptase-PCR (RT-PCR), has replaced Southern
blot analysis for most diagnostic applications. 
To distinguish it from RT-PCR, PCR is sometimes
referred to as genomic PCR or DNA-PCR.

In situ PCR is a modification of the PCR technique
performed on tissue sections pre-treated with a pro-
teinase to facilitate entry of primers [28].

PCR can be used for investigation of clonality (by
amplification of IGH or TCR genes), for detection of
rearrangement of genes resulting from acquired
cytogenetic abnormalities and for detection of bac-
terial or viral sequences (for example, sequences of
Mycobacterium tuberculosis in a bone marrow aspirate).

PCR can be used to demonstrate clonality of lym-
phoid cells by amplification of Epstein–Barr virus
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Fig. 2.30 Polyacrylamide gel
stained with ethidium bromide and
visualized with ultraviolet light
showing PCR amplification of the
643 base pair BRCA1 exon 11A
(top panel) and 482 base pair
BRCA2 exon 11B (bottom panel).
Lane 1 contains size standards and
lanes 2–10 contain amplified
samples of DNA extracted from
EDTA-decalcified bone marrow
trephine biopsy specimens. 
(By courtesy of Mrs Caroline
Wickham, Exeter.)
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DNA. Because of a variable number of terminal
repeats in the circular episomal forms of the virus 
a polyclonal lymphoid population with a variety 
of forms of the virus can be distinguished from a
monoclonal population with a single form. This can 
be useful for establishing clonality of EBV-induced
natural killer cell lymphomas for which there are
usually no alternative techniques for demonstrating
clonality.

Problems and pitfalls

Great care is required to avoid contamination 
during PCR analysis as even the smallest quantity 
of DNA with a sequence complementary to the
primers will be amplified. Meticulous technique is
required.

Although PCR is applicable to archival material,
poor preservation of DNA can lead to negative
results [24]; amplification of a constitutional gene,
for example G6PD, BCR, ABL or the β globin gene,
can be used to control for DNA degradation. Pres-
ervation of DNA is determined by the fixative used
and the method of processing. Formalin fixation
has been found to give optimal results but other
fixatives, e.g. B5, can be used [24]. As noted above,
DNA from archival glass slides is often of inferior
quality.

Negative results can result from sampling error
when tissue infiltration is focal.

Variant breakpoints may be missed if appropriate
primers are not used. For example, in testing for
BCL2 rearrangement in follicular lymphoma it is
necessary to screen for breakpoints in the minor
cluster region (MCR) as well as the major break-
point region (MBR).

In some neoplasms, PCR is an insensitive diag-
nostic technique to amplify fusion genes because of
the wide scatter of breakpoints. For example, in
mantle cell lymphoma, genomic PCR detects only a
little over 50% of cases, specifically those cases with
a chromosome 11 breakpoint in the major transloca-
tion cluster [26].

Reverse transcriptase-polymerase 
chain reaction

PCR is applied to genomic DNA. Because of the
presence of introns, a gene may be very large so that

satisfactory amplification is difficult. This problem
can be circumvented by the use of mRNA as the
starting material since the introns will have been
excised and the segment to be amplified is shorter.
The mRNA must first be transcribed into comple-
mentary DNA by means of reverse transcriptase.
Amplification can then proceed, as in PCR of genomic
DNA. RT-PCR is now very commonly employed for
the detection of leukaemia and lymphoma-related
fusion genes.

RT-PCR can also be used for the detection of viral
mRNA (see Chapter 3).

Modifications of PCR and RT-PCR techniques

Modifications of PCR and RT-PCR techniques
(Table 2.8) can increase sensitivity, specificity and
usefulness and permit an approximate quantifica-
tion of the number of copies of the fusion gene 
present. Among these modifications is multiplex
PCR, in which a number of sets of primers are used
to amplify simultaneously two or three different
fusion genes. This makes it possible, for example, to
screen simultaneously for the three fusion genes
found in the three subtypes of AML associated 
with a better prognosis: AML1-ETO, PML-RARα and
CBFβ-MYH11. The development of various tech-
niques for quantification of the amount of target
DNA or mRNA present means that PCR and RT-PCR
are now becoming useful for the detection of 
minimal residual disease and for monitoring the
response to therapy. One application of quantitative
methods is in monitoring BCR-ABL during interferon
therapy or following transplantation for chronic
granulocytic leukaemia. In real-time PCR (RQ-PCR),
the PCR technique results in displacement of a
fluorogenic product-specific probe which is degraded
during the reaction, generating a fluorescent signal.

Problems and pitfalls

RT-PCR requires intact RNA and is therefore not 
a suitable technique for use with most archival
material. False-negative results can occur if there is
degradation of RNA and amplification of a control
mRNA sequence is therefore advised.

As for genomic PCR, the high sensitivity of the
technique means that there is a risk of false-positive
results if contamination is permitted to occur.



Multicentre studies have sometimes shown a high
rate of false-positive reactions so that inclusion of a
negative control in each assay is considered to be
critical [29]. RT-PCR techniques are poorly stan-
dardized and quality control is not optimal so that
different laboratories produce divergent results in a
significant proportion of cases [26].

Since RT-PCR uses a small tissue sample negative
results can occur when infiltration, e.g. of a trephine
biopsy specimen, is focal. Sometimes microscopy
permits the detection of infiltration by lymphoma
when results of RT-PCR are negative [24].

It must also be noted that sensitive techniques
have detected gene rearrangements typical of
leukaemia and lymphoma in people who do not
have an identifiable neoplastic condition. This has
been noted for BCR-ABL, NPM-ALK, AF4-MLL and
BCL2 rearrangement, characteristic, respectively, of
chronic granulocytic leukaemia, large cell anaplastic
lymphoma, acute lymphoblastic/biphenotypic leu-
kaemia of infants and follicular lymphoma.

There are also problems in knowing when the
detection of minimal residual disease is clinically
significant. Detection of a residual clonal abnormal-
ity for a year or more after cessation of treatment is
sometimes compatible with continued disease-free

survival. This has been noted for AML-ETO, MYH11-
CBFβ, E2A-PBX and IGH gene rearrangements
[26,30].

Other molecular genetic techniques

Other molecular genetic techniques are rarely used
in routine diagnosis but have research uses. They
include:
1 northern blot analysis for investigation of RNA; 
2 western blot analysis for investigation of proteins
including the ‘oncoproteins’ that are the products of
fusion genes; 
3 comparative genomic hybridization (CGH) to
detect segments of chromosomes that are under- or
over-represented in leukaemic cells; and 
4 DNA sequencing, which is necessary for cloning
of new genes.

The application of molecular genetic
techniques in the investigation of leukaemia
and lymphoma

Molecular genetic techniques have two principal
applications in the investigation of haematological
neoplasms. Firstly, they can be used to demonstrate
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Table 2.8 Modifications of PCR and RT-PCR techniques.

Modification Principle

Nested PCR A second pair of primers, recognizing sequences internal to those
recognized by the first pair, increases sensitivity and specificity

Multiplex PCR A number of pairs of primers permit the recognition of two or three
unrelated gene rearrangements in a single procedure

Quantitative PCR The PCR procedure becomes quantitative rather than merely 
Real-time PCR (RQ-PCR) qualitative, permitting quantification of minimal residual disease
Competitive PCR
Limiting dilution PCR
Co-amplification of target and control genes

Long-range PCR A process in which fragments up to 10 kb are generated, using
modified polymerases

5’-RACE (rapid amplification of cDNA ends) A technique for the identification of unknown translocation
partners when one partner is well characterized but the other is not

LA-PCR (long and accurate PCR) A technique for the identification of precise translocation
breakpoints using forward primers complementary to RACE-
determined gene partners and reverse primers complementary 
to introns of the known translocation partner
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that a monoclonal population is present and can
give information on the nature of the lymphoid cell
in which a mutation occurred (see below). Secondly,
they can be used to demonstrate the presence of
fusion genes or fusion RNA transcripts that are
known to be associated with specific neoplasms.
Demonstration of clonality is mainly done by in-
vestigation of IGH or TCR genes, although demon-
stration of rearrangement or mutation of any gene
could be used as a marker of clonality.

Detecting clonal immunoglobulin and 
T-cell receptor rearrangements

Clonal populations of B or T lymphocytes can be
detected by demonstrating clonal rearrangements
of IGH or TCR genes using Southern blot analysis or
PCR. The basic principle underlying the technique is
similar since TCR and IGH genes are both made up
of a number of variable (V), diversity (D) and joining
(J) regions, present in germline DNA, which rear-
range during lymphocyte development to produce a
functioning gene. During rearrangement, single V,
D and J regions are combined with a constant (C)
region and simultaneously nucleotides (known as
N) are added and removed between the V, D and 
J regions. This results in a unique DNA sequence in
a cell and its progeny. Rearrangement of κ and λ
genes is similar but these genes lack a D region.

Using Southern blot analysis, probes that detect
either part of the IGH J region or the TCR β or γ
chain genes are used to detect clonal rearrange-
ments. In polyclonal populations of lymphocytes,
there are a large number of different rearrange-
ments and no single discrete band can be visualized.
In a clonal population, since all the cells share the
same rearrangement, there is a single discrete band
on electrophoresis which is separate from the
germline band.

The technique for detecting clonal rearrange-
ments using PCR is somewhat different. Primers
with sequences complementary to segments of the
IGH V and J regions that are relatively constant are
used to amplify part of the rearranged IGH gene.
Differences in the numbers of nucleotides (N)
inserted between the V and J regions during re-
arrangement result in multiple different sized 
segments of DNA being amplified in polyclonal 
populations, so that no discrete band is visualized.

In clonal populations, there is amplification of a 
single rearranged fragment which appears as a dis-
crete band separate from the germline band on 
electrophoresis. The same principle is used to detect 
T-cell clones using probes complementary to
sequences in the TCR γ and β chains.

Molecular genetic analysis has led to new con-
cepts with regard to somatic hypermutation of anti-
gen receptor (IGH and TCR) variable region genes in
lymphoid cell maturation, with potential relevance
to our understanding of the origins and behaviour
of all lymphomas. Knowledge of such mechanisms
in T-cell maturation is much less advanced than it is
for the B-cell lineage. 

Problems and pitfalls

Although PCR is more sensitive than Southern blot-
ting at detecting small clonal populations, it will not
detect all rearrangements. Approximately 80% of
B-cell neoplasms will show clonal rearrangements
on PCR using primers for IGH V regions, whereas
the great majority will have a rearrangement
detectable by Southern blot analysis. Hence caution
is required in interpreting negative PCR results. The
likelihood of detecting IGH gene rearrangement by
PCR varies between different types of lymphoma, in
one study ranging from around 40% with follicular
lymphoma to around 80% with mantle cell and
small lymphocytic lymphomas [26]. The negative
results in follicular and certain other lymphomas
are consequent on the high rate of somatic muta-
tion which is responsible for a failure of consensus
primers to bind to rearranged genes [24].

It should also be noted that rearrangement of IGH
and TCR genes is not lineage-specific. Rearrangement
of κ or λ light chain genes is much more specific for
the B-lymphocyte lineage than IGH gene rearrange-
ment. Inappropriate gene rearrangement is quite
frequently seen in acute lymphoblastic leukaemia
and occurs, although less often, in lymphomas 
of mature T and B cells. In addition, IGH or TCR
gene rearrangements are sometimes found in acute
myeloid leukaemia.

It is likewise important to recognize that, although
the detection of a clonal rearrangement usually
indicates a neoplastic process, clonal IGH and TCR
gene rearrangements have been detected in some
reactive conditions.



Detection of leukaemia/lymphoma-associated
fusion genes

As discussed earlier, many haematological neo-
plasms are associated with a specific non-random
chromosomal abnormality. The genes involved in
many of these rearrangements have been identi-
fied, permitting the use of molecular genetic tech-
niques for their detection. Some translocations can
be detected by PCR, by employing specific primers
with sequences complementary to segments of DNA
that flank the chromosomal breakpoints. The inter-
vening segment across the breakpoint will only be
amplified if the translocation is present. However,
this technique is only applicable if the breakpoint
occurs in a relatively constant position and the fusion
gene is not too long. Many more translocations can
be detected by RT-PCR. Translocations that can be
detected by PCR or RT-PCR include t(9;22)(q34;q11)
in chronic granulocytic leukaemia and some acute
lymphoblastic leukaemias, t(14;18)(q32;q21) in fol-
licular lymphoma, t(2;5)(p23;q25) in anaplastic
large cell lymphoma and various translocations or
inversions associated with acute myeloid leukaemia
including t(8;21)(q22;q22), t(15;17)(q22;q21) and
inv(16)(p13q22).

Advantages of PCR and RT-PCR are that they give
a more rapid result than conventional cytogenetic
analysis and do not require viable cells for meta-
phase preparations. The highly sensitive nature of
PCR analysis also means that this technique can be
used to detect very small numbers of neoplastic cells;
consequently, the method can be used for the de-
tection of minimal residual disease and early relapse.
However, it should be noted that, using these 
sensitive techniques, fusion genes characteristic 
of leukaemia or lymphoma are sometimes detected
in normal tissues or tissues showing only reactive
changes. For example, the rearrangement charac-
teristic of follicular lymphoma has been detected in
tonsils removed surgically for reactive conditions.

Problems and pitfalls

Disadvantages, other than the possibility of contam-
inating DNA being amplified, include the fact that
not all rearrangements can be detected. This is
because of the necessity for a chromosomal abnor-
mality to have been fully characterized so that

specific primers for each breakpoint can be designed.
It should also be noted that, in contrast to standard
cytogenetic analysis, molecular genetic techniques
permit the detection only of those abnormalities
that are being specifically sought. Nevertheless,
many chromosomal rearrangements can be detected
by PCR and RT-PCR and some such rearrangements
are sufficiently common that these techniques are
very practical for the rapid and precise categoriza-
tion of cases of acute leukaemia and for confirming
the diagnosis of certain categories of lymphoma.

Ultrastructural examination

Ultrastructural examination, in which the structure
of cells is studied by electron microscopy, can be
applied to peripheral blood and bone marrow but is
little used in routine diagnostic haematology. The
advances in immunophenotyping have rendered
electron microscopy redundant in identifying M0
and M7 AML. It remains of some use in identifying
small Sézary cells (Fig. 2.31) and in making a precise
diagnosis in congenital dyserythropoietic anaemia.

Ultrastructural examination can also be applied
to trephine biopsy specimens but it is rarely neces-
sary for diagnosis. It can be used for the detection 
of Birbeck granules for confirming the diagnosis 
of Langerhans cell histiocytosis but immunohisto-
chemistry, including the application of a CD1a
monoclonal antibody, is an alternative more readily
available technique that can be used for this purpose.

Bone marrow culture for assessment of
haemopoietic progenitor cell numbers

Short- and long-term culture techniques for haemo-
poietic cells have found extensive use in research
but have only limited roles in the diagnostic assess-
ment of bone marrow disorders.

Short-term culture

The major current use of short-term culture in clin-
ical practice is for assessment of harvested bone
marrow or peripheral blood stem cells prior to their
use for engraftment.

Short-term haemopoietic cultures are performed
using cells suspended at a known starting concen-
tration in methyl cellulose or agar supplemented
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with culture medium, fetal bovine serum and
growth-promoting substances such as granulocyte–
macrophage colony-stimulating factor (GM-CSF),
erythropoietin and thrombopoietin. They are then
incubated at 37°C for 14 days, in a humidified
atmosphere containing 5% CO2. Depending upon
the precise conditions of the assay, multipotential
cells in the patient’s (or donor’s) sample will form
colonies containing variable proportions of differ-
entiating cells of various haemopoietic lineages. The
starting cells are seeded at a sufficiently low con-
centration that individual colonies localized around
each single multipotential parent cell can be visual-
ized separately from any neighbouring colonies.
The colonies can then be counted at low power
magnification by standard light microscopy.

The most primitive multipotential cell type usu-
ally assayed in such a culture system is the mixed
colony-forming unit (CFU-mix), which can gener-
ate erythroid bursts and colonies of granulocytic
and monocytic cells. More commonly, however,
GM-CSF, in the absence of other added growth 
factors, is used to supplement the culture medium
and these conditions permit growth of mixed 

granulocyte and monocyte colonies without any
erythroid growth. This culture system constitutes
the granulocyte–monocyte colony-forming unit
(CFU-GM) assay and is the usual assay of
haemopoietic cell growth potential in harvested
marrow or mobilized peripheral blood stem cell 
collections prior to transplantation. Colony number
correlates only loosely with CD34-positive cell
counts in such collections. The CFU-GM provides
an independent predictor of engraftment.

Occasionally, the erythropoietic potential of
primitive haemopoietic cells requires assessment.
This is done using the erythroid burst-forming unit
(BFU-E) assay, in which erythropoietin is used to
supplement the culture medium in the absence 
of granulocyte and monocyte growth-promoting
factors. Primitive erythroid cells produce multiple,
rather than single colonies, radiating as a so-called
‘burst’ around the progenitor cell (BFU-E), with
each individual colony representing the offspring of
a more mature erythroid precursor, the erythroid
colony-forming unit (CFU-E). Erythroid colonies
are readily seen by light microscopy because of the
orange–red colour of their cytoplasmic haemoglobin.

Fig. 2.31 Ultrastructural
examination in Sézary syndrome
showing a Sézary cell with a highly
irregular nuclear outline. (By
courtesy of Dr Estella Matutes,
London.)



Apart from the use of culture systems as assays for
predicting haemopoietic function in transplantation,
spontaneous colony formation (i.e. colony forma-
tion with no growth factor supplementation) is used
by some laboratories to assist in diagnosing chronic
myeloproliferative disorders. Spontaneous mega-
karyocyte colony-forming unit (CFU-Meg) activity,
spontaneous BFU-E activity, or both, is demon-
strable in peripheral blood or bone marrow cells from
many patients with essential thrombocythaemia.
Spontaneous BFU-E also form from peripheral
blood and bone marrow cells of patients with poly-
cythaemia rubra vera. Blood or marrow cells from
normal individuals and patients with reactive throm-
bocytosis or secondary polycythaemia do not usu-
ally show spontaneous BFU-E activity. However,
they may occasionally give rise to CFU-Meg. This
potential for false-positive results and a relatively
high false-negative rate in true cases of essential
thrombocythaemia and polycythaemia rubra vera,
together with the cumbersome nature of the assays,
have limited the diagnostic application of short-
term colony-forming assays.

Long-term culture

Long-term cultures, in which haemopoietic precur-
sor cells are seeded onto layers of pre-grown mar-
row stroma, can potentially assess the activity of
stem cells even more primitive than those which
survive in short-term cultures. Assay of seeded cells
is achieved, once they have adhered to the stroma,
by replacing liquid medium with methylcellulose or
agar-containing semi-solid medium and assessing
colony formation as above. This system is known as
the long-term culture-initiating cell (LTC-IC) assay.
It is mainly employed in research, despite its pos-
sible value in predicting engraftment. Long-term
cultures have also been used for ex vivo purging and
expansion of haemopoietic cells for engraftment
but these approaches have yet to find widespread
clinical application.

Bone marrow culture for 
micro-organisms

Bone marrow culture for micro-organisms, for
example mycobacteria, Leishmania donovani or His-

toplasma capsulatum, can be of use in diagnosis and
will be discussed in the next chapter.
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Bacterial and rickettsial infection

Peripheral blood

In adults, the usual haematological response to an
acute bacterial infection is neutrophil leucocytosis
with a left shift (an increase of band forms and pos-
sibly the appearance of neutrophil precursors in the
peripheral blood) (Fig. 3.1). The neutrophils usually
show toxic granulation and may show Döhle bodies
and cytoplasmic vacuolation. When there is very
severe bacterial infection and in neonates, alco-
holics and patients with reduced bone marrow
reserve, neutrophilia does not occur but there is a
left shift with the above ‘toxic’ changes in neu-
trophils. Certain bacterial infections, specifically
typhoid, paratyphoid and tularaemia, are character-
ized by neutropenia rather than neutrophilia. In

THREE

INFECTION AND REACTIVE
CHANGES

Infection

The response of the bone marrow to infection 
is very variable, depending on the nature and
chronicity of the infection, the age of the subject
and the presence of any associated diseases. The
response differs according to whether the infection
is bacterial, rickettsial, viral or fungal. The periph-
eral blood and bone marrow responses to infec-
tion are non-specific and similar changes occur in
many other conditions, including trauma and other
tissue damage, administration of growth factors,
carcinoma, Hodgkin’s disease, non-Hodgkin’s 
lymphoma and auto-immune disorders such as 
systemic lupus erythematosus. Only a minority of
patients with an infection show peripheral blood or
bone marrow changes suggestive of a particular
micro-organism.

90

Fig. 3.1 PB, bacterial infection, 
left shift and toxic granulation.
MGG ×940.



INFECTION AND REACTIVE CHANGES 91

severe infection, particularly if there is shock or
hypoxia, nucleated red blood cells may appear in
the blood, the presence of both granulocyte precur-
sors and nucleated red cells being referred to as
leuco-erythroblastosis. The lymphocyte count is
reduced but a few atypical lymphocytes, including
plasmacytoid lymphocytes, may be present; plasma
cells are sometimes seen. The eosinophil count 
is reduced during acute infection but eosinophilia
can occur during recovery. Children may respond
to bacterial infection with lymphocytosis rather
than neutrophilia, and certain bacterial infections,
particularly whooping cough and sometimes bru-
cellosis, are characterized by lymphocytosis. In bac-
terial infection, the platelet count is often reduced
but sometimes increased.

Certain bacterial infections can be complicated by
haemolytic anaemia. Infection by E. coli or Shigella
species can be followed by a micro-angiopathic
haemolytic anaemia as part of a haemolytic uraemic
syndrome. Sepsis due to Clostridium welchii can be
complicated by acute haemolysis with spherocytic
red cells. Mycoplasma infection is commonly asso-
ciated with the production of cold auto-antibodies
so that red cell agglutinates are present in blood
films made at room temperature and haemolytic
anaemia sometimes occurs.

Rarely, neutrophils contain phagocytosed bacte-
ria. The presence of bacteria, either extracellularly
or within neutrophils, is usually seen only in over-

whelming infections, particularly when there is
associated hyposplenism. In relapsing fever, how-
ever, the characteristic spiral organisms of Borrelia
species appear episodically in the bloodstream and
are seen lying free between red cells. In ehrlichial
infections, organisms are often detectable within
monocytes or granulocytes. They are detected 
in monocytes in human monocytic ehrlichiosis
(caused by Ehrlichia chaffeensis) and in neutrophils
in human granulocytic ehrlichiosis and human
infection by Ehrlichia ewingii (the agent responsible
for canine granulocytic ehrlichiosis) [1]. The detec-
tion of organisms within leucocytes is facilitated by
examination of buffy coat films.

In more chronic infections, there may be
anaemia, increased rouleaux formation, increased
background staining and monocytosis (Fig. 3.2).
Anaemia is initially normocytic and normochromic
but, as the infection becomes increasingly chronic,
the anaemia develops the characteristics of the
anaemia of chronic disease with the cells produced
being hypochromic and microcytic.

Pulmonary tuberculosis characteristically causes
anaemia, increased rouleaux formation and, when
severe, neutrophilia. Monocytosis occurs in a
minority of patients. Monocytopenia is actually
more common than monocytosis. In miliary tuber-
culosis, leucocytosis is uncommon and leucopenia
is common. The lymphocyte count is reduced. A
minority of patients have monocytosis. Pancytopenia

Fig. 3.2 PB, bacterial infection,
monocytosis and neutrophilia.
MGG ×940.
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may occur, sometimes as a consequence of
haemophagocytosis and, less often, in association
with bone marrow necrosis.

Rickettsial infections cause varied haematological
effects which may include neutrophilia, neutro-
penia, lymphocytosis, the presence of atypical 
lymphocytes and thrombocytopenia which is some-
times severe.

Occasionally, severe infections are associated
with a haematological picture which simulates
leukaemia, designated a leukaemoid reaction (see
below).

Bone marrow cytology

In severe bacterial infection, the bone marrow fea-
tures reflect those of the peripheral blood. There is
granulocytic hyperplasia with associated toxic
changes (Fig. 3.3). In overwhelming infection, the
marrow sometimes shows an increase of granulo-
cyte precursors but with few maturing cells.
Erythropoiesis is depressed and erythroblasts show
reduced siderotic granulation. When there is
thrombocytosis, megakaryocytes may be increased.
Macrophages are increased and, in a minority of
patients with severe infection, prominent haemo-
phagocytosis occurs (see page 119). When infection
is chronic, an increase of iron stores is apparent.

Microscopy or bone marrow culture occasionally

provides evidence of a specific infection. In
Whipple’s disease, the causative organisms may be
seen within bone marrow macrophages [2]. In
human monocytic ehrlichiosis, organisms can be
detected in bone marrow monocytes, whereas in
human granulocytic ehrlichiosis, caused by a
related organism, they are present in granulocytes
[3]. Bacteria visible within macrophages have also
been reported in bacterial endocarditis. In typhoid
fever, the bone marrow aspirate shows only non-
specific features but bone marrow culture can 
be useful since it increases the detection rate by
50% in comparison with culture of the peripheral 
blood [4]. In brucellosis, the bone marrow is usually
hypercellular with prominent haemophagocytosis
and increased eosinophils and plasma cells [5].
Bone marrow cultures are occasionally positive
when blood cultures are negative but, as the diag-
nosis can be made serologically, bone marrow 
aspiration is not indicated for this purpose.

In tuberculosis, the bone marrow aspirate shows
non-specific features such as increased iron stores
and an increase in macrophages, often with hae-
mophagocytosis. Mycobacteria may be detected in 
a minority of cases using specific stains (Ziehl–
Neelsen or auramine). Cultures should always be
performed when this diagnosis is suspected. In lep-
romatous leprosy, bacilli may be apparent as nega-
tive images within bone marrow macrophages [6].

Fig. 3.3 BM aspirate film from 
a patient with severe infection
showing heavy toxic granulation
and vacuolation of neutrophil
precursors. MGG ×940.
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Bone marrow histology

Severe bacterial infection leads to an increase in
marrow cellularity due to granulocytic hyperplasia.
There is often left shift of the granulocytic series, i.e.
an increase in the numbers of immature precursors
(myelocytes and promyelocytes) in relation to
mature polymorphonuclear neutrophils (Fig. 3.4).
However, the normal topographical arrangement of
granulopoiesis is retained, with the more immature
cells (mainly promyelocytes) found predominantly
in the paratrabecular region [7]. Megakaryocytes
are often increased in number [8]; they are mor-
phologically normal, but there may be an increase in
‘bare’ megakaryocyte nuclei and increased emperi-
polesis. Erythropoiesis is often reduced although
morphologically normal.

In more chronic bacterial infections, changes in
other lineages become apparent. Bone marrow
plasmacytosis is a common but non-specific re-
sponse [9]. Very rarely, there may be up to 50%
plasma cells in the marrow in reactive conditions
including infections. The differential diagnosis of
increased numbers of plasma cells in the marrow is
discussed on page 166. In infections, plasma cells
are distributed through the marrow in an interstitial
manner, often with focal pericapillary accentua-
tion. This may be accompanied by plasma cell satel-
litosis, in which a central macrophage is surrounded

by three or more plasma cells. The plasma cells have
mature nuclear and cytoplasmic characteristics
although there are often occasional binucleate
forms and cells containing Russell bodies. Chronic
infection is also associated with an increased fre-
quency of reactive lymphoid aggregates (see page
144). Macrophages may be increased and com-
monly contain ingested granulocytes (Fig. 3.5). A
wide variety of infectious agents, including bacteria,
can cause a secondary haemophagocytic syndrome
(see page 119). Stromal changes related to infection
include prominent sinusoids, focal reticulin fibrosis
and rarely, in very severe chronic infections, gelati-
nous change (see page 128). A decrease in marrow
cellularity and loss of fat spaces usually accompany
gelatinous transformation [10].

Mycobacterial infections can cause the same 
reactive changes as infection by other bacteria.
However, haemophagocytosis and granuloma for-
mation are particularly common. Whenever granu-
lomas are present it is necessary to perform special
stains such as a Ziehl–Neelsen stain or an auramine
stain, in the latter instance mycobacteria being
detected by fluorescence microscopy. In one study,
immunohistochemistry with a polyclonal antibody
to mycobacteria was found to be more sensitive
than an acid-fast stain [11]. Occasional patients
with mycobacterial infection have extensive necro-
sis which is indicative of poor prognosis. In those

Fig. 3.4 BM trephine biopsy
section, bacterial infection with
leukaemoid reaction: there is
increased cellularity and
granulocytic hyperplasia with 
left shift; note emperipolesis 
of a mature neutrophil by a
megakaryocyte. Paraffin-
embedded, H&E ×195.
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with impaired immunity, there may be diffuse
macrophage hyperplasia rather than granuloma
formation. Macrophages may appear foamy.
Mycobacterium leprae infection may cause granuloma
formation and, in lepromatous leprosy, prolifera-
tion of foamy macrophages. Patients have also been
reported in whom interstitial lepra bacilli were
found in bone marrow sections, stained with a Fite
stain, in the absence of any macrophage prolifera-
tion or granulomas [12].

In ehrlichiosis, the bone marrow is often hyper-
cellular with both granulocytic and megakaryocytic
hyperplasia. Granulomas are often present. Ehrlichial
inclusions can be identified in macrophages [13]
(Fig. 3.6). Ehrlichiae can be detected immunocyto-
chemically [13].

Granuloma formation can also occur in rickettsial
infections such as Q fever (infection by Coxiella bur-
netti) and Rocky Mountain spotted fever (infection
by Rickettsia rickettsii).

Problems and pitfalls

Mycobacteria are not always detectable with special
stains in patients with haemophagocytosis or gran-
ulomas caused by miliary tuberculosis. Cultures are
more sensitive than microscopy.

Acute myeloid leukaemia (AML) can be simu-
lated by overwhelming infection with associated

cytopenia. Leukaemoid reactions can also simulate
chronic myelomonocytic leukaemia (CMML). In a
leukaemoid reaction, anaemia and thrombocytope-
nia are common. The white cell count is some-
times low with neutropenia and sometimes high;
the blood film may show granulocyte precursors 
or be leuco-erythroblastic. Leukaemoid reactions
are most often seen in association with very severe
bacterial infection, particularly when there is co-
existing megaloblastic anaemia. The bone marrow
response to miliary tuberculosis can also simulate
leukaemia. Toxic changes such as toxic granulation
and neutrophil vacuolation are useful clues to the
correct diagnosis. If necessary, a bone marrow exam-
ination makes the distinction. In severe infection
there may be ‘maturation arrest’ with increased
promyelocytes but there is no significant increase in
blasts and the promyelocytes differ from those of
acute hypergranular promyelocytic leukaemia in
having prominent Golgi zones and no Auer rods.

The blood and bone marrow features of severe
chronic infection may be difficult to distinguish
from those of CMML since ‘toxic’ changes may 
be lacking. Consideration of the clinical features
facilitates the distinction. It is imprudent to make a
diagnosis of CMML in a patient with a signifi-
cant infection unless there are dysplastic features 
of a type showing a strong association with the
myelodysplastic syndromes (see Chapter 4).

Fig. 3.5 Section of BM trephine
specimen showing neutrophil
shadows within macrophages in 
a patient with Hodgkin’s disease;
similar features are seen in bacterial
infection. Paraffin-embedded, 
H&E ×940.
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Viral infection

Peripheral blood

Viral infections usually provoke lymphocytosis.
Often the cells that are produced are morpholog-
ically fairly normal but sometimes they have 
atypical features. Infectious mononucleosis con-
sequent on infection by the Epstein–Barr virus
(EBV) is characterized by the production of large
numbers of atypical lymphocytes, often referred to
as atypical mononuclear cells (Fig. 3.7). These are
pleomorphic, usually large, and often have abun-

dant basophilic cytoplasm and nuclei with a diffuse
chromatin pattern and nucleoli. The presence 
of large numbers of atypical mononuclear cells is
not specific for EBV infection; this may also be a 
feature of primary infection by other viruses
(cytomegalovirus (CMV), human immunodefici-
ency virus (HIV), hepatitis A and adenovirus) and of
toxoplasmosis, as well as being seen in hypersensi-
tivity reactions to drugs. Smaller numbers of similar
atypical lymphocytes are seen in a wider variety 
of infective (and non-infective) conditions. Viral
infections which may be associated with marked
lymphocytosis without many atypical features

Fig. 3.6 Intracellular ehrlichiae 
in a BM trephine biopsy section: 
(a) PAS stain with haematoxylin
counterstain; (b) immunoperoxidase
stain with anti-ehrlichial IgG
antibody. (By courtesy of Dr CD
Paddock, Dr RL Kerschmann and 
Dr BG Herndier, San Francisco,
reprinted by permission of the New
England Journal of Medicine, 329,
1165, 1993.)

(a)

(b)
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include those due to Coxsackie virus, various 
adenoviruses and HIV; other haematological abnor-
malities produced by HIV are discussed below (see
page 124). In immunosuppressed hosts, e.g. follow-
ing bone marrow transplantation, CMV infection
can cause neutropenia, thrombocytopenia and pan-
cytopenia. CMV infection in such patients may 
be associated with very large virus-infected cells,
which are probably endothelial in origin, in the
feathered edge of the film [14]. Viral infections, par-
ticularly those due to herpesviruses, may be associ-
ated with a haemophagocytic syndrome (see page
119) with the peripheral blood showing resultant
pancytopenia. In a few individuals, viral hepatitis,
particularly non-A non-B non-C hepatitis, is followed
in a period of a few weeks or months by pancyto-
penia caused by aplastic anaemia. In certain sub-
jects who are unable to mount a normal immune
response to EBV, infection by this virus may also be
followed by chronic pancytopenia due to bone mar-
row aplasia. Parvovirus commonly causes transient
pure red cell aplasia but, unless red cell survival is
reduced, this may go unnoticed; less often, it is a
cause of neutropenia or thrombocytopenia.

Viral infections may be complicated by cytopenias
consequent on either damage to cells by immune
complexes or auto-antibody production. Rubella
and, less often, other viral infections may be fol-
lowed by transient thrombocytopenia caused by
damage to platelets by immune complexes. Infecti-
ous mononucleosis may be complicated by either
auto-immune thrombocytopenia or auto-immune

haemolytic anaemia due to a cold antibody with
anti-i specificity; in these cases, there are red cell
agglutinates and occasional spherocytes. Rarely,
viral infections, particularly measles, are followed
by acute haemolysis due to an auto-antibody with
anti-P specificity (‘paroxysmal’ cold haemoglobin-
uria); in these cases, the blood film usually shows
only occasional spherocytes and subsequently poly-
chromasia. Contrary to what might be anticipated
from the name, there is only a single episode of
haemolysis.

Chronic hepatitis C infection can be a cause of
thrombocytopenia. Some patients develop mixed
cryoglobulinaemia with associated haematological
features (see page 355). A single case has also been
reported of pure red cell aplasia associated with
hepatitis C infection [15].

In patients with impaired immunity, EBV infec-
tion may be associated with a lymphoprolifera-
tive disorder which may evolve to lymphoma (see
page 319).

If fresh tissue is available, molecular techniques
can be used for the detection of viral infection. For
example, in suspected EBV infection, reverse tran-
scriptase polymerase chain reaction (RT-PCR) can
be used to detect messenger RNA (mRNA) for
EBNA-1 and -2, LMP-1, -2A and -2B, BZLF1
(ZEBRA ‘protein’) and BCRF1 (viral IL10).

Bone marrow cytology

In viral infection, the bone marrow shows an increase

Fig. 3.7 PB, infectious
mononucleosis, atypical
lymphocytes. MGG ×940.



INFECTION AND REACTIVE CHANGES 97

of lymphocytes, either typical or atypical. In some
infections, particularly by herpesviruses, haemo-
phagocytosis is prominent (see page 119). In im-
munosuppressed hosts, CMV infection can also cause
marked bone marrow hypocellularity with suppres-
sion of all lineages [16]. When haemolytic anaemia
occurs, e.g. in infectious mononucleosis, erythroid
hyperplasia will be apparent. In pure red cell aplasia
consequent on parvovirus B19 infection there are
prominent, very large proerythroblasts with a strik-
ing lack of more mature cells. In one patient with
parvovirus-induced pancytopenia there were also
large atypical cells of granulocyte lineage which were
shown to contain viral antigens [17]. Parvovirus
infection can be confirmed by immunofluorescence
with monoclonal antibodies to either a capsid anti-
gen [17] or a nuclear antigen, or by in situ DNA
hybridization. When viral infections are compli-
cated by thrombocytopenia due to increased platelet
destruction, megakaryocytes are present in normal
or increased numbers. Occasionally, platelets are
visible within bone marrow macrophages (Fig. 3.8).

Bone marrow histology

Viral infections may lead to an increase of bone
marrow lymphocytes, plasma cells and macro-
phages, with or without haemophagocytosis.
Atypical lymphoid cells, morphologically identical
to those in the peripheral blood, can be seen in the
marrow in EBV and CMV infection; in CMV infec-
tion, eosinophilic intranuclear inclusions may be

seen, albeit rarely, in endothelial cells and in cells,
probably macrophages, within granulomas or inter-
spersed among haemopoietic cells [18]. Atypical
lymphoid cells with intranuclear viral inclusions
have also been detected in human herpesvirus 
6 (HHV6) infection [19]. In the post-transplant 
setting, CMV [16] and HHV6 [20] infection can
cause severe bone marrow hypoplasia. The pres-
ence of CMV (Fig. 3.9) and EBV can be confirmed
by immunohistochemistry using monoclonal anti-
bodies (Table 3.1). However, it should be noted
that, even in patients with generalized CMV infec-
tion, it is unusual for virus-infected cells to be
detectable in the bone marrow. Pure red cell aplasia
is characteristically seen in infection by parvovirus
B19 and is readily detected in trephine biopsy sec-
tions (see page 376). Very occasionally, it has been
associated with erythroid hyperplasia, sometimes
with marked dyserythropoiesis [25]. Parvovirus
B19 capsid antigens may be detectable by immuno-
histochemistry although this technique is less sen-
sitive than PCR [26]; curiously, in one study, the
positive cells were among the few late erythroid
cells while the giant proerythroblasts were nega-
tive [26]. Viral infections, particularly herpesvirus
infections, can lead to formation of small non-
caseating granulomas (see Table 3.3). Chronic 
hepatitis B and hepatitis C infection may be asso-
ciated with the presence of reactive lymphoid 
nodules [27]. Hepatitis C infection can also be com-
plicated by the development of low grade, B-cell
lymphoma, often supervening in a patient with

Fig. 3.8 BM aspirate. Platelets
within a macrophage in a patient
with severe thrombocytopenia
during acute CMV infection. 
MGG ×960.
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Fig. 3.9 BM trephine biopsy
section from a renal transplant
patient with CMV infection
showing one positive cell 
(top left). Paraffin-embedded,
immunoperoxidase with Dako-
CMV McAb ×940.

Table 3.1 Techniques applicable to trephine biopsy specimens for confirmation of certain viral infections.

Virus

Parvovirus B19

Cytomegalovirus
(CMV)

Epstein–Barr virus 
(EBV)

Herpes simplex

* LMP McAb is a cocktail of clones (CS1-4) raised against a fusion protein containing 189 amino acids of the terminus 
of LMP. Cross-reaction with normal early myeloid and erythroid precursors, leukaemic myeloblasts and leukaemic
lymphoblasts has been reported [23] but this has not been our experience when using formalin fixation and EDTA
decalcification; we have observed no false-positive staining in normal bone marrow or in AML, and in ALL we have
observed weak nuclear staining only, whereas the specific product would be cytoplasmic.

Monoclonal antibody or other specific reagent

R92F6 (Novocastra) directed at capsid proteins
VP1 and VP2

Digoxigenin-labelled parvovirus B19 DNA
probe [21]

AAC10 (Dako) directed at CMV lower matrix
protein pp65; QB1/06 (Novocastra) directed
at CMV late antigens

CMV probe ISH kit (Novocastra) or CMV
Bioprobe (ENZO Diagnostics) [22]

CS1-4 directed at LMP-1 (Dakopatts or
Novocastra); PE2 directed at EBNA-2 (Dako
and Novocastra)

G3-E31 (Novocastra) directed at 50–52 kD
diffuse early antigen; W1-F2 (Novocastra)
directed at 85 kD restricted early antigen

Clone βZ.1 directed at βZLF1 (Dako)

EBER1 PNA probe/FITC kit (Dako) or EBER-
probe ISH kit (Novocastra)

Rabbit polyclonal antiserum (Dako)

Technique

Immunohistochemistry with detection of a
nuclear antigen or a viral capsid antigen

In situ hybridization for detection of viral DNA

Immunohistochemistry with detection of nuclear
and cytoplasmic antigen

In situ hybridization for detection of viral DNA

Immunohistochemistry for detection of latent
membrane protein-1 (LMP-1)* or Epstein–Barr
nuclear antigen-2 (EBNA-2) in latent infection

EBV early lytic antigens

Immunohistochemistry for detection of 
BZLF (‘ZEBRA’ protein) in lytic EBV infection

In situ hybridization for detection of nuclear
Epstein–Barr early RNA (EBER)

Southern blot analysis to detect EBV clonality
(dependent on the number of terminal 
repeats) [24]

Immunohistochemistry for detection of various
shared and type-specific antigens
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mixed type II cryoglobulinaemia; the lymphoid
infiltrate is then monoclonal and more extensive.

As already noted, immunohistochemistry is 
useful in the diagnosis of viral infections. The spe-
cial techniques applicable to trephine biopsies for
confirmation of infection by specific viruses are
summarized in Table 3.1.

Problems and pitfalls

Lymphocytosis with atypical lymphocytes can be
confused with a lymphoproliferative disorder, par-
ticularly with mantle cell lymphoma and the mixed
cell type of chronic lymphocytic leukaemia in
which neoplastic cells are pleomorphic. When there
is diagnostic difficulty, immunophenotyping is 
indicated to demonstrate or exclude a clonal pro-
liferation of B lymphocytes.

Virus-induced haemophagocytic syndrome can
be confused with malignant histiocytosis. The lat-
ter is a very rare condition and the diagnosis 
should be made with caution. It is characterized by
proliferation of very immature cells of monocyte–
macrophage lineage which, in contrast to the 
cells of virus-induced haemophagocytic syndrome, 
usually show little phagocytic activity. Marked
haemophagocytosis therefore suggests that macro-
phage activation is reactive. Virus-induced haemo-
phagocytosis can also be confused with other 
reactive haemophagocytic syndromes, including
those associated with some T-cell and NK-cell 
lymphomas.

Fungal infection

Peripheral blood

Fungal infections have no specific haematological
features. Some fungal diseases, for example actino-
mycosis and coccidioidomycosis, are associated
with neutrophilia. Aspergillus and other fungi may
evoke an allergic response and be associated with
eosinophilia. When systemic fungal infections
occur in immunocompromised hosts, fungi such as
candida or histoplasma are occasionally seen in the
peripheral blood. Candida may also be seen in blood
films when there is infection originating from a 
colonized indwelling venous line.

Bone marrow cytology

Fungi are rarely seen in the bone marrow aspirate
in immunologically normal subjects. Histoplasma is
an exception, organisms sometimes being detected
within bone marrow macrophages. Fungi are much
more often detected in bone marrow aspirates from
severely immunocompromised patients, such as
those with HIV infection or following bone marrow
transplantation, when Candida albicans, Aspergillus
fumigatus, Histoplasma capsulatum (Fig. 3.10),
Cryptococcus neoformans (Fig. 3.11) and Penicillium
marneffei (Fig. 3.12) [28] may be seen. Organisms
may be within macrophages or lying free. Although
fungi may be seen in bone marrow aspirate films, a
trephine biopsy is usually more sensitive in the

Fig. 3.10 BM aspirate.
Histoplasmosis in a patient with
AIDS, showing numerous
organisms within a macrophage.
MGG ×940.



Fig. 3.12 BM aspirate. Penicillium
marneffei in an HIV-positive man.
MGG ×960. (By courtesy of 
Dr KF Wong, Hong Kong.)

Fig. 3.11 (a) BM aspirate. Budding
cryptococcus in an HIV-positive
man. MGG ×960. (b) BM aspirate.
Budding cryptococcus in another
HIV-positive man. GMS ×960. (By
courtesy of Dr Christine Costello,
London.)

(a)

(b)
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detection of fungal infection. Fungi may also be cul-
tured from the bone marrow, sometimes when
peripheral blood culture is negative.

Bone marrow histology

In systemic fungal infections, particularly in
immunocompromised patients such as those with
acquired immune deficiency syndrome (AIDS) (see

page 123), organisms can sometimes be identified
in the marrow (Figs 3.13–3.15). Usually fungi are
within macrophages, including the altered macro-
phages comprising granulomas, or are associated
with necrotic tissue. Rarely they are detectable only
within megakaryocytes [29].

The histological features of the important fungi
that can be seen in histological sections of bone
marrow are summarized in Table 3.2. Cases of 

Fig. 3.13 BM trephine biopsy
section from a patient with AIDS
showing Histoplasma capsulatum.
Paraffin-embedded, PAS-diastase
×960.

Table 3.2 Differential diagnosis of fungal and protozoal pathogens.

Species

Fungi
Candida albicans

Cryptococcus neoformans

Histoplasma capsulatum
Penicillium marneffei

Protozoa
Toxoplasma gondii

Leishmania donovani

PAS, periodic acid–Schiff; GMS, Grocott’s methenamine silver stain; IHC, immunohistochemistry.
* Pre-treatment with diastase to remove glycogen considerably reduces positive staining of neutrophils and
megakaryocytes and facilitates the detection of micro-organisms.
† Histoplasma capsulatum var duboisii, which is the cause of African histoplasmosis, is a larger organism, 12–15 µm in
diameter [30].
‡ Tachyzoites PAS-negative, cysts and bradyzoites usually PAS-positive [31].

Special stains 

PAS* and GMS

PAS*, GMS and mucicarmine

PAS* and GMS
PAS* and GMS

Giemsa, PAS‡, IHC

Giemsa

Tissue forms

Non-branching pseudohyphae and small (2–4 µm)
budding yeast forms

Yeast forms (5–10 µm), thick capsule, narrow-based
unequal buds

Small (2–5 µm) yeast forms†
Small (2–6 µm) round or oval to sausage shape containing

reddish-purple dot-like structures and sometimes septae

Tachyzoites (ovoid 3 × 6 µm, tiny nucleus, ‘single-dot’
appearance); occasionally cysts with numerous small
bradyzoites

Small (3 µm) intracellular amastigote, nucleus and
paranuclear kinetoplast give ‘double-dot’ appearance
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disseminated infection caused by unusual fungia
not previously known to be pathogenicaare also
being recognized in patients with AIDS [32].

Problems and pitfalls

Diagnosis of fungal infection does not present any
difficulty when organisms are detectable in the
bone marrow. However, when there are granulo-
mas without detectable micro-organisms, or if there
are only reactive changes, diagnosis can be difficult.
Bone marrow culture is more sensitive than bone
marrow microscopy for the detection of fungi and

can be employed when bone marrow examination
is done for investigation of a fever, particularly in
immunosuppressed patients. For example, bone
marrow cultures are positive in 90% of patients
with disseminated histoplasmosis whereas the detec-
tion rate with microscopy of bone marrow aspirates
is considerably lower and the proportion of patients
with granulomas is lower still [33,34]. However, it
should be noted that peripheral blood cultures for
histoplasma have almost as high a success rate as
bone marrow cultures [34]. Supplementary tests,
such as testing urine or serum for cryptococcal or
histoplasma antigens, can also be useful. The test for

Fig. 3.14 BM trephine biopsy
section, Cryptococcus neoformans in
a patient with AIDS. Paraffin-
embedded: (a) H&E ×960;
(b) alcian blue ×376.

(a)

(b)
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histoplasma antigen in the urine is highly sensitive
and in endemic areas this test can avoid the need 
for a bone marrow examination [35]. PCR for the
detection of aspergillus DNA can also be useful.

Parasitic diseases

Peripheral blood

The presence of parasites within the bowel may lead
to blood loss with consequent iron deficiency
anaemia. Eosinophilia is also common in pati-
ents with helminth infections. In malaria and

babesiosis, parasites are seen within red cells. Malaria
is associated with haemolytic anaemia and some-
times thrombocytopenia. Atypical lymphocytes 
are present both in malaria and in some patients
with hyper-reactive malarial splenomegaly. Toxo-
plasmosis can be associated with lymphocytosis 
and the presence of considerable numbers of 
atypical lymphocytes. Leishmaniasis can cause 
leucopenia and phagocytosed parasites are occa-
sionally detectable within peripheral blood mono-
cytes or neutrophils. Other parasites detectable 
free in the peripheral blood are trypanosomes and
microfilariae.

Fig. 3.15 Section of BM trephine
biopsy specimen in a patient with
AIDS with Penicillium marneffei
infection. Paraffin-embedded: 
(a) H&E ×376; (b) PAS ×376.

(a)

(b)
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Fig. 3.17 BM aspirate,
leishmaniasis, showing a
macrophage containing numerous
organisms which, in addition to a
nucleus, have a small paranuclear
kinetoplast giving them a
characteristic ‘double-dot’
appearance. MGG ×940.

Bone marrow cytology

Malaria parasites are sometimes detected, in red
cells or neutrophils, in a bone marrow aspirate 
(Fig. 3.16), although bone marrow aspiration is not
a recommended diagnostic method if malaria is 
suspected. The bone marrow in malaria also shows
hypercellularity due to erythroid and granulocytic
hyperplasia, dyserythropoiesis, giant metamyelo-
cytes and increased eosinophils, lymphocytes,
plasma cells and macrophages [36,37]. There may
be haemophagocytosis and macrophages can also

contain malarial pigment. In hyper-reactive malar-
ial splenomegaly there may be a marked increase in
bone marrow lymphocytes [38]. A bone marrow
aspirate is very useful in the diagnosis of leish-
maniasis (Fig. 3.17) and is a recommended diag-
nostic method when this diagnosis is suspected.
Trypanosomes are sometimes detected in the bone
marrow, but less often than leishmania. Detection is
more common in immunosuppressed patients [39].
Microfilaria are occasionally observed in a bone
marrow aspirate in immunologically normal hosts
(Fig. 3.18). Other parasites are rarely detected in the

Fig. 3.16 BM aspirate from a
patient with falciparum malaria
showing gametocytes. MGG ×960.
(By courtesy of Dr D Swirsky,
Leeds.)
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Fig. 3.18 BM aspirate from a
patient with filariasis showing a
microfilaria. MGG ×470. (By
courtesy of Mrs Seema M Zainal,
Bahrein.)

Fig. 3.19 BM aspirate showing
Toxoplasma gondii in a patient 
who had had a renal transplant.
MGG ×940. (By courtesy of 
Dr R Cobcroft, Brisbane.)

bone marrow, except in severely immunosup-
pressed patients in whom pneumocystis [40] and
toxoplasma (Fig. 3.19) have sometimes been found.
Features useful in identifying various protozoan
parasites are shown in Table 3.2.

An increase of bone marrow eosinophils and
their precursors is often apparent when there is
helminth infection.

Bone marrow histology

A bone marrow biopsy in malaria usually shows

increased cellularity and increased macrophage
activity, often with haemophagocytosis. During
acute attacks of malaria, sinusoids may be packed
with parasitized red cells [37]. In patients who 
have suffered recurrent attacks of malaria, the bone
marrow may be slate grey or black due to deposi-
tion of malaria pigment. It is important to distin-
guish malaria pigment (haemozoin) from formalin
pigment.

In visceral leishmaniasis, there may be granu-
loma formation. In more severe cases there is a dif-
fuse increase of macrophages. The organisms are
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often seen within macrophages (Fig. 3.20); their
small size (3 µm) sometimes leads to their being
confused with the fungus Histoplasma capsulatum.
However, leishmania fail to stain with periodic
acid–Schiff (PAS) or silver stains and a Giemsa stain
will demonstrate a small paranuclear basophilic
body, known as the kinetoplast, giving the organ-
ism a characteristic ‘double-dot’ appearance.

Granulomas are also seen in toxoplasmosis;
rarely, in immunosuppressed individuals, organ-
isms are seen in the marrow (Fig. 3.21). These usu-

ally take the form of tachyzoites, which are 3–6 µm
in diameter and have a tiny single nucleus. Occa-
sionally, cysts containing numerous bradyzoites are
present. These are of a similar size to tachyzoites
and also have a single nucleus; the lack of a kineto-
plast helps to distinguish them from leishmania.
Toxoplasma can be identified with a polyclonal
antibody.

Microsporidiosis rarely involves the bone marrow
but involvement has been reported at autopsy in a
patient with AIDS [41].

Fig. 3.20 BM trephine biopsy
section from an HIV-positive man
showing Leishmania donovani
within macrophages. H&E ×960.

Fig. 3.21 BM trephine biopsy
section, toxoplasmosis, showing 
a small granuloma in a
paratrabecular position containing
several small organisms with a
single nucleus consistent with the
tachyzoites of Toxoplasma gondii;
fungal stains were negative and 
the patient had raised serum IgM
antibodies to Toxoplasma. Plastic-
embedded, H&E ×390.
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Extrapulmonary infection with Pneumocystis
carinii is rare; it is invariably secondary to pul-
monary disease, and appears to be more common in
those patients who have received aerosolized pen-
tamidine therapy. Approximately a third of patients
with extrapulmonary infection have marrow
involvement [42]. There are areas of ‘frothy’ exu-
date which is pink on an H&E stain; Grocott’s
methenamine silver stain demonstrates the cysts,
which are 4–6 µm in diameter and often have a
crumpled or cup-shaped appearance. Diagnosis is
aided by immunohistochemistry using monoclonal
antibody of the 3F6 clone (available commercially
from Dako and Novocastra).

Bone marrow granulomas

A granuloma is a compact aggregate of macro-
phages. These may include a major component of
epithelioid macrophages which have large amounts
of pale pink cytoplasm and ovoid or elongated
nuclei with a dispersed chromatin pattern. Often
several epithelioid cells fuse to form a giant cell.
Two major types of giant cell are recognized in gran-
ulomas: (i) Langhans’ type, which has numerous
nuclei arranged around the periphery of the cell;
and (ii) foreign body type with nuclei scattered
throughout the cell. Other cell types, including lym-
phocytes, plasma cells, neutrophils, eosinophils and
fibroblasts, may be found within granulomas, but
these are not a constant feature.

A wide range of aetiological agents are associated
with marrow granulomas (Table 3.3). It should be
noted that patients with immunodeficiency, such as
AIDS, may fail to produce granulomas in response to
infection with organisms that stimulate granuloma
formation in normal individuals; this is probably
consequent on the lack of important T-cell functions
that facilitate formation of some types of granuloma.

Peripheral blood

There are no specific peripheral blood findings asso-
ciated with the presence of bone marrow granulo-
mas. The blood film may show features associated
with the primary disease or, if bone marrow disease
is extensive, there may be anaemia or pancytopenia
with a leuco-erythroblastic blood film. Lympho-
penia is also common [43].

Table 3.3 Bone marrow granulomas [43–46].

Infection
Tuberculosis
Atypical mycobacterial infection
Disseminated bacillus Calmette–Guérin (BCG)

infection [47]
Brucellosis
Leprosy
Syphilis
Typhoid fever
Legionnaire’s disease
Tularaemia [43]
Ehrlichiosis [44]
Q fever
Rocky Mountain spotted fever [43]
Leishmaniasis
Toxoplasmosis
Histoplasmosis
Cryptococcosis
Saccharomyces infection [43]
Blastomycosis
Coccidioidomycosis [48]
Paracoccidioidomycosis
Herpesvirus infection (EBV, CMV, herpes zoster)
Hantaan virus infection (Korean haemorrhagic fever)

[49]
Cat scratch disease [49]

Sarcoidosis

Malignant disease
Hodgkin’s disease*
Multiple myeloma [50]
Non-Hodgkin’s lymphoma*
Chronic NK-cell lymphocytosis [51]
Mycosis fungoides [43]
Acute lymphoblastic leukaemia [43,46,49] 
Myelodysplastic syndrome [46]
Metastatic carcinoma (breast or colon) [52,53]

Drug hypersensitivity
Phenytoin
Procainamide
Phenylbutazone [43]
Chlorpropamide
Sulfasalazine [54]
Ibuprofen [43]
Indometacin [43]
Allopurinol
Carbamazepine [55]

Associated with eosinophilic interstitial nephritis

Reaction to foreign substances
Anthracosis and silicosis [46,49,56]
Talc [57]
Berylliosis [58]

* With or without bone marrow infiltration.



108 CHAPTER THREE

Fig. 3.23 BM trephine biopsy
section, miliary tuberculosis,
showing an epithelioid granuloma
containing a Langhans’ giant cell;
there are numerous lymphocytes 
at the periphery of the granuloma.
Paraffin-embedded, H&E ×390.

Bone marrow cytology

There are no specific features in the bone marrow
aspirate in patients with bone marrow granulomas.
Occasionally, it is possible to recognize epithelioid
cells.

Bone marrow histology

Lipid granulomas

Lipid granulomas (Fig. 3.22) were previously re-

ported to be the most common type of granuloma
seen in the marrow, being present in up to 9% of
biopsies [59]. In our experience, they are consider-
ably less common than this. They are of no clinical
importance and must be distinguished from epithe-
lioid granulomas which they can sometimes resem-
ble. Similar lesions may be seen in the liver, spleen
and lymph nodes and some of these cases have been
reported to be associated with the ingestion of min-
eral oil [60]. In the marrow they are usually located
close to sinusoids or lymphoid nodules and measure
from 0.2 to 0.8 mm in diameter. They contain fat

Fig. 3.22 BM trephine biopsy
section, lipid granuloma. Paraffin-
embedded, H&E ×390.
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vacuoles which vary in size but are usually smaller
than the vacuoles in marrow fat cells; these are
found both within macrophages and extracellu-
larly. Lipid granulomas usually have plasma cells,
eosinophils and lymphocytes within them, and
approximately 5% contain giant cells. Occasionally,
the fat vacuoles may be small and easily overlooked,
giving the granulomas a sarcoid-like appearance.

Other granulomas

Unless a specific organism can be demonstrated
within a granuloma, there are usually no histolog-
ical features that allow a definitive diagnosis to 
be made [61]. Because of this, it is important for 
the pathologist to be aware of all relevant clinical
details, in order to be able to suggest an appropriate
differential diagnosis. All biopsies with granulomas
should have special stains for acid-fast bacilli and
fungi performed. Ideally, in those cases in which
marrow granulomas with an infective aetiology are
possible, for example in patients with a pyrexia of
unknown origin, this should be anticipated and part
of the marrow aspirate should be cultured for
mycobacteria and fungi.

Granulomas are found on marrow biopsy in 15–
40% of patients with miliary tuberculosis (Fig. 3.23).
Tuberculous granulomas usually contain Langhans’-
type giant cells and caseation is present in approx-

imately half the cases with marrow involvement
[61]. Acid-fast bacilli cannot be demonstrated in
most cases and, when seen, they are usually scanty
(Fig. 3.24). Approximately 50% of patients with dis-
seminated Mycobacterium avium intracellulare infec-
tion have marrow granulomas (Figs 3.25 and 3.26),
ranging from small, ill-defined lymphohistiocytic
aggregates to larger, more solid lymphohistiocytic
lesions, and small, well-formed epithelioid granulo-
mas [62]. Giant cells are only present in a minority
of lesions and necrosis is not usually seen. When
organisms are very numerous, the macrophages
containing them may appear foamy (Fig. 3.26a) 
or may even resemble Gaucher’s cells. Occasion-
ally, organisms are recognizable on a Giemsa stain
(Fig. 3.26b). Atypical mycobacteria may be demon-
strated by special stains, sometimes in large num-
bers; they tend to be longer, more curved and more
coarsely beaded than tubercle bacilli. They are PAS-
positive, whereas M. tuberculosis is PAS-negative.
Marrow granulomas containing foamy macrophages
are occasionally seen in patients with leprosy; a Fite
stain will demonstrate the acid-fast bacilli of M. lep-
rae [6]. Foamy macrophages may also be a feature
of granulomas due to typhoid. Small, poorly formed
epithelioid granulomas are found in the bone 
marrow in most cases of brucellosis. Distinctive
‘doughnut-type’ granulomas may be seen in the
marrow in Q fever [63], although they do not

Fig. 3.24 BM trephine biopsy
section, miliary tuberculosis,
showing a granuloma containing
an acid-fast bacillus. Paraffin-
embedded, Ziehl–Neelsen stain
×970.
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appear to be specific for this disease [18]. They have
also been reported, for example, in CMV infection
in immunodeficient subjects [64] and in Hodgkin’s
disease, infectious mononucleosis and typhoid fever.
This type of granuloma often has a central empty
space, surrounded by neutrophils, lymphocytes,
histiocytes and concentrically arranged, laminated
fibrinoid material; more haphazardly arranged
lesions without a central space also occur, as do
small areas of fibrinoid necrosis [63].

Disseminated infection by the fungus H. capsula-
tum usually involves the bone marrow; in normal
hosts there are numerous granulomas, often with

Langhans’ giant cells and necrosis. Discrete granu-
lomas are present in only a minority of immu-
nodeficient hosts; more commonly such patients
have ill-defined lymphohistiocytic aggregates or
sheets of macrophages infiltrating between haemo-
poietic cells [65] (see Fig. 3.13). Tiny yeast forms,
2–5 µm in diameter, some of which show unequal
budding, are present within macrophages. The
organisms may be seen with an H&E stain, but are
best visualized using Gomori’s methenamine silver
(GMS) stain or a PAS stain. Cryptococcus neoformans
infection may cause granulomas. The organisms seen
in tissue sections are yeasts (5–10 µm in diameter)

Fig. 3.25 BM trephine biopsy
section from a patient with AIDS
and disseminated M. avium
intracellulare infection. (a) Poorly
formed granuloma made up of
epithelioid macrophages, many of
which have vacuolated cytoplasm.
Paraffin-embedded, H&E ×390.
(b) Large numbers of acid-fast
bacilli; note the coarse beading of
the organisms. Paraffin-embedded,
Ziehl–Neelsen stain ×970.

(a)

(b)



Fig. 3.26 BM trephine biopsy
section from a patient with AIDS
and M. avium intracellulare infection
showing foamy macrophages
packed with micro-organisms: 
(a) H&E; (b) Giemsa; 
(c) Ziehl–Neelsen stain. 
Paraffin-embedded, ×960.

(a)

(b)

(c)
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with a wide capsular halo and narrow-based,
unequal budding (Fig. 3.27); with a mucicarmine
stain the capsule of the yeast is red. The capsule is
also well stained with alcian blue (see Fig. 3.14b)
and with PAS (Fig. 3.27a). Infection with the proto-
zoans Leishmania donovani and Toxoplasma gondii
may involve the marrow and provoke granuloma
formation (see Figs 3.20 and 3.21).

In up to 60% of patients with infectious mono-
nucleosis, small epithelioid granulomas are seen 
in histological sections of bone marrow biopsy;
Langhans’ giant cells and necrosis are not seen.

Marrow granulomas are seen less commonly in
other viral infections.

Granulomas may be seen in Hodgkin’s disease
[66], non-Hodgkin’s lymphoma (Fig. 3.28) and
multiple myeloma [50] (Fig. 3.29) in association
with neoplastic infiltration of the marrow. In both
Hodgkin’s disease and non-Hodgkin’s lymphoma,
granulomas also occur in the absence of marrow
involvement; these are usually small, well-formed
epithelioid granulomas, although larger, poorly
formed lymphohistiocytic lesions have also been
reported [67]. Since patients with lymphoma have

Fig. 3.27 BM trephine biopsy
sections from a patient with C.
neoformans infection. Paraffin-
embedded. (a) A small epithelioid
granuloma containing large yeast
forms with narrow-based unequal
budding. PAS ×195. (b) Budding
yeast forms. GMS ×390.

(a)

(b)
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an increased susceptibility to many of the infections
associated with marrow granulomas, these should
always be excluded before attributing the granulo-
mas to the underlying neoplastic disease. Bone mar-
row granulomas, in the absence of any apparent
infection, have also been reported in single cases of
hairy cell leukaemia treated with 2-chlorodeoxy-
adenosine [68], AML treated with interleukin-2
and lymphokine-activated killer cells [69] and, in a
total of four cases, in chronic NK-cell lymphocytosis
[70,71].

The bone marrow is commonly involved in sar-

coidosis; granulomas were seen in nine out of 21
patients in a biopsy series [61]. Often patients with
marrow granulomas have evidence of multisystem
involvement, such as hepatosplenomegaly, although
chest radiography may be normal [72]. Typically
there are numerous, well-formed epithelioid gran-
ulomas which, in approximately a third of cases,
contain Langhans’ giant cells; necrosis is seen very
rarely. Sarcoid granulomas usually lack a surround-
ing zone of inflammatory cells. They are associated
with prominent reticulin fibrosis and sometimes
collagen formation. Giant cells in sarcoid granulo-

Fig. 3.28 BM trephine biopsy
section showing a reactive
granuloma in a patient with diffuse
bone marrow involvement by 
low grade non-Hodgkin’s
lymphoma (follicular lymphoma).
No evidence of an infective cause 
of the granuloma was found in 
this patient. Paraffin-embedded,
H&E ×195.

Fig. 3.29 BM trephine biopsy,
multiple myeloma, showing large
numbers of plasma cells and an
epithelioid granuloma (centre). 
No evidence of an infective cause
for the granuloma was found in 
this patient. Paraffin-embedded,
H&E ×390.
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mas may contain asteroid and Schaumann bodies
(Fig. 3.30).

The granulomas associated with drug hypersensi-
tivity are poorly circumscribed lymphohistiocytic
lesions, often containing eosinophils. Rarely, they
are accompanied by a systemic vasculitis which may
involve the vessels in the marrow.

Reactive lymphoid aggregates and
polymorphous lymphoid hyperplasia

Reactive lymphoid aggregates, often referred to as
‘benign lymphoid aggregates’, are commonly pres-
ent in the bone marrow, their incidence increasing
with age. An increased frequency has been reported
in association with infection, inflammation,
haemolysis, myeloproliferative disorders and auto-
immune diseases such as rheumatoid arthritis and
thyrotoxicosis. Their frequency appears to be
increased in Castleman’s disease [73]. Bone mar-
row lymphoid aggregates, assessed histologically as
benign, have been associated with the subsequent
development of low grade lymphoma [74].

Peripheral blood

There are no specific peripheral blood features asso-
ciated with the presence of reactive lymphoid
aggregates in the bone marrow.

Bone marrow cytology

The bone marrow aspirate is usually normal but
may show an increase in normal, mature lympho-
cytes.

Bone marrow histology

Reactive lymphoid aggregates are usually few 
in number, not paratrabecular in position, well 
circumscribed and composed of small mature 
lymphocytes interspersed with some plasma cells,
macrophages and sometimes occasional eosinophils,
mast cells and immunoblasts [74–76] (Fig. 3.31).
Their presence is usually indicative of a reactive
process, particularly auto-immune disease. Although
occasional paratrabecular infiltrates have been
reported in apparently healthy people [77], this is
very rare and a paratrabecular infiltrate is unlikely
to be reactive. We would advocate careful follow-
up of such cases. Reactive lymphoid aggregates may
be associated with small blood vessels. The lympho-
cytes show more pleomorphism than those in neo-
plastic lymphoid aggregates. Occasionally germinal
centres are seen [78] (Fig. 3.32). Reticulin fibres are
increased within the nodule. Bone marrow biopsies
showing reactive lymphoid aggregates have an
increased incidence of lipid granulomas and plas-
macytosis. When lymphoid nodules are relatively

Fig. 3.30 BM trephine biopsy,
sarcoidosis, showing a granuloma
with a giant cell containing asteroid
bodies. Plastic-embedded, 
H&E ×390.



Fig. 3.32 Section of BM trephine
biopsy showing a secondary
lymphoid follicle containing a
germinal centre in a patient with
rheumatoid arthritis. Paraffin-
embedded, H&E ×192. (By courtesy
of Dr R Brunning, Minneapolis.)

Fig. 3.31 Section of BM trephine
biopsy showing: (a) a reactive
lymphoid nodule and surrounding
normal haemopoietic cells, H&E
×97; (b) the centre of a lymphoid
nodule containing several
macrophages and occasional
immunoblasts, in addition to
normal small lymphocytes;
paraffin-embedded, H&E ×970.

(a)

(b)
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large or numerous, immunohistochemical demon-
stration of a normal κ:λ ratio (approximately 2:1) 
or of a mixture of T and B cells may be helpful in
confirming their reactive nature [76,79,80]. How-
ever, it should be noted that, although lymphoid
aggregates composed of homogeneous B cells are
likely to be neoplastic and most reactive lymphoid
aggregates contain a mixture of T and B cells
[79,80], there may also be admixed reactive T cells
in infiltrates of low grade B-cell lymphoma.

Unusual causes of reactive lymphoid infiltrates
are thymoma, which has been associated with a
nodular and interstitial infiltrate of polyclonal T
cells [81], and persistent polyclonal B-cell lympho-
cytosis of middle-aged, mainly cigarette-smoking,
females which has been associated with a nodular
infiltrate, presumably of B cells [82].

More extensive lymphoid infiltrates, often with
admixed eosinophils, macrophages, epithelioid cells,
endothelial cells, plasma cells and immunoblasts,
are common in AIDS (see Figs 3.43 and 3.44) and
may also be seen in congenital immunodeficiency,
angioimmunoblastic lymphadenopathy, following
bone marrow transplantation and occasionally in
association with auto-immune diseases such as
rheumatoid arthritis. It is sometimes not possible to
distinguish this condition, sometimes designated
polymorphous reactive lymphoid hyperplasia, from
T-cell lymphoma on the basis of histology alone. 
An extensive lymphoid infiltrate can also be seen 
in the lymphoproliferative disorder associated with
phenytoin therapy [83].

Plasmacytosis and cytological
abnormalities in plasma cells

A reactive increase of polyclonal plasma cells is
common and is associated with a variety of condi-
tions including HIV and other infections, chronic
inflammatory diseases (particularly rheumatoid
arthritis), haemopoietic and non-haemopoietic
malignant disease, angio-immunoblastic lympha-
denopathy, systemic Castleman’s disease, cirrhosis,
diabetes mellitus, iron deficiency, megaloblastic
anaemia and haemolytic anaemia [9,84]. A reactive
increase in plasma cells needs to be distinguished
from bone marrow infiltration by neoplastic plasma
cells, such as occurs in multiple myeloma and in many
cases of immunocyte-derived amyloidosis, systemic

light chain disease and monoclonal gammopathy of
undetermined significance (see Chapter 7).

Peripheral blood

Patients with reactive bone marrow plasmacytosis
commonly show non-specific abnormalities in the
peripheral blood consequent on the underlying 
disease. There is often anaemia which may have 
the features of the anaemia of chronic disease
(either a normochromic, normocytic anaemia or, if
the inflammatory process is severe, a hypochromic,
microcytic anaemia). Rouleaux formation is com-
monly increased as a consequence of an increased
concentration of polyclonal immunoglobulins and
other reactive changes in plasma proteins. Occa-
sional patients with reactive plasmacytosis have
plasma cells in the peripheral blood, usually in small
numbers.

Bone marrow cytology

In reactive plasmacytosis the bone marrow shows
an increased number of plasma cells, not usually
exceeding 10–20% of nucleated cells, but in rare
cases up to 50%. The plasma cells are predomi-
nately mature (see Fig. 1.48) although occasional
cells may have nucleoli, a diffuse chromatin pattern
or some degree of nucleocytoplasmic asynchrony.
Small numbers of bi- or trinucleated forms can be
present. The plasma cells may contain cytoplasmic
vacuoles or inclusions. Intranuclear inclusions have
also been described but they are more characteristic
of neoplastic plasma cells. Large homogeneous hya-
line inclusions, often single, 2–3 µm in diameter
and displacing the nucleus, are designated Russell
bodies. They are occasionally identified in bone
marrow aspirates (Fig. 3.33). Cells containing mul-
tiple vacuoles or inclusions are referred to as Mott
cells, grape cells or morular cells. Cells may contain
cytoplasmic crystals. Cells may have a pyknotic
nucleus and voluminous pale-staining cytoplasm,
as a result of greatly dilated endoplasmic reticulum;
such cells are designated thesaurocytes indicating
that they are storing the products they have synthe-
sized. Cells that synthesize carbohydrate may have
flaming pink cytoplasm (‘flaming cells’). All these
inclusions and unusual tinctorial qualities are con-
sequent on increased immunoglobulin synthesis
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within the rough endoplasmic reticulum. Nuclear
inclusions, known as Dutcher bodies, are con-
sequent on invagination from the cytoplasm. Cells
of these various types are characteristic of condi-
tions with immune stimulation but neoplastic
plasma cells often show similar features. Plasma-
cytic satellitism (a central macrophage surrounded
by plasma cells) and increased mast cells, eosin-
ophils and megakaryocytes favour reactive rather
than neoplastic plasmacytosis [9].

Occasionally, plasma cells contain haemosiderin
inclusions which are irregular in shape, relatively
large and stain greenish-black with a May–
Grünwald–Giemsa (MGG) stain (see Fig. 2.4). Their
presence is associated with iron overload (e.g.
haemochromatosis and transfusion siderosis) and
with chronic alcoholism [85].

Bone marrow histology

A trephine biopsy section in reactive plasmacytosis
shows an interstitial infiltrate of plasma cells, partic-
ularly adjacent to capillaries (see Fig. 1.49). Plasma
cells are sometimes clustered around macrophages.
A minority of cases have small clusters of plasma
cells but large homogeneous nodules, which are a
feature of multiple myeloma, are not seen. The vari-
ety of inclusions described above may also be appar-
ent in histological sections (Fig. 3.34) and some
degree of cellular immaturity may be noted. Russell

bodies and Dutcher bodies stain pink with an H&E
stain and show variable PAS staining. In reactive
plasmacytosis immunocytochemistry shows that 
κ- and λ-expressing plasma cells are present in a
ratio of approximately 2:1. About half the plasma
cells express γ heavy chain, about a third α and the
remainder µ [86].

Plasmacytosis may be associated with other 
reactive changes such as granulocytic hyperplasia,
lymphoid aggregates and increased numbers of
macrophages. The macrophages may have en-
hanced haemophagocytic activity and an increased
iron content.

Mast cells

Small numbers of mast cells are present in normal
bone marrow aspirates. However, it should be noted
that the normal number of mast cells in the trephine
biopsy of healthy subjects has not been defined.
Mast cells are increased as a reactive change in asso-
ciation with a variety of pathological processes.
Increased numbers have been noted in infection,
inflammation, renal failure, lymphoproliferative dis-
orders and reactive lymphocytosis, aplastic anaemia,
paroxysmal nocturnal haemoglobinuria, myelopro-
liferative disorders and the myelodysplastic syn-
dromes [87–89]. Mast cells accumulate in areas of
connective tissue proliferation, for example in frac-
ture callus and in zones of osteitis fibrosa in patients

Fig. 3.33 BM aspirate film showing
a Russell body in a plasma cell in a
patient with reactive plasmacytosis.
MGG ×940.



Fig. 3.34 BM trephine biopsy
section, myelodysplastic syndrome,
showing prominent plasma cells
including one with multiple
cytoplasmic vacuoles (Mott cell).
Plastic-embedded, H&E ×940.
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with renal failure. Increased numbers of mast cells
are present also in systemic mastocytosis but these
neoplastic mast cells are usually morphologically
abnormal (see page 221).

Peripheral blood

There are no specific peripheral blood features asso-
ciated with a reactive increase of bone marrow mast
cells.

Bone marrow cytology

The cytological features of bone marrow mast cells
have been described on page 25. Lymphocytosis
and plasmacytosis may co-exist with a reactive
increase in mast cells.

Bone marrow histology

The characteristics of mast cells in histological sec-
tions have been described on page 26 and the fea-
tures of systemic mastocytosis will be described on
page 223. In histological sections, mast cells may be
confused with fibroblasts or macrophages because
of their elongated shape, oval nuclei and the poor
staining of their granules with H&E. The lesions
associated with drug hypersensitivity, previously
designated ‘eosinophilic fibrohistiocytic lesions’
[90], are now known to represent proliferation of

eosinophils and mast cells, mainly in patients with
systemic mastocytosis.

When mast cells are increased, there may be an
associated increase in plasma cells and lymphocytes.

Histiocytosis

An increase in macrophages (histiocytes) is com-
mon in a variety of infective and inflammatory 
conditions and whenever there is bone marrow
hyperplasia, ineffective haemopoiesis or increased
breakdown of blood cells. All of the conditions cap-
able of causing granuloma formation and haemo-
phagocytic syndromes can also cause an increase 
of macrophages without granuloma formation or
prominent haemophagocytosis. Macrophages pres-
ent may range from relatively immature cells with
limited phagocytic capacity to mature cells which
may be foamy or contain cellular debris, haemo-
siderin or a few haemopoietic cells, erythrocytes,
neutrophils or platelets.

Increased bone marrow macrophages may be seen
after granulocyte–macrophage colony-stimulating
factor (GM-CSF) therapy when they may consti-
tute as many as 90% of bone marrow cells [91].
They have been prominent in patients with failure
to engraft after bone marrow transplantation par-
ticularly, but not only, when GM-CSF has been
given [92]. A marked increase in macrophages has
been reported at presentation of acute lympho-
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blastic leukaemia in a patient without any apparent
infection [93].

Macrophages can be identified by immunohisto-
chemical staining (Fig. 3.35).

Haemophagocytic syndromes

Haemophagocytic syndromes result from increased
numbers of haemophagocytic macrophages with
resultant cytopenias. Common clinical features are
hepatomegaly, splenomegaly and fever. The prolif-
erating macrophages are reactive in most cases but
rarely they are part of a neoplastic clone (malignant
histiocytosis) (see page 184) (Table 3.4). Reactive
haemophagocytic syndromes are commonly caused
by bacterial or viral infection, occurring either in
previously healthy subjects or as a terminal com-
plication in patients with a defective immune re-
sponse. Haemophagocytic syndromes are relatively
common when viral or mycobacterial infections
occur in patients with AIDS or with haemopoietic
or other malignancy. Haemophagocytosis may also
be prominent in patients with lymphoma, particu-
larly T-cell lymphoma, when there is no evidence of
infection; it is likely that in these cases there is
increased proliferation of macrophage precursors
and enhanced phagocytic activity in response to
lymphokines secreted by the lymphoma cells.
Familial haemophagocytic lymphohistiocytosis is
an autosomal recessive condition of early childhood

with helper T-cell and macrophage activation [128];
the condition is genetically heterogeneous. Since
the cytological and histological features cannot be
distinguished from those of infection-induced hae-
mophagocytosis, the diagnosis must rest on clinical
differences [127].

Malignant histiocytosis (see page 184) may be
regarded as the tissue equivalent of acute mono-
cytic leukaemia (AML of M5b type); with disease
progression there is increasing bone marrow infiltra-
tion by malignant cells and increasing numbers of
malignant cells appear in the peripheral blood.
Phagocytosis is minor in comparison with that seen
in reactive conditions.

It should be noted that the term ‘erythrophagocy-
tosis’ refers to phagocytosis of mature erythrocytes,
whereas haemophagocytosis refers to phagocytosis
of nucleated cells. Erythrophagocytosis can occur in
haemophagocytic syndromes but can also be conse-
quent on the presence of antibody-coated or abnor-
mal erythrocytes.

Peripheral blood

The haemophagocytic syndromes are characterized
by pancytopenia. Phagocytic macrophages are
rarely present in the peripheral blood although in
malignant histiocytosis there may be small numbers
of monoblasts. The blood film may also show the
features of the primary condition, for example,

Fig. 3.35 BM trephine biopsy
section showing a reactive increase
in macrophages. Paraffin-
embedded, immunoperoxidase,
CD68 (McAb PG-M1) ×276.
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atypical lymphocytes in patients with familial 
lymphohistiocytosis (Fig. 3.36) or EBV or other
viral infection.

Bone marrow cytology

In the secondary haemophagocytic syndromes
there are increased numbers of macrophages and
haemophagocytosis is usually prominent, with
many macrophages having ingested numerous cells
of various haemopoietic lineages (Figs 3.37 and

3.38). The macrophages are mainly mature and lack
atypical features. The bone marrow aspirate may
also show other abnormalities due to the primary
disease. For example, in viral infections there is
usually an increase of lymphocytes, which may be
immature or atypical, and in bacterial infection there
is granulocytic hyperplasia with toxic changes in
the neutrophil lineage. In familial haemophagocytic
lymphohistiocytosis, the bone marrow findings 
(Fig. 3.39) are identical to those of infection-induced
haemophagocytosis. Repeated bone marrow exam-

Table 3.4 Conditions associated with a haemophagocytic syndrome [45,94–127].

Malignant histiocytosis

Reactive haemophagocytic syndromes

Induced by viral infection
Herpesviruses

EB virus (including fatal infectious mononucleosis in 
X-linked lymphoproliferative syndrome)

Herpes simplex
Herpes zoster
Human herpesvirus 6 [94]
Human herpesvirus 7 [95]
Cytomegalovirus

Other viruses
Adenovirus
Measles (vaccine virus)
Influenza A [96]
Para-influenza
Vaccinia
Rubella (congenital)
Parvovirus B19 [97]
Respiratory syncytial virus [98]
Kyasanur forest disease
Dengue [99]
Hepatitis A virus [100]

Induced by bacterial infection
Salmonella typhi
Brucellosis
Staphylococcal, streptococcal, E. coli, H. influenzae,

Acinetobacter species, Bacteroides fragilis,
Pseudomonas species and Klebsiella species
infections [99,100–104]

Legionnaire’s disease (Legionella pneumophila)
Mycobacterium tuberculosis
Atypical mycobacterial infection
Psittacosis [99]
Mycoplasma pneumoniae infection [105]
Human granulocytic and monocytic ehrlichiosis 

[106,107]

Induced by rickettsiae
Rocky Mountain spotted fever
Q fever [108]
Rickettsia tsutsugamushi infection [99]

Induced by protozoan and other parasites
Toxoplasmosis
Leishmaniasis
Malaria [109]
Babesiosis [110]

Induced by fungi
Histoplasmosis
Candidiasis [103]
Trichosporonosis [111]

Associated with certain lymphomas, particularly T-cell
lymphomas [112–114], including T-cell granular
lymphocytic lymphoma [115] but occasionally natural
killer (NK) lymphoma [116], B-cell lymphoma [117]
and Hodgkin’s disease [118]

Kawasaki’s disease
Kikuchi’s disease [119]
Anticonvulsant lymphadenopathy
Sarcoidosis [114]
Systemic lupus erythematosus [99] and other auto-

immune disease [120]
Graft-versus-host disease (GVHD) [121]
Following GM-CSF [122] or IL-3 [123] administration
Cytophagic histiocytic panniculitis [124]
Lysinuric protein intolerance [125]
Griscelli syndrome [126]
As a terminal complication in patients with various

immunodeficiencies and malignant conditions 
(ALL, CLL, HD, NHL, hairy cell leukaemia, AML,
carcinoma, Chediak–Higashi syndrome)—probably as
a complication of infection

Familial haemophagocytic lymphohistiocytosis [127]
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Fig. 3.36 PB film from a child 
with familial lymphohistiocytosis
showing atypical lymphoid cells.
MGG ×940.

Fig. 3.37 BM aspirate, reactive
haemophagocytosis in a patient
with AIDS and miliary tuberculosis.
MGG ×940.

Fig. 3.38 BM aspirate, reactive
haemophagocytosis, showing 
an iron-laden macrophage that 
has ingested neutrophils and
neutrophil precursors. Perls’ 
stain ×940.



ination may be needed to establish the diagnosis,
since abnormalities are detected at presentation in
less than a third of patients [127]. When haemo-
phagocytosis is secondary to a T-cell lymphoma the
marrow may show closely intermingled lymphoma
cells and macrophages but cases have also been
reported in which the bone marrow shows only
haemophagocytosis with the lymphomatous infiltrate
being confined to other tissues [113].

In malignant histiocytosis, the bone marrow
infiltrate may initially be very scanty. The abnormal
population includes a much larger proportion of
monoblasts and promonocytes while mature histio-
cytes are relatively less common. Phagocytic activity
is not prominent.

Bone marrow histology

In early cases of reactive haemophagocytic syn-
drome (e.g. virus-induced) there is a hypercellular
bone marrow with few macrophages [103]. Later
there are more macrophages with hypoplasia of
erythroid and myeloid lines; megakaryocyte num-
bers are either normal or increased. The degree of
macrophage infiltration is variable (Fig. 3.40); in
some cases it is inconspicuous, while in others there
is diffuse replacement of the marrow by mature
macrophages with a low nucleocytoplasmic ratio,
dispersed chromatin, inconspicuous nucleoli and

abundant cytoplasm which is often vacuolated.
Haemophagocytosis is often less apparent than in
marrow films [103,129]; however, in some cases 
it is striking (Fig. 3.41). Features of the underlying
disease may be present. Atypical lymphoid cells are
seen in some cases of EBV infection. Lymphoma
cells may be detected (see Fig. 6.61) but it should be
noted that there may be no detectable lymphoma
cells in the bone marrow in cases of lymphoma-
associated haemophagocytic syndrome. Granulomas
may be present in tuberculosis [130] and in a variety
of other infections associated with a haemophago-
cytic syndrome (see Table 3.4).

If haemophagocytic lymphohistiocytosis is sus-
pected, a trephine biopsy is recommended because
clusters or sheets of macrophages may be detected
in cases in which the bone marrow aspirate shows
no significant abnormality [131].

In malignant histiocytosis, the marrow biopsy is
often normal in the early stages of the disease.
Later, infiltration may occur; infiltration is initially
focal then diffuse.

Problems and pitfalls

The major problems in assessing haemophagocytic
syndromes are: (i) distinguishing malignant his-
tiocytosis from reactive conditions; and (ii), in reac-
tive haemophagocytosis, determining whether the

Fig. 3.39 BM aspirate, familial
lymphohistiocytosis, showing
haemophagocytosis and atypical
lymphoid cells. MGG ×940.
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Fig. 3.40 BM trephine biopsy
section, AIDS, showing increased
cellularity, dyserythropoiesis and
numerous macrophages, some 
of which contain erythrocytes 
and apoptotic normoblasts
(haemophagocytosis).
Paraffin-embedded, H&E ×390.

Fig. 3.41 BM section from an
autopsy on a child with terminal
haemophagocytic syndrome as a
complication of Chediak–Higashi
syndrome showing macrophages
stuffed with red cells. Paraffin-
embedded, H&E ×916. (By courtesy
of Dr Wendy Erber and Dr L Matz,
Perth, Western Australia.)

underlying condition is an infection or, less often, a
lymphoid neoplasm. Malignant histiocytosis is rare
whereas reactive haemophagocytosis is relatively
common. Demonstration of rearrangement of
immunoglobulin heavy chain (IGH) or T-cell recep-
tor (TCR) genes provides presumptive evidence of
an underlying neoplasm but does not give definite
evidence of the lineage involved. Molecular evi-
dence of clonality is lacking when the associated
neoplasm is of NK lineage. In malignant histiocyto-
sis, cytogenetic analysis occasionally shows an

abnormality characteristic of neoplasms of mono-
cyte lineage, thus confirming the diagnosis. In gen-
eral, marked haemophagocytosis suggests a reactive
rather than a neoplastic condition. Vigorous efforts
should be made to identify an infective cause. In situ
hybridization techniques (see Table 3.1) are useful
for demonstrating underlying CMV or EBV infec-
tion [132], and stains and cultures for mycobacteria
may be positive. Most childhood cases of haemo-
phagocytic lymphohistiocytosis, both sporadic and
familial, are infection-related. However, some 



sporadic cases in children have atypical large gran-
ular lymphocytes; since T cells in such cases are
sometimes shown to be clonal, it is possible that
there is an underlying T-cell neoplasm [133].

HIV infection and the acquired immune
deficiency syndrome 

In HIV infection, the main indications for exam-
ination of the bone marrow are pyrexia of un-
known origin and various cytopenias. It may also 
be required as a staging procedure in patients 
with lymphoma. A biopsy is very often useful, par-
ticularly in patients with a hypocellular aspirate.
Part of any aspirate from a febrile patient should 
be submitted for microbiological culture. In addi-
tion to routine stains, biopsied tissues should be
stained, when appropriate, for acid-fast bacilli and
fungi.

Peripheral blood

The earliest haematological manifestations of HIV
infection occur at the time of primary infection
when atypical lymphocytes appear in the peripheral
blood, often in association with a febrile illness
which clinically can resemble infectious mono-
nucleosis. Primary HIV infection also occasion-
ally causes transient pancytopenia. Patients with
established infection may have lymphocytosis, 
consequent on an increase in CD8-positive lym-
phocytes, or isolated thrombocytopenia resulting
from peripheral destruction of platelets. Throm-
bocytopenia may also be a feature of a syndrome
resembling thrombotic thrombocytopenic purpura
and, in such cases, red cell fragments are present
[134]. Late in the course of the disease, there is usu-
ally pancytopenia with very marked lymphopenia.
Red cells may show anisocytosis and poikilocytosis.
The reticulocyte count is reduced. Neutrophils may
be dysplastic. Because of the frequency of oppor-
tunistic infections, the peripheral blood may also
show non-specific reactive changes such as
increased rouleaux formation, left shift and toxic
changes in neutrophils, and the presence of im-
mature monocytes and reactive lymphocytes. The
haematological effects of the HIV infection itself,
and the associated opportunistic infections, may be

compounded by the effects of therapy; patients 
taking zidovudine, particularly in the higher doses
used in single-agent anti-retroviral therapy, usually
have marked macrocytosis and there may be
marked dysplastic changes in blood cells.

Bone marrow cytology

Early in the course of HIV infection the bone mar-
row is of normal cellularity or, during the course of
intercurrent infection, shows granulocytic hyper-
plasia. When there is immune thrombocytopenia,
megakaryocyte numbers are normal or increased.
Common non-specific changes are infiltration by
lymphocytes and plasma cells and an increase of
macrophages or eosinophils. Erythropoiesis may
show mild dysplastic features such as nuclear 
irregularity and fragmentation. In patients taking
zidovudine, erythropoiesis is megaloblastic and dys-
erythropoiesis is more marked; dysplastic changes
such as nuclear fragmentation are also noted in 
the granulocytic series. Giant metamyelocytes are
quite common, their presence correlating with the
occurrence of detached nuclear fragments in granu-
locytes [135]. Apoptosis is increased. With disease
progression, the bone marrow becomes progres-
sively more hypocellular and aspiration becomes
difficult due to increased reticulin deposition.
Gelatinous transformation is very common, being
greatest in cachectic patients. Bone marrow necro-
sis is sometimes seen. In patients with advanced 
disease, the bone marrow aspirate may provide 
evidence of miliary tuberculosis, atypical mycobac-
terial infection or disseminated fungal or parasitic
infection. Because of the deficient host response,
mycobacterial infection may be associated with the
presence of numerous bacteria within macro-
phages, which may be foamy or may morphologic-
ally resemble Gaucher’s cells. Haemophagocytic
syndromes (see page 119) secondary to tuberculosis
or other infections are relatively common in
patients with AIDS (see Fig. 3.37). Bone marrow
involvement is common when lymphoma, particu-
larly Burkitt’s lymphoma or Hodgkin’s disease,
complicates AIDS. The former is often detected in 
a bone marrow aspirate but in Hodgkin’s disease 
the aspirate is often negative, even when the bone
marrow is infiltrated.
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Bone marrow histology

A wide variety of non-specific reactive changes are
commonly seen in HIV infection [136–138]. The
cellularity is increased in approximately 40% of
cases, and decreased in 20–40%; hypocellularity is
more common in patients on zidovudine therapy.
Frequently the haemopoietic marrow has an 
oedematous appearance with the cells being 
separated by clear spaces. Focal gelatinous trans-
formation (see page 128) is seen in up to 20% of
cases. Dyserythropoiesis is common; the erythrob-
lastic islands are often large and poorly organized,
and megaloblastic change may be present, particu-
larly in patients taking zidovudine. Granulocytic
hyperplasia with left shift is seen in some patients,
usually in response to infection. Megakaryocytes
are usually present in normal or increased numbers,
bare nuclei are a frequent finding and, occasionally,
dysplastic forms are seen. Clustering of megakaryo-
cytes may occur (Fig. 3.42). Haemopoietic cells may
be present within vessels [139]. Plasma cells are
increased in 50–60% of biopsy specimens and 
lymphoid aggregates are seen in approximately a
third. The lymphoid aggregates are often large and
poorly circumscribed. They consist largely of small
lymphocytes, with variable numbers of plasma cells,
macrophages and eosinophils (Figs 3.43 and 3.44);

sometimes there is proliferation of small vessels
within the lesion. In some cases with a mixed
infiltrate of lymphocytes and inflammatory cells the
lesions may resemble a peripheral T-cell lymphoma
[18]. Increased reticulin is seen in the majority of
cases (Fig. 3.45). As a consequence there may be
‘streaming’ of haemopoietic cells and open sinu-
soids (in paraffin-embedded specimens), both fea-
tures being apparent in H&E-stained sections.
Rarely, the combination of marked marrow hyper-
cellularity, severe reticulin fibrosis and increased
numbers and clustering of megakaryocytes may
closely resemble the appearance of a myelopro-
liferative disorder.

In all cases, a careful search should be made for
evidence of opportunistic infections [140], in partic-
ular tuberculosis and atypical mycobacterial infec-
tion (see page 109), fungal infection (see Table 3.2),
P. carinii infection and protozoal diseases (leishma-
niasis and toxoplasmosis) (see page 105). Approxi-
mately 15% of biopsy specimens contain granulomas:
the commonest cause is atypical mycobacterial
infection; other causes include tuberculosis, histo-
plasmosis, cryptococcal infection and leishmaniasis
(see page 105). In patients with AIDS, granuloma
formation, in response to fungal and protozoal
infections, is often poor. Associated changes in 
toxoplasmosis include interstitial oedema and focal

Fig. 3.42 BM trephine biopsy
section, AIDS, showing clustering
of megakaryocytes and a bare
megakaryocyte nucleus. Paraffin-
embedded, H&E ×390.
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Fig. 3.43 BM trephine biopsy
section, AIDS, showing increased
cellularity and a polymorphous
lymphoid aggregate (centre).
Paraffin-embedded, H&E ×195.

Fig. 3.44 BM trephine biopsy
section, AIDS, showing a
polymorphous lymphoid aggregate,
composed of lymphocytes and
small numbers of macrophages,
eosinophils and plasma cells.
Paraffin-embedded, H&E ×390.

Fig. 3.45 BM trephine biopsy
section, AIDS, showing reticulin
fibrosis (grade 3). Paraffin-
embedded, Gordon and Sweet 
stain ×195.
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necrosis with both free forms and pseudocysts 
being found within granulocytes, macrophages and
megakaryocytes [31]. Organisms can be identified
using a polyclonal antibody [31]. Atypical mycobac-
teria can be cultured from the marrow in up to 20%
of cases of AIDS. Granulomas are present in approx-
imately 50% of culture-positive cases and acid-fast
bacilli can be seen with special stains in 60%. Atyp-
ical mycobacteria may be seen in biopsies in the
absence of granulomas, usually within macrophages
scattered throughout the marrow; occasionally 
cells which morphologically resemble Gaucher’s
cells (see page 109) are seen. Culture of the bone 
marrow and examination of sections for acid-fast
bacilli has been found to be less sensitive than
peripheral blood culture in the diagnosis of atypical
mycobacterial infection in AIDS but, when bacilli
can be found in a stained film, diagnosis is much
more rapid than when it is dependent on culture
[141]. Focal areas of epithelioid angiomatosis have
been observed in the marrow of HIV-positive pati-
ents with bacillary angiomatosis or disseminated 
cat scratch disease, infective conditions consequent
on infection by organisms of the Rochalimaea genus
or the related Afipia felis [142,143]; a Warthin–
Starry stain may demonstrate the causative organ-
isms [143].

Bone marrow involvement by multicentric
Castleman’s disease has been reported in several
HIV-positive patients who were also positive for
HHV8 [144].

The incidence of non-Hodgkin’s lymphoma is
greatly increased in HIV infection [145]. Marrow
involvement is common in non-Hodgkin’s lym-
phoma associated with AIDS. These are almost
always high grade lymphomas, either Burkitt’s or
Burkitt-like lymphoma, or diffuse large B-cell 
lymphoma (immunoblastic or anaplastic large cell
subtypes). Bone marrow infiltration is much more
common in Burkitt’s lymphoma than in diffuse
large B-cell lymphomas. Infiltration is usually dif-
fuse (see Fig. 6.54).

Hodgkin’s disease is now also recognized as an
AIDS-related lymphoma. There is a propensity to
involve the bone marrow early in the course of the
illness so that a trephine biopsy may provide the
first evidence of the disease [146].

Plasma cell tumours also occur as AIDS-related
neoplasms. Although initial presentation is often at

extramedullary sites, the bone marrow may also be
infiltrated [147].

Kaposi’s sarcoma has a greatly increased inci-
dence in AIDS and, when spread to the bone mar-
row occurs, may be detected by trephine biopsy.

Bone marrow necrosis

The term ‘bone marrow necrosis’ is conventionally
used to describe necrosis of haemopoietic cells or
necrosis of neoplastic cells that have replaced nor-
mal bone marrow cells. Bone marrow stromal cells
may also be necrotic. There may or may not be 
associated death of bone cells and of bone. Bone
marrow necrosis results from impairment of the blood
supply, often in association with a hypercellular
marrow. A high concentration of tumour necrosis
factor in the blood may act as a mediator of necrosis
[148]. Anti-phospholipid antibodies may also cause,
or contribute to, bone marrow necrosis [149,150].
Causes are multiple (Table 3.5). Necrosis is followed
either by haemopoietic regeneration, with or with-
out small fibrotic scars, or occasionally by extensive
fibrosis. Bone marrow necrosis commonly occurs at
multiple sites. Clinical features include bone pain
and fever. Fatal fat embolism can occur [159].

Peripheral blood

If bone marrow necrosis is extensive, pancytopenia
occurs. The blood film shows leuco-erythroblastic,
and sometimes micro-angiopathic [160], features.
Recovery is associated with a rise in the reticulocyte
count and recovery of the haemoglobin concentra-
tion and platelet and white cell counts.

Bone marrow cytology

A bone marrow aspirate is often macroscopically
abnormal. It is sometimes opaque and whitish and
sometimes reddish-purple. The stained film shows
amorphous pink-staining material in which the faint
outlines of necrotic cells can be seen (Fig. 3.46).
Necrotic nuclei appear as darker-staining smudges.
Some intact cells may also be present.

Bone marrow necrosis is more often noted in
bone marrow trephine sections than in aspirates.
This may be partly because a larger volume is sam-
pled and partly because necrotic cells mixed with
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intact cells in an aspirate are often dismissed as an
artefact.

Bone marrow histology

The appearances depend to some extent on the con-
dition underlying the necrosis. In cases in which the
necrosis is secondary to infiltration by leukaemia 
or lymphoma (Fig. 3.47), low power examination
may reveal hypercellularity and loss of fat cells. 
In the early stages there is nuclear pyknosis and 
the cells have granular cytoplasm with indistinct
margins. Later, there is nuclear karyorrhexis and

complete loss of cell outlines. Finally, all that re-
mains is amorphous eosinophilic debris. Marrow
necrosis is often accompanied by necrosis of the
adjacent bone. In some patients, the necrosis is very
extensive and biopsy of several different sites may
be necessary before a diagnostic sample is obtained.
Necrotic marrow is eventually repopulated with
haemopoietic cells. The only signs of previous necro-
sis may be small areas of fibrous scarring around
bony trabeculae that have lost osteocytes [161].
Occasionally there is extensive fibrosis (Fig. 3.48).
Necrosis of haemopoietic and stromal cells may 
be followed by metaplastic new bone formation

Table 3.5 Causes of bone marrow necrosis [45,151–156].

Relatively common associations
Sickle cell anaemia and haemoglobin S/C disease (particularly during pregnancy)
Acute myeloid leukaemia (sometimes following administration of G-CSF [157])
Acute lymphoblastic leukaemia
Metastatic carcinoma
Caisson disease

Less common associations
Chronic granulocytic leukaemia
Essential thrombocythaemia [151]
Lymphoma (mainly high grade non-Hodgkin’s lymphoma but also Hodgkin’s disease)*
Chronic lymphocytic leukaemia
Multiple myeloma
Malignant histiocytosis
Myelofibrosis
Other haemoglobinopathies (S/D, S/β thalassaemia and sickle cell trait)
Megaloblastic anaemia plus infection
Acute haemolytic anaemia
Embolism of the bone marrow, e.g. by vegetations from cardiac valves or tumour embolism [152]
Disseminated intravascular coagulation
Hyperparathyroidism
Systemic lupus erythematosus [153]
Primary anti-phospholipid syndrome [149]
Infections

Typhoid fever
Gram-positive infections, e.g. streptococcal and staphylococcal infection
Gram-negative infections, e.g. E. coli
Diphtheria
Miliary tuberculosis
Cytomegalovirus infection [154]
Q fever
Mucormycosis
Histoplasmosis
Fusobacterium necrophorum infection [155]
Parvovirus infection [156]
HIV infection (AIDS)

* Necrosis of low grade lymphoma has been observed following fludarabine therapy [158].
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Fig. 3.46 BM aspirate, bone
marrow necrosis, showing
amorphous debris containing
karyorrhectic nuclei. MGG ×940.

Fig. 3.47 BM trephine biopsy
section, necrosis in a marrow
infiltrated by high grade
lymphoma. Note the necrosis 
of both the lymphoma cells
infiltrating the marrow and 
of osteocytes within the bone
trabecula. Paraffin-embedded, 
H&E ×195.

Fig. 3.48 BM trephine biopsy
section, repair following marrow
necrosis, showing collagen fibrosis.
Paraffin-embedded, H&E ×188.
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(Fig. 3.49), initially woven bone which is sub-
sequently remodelled into structurally normal
bone.

Problems and pitfalls

Immunohistochemistry may be very misleading if
used in an attempt to identify neoplastic cells within
necrotic areas, as a consequence both of the ten-
dency of antibodies to adhere in a non-specific way
to necrotic tissue and of loss of some antigens by
necrotic cells.

Gelatinous transformation

Gelatinous transformation, also known as serous
degeneration or serous atrophy, is a condition in
which there is loss of fat cells and haemopoietic cells
from the bone marrow with replacement by an
increased amount of ground substance. Common
causes include anorexia nervosa and cachexia due
to chronic debilitating illnesses such as carcinoma
and tuberculosis or other chronic infection. The
condition is also observed in AIDS, which is now
the commonest cause of this abnormality. It has also
been reported in association with renal failure,
coeliac disease [162] and severe hypothyroidism
[163]. It occurs at sites exposed to high-dose X-
irradiation. Gelatinous transformation can also
develop rapidly; it is seen in acute illnesses with

multiple organ failure [10] and in severe acute
infections.

Peripheral blood

The peripheral blood shows variable cytopenia,
often pancytopenia. In patients with anorexia ner-
vosa, acanthocytes are seen but their presence has
not been noted in other patients with gelatinous
transformation.

Bone marrow cytology

The aspirate may not spread normally when a film
is prepared. It contains amorphous material, some-
times fibrillar or finely granular, which is composed
of acid mucopolysaccharide with a high content of
hyaluronic acid. With Romanowsky stains it is pink
or pinkish-purple (Fig. 3.50). This abnormal ground
substance is positive with a PAS stain, the reaction
being diastase resistant. Positive staining also occurs
with alcian blue; this reaction is stronger at pH 2.5
than pH 1.0 [10]. A toluidine blue stain is weakly
positive.

Bone marrow histology

The changes are usually focal; less commonly the
whole of a biopsy section is affected. There is atro-
phy of fat cells, which are both reduced in number

Fig. 3.49 BM trephine biopsy
section showing new bone
formation in an area of previous
bone marrow necrosis. Paraffin-
embedded, Giemsa ×188.
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and are of variable size. In the affected areas there is
a mild to marked hypoplasia of haemopoietic cells.
Both fat and haemopoietic cells are replaced by
amorphous material which, with H&E staining, has
a light blue to pale pink colour and a finely granular
appearance (Fig. 3.51). Its other staining character-
istics are identical to those seen in marrow films
(see above).

Bone marrow fibrosis

Bone marrow fibrosis indicates an increase of reti-

culin or of reticulin and collagen in the bone marrow.
Such fibrosis may be focal or generalized. Reticulin
and collagen deposition are graded 0–4 as shown 
in Table 2.2. Some patients with grade 4 fibrosis 
also have osteosclerosis. Increased reticulin forma-
tion and even collagen deposition can revert to 
normal if the causative condition is amenable to
treatment.

An increase in bone marrow reticulin is common
and is a useful non-specific indication that the mar-
row is abnormal. It is also of some use in differential
diagnosis; for example, it may be increased in

Fig. 3.50 BM aspirate, gelatinous
transformation, showing
amorphous purplish-pink material.
MGG ×377.

Fig. 3.51 BM trephine biopsy,
gelatinous transformation, showing
replacement of haemopoietic
marrow and fat cells by amorphous
pink material. H&E ×390.
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Table 3.6 Causes of grade 4 bone marrow fibrosis [45,164].

Generalized myelofibrosis

Malignant disease
Primary (idiopathic) myelofibrosis* (myelofibrosis with myeloid metaplasia)
Myelofibrosis secondary to essential thrombocythaemia or polycythaemia rubra vera*
Chronic granulocytic leukaemia*
Transitional myeloproliferative syndrome
Acute megakaryoblastic leukaemia*
Other acute myeloid leukaemias
Acute lymphoblastic leukaemia [165]
Systemic mastocytosis*
The myelodysplastic syndromes (particularly secondary MDS)
Paroxysmal nocturnal haemoglobinuria
Hodgkin’s disease
Non-Hodgkin’s lymphoma
Multiple myeloma
Waldenström’s macroglobulinaemia
Secondary carcinoma*

Bone and connective tissue diseases
Marble bone disease—osteopetrosis
Primary and secondary hyperparathyroidism
Nutritional and renal rickets (vitamin D deficiency)
Osteomalacia
Primary hypertrophic osteoarthropathy [166]

Miscellaneous
Tuberculosis
Other granulomatous diseases
Grey platelet syndrome
Systemic lupus erythematosus
Systemic sclerosis
Prior thorium dioxide administration

Focal or localized

Osteomyelitis
Paget’s disease
Following bone marrow necrosis
Following irradiation of the bone marrow
Adult T-cell leukaemia/lymphoma
Healing fracture
Site of previous trephine biopsy

* Osteosclerosis may also occur.

hypoplastic AML and hypoplastic myelodysplastic
syndromes but is not increased in aplastic anaemia.
Conditions characteristically associated with in-
creased reticulin deposition, but with little if any
collagen formation, include hairy cell leukaemia
and HIV infection. Reticulin deposition may also be
a feature of myeloproliferative disorders, such as

polycythaemia rubra vera and essential thrombo-
cythaemia, and occurs in some patients with acute
leukaemia (lymphoblastic as well as myeloid),
myelodysplastic syndromes and multiple myeloma.
The increase in reticulin in uncomplicated poly-
cythaemia rubra vera and essential thrombo-
cythaemia is not marked.



INFECTION AND REACTIVE CHANGES 133

A focal increase in reticulin may have a different
significance from a general increase, often indicat-
ing the presence of a focal infiltrate.

Collagen deposition is uncommon and of greater
diagnostic significance than an increase in reticulin.
It is therefore useful to distinguish between these
two degrees of abnormality, either by grading the
fibrosis or by using the terms ‘reticulin fibrosis’ for a
grade 3 abnormality and ‘fibrosis’ or ‘myelofibrosis’
for a grade 4 abnormality. Causes of bone marrow
fibrosis are shown in Table 3.6.

Peripheral blood

Bone marrow fibrosis is commonly associated with
a leuco-erythroblastic anaemia; red cells show aniso-
cytosis and poikilocytosis with teardrop poikilocytes
often being prominent. When fibrosis is extensive,
there may also be thrombocytopenia and leuco-
penia. The blood may also show abnormalities
related to the primary disease that has caused 
the fibrosis. When bone marrow fibrosis has 
developed acutely, as in acute megakaryoblastic
leukaemia, there may be little anisocytosis and
poikilocytosis and the blood film is not necessarily
leuco-erythroblastic.

Bone marrow cytology

Bone marrow fibrosis often leads to failure to aspir-
ate marrow or to aspiration of peripheral blood or a

diluted marrow specimen. Otherwise the aspirate
may show carcinoma cells or the specific features 
of the primary disease that has led to the fibrosis. 
If there is associated osteosclerosis, the aspirate 
may contain increased numbers of osteoblasts and
osteoclasts.

Bone marrow histology

The appearances of primary myelofibrosis (myelo-
fibrosis with myeloid metaplasia) are described on
page 204. In secondary fibrosis, findings range from
a mild increase of fibroblasts and the presence of
scattered collagen fibres to a dense fibrosis which
obliterates normal haemopoietic tissue. An increase
of reticulin can be suspected from an H&E stain by
the distortion and angularity of fat cells and by the
‘streaming’ of haemopoietic cells held between par-
allel reticulin fibres. Fibrosis may also be suspected
when sinusoids, which are normally collapsed in
paraffin-embedded specimens, are held open.
Increased reticulin deposition is confirmed by a sil-
ver impregnation technique such as the Gomori
stain. Collagen fibres are detected as eosinophilic
fibres which may be in bundles. The oval nuclei of
fibroblasts are apparent in relation to the collagen
fibres. It is important not to confuse either endothe-
lial cells of collapsed capillaries or mast cells with
fibroblasts. The presence of collagen is confirmed 
by a trichrome stain such as a Martius Scarlet 
Blue stain (Fig. 3.52). The distribution of reticulin

Fig. 3.52 BM trephine biopsy
section showing marrow infiltrated
by breast cancer with associated
stromal fibrosis. Collagen is evident
as blue strands when demonstrated
by Martius Scarlet Blue trichrome
stain. MSB ×94.
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and collagen within the marrow depends on the
causative condition. In renal osteodystrophy and
primary hyperparathyroidism, fibrosis is usually
paratrabecular. In Paget’s disease, it is often prefer-
entially paratrabecular. When associated with a
myeloproliferative disorder or with the grey plate-
let syndrome, fibrosis may be spatially related to
megakaryocytes.

Problems and pitfalls

When the bone marrow is very fibrotic, any bone
marrow aspirate is likely to be very unrepresenta-
tive. No attempt should be made to assess cellular-
ity. However, it is always worth looking for tumour
cells or dysplastic haemopoietic cells, regardless of
the quality of the aspirate. If no aspirate can be
obtained, a trephine biopsy imprint can yield useful
information as to the nature of any abnormal cells
present.

Due weight must be given to the presence of 
focal reticulin deposition and the corresponding
area in the H&E-stained sections should be care-
fully examined. A generalized increase in reticulin
is an indication of an abnormal bone marrow 
and an explanation should be sought by review-
ing of clinical, haematological and histological 
features.

When fibrosis is very pronounced, it may be
difficult to distinguish residual haemopoietic cells,
particularly megakaryocytes, from tumour cells.
Immunohistochemistry is useful in this situation.
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‘malignant’ characteristics may be manifested clini-
cally as transformation to acute leukaemia. MDS may
therefore be regarded as a preleukaemic condition.

Acute myeloid leukaemia

AML is a heterogeneous disease. In different pati-
ents the leukaemic clone shows differing patterns of
differentiation and maturation. From 1976 onwards,
an international co-operative group, the French–
American–British (FAB) group, published a series
of papers on the classification of AML. The FAB
classification [1,2] became widely accepted and was
subsequently incorporated into other systems of
classification. It is based on the pattern of differenti-
ation shown (for example: granulocytic, monocytic,
erythroid, megakaryocytic) and the extent of mat-
uration (for example: myeloblast, promyelocyte,
granulocyte). Both differentiation and maturation
are assessed and the predominant cell types in
peripheral blood and bone marrow are determined.
The FAB classification is summarized in Table 4.1.
The FAB classification was incorporated into the
morphologic, immunologic, cytogenic (MIC) classi-
fication [3], the morphological, immunological,
cytogenetic, molecular genetic (MIC-M) classification
[4] and, most recently, the WHO classification [5].
The WHO classification is summarized in Table 4.2.
The major aim of this classification is to recognize
subtypes of AML that differ in their prognosis. The
classification is hierarchical, so that therapy-related
cases are first assigned to two specific categories.
Cases falling into one of four cytogenetic subtypes
are then categorized. Next, cases with multilineage
dysplasia are assigned to a specific category. Finally,
all remaining cases are categorized morphologic-
ally by a modification of the FAB classification. An
important difference from the FAB classification is

FOUR

ACUTE MYELOID LEUKAEMIA, THE
MYELODYSPLASTIC SYNDROMES
AND HISTIOCYTIC NEOPLASMS

Acute myeloid leukaemia (AML) is a disease resul-
ting from the neoplastic proliferation of a clone of
myeloid cells, characterized by uncoupling of prolif-
eration and maturation. The leukaemic clone may
be derived from a pluripotent stem cell (capable of
giving rise to both myeloid and lymphoid lineages),
from a multipotent stem cell (capable of giving rise
to more than one myeloid lineage) or from a com-
mitted precursor cell (for example, one capable of
giving rise only to cells of granulocyte and mono-
cyte lineages). Normal haemopoietic marrow is
largely replaced by immature myeloid cells, mainly
blast cells, which show a limited ability to differen-
tiate into mature cells of the different myeloid lin-
eages. Pancytopenia is common, as a result both of
the replacement of normal bone marrow and of the
defective capacity for maturation of the leukaemic
clone.

The myelodysplastic syndromes (MDS) resemble
AML in that normal polyclonal haemopoietic bone
marrow is largely replaced by a neoplastic clone,
usually derived from a multipotent stem cell. The
neoplastic clone is characterized by defective matu-
ration so that haemopoiesis is usually both morpho-
logically dysplastic and functionally ineffective. In
the great majority of patients with MDS, the bone
marrow is hypercellular but there is increased
intramedullary death of haemopoietic precursors
leading to defective production of mature cells of
one or more haemopoietic lineages; this process,
which leads to various combinations of anaemia,
neutropenia and thrombocytopenia, is designated
ineffective haemopoiesis. In MDS, as in AML, there
is imbalance between proliferation and maturation
but the degree of abnormality is less than in AML 
so that the proportion of blast cells is lower. The
neoplastic cells in MDS show a tendency to clonal
evolution; emergence of a subclone with more
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Table 4.1 The FAB classification of acute myeloid leukaemia [1,2].

Criteria for FAB Criteria for classification as specific Equivalent name
diagnosis of AML category FAB subtype of AML

M1 • Blasts ≥90% of bone marrow NEC Acute myeloblastic leukaemia 
(non-erythroid cells) without maturation

• ≥3% of blasts MPO- or SBB-positive
• Maturing monocytic component in bone 

marrow ≤10%
• Maturing granulocytic component in bone 

marrow ≤10%

M2 • Blasts 30–89% of BM NEC Acute myeloblastic leukaemia 
• BM maturing granulocytic with maturation

component >10% NEC
• BM monocytic component <20% of NEC 

and other criteria of M4 not met

M3 • Characteristic morphology Acute promyelocytic leukaemia

Blasts ≥30% M3v • Characteristic morphology Variant form of acute 
bone marrow cells* promyelocytic leukaemia

≥3% of blasts SBB-  M4 • Blasts ≥30% of BM NEC Acute myelomonocytic 
or MPO-positive† • Granulocytic component ≥20% of BM NEC leukaemia

• Monocytic component ≥20% of BM NEC 
and either PB monocytes ≥5 × 109/l or BM 
like M2 but PB monocytes ≥5 × 109/l and 
cytochemical proof of monocytic 
differentiation

M5a • Blasts ≥30% of NEC Acute monoblastic leukaemia
• BM monocytic component ≥80% of NEC 
• Monoblasts ≥80% of BM monocytic component

M5b • Monoblasts <80% of BM monocytic component Acute monocytic leukaemia
• Blasts ≥30% of NEC BM monocytic component

≥80% of NEC

M6 • Erythroid cells ≥50% of BM cells Acute erythroleukaemia
• BM blasts ≥30% of NEC

M7 • Blasts shown to be predominantly Acute megakaryoblastic 
megakaryoblasts leukaemia

M0 • <3% of blasts MPO- or SBB-positive Acute myeloid leukaemia
• Lymphoid markers negative with minimal evidence of 
• Immunological or ultrastructural evidence of myeloid differentiation

myeloid differentiation

* Except in some M3 and some M6.
† Except in M0 and some M5a.

that cases with between 20 and 30% of bone 
marrow blasts are classified as AML rather than as
refractory anaemia with excess of blasts in transfor-
mation, a FAB category of poor prognosis MDS. In
addition, cases with an even lower blast percentage
are accepted as AML if they have one of the specific

cytogenetic abnormalities listedat(8;21), t(15;17),
inv(16), t(16;16) or an 11q23 rearrangement. Since
only an outline of the WHO classification has so 
far been published, we shall discuss AML mainly in
terms of the FAB classification but will note where
there are important differences from the WHO
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classification. We shall use a cut-off point of 20%
blasts for categories of AML not defined by the FAB
group but shall retain the FAB definitions for FAB
categories.

AML occurs at all ages but becomes increasingly
common with advancing age. The incidence rises
from one to 10/100 000/year between the ages of
20 and 70 and is somewhat higher in men than in
women.

The different categories of AML have many clin-
ical features in common but some differences. Some
degree of hepatomegaly and splenomegaly is com-
mon, particularly in those categories with a pro-
minent monocytic component (M5 and, to a lesser
extent, M4 AML). Lymphadenopathy and infiltra-
tion of the skin, gums and tonsils are also more
common in AML with a prominent monocytic com-
ponent. As a consequence of pancytopenia, patients
commonly exhibit pallor and bruising and show

susceptibility to infection. A more marked bleeding
tendency is usual in acute promyelocytic leukaemia
(M3 AML), in which disseminated intravascular
coagulation (DIC) is a frequent feature.

The different categories of AML have certain
haematological features in common although 
the morphological features of the predominant
leukaemic cells differ. Normocytic normochromic
anaemia, neutropenia and thrombocytopenia are
common. The total white cell count is usually 
elevated, as a result of the presence of circulating
leukaemic cells, but some patients have a normal or
low total count with few circulating immature cells.
A normal or low count is most often observed in M3
and M7 AML. In adults, M7 AML commonly pre-
sents with the features of acute myelofibrosis, that
is with pancytopenia, few circulating immature
cells and a bone marrow which, as a consequence of
bone marrow fibrosis, cannot be aspirated. (How-
ever, it should be noted that not all cases of acute
myelofibrosis are examples of M7 AML.)

The blood film and bone marrow aspirate features
are of prime importance in the diagnosis of AML.
The bone marrow biopsy is of secondary impor-
tance except in those cases in which an adequate
aspirate cannot be obtained. Assignment to a FAB
category is more readily done on the basis of the
blood and bone marrow aspirate findings and is not
always straightforward from tissue sections. It may
also be impossible, in tissue sections, to distinguish
M1 and M0 AML from acute lymphoblastic leukaemia
(ALL) unless immunohistochemistry is employed.
Antibodies reactive with CD68, CD117, lysozyme,
neutrophil elastase and myeloperoxidase (MPO)
are useful in distinguishing AML from ALL in
trephine biopsy sections [6–8]. The antigen (calpro-
tectin) detected by the MAC387 antibody is also
myeloid-associated, being expressed by cells of the
monocyte lineage and by mature cells of the granu-
locyte lineage. To distinguish AML with erythroid or
megakaryocytic differentiation from ALL, it is nec-
essary to use antibodies reactive with antigens such 
as glycophorin and spectrin (erythroid) or CD42b,
CD61 and von Willebrand’s factor (megakary-
ocytic). Some cases of AML, particularly those
belonging to the FAB M0 category, give negative
reactions with some of the antibodies commonly
used to detect myeloid differentiation (see Table 2.6).
This and other problems in diagnosis will be dis-
cussed under ‘Problems and pitfalls’ (see page 166).

Table 4.2 The WHO classification of the acute myeloid
leukaemias [5].

AML with recurrent cytogenetic translocations
AML with t(8;21)(q22;q22), AML1(CBFα)/ETO
Acute promyelocytic leukaemia (AML with

t(15;17)(q22;q11–12) and variants, PML/RARα)
AML with abnormal bone marrow eosinophils

(inv(16)(p13q22) or t(16;16)(p13;q22),CBFβ/MYH11)
AML with 11q23 (MLL) abnormalities

AML with multilineage myelodysplasia*
With prior myelodysplastic syndrome
Without prior myelodysplastic syndrome

AML and myelodysplastic syndromes, therapy-related
Alkylating agent-related
Epipodophyllotoxin-related
Other types

AML not otherwise categorized
AML minimally differentiated
AML without maturation
AML with maturation
Acute myelomonocytic leukaemia
Acute monocytic leukaemia
Acute erythroid leukaemia
Acute megakaryocytic leukaemia
Acute basophilic leukaemia
Acute panmyelosis with myelofibrosis

* Defined as dysplastic features in two or more cell lines.



Acute myeloblastic leukaemia (M1 and M2
AML)

The term acute myeloblastic leukaemia indicates
leukaemia in which lineage commitment (differen-
tiation) is to one of the granulocyte lineages, usually
the neutrophil lineage. Cases can be divided
between the FAB categories M1 and M2, depending
on whether leukaemic cells are predominantly
myeloblasts or whether, alternatively, further mat-
uration to promyelocytes and later cells is occur-
ring (see Table 4.1). Cases of AML assigned to 
FAB M1 and M2 categories would, in the WHO
classification, fall into various categories including
‘t(8;21)-associated AML’, ‘AML with and without
maturation’, ‘AML with multilineage dysplasia’ and
‘acute basophilic leukaemia’.

Peripheral blood

Anaemia, thrombocytopenia and a high white cell
count are usual. Neutropenia is common in M1
AML but cases of M2 AML may have a normal or
high neutrophil count. The majority of cases have
considerable numbers of circulating myeloblasts.
These are large cells, usually about twice the diame-
ter of an erythrocyte. They have a high nucleocyto-
plasmic ratio. The nucleus has a diffuse chromatin
pattern and one or more nucleoli. The cytoplasm is
weakly or moderately basophilic and may contain
scanty azurophilic granules. In some cases, particu-

larly but not exclusively M2 AML, the blasts contain
Auer rods; these are cytoplasmic crystals formed by
fusion of primary granules with which they share
staining characteristics. In M2 AML the peripheral
blood may also contain morphologically abnormal
promyelocytes and other maturing cells. Occa-
sional patients with M2 AML have eosinophilia or
basophilia. In AML associated with t(8;21)(q22;q22)
the peripheral blood may show large blasts with
basophilic cytoplasm and often a single long 
thin Auer rod, together with morphologically
abnormal maturing cells. In AML associated with
t(6;9)(p23;q34) there may be peripheral blood
basophilia.

Bone marrow cytology

The bone marrow is markedly hypercellular. Num-
bers of megakaryocytes and developing erythroid
cells are usually reduced. In M1 AML the bone mar-
row is almost totally replaced by myeloblasts, some
of which may contain scanty granules or Auer rods
(Fig. 4.1). In M2 AML myeloblasts are relatively less
numerous and there are considerable numbers of
maturing cells (Fig. 4.2). Many of these are mor-
phologically abnormal and often difficult to cat-
egorize; abnormalities include: (i) hypogranularity;
(ii) bizarre nuclear shapes; and (iii) the presence of
Auer rods, not only in blasts but sometimes also 
in promyelocytes, myelocytes and neutrophils. In
some cases of M2 AML the maturing granulocytic
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Fig. 4.1 BM aspirate, M1 AML.
Note that some of the blast cells
resemble lymphoblasts in that they
are small and round with a high
nucleocytoplasmic ratio and no
granules. The presence of an
agranular neutrophil and
occasional blasts with granules
suggests the correct diagnosis. 
MGG ×940.
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component includes, or is composed of, basophils 
or eosinophils. In both M1 and M2 AML the ery-
throcytes and megakaryocytes may show dysplastic 
features.

In M2 AML associated with t(8;21) the bone mar-
row, in addition to maturing cells of neutrophil lin-
eage, commonly shows increased eosinophils; these
are usually cytologically normal. Erythroid cells and
megakaryocytes do not show dysplastic features. In
M2 AML associated with t(6;9), the bone marrow
commonly shows not only blasts of basophil lineage
but also increased numbers of mature basophils;
there is often associated myelodysplasia and Auer
rods are commonly present. In M2 AML associated
with 12p-, blasts are also of basophil lineage but
there is very little maturation so that they may
appear undifferentiated by light microscopy.

Cytochemistry

The myeloid nature of M2 AML is evident from 
the features of differentiation observable in May–
Grünwald–Giemsa (MGG)-stained films but in M1
AML cytochemical staining [9] is often necessary to
confirm the diagnosis. Either MPO or Sudan black B
(SBB) staining must be positive in at least 3% of
blasts to satisfy the FAB criteria of AML [1]; usually
both stains are positive. These stains are also very
useful in identifying Auer rods and reveal their
presence in some cases in which they are not

identifiable in the MGG stain. A naphthol AS-D
chloro-acetate esterase (chloro-acetate esterase)
stain is also positive in myeloblasts in the majority
of cases of M1 and M2 AML. Metachromatic stain-
ing with toluidine blue is useful in the diagnosis of
cases with basophil differentiation but little matura-
tion, for example cases of M2Baso AML associated
with 12p-.

Bone marrow histology

The marrow is markedly hypercellular (greater than
95% cells) in most cases. Often the cellularity seen
in biopsy sections is greater than that estimated
from aspirated fragments in films [10]. The mor-
phology of the neoplastic cells in tissue sections 
is different from that seen in films of aspirates. In
tissue sections, myeloblasts have large round to oval
nuclei, delicate chromatin, one or more small well-
defined nucleoli and scant basophilic cytoplasm
(Fig. 4.3). In a half to two thirds of all cases there is 
a dense homogeneous infiltrate of blasts whereas,
in the remainder, there is a mixture of blasts, more
mature haemopoietic cells and inflammatory cells
such as plasma cells, lymphocytes and mast cells
[10,11]. Evidence of maturation is often apparent in
M2 AML (Fig. 4.4). Leder’s chloro-acetate esterase
stain is usually positive in M2 AML (depending 
on the method of processingasee page 59) but is
often negative in M1 AML. Dysplastic changes are

Fig. 4.2 BM aspirate, M2 AML,
showing two myeloblasts, one of
which contains a long slender Auer
rod, and abnormal maturing cells.
MGG ×940.



commonly detected in megakaryocytes and erythroid
precursors (see page 172). In M2 AML associated
with t(8;21) there is often a prominent infiltrate of
eosinophils scattered among the blasts. Reticulin
fibrosis is present in up to a third of cases [12] but
collagen fibrosis is rare. Areas of bone marrow
necrosis are sometimes present. Following chemo-
therapy, the marrow is hypoplastic and often shows
necrosis, stromal oedema and gelatinous change.
Residual leukaemic cells are often more apparent in
tissue sections than in aspirate films. However, they
can be difficult to distinguish from foci of immature
regenerating granulocytic or erythroid precursors.

In M2 AML there are usually sufficient maturing
granulocytic cells for a diagnosis of AML to be made
from H&E-stained sections. However, a provisional
diagnosis of M1 AML may require immunohisto-
chemistry for confirmation if the diagnosis rests on
a trephine biopsy specimen alone.

Cytogenetics and molecular genetics

Various subtypes of AML, characterized by specific
chromosomal abnormalities, are included within the
FAB M1 and M2 categories [8]. Of these, the com-
monest is M2 AML associated with t(8;21)(q22;q22)
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Fig. 4.3 Section of BM trephine
biopsy specimen, M1 AML. There 
is a relatively uniform population
of small blast cells with a high
nucleocytoplasmic ratio 
and prominent nucleoli. 
Plastic-embedded, H&E ×970.

Fig. 4.4 Section of BM trephine
biopsy specimen, M2 AML. There 
is a mixture of blast cells and
maturing cells of the granulocytic
series. Paraffin-embedded, 
H&E ×960.
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and formation of an AML1-ETO fusion gene, which
is recognized as a separate entity in the MIC, MIC-
M and WHO classifications. A much less common
subtype is that associated with t(6;9)(p23;q34) and
formation of a DEK-CAN fusion gene.

Acute (hypergranular) promyelocytic
leukaemia

The majority of cases of acute promyelocytic
leukaemia have hypergranular promyelocytes and
are therefore designated acute hypergranular pro-
myelocytic leukaemia, or M3 AML. A minority of
cases have abnormal promyelocytes which are either
microgranular or hypogranular when examined by
light microscopy; such cases are variously referred
to as the variant form of acute promyelocytic
leukaemia, M3 variant AML, acute hypogranular
promyelocytic leukaemia or acute microgranular
promyelocytic leukaemia. Acute promyelocytic
leukaemia is recognized as a specific entity in all
leukaemia classifications. Rapid, correct diagnosis
of M3 and M3 variant AML is of critical importance
if early death from haemorrhage is to be avoided.

Peripheral blood

In M3 AML, the peripheral blood white cell count 
is not usually greatly elevated and the number of
circulating leukaemic cells tends to be low. There is
usually anaemia. The platelet count may be dispro-
portionately low as a consequence of complicating

disseminated intravascular coagulation. The ab-
normal promyelocytes are large cells, usually two 
to three times the diameter of an erythrocyte. Their
cytoplasm is packed with granules which stain
bright pink or reddish-purple. Some cells contain
bundles of Auer rods (‘faggot cells’) or giant gran-
ules. No Golgi zone is apparent. The nucleus is 
usually round or oval but cytoplasmic granulation 
is so marked that the nuclear outline is difficult to 
discern.

In M3 variant AML, the white cell count is usu-
ally elevated. Again, there is usually anaemia and
marked thrombocytopenia. Abnormal promyelocytes
are characteristically more frequent in the periph-
eral blood in M3 variant AML than in typical,
hypergranular M3 AML. The promyelocytes may
appear completely agranular or may have fine,
dust-like reddish granules (Fig. 4.5). Some cells
contain bundles of Auer rods or other crystalline
inclusions. The nucleus is usually deeply lobed, often
with two large lobes joined by a narrow bridge. 
The cytoplasm is usually weakly or moderately
basophilic but some cases have promyelocytes with
more marked basophilia and cytoplasmic protru-
sions or blebs. A careful search in cases of M3 vari-
ant AML often discloses a minor population of more
typical, hypergranular promyelocytes, occasionally
with multiple Auer rods.

Bone marrow cytology

Bone marrow aspiration is often difficult since the

Fig. 4.5 PB film, M3 variant 
AML, showing hypogranular
promyelocytes with characteristic
deeply lobulated nuclei. Several
cells have very fine granules. 
MGG ×940.



hypercoagulable state leads to clotting of the speci-
men, even during aspiration. However, the bone
marrow aspirate is important in diagnosis since, in
M3 AML, there may be only infrequent leukaemic
cells in the peripheral blood and, in M3 variant
AML, the bone marrow often contains a higher pro-
portion of typical hypergranular cells than does the
peripheral blood.

The bone marrow aspirate is usually intensely
hypercellular. The number of blasts is relatively low
since the predominant cell is an abnormal promye-
locyte (Fig. 4.6); in the majority of cases there are
fewer than 30% of blasts in the marrow. In M3
AML the predominant cell is a hypergranular pro-
myelocyte while, in M3 variant, the predominant
cell is a hypogranular promyelocyte with a variable
admixture of hypergranular forms. There is a marked
reduction in the number of normal maturing gran-
ulocytes. Erythroid cells and megakaryocytes are
also considerably reduced in number but are cyto-
logically normal.

Cytochemistry

Cytochemical stains are unnecessary in typical hyper-
granular M3 AML but are important in confirming 
a diagnosis of M3 variant AML. Typically, there 
are positive reactions with MPO, SBB and chloro-
acetate esterase and negative reactions with non-
specific esterase.

Bone marrow histology

There is usually marked hypercellularity with a
homogeneous infiltrate of abnormal promyelocytes
(Fig. 4.7). These cells have a characteristic appear-
ance; they have prominent large granules that fill
the cytoplasm and often obscure the nucleus. The
nucleus may be oval or bilobed and has a single
prominent nucleolus. Faggot cells may be detect-
able. In M3 variant AML the granules are much
smaller and may be inconspicuous; the nuclei are
often bilobed. Occasional cases of M3 AML show 
little increase in cellularity at presentation, an un-
usual feature in de novo AML.

Because of their hypergranularity, the leukaemic
cells of M3 AML can be readily recognized in H&E-
stained sections of trephine biopsy specimens. A
proportion of cases of M3 variant AML can also be
recognized from cytological features. Other cases of
M3 variant AML, with very infrequent hypergranu-
lar cells, require histochemistry (Leder’s stain) or
immunohistochemistry (e.g. demonstration of neu-
trophil elastase) for confirmation if the diagnosis
rests on the trephine biopsy specimen alone.

Collagen fibrosis may be observed at presentation
in M3 AML. This is greatly increased by treatment
with all-trans retinoic acid (ATRA) [13]. ATRA 
therapy leads to maturation of the leukaemic clone
with the bone marrow remaining hypercellular in
contrast to the hypocellular marrow that is seen
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Fig. 4.6 BM aspirate, M3 AML,
showing heavily granulated
promyelocytes, one of which
contains a giant granule. 
MGG ×940.
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when chemotherapy is administered. Extensive bone
marrow necrosis has been reported in association
with hyperleucocytosis caused by ATRA [14].

Cytogenetics and molecular genetics

M3 and M3 variant AML are uniformly associated
with t(15;17)(q22;q21), a PML-RARα fusion gene or
both.

Acute myelomonocytic leukaemia 

Acute myelomonocytic leukaemia (M4 AML)
shows significant evidence of both granulocytic and
monocytic differentiation. The granulocytic dif-
ferentiation is usually neutrophilic but, in some
variants, it is eosinophilic (M4Eo) or basophilic
(M4Baso). Cases of AML assigned to FAB M4 cat-
egory would, in the WHO classification, fall into 
various categories including ‘AML with abnormal
bone marrow eosinophils’, ‘AML associated with
11q23 rearrangements’ and ‘acute myelomonocytic
leukaemia’.

Peripheral blood

There is usually anaemia and thrombocytopenia
with an elevated white cell count and circulating
leukaemic cells of both granulocytic and monocytic
lineages. Myeloblasts and monoblasts show the usual
cytological features of these lineages (see below).

Maturation of leukaemic cells is usual so that the
leukaemic cell population commonly includes both
monocytes and neutrophils. However, some cases
of M4 AML have no evidence in the peripheral
blood of the significant monocytic component which
is present in the bone marrow. In AML associated
with inv(16)(p13q22) or t(16;16)(p13;q22), there
are usually only occasional eosinophils in the periph-
eral blood and these are not morphologically very
abnormal. In AML associated with t(6;9)(p23;q34),
there may be basophilia with some dysplastic
basophils.

Bone marrow cytology

The bone marrow is hypercellular and shows a vari-
able mixture of cells of granulocytic and monocytic
lineages (Fig. 4.8). In the majority of cases, matura-
tion of leukaemic cells is occurring and mature
monocytes as well as maturing cells of granulocytic
lineage can be readily recognized. However, there
are a minority of cases in which, despite a peripheral
blood monocytosis, the bone marrow cannot be dis-
tinguished morphologically from that of M2 AML.
In such cases the significant monocytic compo-
nent can be confirmed either by cytochemistry (see
below) or by assays of serum or urinary lysozyme.
The explanation of such cases is probably twofold.
Firstly, leukaemic monocytes may be infrequent 
in the bone marrow because of early migration to
the peripheral blood. Secondly, promonocytes can

Fig. 4.7 Section of BM trephine
biopsy specimen, M3 AML,
showing abnormal promyelocytes
with irregular, often bilobulated,
nuclei containing prominent
nucleoli and prominent
cytoplasmic granules. Plastic-
embedded, H&E ×970.



be difficult to distinguish morphologically from
promyelocytes.

Megakaryocytes and erythroid precursors are
usually reduced. Dysplastic features are sometimes
present in these lineages.

In AML associated with inv(16)(p13q22) or
t(16;16)(p13;q22), the bone marrow aspirate often
shows a mixture of cells of monocyte and eosino-
phil lineages but cells of neutrophil lineage are rela-
tively infrequent (Fig. 4.9). Some basophils may also
be present. The cells of eosinophil lineage are a mix-
ture of myelocytes and mature eosinophils. In the
great majority of cases the eosinophil myelocytes

are morphologically abnormal with prominent 
pro-eosinophilic granules, which are basophilic in
their staining characteristics, mixed with typical
eosinophilic granules. The mature eosinophils may
show cytological abnormalities such as nuclear
hyper- or hypolobulation or the presence of occa-
sional pro-eosinophilic granules. Some cells of
granulocyte lineage, mainly immature cells, show
Auer rods. There is usually maturation in the
monocyte lineage so that mature monocytes are
present. Megakaryocytes and erythroid cells do not
show dysplastic features. It should, however, be
noted that not all cases of AML associated with
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Fig. 4.8 BM aspirate, M4 AML,
showing four myeloblasts, one
monoblast and a monocyte. 
MGG ×940.

Fig. 4.9 BM aspirate, M4 AML 
with eosinophilia (M4Eo), 
showing characteristic eosinophil
myelocytes, eosinophils, a
monocyte and blast cells. 
MGG ×940.
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these chromosomal rearrangements have the cyto-
logical features of M4Eo; some cases fall into either
the M4 or M2 category of AML.

In AML associated with t(6;9)(p23;q34), the bone
marrow commonly shows, in addition to an increase
in monocytes and their precursors, an increase of
mature basophils and sometimes an increase of
neutrophils or eosinophils. There are associated
myelodysplastic features.

Cytochemistry

A double esterase stain, combining chloro-acetate
esterase and non-specific esterase, is important in
confirming a diagnosis of M4 AML. In AML associ-
ated with inv(16), the eosinophils may show aber-
rant chloro-acetate esterase positivity. In addition,
SBB and MPO stains may show Auer rods in occa-
sional eosinophils and their precursors as well as 
in neutrophil precursors. A toluidine blue stain is
useful for confirming basophil differentiation in
M4Baso AML.

Bone marrow histology

The marrow is markedly hypercellular and there 
is an infiltrate composed of variable numbers of
myeloblasts, monoblasts and maturing cells of both
lineages. Maturing granulocytes may be neu-
trophils, eosinophils or both. Monoblasts have large

irregular nuclei with delicate chromatin and pro-
minent nucleoli; cytoplasm is abundant and may be
vacuolated. The distribution of monoblasts is not
uniform: they are often seen in small clusters, par-
ticularly in the paratrabecular areas [10]. Dysplastic
changes are often seen in other haemopoietic lin-
eages and reticulin fibrosis may be present.

Trephine biopsy sections in AML associated with
inv(16) often show increased eosinophils and pre-
cursors (Fig. 4.10). However, M4Baso, associated
with t(6;9), cannot be distinguished from other
cases of M4 AML since basophil granules are 
dissolved during processing. M4 and M4Eo AML
can usually be readily recognized in H&E-stained
sections so that histochemistry and immunohisto-
chemistry are not needed in most cases.

Cytogenetics and molecular genetics

M4 AML is preferentially associated with transloca-
tions having an 11q23 breakpoint and rearrangement
of the MLL gene. In addition, there are several other
subtypes within the M4 AML category defined 
by associated cytogenetic and molecular genetic
abnormalities. These are M4 and M4Eo AML asso-
ciated with inv(16)(p13q22) or t(16;16)(p13;q22)
and formation of a CBFβ-MYH11 fusion gene and
M4Baso associated with t(6;9)(p23;q34) and a CAN-
DEK fusion gene. The former is a WHO category but
the latter is not.

Fig. 4.10 Section of BM trephine
biopsy specimen, M4Eo AML,
showing monoblasts, myeloblasts,
eosinophil myelocytes and
eosinophils. Plastic-embedded,
H&E ×970.



Acute monocytic/monoblastic leukaemia 

AML showing predominantly or entirely monocytic
differentiation is categorized as acute monocytic or
acute monoblastic leukaemiaaM5 AMLathe for-
mer showing maturation of leukaemic cells to
mature monocytes and the latter showing little
maturation. The FAB group have assigned to these
categories (designated M5) those cases of AML in
which there is monocytic differentiation and in
which less than 20% of bone marrow non-erythroid
cells are granulocytes or their precursors. Cases are
further divided into acute monoblastic leukaemia
(M5a) and acute monocytic leukaemia (M5b) on
the basis of whether or not the leukaemic clone is
showing maturation (see Table 4.1). Cases of AML
assigned to the FAB M5 category would, in the WHO
classification, fall into various categories including
‘AML associated with 11q23 rearrangements’ and
‘acute monocytic leukaemia’.

Peripheral blood

The peripheral blood usually shows anaemia, throm-
bocytopenia and leucocytosis with circulating
leukaemic cells which are variously monoblasts,
promonocytes or monocytes. Monoblasts are larger
than myeloblasts, usually with a diameter about
three times that of an erythrocyte. Their shape varies
from round to oval or irregular. The cytoplasm is
voluminous and varies from weakly to strongly

basophilic; it may contain very infrequent granules.
The nucleus ranges from round to lobulated and is
usually nucleolated; nucleoli vary from being large,
single and prominent to being smaller and multiple.
Promonocytes are large cells with an oval or lobu-
lated nucleus and moderately basophilic cytoplasm
containing fairly numerous azurophilic granules.
Monocytes in M5 AML resemble normal monocytes
in having lobulated nuclei and weakly basophilic,
sometimes vacuolated, cytoplasm. They may show
cytological abnormalities such as nuclei of bizarre
shapes. In M5b AML, the peripheral blood contains
monocytes and a variable number of promonocytes
and monoblasts. In some cases of M5a AML the periph-
eral blood contains large numbers of monocytes and
promonocytes, even though the predominant cell in
the bone marrow is a monoblast. In other cases the
peripheral blood leukaemic cells, like those in the
marrow, are almost exclusively monoblasts.

Bone marrow cytology

The bone marrow is hypercellular and numbers 
of megakaryocytes and erythroid precursors are
reduced. In M5a AML (Fig. 4.11) the great majority
of cells are monoblasts. All cases in which at least
80% of bone marrow non-erythroid cells are mono-
blasts are classified as M5a, regardless of whether
there are maturing cells in the peripheral blood. In
M5b AML the marrow contains a mixture of mono-
blasts, promonocytes and monocytes (Fig. 4.12).
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Fig. 4.11 BM aspirate, M5a AML,
showing large blast cells with
moderately abundant cytoplasm.
MGG ×940.
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Cytochemistry

Cytochemical stains [9] are useful in confirming the
nature of M5 AML, particularly in those cases of
M5a with negligible maturation. Monoblasts are
often negative for MPO and SBB, although positive
results are obtained with promonocytes. The most
useful stains are those for ‘non-specific’ esterases
such as α-naphthyl acetate esterase or α-naphthyl
butyrate esterase. An alternative is the demon-
stration of strong, fluoride-sensitive, positivity for
naphthol-AS-acetate esterase, another ‘non-specific’
esterase. Monocyte differentiation can also be
demonstrated by using a suspension of the bac-
terium Micrococcus lysodeikticus to show lysozyme
activity. However, this test is now little used since
the availability of monoclonal antibodies provides
another means of confirming monocyte differentia-
tion. Positive reactions with monoclonal antibodies,
such as those of the CD11b and CD14 clusters, pro-
vide useful confirmation of the diagnosis of M5 AML
in cases with negative reactions for non-specific
esterases.

Bone marrow histology

The marrow is intensely hypercellular. In M5a AML
(Fig. 4.13) there is a homogeneous infiltrate of
monoblasts whereas in M5b AML (Fig. 4.14) there
is a variable proportion of more mature cells of

monocyte lineage. The monoblasts are similar to
those seen in M4 AML. The more mature monocy-
toid cells are smaller than monoblasts and have
irregular nuclei that are often convoluted or lobu-
lated, with delicate chromatin but without nucleoli.

Cytochemical stains to confirm the monocyte lin-
eage are not generally applicable to tissue sections.
Chloro-acetate esterase activity is usually absent.
Immunohistochemistry is useful, particularly in
M5a AML in which the diagnosis is less readily
made from H&E-stained sections. Monoclonal anti-
bodies that can be employed include antilysozyme,
CD64, CD68, CD11b, CD14, CD15 and MAC387. 
Of CD68 monoclonal antibodies, the PG-M1 clone
shows good specificity for M4 and M5 AML, while
the KP1 clone is a sensitive marker of myeloid 
differentiation but does not discriminate between
monocytic and granulocytic differentiation [15].

Cytogenetics and molecular genetics

Chromosomal rearrangements with an 11q23 break-
point and with rearrangement of the MLL gene are
strongly associated with M5 AML, particularly M5a
AML. Other subtypes of M5 AML defined by the
associated cytogenetic abnormality include M5a
associated with t(8;16)(p11;p13), which is distinctive
due to the frequent occurrence of haemophagocytosis
by leukaemic cells (and, clinically, due to a rela-
tively high incidence of coagulation abnormalities).

Fig. 4.12 BM aspirate, M5b 
AML, showing monoblasts,
promonocytes and a monocyte.
MGG ×940.



Acute erythroleukaemia

Acute erythroleukaemia (M6 AML) describes an
AML in which erythroid cells represent a major part
of the leukaemic population. The FAB group has
recommended that cases be assigned to this cate-
gory (M6) when at least 50% of bone marrow cells
are erythroid and at least 30% of the remaining
non-erythroid cells are blasts (see Table 4.1). Others
have considered that a case can also reasonably 
be classified as erythroleukaemia if erythroid cells
show prominent cytological abnormalities and 
constitute between 30 and 50% of bone marrow

nucleated cells [16]. There is a problem in assigning 
to a FAB category cases with almost exclusively 
erythroid cells including many very primitive ery-
throid cells [17]. In such cases, fewer than 30% of
non-erythroid cells may be blasts and consequently
the FAB criteria for M6 AML may not be fulfilled;
nevertheless this seems to be the category where
they fit most naturally. We suggest a designation 
of M6 variant AML with criteria for diagnosis be-
ing that more than 50% of bone marrow cells are
erythroid and more than 30% are immature eryth-
roid cells resembling proerythroblasts or basophilic
erythroblasts.
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Fig. 4.13 BM trephine biopsy
specimen, M5a AML, showing
monoblasts which are large cells
with plentiful cytoplasm and a
prominent nucleolus. One blast
(upper left) has phagocytosed red
cells. H&E ×940. (By courtesy of 
Dr FM Wood, Vancouver.)

Fig. 4.14 BM trephine biopsy
specimen, M5b AML, showing
replacement of haemopoietic
marrow and fat spaces by a mixture
of monoblasts, promonocytes and
monocytes. Plastic-embedded, 
H&E ×390.
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It appears likely that a very high proportion 
of cases of M6 AML represent transformation of
underlying MDS.

Cases of AML assigned to FAB M6 category would,
in the WHO classification, fall into various cat-
egories. Most would probably be designated ‘AML
with multilineage dysplasia’ and others ‘acute 
erythroid leukaemia’.

Peripheral blood

The peripheral blood almost always shows anaemia,
neutropenia and thrombocytopenia, usually with
some circulating blasts. There may also be circulat-
ing erythroid precursors.

Bone marrow cytology

The bone marrow is hypercellular and shows both
erythroid hyperplasia and, except in M6 variant, a
significant population of blasts (Fig. 4.15). The mor-
phology of erythroid cells varies between cases. In
some patients, erythroid cells show striking cytolog-
ical abnormalities which may include nuclear lobu-
lation, karyorrhexis, multinuclearity, gigantism or
megaloblastic or sideroblastic erythropoiesis. In other
patients, cytological abnormalities are quite minor.
The associated blasts are usually myeloblasts, which
may contain Auer rods, or a mixed population in-
cluding monoblasts or megakaryoblasts. Maturing

granulocytes often show dysplastic features such 
as hypogranularity and nuclear hypolobulation.
Megakaryocytes are also commonly dysplastic with
features such as nuclear hypolobulation or the pres-
ence of micromegakaryocytes.

Cytochemistry

Cytochemical stains may show various abnor-
malities. SBB, MPO and chloro-acetate esterase 
methods can be employed to confirm the nature of
myeloblasts; the first two stains will also demon-
strate Auer rods. An α-naphthyl acetate esterase
stain can be used to identify monoblasts. Erythro-
blasts may be positive with a periodic acid–Schiff
(PAS) stain; such positivity is not shown by normal
erythroid precursors but it is not confined to neo-
plastic erythroblasts. Erythroblasts in M6 AML may
also show focal staining for α-naphthyl acetate
esterase and acid phosphatase. An iron stain may
show the presence of ring sideroblasts.

Bone marrow histology

There is marked hypercellularity of the marrow
with intense erythroid hyperplasia (Figs 4.16 and
4.17). The erythroid precursors are usually mar-
kedly abnormal and may have bizarre appearances.
They often show nuclear lobulation or fragmenta-
tion, marked variation in size or megaloblastic

Fig. 4.15 BM aspirate, M6 AML,
showing two myeloblasts and
numerous erythroblasts. 
MGG ×940.



change. They are arranged in sheets without the
formation of normal erythroblastic islands. Mega-
karyocytic dysplasia is often seen. Non-erythroid
blasts (myeloblasts or monoblasts) may be relatively
inconspicuous although, by definition, they must
make up more than 30% of the non-erythroid cells
in the marrow except in the condition that we des-
ignate M6 variant AML.

The diagnosis of M6 AML can usually be readily
made from H&E-stained sections. In cases with 
predominantly primitive erythroid cells, immuno-
histochemistry may be needed. Useful reagents are

antibodies reactive with glycophorin, spectrin or
haemoglobin A.

Cytogenetics and molecular genetics

M6 AML is often associated with abnormalities of
chromosomes 5 and 7 and with complex chromo-
somal abnormalities.

Acute megakaryoblastic leukaemia

Acute megakaryoblastic leukaemia (M7 AML) has
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Fig. 4.16 Section of BM trephine
biopsy specimen, M6 AML,
showing a disorganized marrow
containing large numbers of
dysplastic erythroblasts and
numerous myeloblasts. Paraffin-
embedded, H&E ×390.

Fig. 4.17 Section of BM trephine
biopsy specimen, M6 AML,
showing ill-organized
erythroblasts. Some have
characteristic elongated nucleoli
abutting on the nuclear membrane.
Paraffin-embedded, H&E ×940.



ACUTE MYELOID LEUKAEMIA 157

blasts constituting at least 30% of bone marrow
cells, with megakaryoblasts being the predominant
form. There may be admixture with cells of other
lineages, for example, myeloblasts. The diagnosis is
often difficult, particularly in adults, because of the
paucity of leukaemic cells in the peripheral blood
and the difficulty in obtaining a bone marrow aspi-
rate. A trephine biopsy is then of critical importance
in making the diagnosis. In children, circulating
blasts are often present and the bone marrow can
more often be aspirated easily.

Cases of AML assigned to FAB M7 category
would, in the WHO classification, fall into various cat-
egories including ‘acute megakaryocytic leukaemia’
and ‘acute panmyelosis with myelofibrosis’.

Peripheral blood

Commonly, the peripheral blood shows only pan-
cytopenia with very infrequent or no circulating
leukaemic blasts. Such patients usually lack organ-
omegaly and have a fibrotic marrow; this condi-
tion has been described as ‘acute myelofibrosis.’
Other patients have features more typical of acute
leukaemia, with hepatomegaly, splenomegaly and
significant numbers of circulating blasts. Mega-
karyoblasts are similar in size to myeloblasts. They
have a high nucleocytoplasmic ratio and agranular,
moderately basophilic cytoplasm. In some cases
there are distinctive features that suggest their

nature, such as formation of peripheral cytoplasmic
blebs or an association with circulating micro-
megakaryocytes, but in other cases there are no 
features to suggest lineage.

Bone marrow cytology

Aspiration may be impossible or a poor aspirate con-
taining scanty blasts may be obtained (Fig. 4.18). In
addition to megakaryoblasts, the aspirate may con-
tain some micromegakaryocytes or other markedly
dysplastic megakaryocytes. There may be admixture
with myeloblasts. Erythroid precursors sometimes
show dysplastic features.

Cytochemistry

Cytochemistry is often not very useful. SBB, MPO
and chloro-acetate esterase stains are negative
except in any associated myeloblasts. PAS, acid
phosphatase and α-naphthyl acetate esterase stains
may be positive in cells showing cytoplasmic matu-
ration but not in more immature cells of megakary-
ocyte lineage. The PAS stain sometimes shows a
distinctive pattern with positivity being confined to
cytoplasmic blebs. The differential staining pattern
with α-naphthyl acetate esterase (positive) and 
α-naphthyl butyrate esterase (negative) can be 
useful in distinguishing megakaryoblasts from
monoblasts, since the latter cells give positive 

Fig. 4.18 BM aspirate of a patient
with Down’s syndrome and 
M7 AML, showing two
megakaryoblasts and two 
giant platelets. MGG ×940.



reactions for both of these non-specific esterases.
Immunocytochemistry with monoclonal antibodies
directed at platelet glycoproteins is now the most
practicable way to confirm the diagnosis.

Bone marrow histology [18,19]

The marrow histology is very variable. In those
cases that present clinically as acute myelofibrosis,
the marrow is largely replaced by fibrous tissue 
containing blasts and dysplastic megakaryocytes
(Fig. 4.19). In other cases the marrow is very hyper-
cellular with an infiltrate of blasts; in some cases 
the blasts are relatively small and monomorphic
while, in others, they are large and pleomorphic.
Cases with a hypercellular marrow usually show
increased reticulin and scattered collagen fibres.
Dyserythropoiesis is common.

Immunohistochemical staining for von Wille-
brand antigen or for platelet GpIIIa (CD61) or GpIb
(CD42b) is useful in the identification of mega-
karyoblasts. Immunohistochemistry is necessary 
for diagnosis in those cases with predominantly
megakaryoblasts with few megakaryocytes.

Cytogenetics and molecular genetics

M7 AML in infants is strongly associated either 
with constitutional trisomy 21 or with acquired
t(1;22)(p13;q13).

Acute myeloid leukaemia with minimal
evidence of myeloid differentiation

The availability of ultrastructural cytochemistry and
of monoclonal antibodies detecting antigens specific
for myeloid cells has revealed cases of acute leukae-
mia which are negative for markers of lymphoid
lineages but have insufficient evidence of myeloid
differentiation to meet the original FAB criteria for
AML. Such cases have fewer than 3% SBB- or MPO-
positive blasts; blasts are also negative for α-naphthyl
acetate esterase and lysozyme activity. When such
cases can be demonstrated to have peroxidase activ-
ity at ultrastructural level, or to be positive for myeloid
antigens, such as CD13, CD14, CD33, CD117 or
MPO, they should be classified as AML. The FAB
group has suggested the designation AML M0 [20].
Cases of AML assigned to FAB M0 category would, in
the WHO classification, fall into various categories
including ‘AML minimally differentiated’.

Peripheral blood

The peripheral blood usually shows anaemia, neu-
tropenia, thrombocytopenia and the presence of
circulating blasts (Fig. 4.20). The blasts are agranu-
lar and have cytological features similar to those of
the blasts of AML M1, ALL L2 or, more rarely, ALL
L1 (see page 236). They tend to be large with pro-
minent nucleoli and abundant, often basophilic,
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Fig. 4.19 Section of BM trephine
biopsy specimen, M7 AML. There is
collagen fibrosis and an infiltrate 
of dysplastic megakaryocytes and
small blast cells. Plastic-embedded,
H&E ×390.
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cytoplasm but there are no constant features per-
mitting the diagnosis from cytomorphology alone.
The diagnosis may be suspected when apparently
undifferentiated blasts are associated with dysplastic
neutrophils or marked poikilocytosis.

Bone marrow cytology

The bone marrow features do not differ from those
of M1 AML except that the blasts have scanty, if
any, granules and have no Auer rods. Other lin-
eages may show dysplastic features, suggesting that
ALL is not the correct diagnosis.

Cytochemistry

Cytochemistry with all the stains that are usually
used to identify cells of various myeloid lineages is
either negative or is positive in fewer than 3% of
blasts. Immunocytochemistry for the above anti-
gens is therefore used to confirm the diagnosis.

Bone marrow histology

The trephine biopsy appearances do not differ from
those of M1 AML. It is also often not possible to dis-
tinguish M0 AML from ALL, although the presence
of dysplastic features suggests a diagnosis of AML.
The diagnosis of AML cannot be confirmed by Leder’s
stain, which is uniformly negative in M0 AML.

Immunological markers, however, can permit the
distinction. Lymphoblasts usually express CD45 and
may express CD79a or CD3, whereas myeloblasts
do not express CD79a or CD3 and are often CD45-
negative or only weakly positive. Monoclonal or
polyclonal antibodies reactive with myeloid anti-
gens, including anti-MPO and CD15, may be posi-
tive in M0 AML.

Cytogenetics and molecular genetics

M0 AML is preferentially associated with abnor-
malities of chromosomes 5 and 7, trisomy 13 and
translocations and deletions involving 12p [21],
suggesting a relationship to M6 AML and to 
therapy-related and myelodysplasia-related AML.

Acute panmyelosis with myelofibrosis

The WHO expert group [5] has drawn attention to a
rare entity in which there is trilineage differentia-
tion associated with bone marrow reticulin fibrosis.
This entity has some features in common with those
cases of M7 AML that are associated with the clini-
copathological features of ‘acute myelofibrosis’.

Peripheral blood

The blood film shows no specific features. There
may be circulating blast cells.

Fig. 4.20 PB film from a patient
with M0 AML superimposed 
on MDS. Note the agranular
neutrophil, anisocytosis and
poikilocytosis. MGG ×940.



Bone marrow aspirate

The bone marrow aspirate is often inadequate for
diagnosis because of the associated reticulin fibrosis.
Increased blast cells and multilineage dysplasia may
be apparent.

Bone marrow histology

Bone marrow histology is critical in making the
diagnosis, with immunohistochemistry being
important in showing trilineage differentiation.
Immature cells are increased and dysplasia may be
prominent. Reticulin is increased.

Acute eosinophilic leukaemia

The term ‘eosinophilic leukaemia’ covers a hetero-
geneous group of disorders in which eosinophils 
are increased in the peripheral blood. Acute
eosinophilic leukaemia falls into the FAB categories
of M2 or M4 AML and can be designated more
specifically as M2Eo and M4Eo. There is no precise
percentage of eosinophils and precursors which
leads to a case being categorized as M2Eo or M4Eo
AML but cases of M4 AML with cytologically atyp-
ical eosinophils are usually categorized as M4Eo,
even if the eosinophil percentage is relatively low.
This latter group would not, however, usually be
referred to as ‘eosinophilic leukaemia’. Eosinophilic
leukaemia, which is not synonymous with ‘AML

with abnormal bone marrow eosinophils’, is not
recognized specifically in the WHO classification.
Cases without inv(16) would fall mainly into the
WHO category ‘AML with maturation’. For a case to
be classified as acute eosinophilic leukaemia, blast
cells must constitute at least 20% of bone marrow
cells. Cases of chronic eosinophilic leukaemia have
peripheral blood and bone marrow eosinophilia
and fewer than 20% bone marrow blasts. They are
classified with the myeloproliferative disorders.

Peripheral blood

The peripheral blood shows mature eosinophils 
and eosinophil precursors. Eosinophils may be 
cytologically atypical but this is not diagnostically 
useful since atypical eosinophils are also seen in
reactive eosinophilia. Eosinophil precursors often
show nucleocytoplasmic asynchrony and immature
granules with basophilic staining characteristics
(Fig. 4.21).

Bone marrow cytology

The bone marrow shows an increase, often very mar-
ked, in eosinophils and their precursors (Fig. 4.22).
Occasionally, Charcot–Leyden crystals are present,
these being formed by crystallization of eosinophil
granule contents. Other myeloid lineages (e.g. 
neutrophils or monocytes) may also be part of the
leukaemic clone.
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Fig. 4.21 PB film from a patient
with acute eosinophilic leukaemia
(M2Eo AML), showing eosinophil
precursors with a mixture of
primary and secondary granules.
MGG ×960. (By courtesy of 
Dr A Smith, Southampton.)
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Cytochemistry

Eosinophils and precursors show strong peroxidase
activity.

Bone marrow histology

Bone marrow trephine biopsy sections show an in-
crease of eosinophils and their precursors (Figs 4.23
and 4.24).

Cytogenetics and molecular genetics

There is no specific cytogenetic association with

acute eosinophilic leukaemia. Rare cases have had
t(8;21)(q22;q22).

Acute basophilic leukaemia

Acute basophilic leukaemia is a rare form of AML
which is not identified specifically in the FAB
classification. Cases usually fall into the M2 or 
M4 categories and can be designated M2Baso and
M4Baso. Some cases with little or no maturation
fall into the M1 or M0 categories. Blasts in these
cases can be identified as being of basophil lineage,
either because they have basophil-type granules
identifiable on light microscopy or by ultrastructural

Fig. 4.23 Section of BM trephine
biopsy specimen from a patient
with acute eosinophilic leukaemia
(same case as in Fig. 4.21), showing
two Charcot–Leyden crystals in 
an area of necrotic bone marrow.
H&E ×384.

Fig. 4.22 BM aspirate from a
patient with acute eosinophilic
leukaemia (same case as in 
Fig. 4.21), showing eosinophils 
and their precursors and two
Charcot–Leyden crystals. MGG
×384. (By courtesy of Dr A Smith,
Southampton.)



examination. The WHO classification has a specific
category for acute basophilic leukaemia.

Peripheral blood

The blood film usually shows both blast cells and
maturing basophils. The latter may be hypogranular.

Bone marrow cytology

The bone marrow aspirate shows more than 20%
blast cells, usually with maturation to dysplastic
basophils.

Bone marrow histology

Trephine biopsy sections show increased blast cells
but are of no use currently in the detection of
basophilic differentiation since basophil granules
are dissolved during processing.

Acute mast cell leukaemia

Acute mast cell leukaemia is a rare condition which
can occur de novo or as a transformation of systemic
mastocytosis. It is not included in the FAB classi-
fication. The WHO classification assigns it to a sepa-
rate category of ‘mast cell diseases’ but, since the
mast cell is derived from the haemopoietic stem cell,

it seems to us more appropriate that it is classified as
a form of AML.

Peripheral blood

The blood film shows immature mast cells which
have round, oval or lobulated nuclei and a variable
number of granules of mast cell type (Fig. 4.25).

Bone marrow cytology

The bone marrow aspirate shows immature cells of
mast cell lineage. Immunocytochemistry for mast
cell tryptase can be used to demonstrate mast cell
differentiation if this is not certain from cytological
features.

Cytochemistry

Mast cells stain metachromatically with toluidine
blue. They are chloro-acetate esterase-positive.

Bone marrow histology

Trephine biopsy sections show effacement of the
bone marrow by immature mast cells. These have
more voluminous cytoplasm than most other blast
cells so that, in an H&E-stained section, the round,
oval or lobulated nuclei appear spaced apart 
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Fig. 4.24 Section of BM trephine
biopsy specimen from a patient
with acute eosinophilic leukaemia
(same case as in Fig. 4.21), showing
eosinophils and their precursors
and two Charcot–Leyden crystals.
H&E ×960.
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(Fig. 4.26). With Giemsa staining, granules may 
be apparent. Immunohistochemistry for mast cell
tryptase confirms the lineage.

Hypoplastic AML

A minority of cases of AML have a bone marrow
which is hypocellular rather than hypercellular.
Hypoplastic AML is defined variously, for example,
as AML with bone marrow cellularity less than 50%
[22] or less than 40% [23]. Blasts constitute at least
20% of nucleated cells. Cases of hypoplastic AML

may belong to various FAB categories but not M3.
They may arise apparently de novo or be preceded by
a hypoplastic variant of myelodysplasia. Clinical
and haematological features differ from those of
typical cases of AML with a hypercellular bone mar-
row. Hepatomegaly and splenomegaly are not com-
monly present. The median age is higher than that
of AML in general [22]. The prognostic significance
of hypoplastic AML is not yet clear. In one series,
patients who were treated had a low remission rate
and treated patients, overall, did not survive longer
than those who received no specific treatment [22].

Fig. 4.25 PB film in acute mast cell
leukaemia, showing circulating
mast cell precursors. MGG ×940.

Fig. 4.26 BM trephine biopsy
section in acute mast cell
leukaemia, showing replacement of
marrow by mast cells. H&E ×376.



However, in another series, treated patients had a
high remission rate and improved survival [23].

Hypoplastic AML is not identified specifically in
the WHO classification. Some cases fall into the 
categories designated ‘AML with multilineage dys-
plasia’ and ‘AML, therapy-related’.

Peripheral blood

In contrast to cases of typical AML, pancytopenia is
usual and peripheral blood blasts are often absent 
or infrequent. Blasts may contain Auer rods.

Bone marrow cytology

The bone marrow aspirate is often hypocellular and
may therefore not be optimal for diagnosis. Blasts
are increased and commonly show granulocytic
rather than monocytic differentiation. There may
be associated dysplastic features.

Cytochemistry

The blasts in hypoplastic AML have no specific cyto-
chemical features.

Bone marrow histology

Because a poor aspirate is often obtained, trephine
biopsy is usually important in diagnosis. The mar-

row shows irregular hypoplasia (Fig. 4.27) with
small foci of blasts separated by fat cells (Fig. 4.28).
Blasts make up more than 20% of bone marrow
nucleated cells. There are often dysplastic changes
in the other haemopoietic lineages. Reticulin may
be increased.

Cytogenetics and molecular genetics

Cytogenetic abnormalities are non-specific but may
include abnormalities of chromosomes 5 and 7.

Cytochemistry in AML

Cytochemistry permits the confirmation of a diag-
nosis of AML in all categories except M0 and M7. It
is most important in M1 and M5a AML, which can
be confused with ALL and high grade lymphoma
respectively. Recommended cytochemical stains are
either MPO or SBB (for identification of granulocytic
differentiation) and a non-specific esterase stain such
as α-naphthyl acetate esterase (for identification of
monocytic differentiation).

Immunocytochemistry and flow cytometry 
in AML

Immunophenotyping [8] (Table 4.3) is of consider-
able importance in confirming the diagnosis of M0
and M7 AML, which may otherwise be confused
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Fig. 4.27 Section of BM trephine
biopsy specimen, hypoplastic AML.
The marrow is hypocellular with
preservation of fat cells. However,
normal haemopoietic cells are not
seen. Plastic-embedded, H&E ×97.
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with ALL. It is also useful in the recognition of 
M6 variant AML since the primitive cells may be 
so immature that they are not readily recognizable
from cytological features. Immunophenotyping is
an alternative to cytochemistry for confirming the
myeloid lineage of M1 and M5 AML. Other FAB
categories are usually readily recognizable without
recourse to immunophenotyping. Immunopheno-
typing is now generally performed by flow cytome-
try rather than by immunocytochemistry.

Immunohistochemistry in AML

Monoclonal and polyclonal antibodies that are use-
ful in confirming a diagnosis of AML are shown in
Table 4.4. Their use is most important in M0, M1,
M5a and M7 categories. In M2, M3, M4 and M5b
subtypes it is usually possible to make a diagnosis of
AML from H&E-stained sections. It is our practice 
to perform immunohistochemical stains whenever
there is diagnostic difficulty, for example, when bone

Fig. 4.28 Section of BM trephine
biopsy specimen, hypoplastic AML
(same case as in Fig. 4.27). High
power examination reveals most of
the cells present to be myeloblasts.
Plastic-embedded, H&E ×970.

Table 4.3 Monoclonal and polyclonal antibodies useful for flow cytometry immunophenotyping in the diagnosis of AML.

Specificity Antibodies

Panmyeloid CD13, CD33, CD65, CD117, anti-myeloperoxidase
Markers of maturation CD15, CD11b
Markers of monocytic differentiation CD14, CD11b, CD64
Erythroid markers Anti-glycophorin
Megakaryocytic markers CD41, CD42a, CD42b, CD61
Markers of immaturity CD34, anti-terminal nucleotidyl transferase

Table 4.4 Monoclonal and polyclonal antibodies useful in immunohistochemistry for the diagnosis of AML.

Specificity Antibodies

Granulocytic and/or monocytic markers Anti-myeloperoxidase, CD64, CD68, anti-neutrophil elastase
Megakaryocyte/platelet markers CD42b, CD61, anti-von Willebrand’s factor
Erythroid markers Anti-glycophorin, anti-spectrin
Mast cell marker Mast cell tryptase
Markers of immaturity CD34, anti-terminal deoxynucleotidyl transferase



marrow aspiration has failed and there are only low
numbers of circulating blast cells.

Cytogenetics and molecular genetics 
in AML

It is the somatic mutation that occurred in the stem
cell giving rise to the leukaemic clone that deter-
mines the clinical and pathological features of AML.
The molecular genetic abnormality is therefore one
of the most fundamental characteristics of any case
of AML and it is appropriate that it be incorporated
into classification of this disease. The MIC classi-
fication sought to do this, when cytogenetic analysis
was added to morphology and immunophenotyp-
ing in classifying acute leukaemia [3]. With the
advent of molecular genetic analysis, it became pos-
sible to identify genes involved in the oncogenic
event and a MIC-M classification, incorporating the
results of molecular genetic analysis [4], became
possible. The MIC-M categorization is open-ended,
new categories being added when the oncogenic
events have been defined (Table 4.5).

Some cases of AML following topoisomerase-II-
interactive drugs have the same clinical features
and cytogenetic and molecular genetic abnormal-
ities as are seen in de novo AML. They can be
described by the term ‘de novo-type’ AML. The WHO
classification incorporates the four numerically
most important cytogenetic categories of de novo
AML, associated with simple chromosomal rear-
rangements and a single major genetic event, 
but categorizes separately cases with the same 
cytogenetic abnormality that follow therapy with
topoisomerase-II-interactive drugs. The MIC-M
classification categorizes primarily by molecular
event. It is applicable to cases of de novo and de novo-
type AML in which there is one major oncogenic
event. It is not applicable to many cases of AML 
in the elderly, myelodysplasia-related AML and
therapy-related AML following alkylating agents
and related drugs, all of which are consequent on 
an accumulation of multiple genetic events. This
type of AML shows a different range of cytogenetic
abnormalities. The most characteristic are mono-
somy 5, del(5)(q), monosomy 7, del(7)(q), trisomy
8, trisomy 9, del(11)(q), del(12)(p), monosomy 18,
monosomy 19, del(20)(q), trisomy 21 and complex
chromosomal rearrangements.

Problems and pitfalls in the diagnosis of AML

It is sometimes difficult to distinguish cases of M0
and M1 AML from ALL on the basis of examination
of H&E-stained sections. Some histological features
are useful. ALL is usually associated with efface-
ment of the bone marrow whereas, in AML, there
may be residual myeloid cells showing dysplastic
features. ALL blasts tend to have more scanty 
cytoplasm and more chromatin condensation. If
difficulty is experienced in making the distinction
and if diagnosis depends on the trephine biopsy 
sections, immunohistochemistry should be used.
However, it should be noted that immunohisto-
chemistry for MPO and other myeloid antigens is
less sensitive for the detection of myeloid differenti-
ation than cytochemistry and immunophenotyping
by flow cytometry. For this reason, there are some
cases of M0 and M1 AML that cannot be distin-
guished from ALL histologically, even with the help
of immunohistochemistry.

Other diagnostic problems relate mainly to M6
AML, M7 AML and hypoplastic AML. M6 AML and
megaloblastic anaemia can be confused with each
other in trephine biopsy sections or, less often, in a
bone marrow aspirate. This is a very serious error
which must be avoided. It arises mainly because the
diagnosis of AML is not considered or because a case
of M6 has megaloblastic erythropoiesis. Diagnostic
error can be avoided by careful attention to cytolog-
ical details (see page 371) supplemented, when 
necessary, by assays of vitamin B12 and folic acid. A
therapeutic trial of haematinic agents is sometimes
useful.

M7 AML and acute panmyelosis with myelo-
fibrosis, when accompanied by dense fibrosis, can
be confused with chronic idiopathic myelofibrosis
(see page 204). The clinical and haematological fea-
tures of these three conditions differ. Marked spleno-
megaly is usual in idiopathic myelofibrosis but not
in M7 AML or acute panmyelosis with fibrosis. A
leuco-erythroblastic anaemia with marked poikilo-
cytosis is likewise usual in idiopathic myelofibrosis
but not in M7 AML or acute panmyelosis. Bone
marrow aspiration usually fails or yields inadequate
material for diagnosis in all these conditions. How-
ever, histology shows increased blast cells in M7
AML and acute panmyelosis and not in idiopathic
myelofibrosis. AML with myelofibrosis can also be
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confused with bone marrow infiltration by a non-
haemopoietic tumour with secondary myelofibrosis.
Dysplastic megakaryocytes and metastatic tumour
cells can be distinguished by immunohistochemistry.

Hypoplastic AML must be distinguished from
aplastic anaemia and from hypoplastic MDS. In-
creased reticulin deposition and dysplastic mega-
karyocytes suggest a diagnosis of AML or MDS

Table 4.5 A morphological, immunophenotypic, cytogenetic, molecular genetic (MIC-M) classification of acute myeloid
leukaemia (modified from [4,24,25]).

Cytogenetic abnormality Molecular genetic abnormality FAB category

t(1;11)(p32;q23)* MLL-AF1p fusion M5
t(1;11)(q21;q23)* MLL-AF1q fusion M4
t(1;11)(q23;p15) NUP98-PMX1 M2
t(2;11)(q35;p15) NUP98-HOXD13 Therapy-related
inv(3)(q21q26) or EVI1 dysregulation Various

t(3;3)(q21;q26)
t(3;5)(q25.1;q34) NPM-MLF1 fusion Various
t(3;12)(q26;p13) Fusion of various genes at 3q26 with Various

TEL at 12p13
t(3;21)(q26;q22) Heterogeneous, mainly AML1-EAP, Variable

AML1-EVI1 and AML1-MDS1
t(4;11)(q21;q23)* MLL-AF4 fusion M5
t(4;12)(q11–12;p13) BTV-TEL (BTV-ETV6) M0
t(5;17)(q32;q21) NPM-RARα fusion M3-like
t(6;9)(p23;q34) DEK-CAN fusion M2Baso
t(6;11)(q27;q23)* MLL-AF6 fusion M4 or M5
t(7;11)(p15;p15) NUP98-HOXA9 fusion M2
inv(8)(p11q13) MOZ-TIF2 fusion M7*
t(8;16)(p11;p13) MOZ-CBP fusion M4 or M5
t(8;21)(q22;q22)† AML1-ETO fusion M2
t(9;11)(p21–22;q23)* MLL-AF9 fusion M5
t(9;22)(q34;q11) BCR-ABL fusion M0, M1 or M2
t(10;11)(p12;q23)* MLL-AF10 fusion M5
t(10;11)(p11.2;q23)* MLL-ABI1 fusion AML
t(10;11)(p13;q14) CALM-AF10 fusion M4
ins(11;9)(q23;p22p23)* MLL-AF9 fusion M5
inv(11)(p15q22) NUP98-DDX10 fusion Various
t(11;16)(q23;p13)* MLL-CBFβ fusion Variable
t(11;17)(q23;q21)* MLL-AF17 fusion M5
t(11;17)(q23;q21) PLZF-RARα fusion M3-like
t(11;19)(q23;p13.1)* MLL-ELL fusion M4 or M5
t(11;19)(q23;p13.3)* MLL-ENL fusion M4 or M5
t(11;20)(p15;q11) NUP98-TOP1 fusion t-MDS or AML
t(11;22)(q23;q13)* MLL-p300 fusion AML
+11, 11q+ or normal* Partial tandem duplication of MLL AML
t(12;13)(p13;q12) ETV6(TEL)-CDX2 fusion AML
t(12;22)(p13;q11) MN1-TEL fusion Variable
t(15;17)(q22;q21)† PML-RARα fusion M3
inv(16)(p13q22)† or CBFβ-MYH11 fusion M4Eo

t(16;16)(p13;q22)†
t(16;21)(p11;q22) FUS-ERG fusion Variable
t(X;11)(q13;q23)* MLL-AFX fusion M4 or M5

* Grouped together in the WHO classification as ‘AML with 11q23 (MLL) abnormalities.
† Specific WHO categories of AML.



rather than aplastic anaemia. In addition, in
hypoplastic AML and hypoplastic MDS there may
be some circulating blasts and the bone marrow
aspirate, although inadequate for diagnostic pur-
poses, may also show blast cells. There is no increase
in blast cells in aplastic anaemia. Accurate differ-
ential diagnosis of these three conditions requires
good quality sections of trephine biopsy specimens,
which need to be examined carefully with high
power magnification so that the proportion of 
blast cells can be estimated. If there are more than
20% blast cells, the diagnosis is AML and, if blasts
are increased but less than 20%, the diagnosis is
MDS.

AML of M5a subtype can sometimes be confused
with large cell non-Hodgkin’s lymphoma. If mono-
cytes are very immature, they may lack peroxidase
and non-specific esterase activity. Flow cytometry
immunophenotyping or immunohistochemistry is
then very important in making the correct diagnosis.

The myelodysplastic syndromes

As discussed at the beginning of this chapter, the
MDS are diseases consequent on a clonal haemo-
poietic disorder characterized by dysplastic, ineffec-
tive haemopoiesis. There is thus often a discrepancy
between a hypercellular bone marrow and peripheral
cytopenia. In any one patient, different haemopoi-
etic lineages are not necessarily affected to the same
degree and there may be defective production of
cells of one lineage while in another lineage normal
numbers of cells are produced. There may even 
be increased production of cells of one or more 
lineagesafor example, neutrophils, monocytes or
plateletsadespite other features typical of MDS (see
page 215).

The MDS are predominantly diseases of the
elderly with an incidence of the order of 70
cases/100 000/year.

Clinical features of MDS result from the various
cytopenias; there may be haemorrhage, susceptibil-
ity to infections and symptoms of anaemia. Some
patients have hepatomegaly and splenomegaly. MDS
show a tendency to evolve into more severe forms
of MDS and into acute leukaemia. Most cases of
MDS are apparently primary but a minority are sec-
ondary to exposure of the bone marrow to known
mutagens, such as alkylating agents. There are

some differences in laboratory and clinical features
between primary and secondary MDS.

Diagnosis of MDS requires consideration of clinical,
peripheral blood, bone marrow and cytogenetic fea-
tures. Peripheral blood and bone marrow aspirate
findings are most important and, in a straightfor-
ward case, may be all that is required for diagnosis.
Bone marrow trephine biopsy in general offers only
supplementary information; however, sometimes it
is necessary for confirmation of the diagnosis, for
example, when an excess of blasts or an abnormal
localization of blasts is detected in a patient who has
other features suggestive but not diagnostic of MDS.
Bone marrow trephine biopsy is particularly impor-
tant in patients with secondary MDS, in whom a
hypocellular bone marrow with increased fibrosis
often leads to a non-diagnostic aspirate. In some
patients, a firm diagnosis cannot be made on cyto-
logical and histological features alone, but diagnosis
is possible when these are supplemented by cyto-
genetic analysis or other tests giving information
about clonality. An iron stain should be performed
in all patients with suspected myelodysplasia; this
demonstrates any ring sideroblasts as well as permit-
ting an assessment of iron stores. An MPO or SBB
stain should be performed at least in all patients
with any increase in blasts; this will facilitate the
detection of Auer rods, which are of importance
both in diagnosis and in classification.

The MDS are a heterogeneous group of disorders
with very variable prognoses. They can be divided
into various disease categories which have more
uniform clinicopathological characteristics. Until
now the most widely used categorization has been
that proposed by the FAB group [1,2,26]. The FAB
classification is based on the presence or absence of
significant sideroblastic erythropoiesis, on the num-
bers of monocytes in the peripheral blood and on
the number of blasts in the peripheral blood and
bone marrow (Table 4.6). The FAB categories are:
1 refractory anaemia (RA) or refractory cytopenia;
2 refractory anaemia with ring sideroblasts (RARS);
3 refractory anaemia with excess of blasts (RAEB);
4 chronic myelomonocytic leukaemia (CMML); and
5 refractory anaemia with excess of blasts in trans-
formation (RAEB-T).

More recently, a WHO classification of MDS has
been proposed (Table 4.7) [5]. The most important
difference from the FAB classification is that the
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RAEB-T category has been abolished. Cases with
more than 20% of bone marrow blasts are classified
as AML. In addition, CMML has been classified as a
mixed myelodysplastic/myeloproliferative disease
rather than as one of the MDS. The WHO group has
also made a distinction between cases of RA and
RARS with and without dysplasia of other lineages,
since this is of prognostic significance.

Some morphological abnormalities are char-
acteristic of MDS, without being specific for them,
while others show sufficient specificity to be useful
in confirming the diagnosis. Although the MDS are
heterogeneous they also have many features in

common. We will therefore describe these syn-
dromes as a group before discussing specific cat-
egories of disease. CMML will be discussed mainly
in the next chapter (see page 215). The other FAB
categories of MDS will be discussed in this chapter,
retaining the FAB definitions since the WHO
classification has been published only in outline.

Peripheral blood

Anaemia is seen in the great majority of patients.
Red cells are usually normochromic and either 
normocytic or macrocytic. In patients with sidero-
blastic erythropoiesis there is commonly a dimorphic
blood film with a mixture of a minority population of
hypochromic microcytes and a majority population
of normochromic cells which are either normocytic
or, more commonly, macrocytic; Pappenheimer
bodies, the nature of which can be confirmed with
an iron stain, may be present. Microcytosis is seen
in certain rare variants including acquired haemo-
globin H disease. Some patients have occasional cir-
culating erythroblasts which may include dysplastic
forms such as megaloblasts and, in patients with
sideroblastic erythropoiesis, ring sideroblasts.

Neutropenia is common, particularly in RAEB and
RAEB-T. Neutrophils often show dysplastic features

Table 4.6 The FAB classification of the myelodysplastic syndromes [1,2,8,26].

Category Peripheral blood Bone marrow

Refractory anaemia (RA) Anaemia* Blasts <5%, ringed 
or refractory cytopenia* Blasts ≤1% and sideroblasts ≤15%

Monocytes ≤1 × 109/l of erythroblasts
Refractory anaemia with Anaemia Blasts <5%, ringed
ringed sideroblasts (RARS) Blasts ≤1% and sideroblasts >15%

Monocytes ≤1 × 109/l of erythroblasts
Refractory anaemia with Anaemia
excess of blasts (RAEB) Blasts >1% or Blasts ≥5%

Blasts <5% and Blasts ≤20%
Monocytes ≤1 × 109/l

Chronic myelomonocytic Blasts <5% and Blasts up to 20%
leukaemia (CMML) Monocytes >1 × 109/l promonocytes

Granulocytes often often increased
increased

Refractory anaemia with excess of Blasts ≥5% or Auer rods in blasts in or Blasts
blasts in transformation (RAEB-T) blood or marrow >20%

but <30%

* Or in the case of refractory cytopenia, either neutropenia or thrombocytopenia.

Table 4.7 The WHO classification of the myelodysplastic
syndromes [5].

Refractory anaemia
With ringed sideroblasts
Without ringed sideroblasts

Refractory cytopenia with multilineage dysplasia
5q- syndrome
Refractory anaemia with excess blasts
Myelodysplastic syndrome, unclassifiable
Myelodysplastic syndromes, therapy-related

Alkylating agent-related
Epipodophyllotoxin-related



including reduced granulation and the acquired or
pseudo-Pelger–Huët anomaly. Hypogranular and
agranular neutrophils (Fig. 4.29) are consequent on
defective formation of secondary granules; agranular
neutrophils are highly specific for the MDS [27].
The acquired Pelger–Huët anomaly refers to hypo-
lobulation of nuclei associated with dense chromatin
clumping (Fig. 4.29); nuclei of mature neutrophils
may be completely non-lobed, dumb-bell or peanut-
shaped, or bilobed with the shape resembling a 
pair of spectacles. This abnormality resembles the
inherited Pelger–Huët anomaly, hence its name.
The acquired anomaly is highly characteristic of the

MDS and almost pathognomonic [27]. Eosinophil
and basophil counts are commonly reduced but, in
a small minority of patients, are increased; dysplas-
tic forms with abnormalities of either nuclear shape
or cytoplasmic granulation can occur. Monocytosis
is sometimes present and monocytes may show
cytological abnormalities such as increased cyto-
plasmic basophilia or nuclei of unusual shape. Blast
cells may be present in the peripheral blood in all
categories of MDS but particularly in RAEB and
RAEB-T. They usually have the cytological features
of myeloblasts with scanty cytoplasm and few 
granules. Auer rods are sometimes present. Other
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Fig. 4.29 PB film, MDS, showing
anisocytosis, poikilocytosis and two
pseudo-Pelger–Huët neutrophils,
one of which is also hypogranular.
MGG ×940.

Fig. 4.30 BM aspirate, RA,
showing a binucleate
micromegakaryocyte which is
budding platelets. MGG ×940.
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granulocyte precursors are quite uncommon in the
peripheral blood.

The platelet count is usually either normal or
reduced. In a minority of patients it is increased.
Dysplastic features which may be noted in platelets
include hypogranular and agranular forms (‘grey’
platelets) and giant platelets.

Patients with MDS have an increased incidence 
of auto-immune thrombocytopenia [28].

Bone marrow cytology

The bone marrow is hypercellular in the majority 
of patients but is sometimes normocellular and in
about 10% of patients is hypocellular. Hypercel-
lularity may be due to hyperplasia of erythroid or
granulocytic series or both.

Erythropoiesis may be normoblastic, macronor-
moblastic or megaloblastic. In patients with sidero-
blastic erythropoiesis there are some erythroblasts
with poorly haemoglobinized or vacuolated cyto-
plasm. Other dysplastic features may include: (i) 
binuclearity and multinuclearity; (ii) internuclear
bridges; (iii) nuclear lobulation; (iv) irregularity or
fragmentation of nuclei; (v) gigantism; (vi) increased
pyknosis; and (vii) basophilic stippling. The bone
marrow erythroid component (calculated from 
cellularity and the percentage of erythroblasts) has
been found to be predictive of response to therapy
with erythropoietin plus GM-CSF [29].

Granulopoiesis is usually hyperplastic. Defects of
granulation may be apparent from the promyelo-
cyte stage onwards and defects of nuclear lobulation
may also be present.

Megakaryocyte numbers are usually normal or
increased but sometimes decreased. One of the fea-
tures most specific for the MDS is the presence of
micromegakaryocytes [27], cells of about the size of
a myeloblast with one or two small round nuclei
(Fig. 4.30). Megakaryocytes may also be of nor-
mal size but have a large non-lobulated nucleus
(Fig. 4.31); this abnormality is less specific for MDS
but is characteristic of cases with 5q- as an acquired
chromosomal abnormality [30]. Other megakary-
ocyte abnormalities include bizarre nuclear shapes
and the presence of multiple separate nuclei. Poor
granulation of megakaryocyte cytoplasm is also com-
mon in the MDS and has been found to be highly
specific [31].

The bone marrow aspirate may show non-
specific abnormalities such as increased numbers 
of macrophages, sea-blue histiocytes, lymphocytes,
plasma cells or mast cells.

Cytochemistry

The cytochemical stain of most value is an iron stain.
This should be performed in all cases of suspected
MDS, in order to quantify iron stores and to detect
and enumerate ring sideroblasts and other abnormal

Fig. 4.31 BM aspirate, RA, 
5q- syndrome, showing a
megakaryocyte of normal size 
with a hypolobulated nucleus.
MGG ×940.



sideroblasts. Ring sideroblasts have iron-positive
granules in a circle close to the nuclear membrane
(Fig. 4.32). Other abnormal sideroblasts have scat-
tered iron-positive granules which are both larger
and more numerous than those of normal sidero-
cytes. Ring sideroblasts are highly suggestive of
MDS if the other known causes of sideroblastic 
erythropoiesis (see page 36) can be eliminated.
Abnormal sideroblasts, other than ring sideroblasts,
are common both in MDS and in other disorders of
erythropoiesis so are not useful in the differential
diagnosis of suspected MDS. Other cytochemical
stains are of use in identifying abnormal cells of

megakaryocyte lineages, in characterizing blasts
and in detecting Auer rods. MPO and SBB stains
will identify myeloblasts and may also show cells of
the neutrophil lineage to have defective primary
granules. Non-specific esterase stains are useful for
identifying monoblasts; non-specific esterase and
PAS stains are valuable for identifying abnormal
megakaryocytes.

Bone marrow histology

In the majority of cases the marrow is hypercellular
(Fig. 4.33), but a significant minority have a hypo-
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Fig. 4.32 BM aspirate, RARS,
showing numerous ring
sideroblasts, several of which 
can be seen to have defectively
haemoglobinized cytoplasm. 
Perls’ stain ×940.

Fig. 4.33 BM trephine biopsy
section, RA, showing marked
hypercellularity with
disorganization of haemopoiesis
and marked dyserythropoiesis.
Note the apoptotic erythroblasts
with peripheral condensation of 
their nuclear chromatin. Plastic-
embedded, H&E ×390.
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cellular marrow [32,33]. There may be considerable
variation of the cellularity between adjacent inter-
trabecular spaces [34]. In addition to cytological
evidence of dysplasia, there is derangement of nor-
mal architecture. In histological sections, dysplasia
is most obvious in the erythroid precursors and
megakaryocytes; however, the acquired Pelger–
Huët anomaly can be detected in good quality sec-
tions of paraffin-embedded material and, in good
plastic-embedded material, Auer rods may also 
be identified. Disturbance of normal architecture
results in groups of granulocytic precursors being
found in the central parts of intertrabecular spaces

(Fig. 4.34) and erythroid precursors and megakary-
ocytes in the paratrabecular regions. Erythroblastic
islands may be poorly formed or very large and 
erythroid precursors may be multinucleated or show
nuclear budding or fragmentation, megaloblastic
change or cytoplasmic vacuolation (Fig. 4.35). Mega-
karyocytic dysplasia is present in the vast majority
of cases and is usually more apparent in histological
sections than in marrow films. They are usually
increased in number and clustering is often seen
(Fig. 4.36). Typically, they have hypolobulated
nuclei which are often hyperchromatic; the small
dysplastic megakaryocytes are usually referred to as

Fig. 4.34 BM trephine biopsy
section, RAEB-T, showing
increased numbers of blasts
forming a small cluster (centre) 
(an abnormal localization of
immature precursors or ALIP).
Plastic-embedded, H&E ×970.

Fig. 4.35 BM trephine biopsy
section in MDS, showing numerous
immature erythroid cells including
a binucleate form; the erythroblasts
are not grouped into a compact
erythroid island. Paraffin-
embedded, Giemsa ×970.



micromegakaryocytes [33,35]. Emperipolesis is
increased [36]. Immunohistochemical staining with
anti-GpIIIa (CD61) and anti-GpIb (CD42b) may be
used to accentuate the abnormal megakaryocytes
(Fig. 4.37) [37]. Increased numbers of apoptotic
erythroid and granulocytic precursors are com-
monly seen in MDS consequent on ineffective
haemopoiesis (see Fig. 4.33) [38]. In a minority of
cases, haemopoietic cells, particularly megakary-
ocytes, are present within sinusoids [36]. Reticulin
fibrosis has been reported in a fifth [39] to almost a
half [33] of cases of MDS, as defined by the FAB

group. It is more common in chronic myelomono-
cytic leukaemia (now designated a myelodysplastic/
myeloproliferative disorder) than in other subtypes
[33,39]. The presence of reticulin fibrosis correlates
with megakaryocyte numbers and atypia [39].
Severe collagen fibrosis is rare in all subtypes
[33,39]. It is seen most often in secondary MDS.
Reticulin fibrosis correlates with unfavourable cyto-
genetic abnormalities and is indicative of a worse
prognosis. Other non-specific reactions are com-
monly seen including oedema, ectasia of sinusoids,
increased numbers of plasma cells and increased
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Fig. 4.36 BM trephine biopsy
section, RA, showing an aggregate
of dysplastic megakaryocytes.
Paraffin-embedded, H&E ×192.

Fig. 4.37 BM trephine biopsy
section, therapy-related MDS,
showing dysplastic small
megakaryocytes. Paraffin-
embedded, immunoperoxidase
with a CD61 monoclonal 
antibody ×970.
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numbers of lymphoid follicles. Haemosiderin-laden
macrophages are a frequent finding, particularly in
patients who have received transfusions.

One feature that has been the subject of much
debate is the significance of small groups of imma-
ture granulocytic precursors (promyelocytes and
myeloblasts) in a central position within intertra-
becular spaces (see Fig. 4.34). This has been termed
abnormal localization of immature precursors (ALIP).
Some studies have found this phenomenon to be 
an independent predictor of prognosis and to be
associated with an increased incidence of leukae-
mic transformation [40]. Although ALIP is more
frequent in the subtypes of myelodysplasia with
increased numbers of blasts in the marrow, several
recent studies have failed to confirm any inde-
pendent influence on prognosis [33,34,41]. Others,
however, have confirmed prognostic significance
independent of the blast percentage in an aspirate
[36] or in histological sections [42]. It should be
noted that it can be difficult, particularly in paraffin-
embedded sections, to distinguish between small
groups of immature erythroid precursors and the
clusters of immature cells of granulocytic lineage
that are seen in ALIP. Aggregates of immature 
erythroid cells, which can mistakenly be taken as
evidence of ALIP, can be distinguished by their 
positive reactions with antibodies to glycophorin or
spectrin, whereas the immature cells in ALIP may
react positively with CD68, antimyeloperoxidase and
antineutrophil elastase antibodies. Other histological

features found to be of poor prognostic significance,
in one study using multivariate analysis, were an
elevated blast percentage, increased haemosiderin,
megakaryocyte atypia and reduced erythropoiesis,
while increased mast cells were of good prognostic
significance [42].

Immunocytochemistry and flow cytometry in MDS

Immunophenotyping can be used to confirm the
lineage of any blast cells present but, in general,
immunophenotyping is of little value in MDS.

Immunohistochemistry

The value of immunohistochemistry in MDS can be
summarized as follows:
1 abnormal topography can be detected, e.g. the
presence of ALIP or the presence of erythroid cells
or megakaryocytes in a paratrabecular position;
2 immature cells in ALIP can be distinguished from
clusters of immature erythroid cells (Fig. 4.38);
3 abnormally large erythroid islands can be
identified;
4 micromegakaryocytes can be identified and the
presence of megakaryocyte clustering or dysplasia
highlighted (see Fig. 4.37);
5 prognostic information can be gained by the 
use of CD34 antibodies (Fig. 4.39)athe presence of
more than 1% of CD34-positive cells is indicative of
a worse prognosis in MDS as a whole and within the

Fig. 4.38 Trephine biopsy section
from a patient with RARS, showing
a clump of early erythroid cells that
can be distinguished from an ALIP
by their weak but definite reaction
with antiglycophorin. Paraffin-
embedded, immunoperoxidase,
antiglycophorin ×940.



RAEB category [43]; clusters of CD34-positive cells
are predictive of leukaemic transformation; and
6 making a distinction between hypocellular MDS
and aplastic anaemia can be facilitated (see below).

Cytogenetics and molecular genetics

The cytogenetic abnormalities associated with MDS
are heterogeneous. The most characteristic abnor-
malities are monosomies, deletions and unbalanced
translocations. Abnormalities often observed include
monosomy 5, monosomy 7, trisomy 8, del(5)(q),
del(7)(q), del(9)(q) and del(20)(q). In MDS second-
ary to alkylating agents, monosomies and deletions
of chromosomes 5 and 7 are common, whereas MDS
secondary to topoisomerase-II-interactive drugs is
characterized by balanced translocations with 3q26,
11q23 and 21q22 breakpoints.

Clonal cytogenetic abnormalities can confirm the
diagnosis of MDS. The type of abnormality found is
also of prognostic significance.

MDS is typically associated with multiple onco-
genic events, formation of fusion genes, mutations of
oncogenes and both mutation and loss of cancer sup-
pressing genes. Genes that may be mutated include 
N-RAS, p53, IRF1, BCL2, p15INK4b, EVI1 and MLL.

Problems and pitfalls

Diagnostic errors can result from a failure to assess
clinical features, peripheral blood and bone marrow

cytology, bone marrow histology and the results 
of cytogenetic analysis in all cases. Cytology and
histology are complementary in the investigation of
MDS since sometimes one will give information
that could not be gained from the other. For ex-
ample, ring sideroblasts and neutrophil dysplasia are
best detected in an aspirate, whereas ALIP is detected
only by means of trephine biopsy. Similarly, it is
sometimes cytogenetic analysis that permits an
unequivocal diagnosis when other features have
been suggestive of MDS but not pathognomonic.

Some cases of MDS have pathological features
that are strongly suggestive of the diagnosis. In
other patients the diagnosis of MDS is a presump-
tive one, based on the presence of features that are
characteristic but not diagnostic. In the latter group
the exclusion of other diagnoses is particularly
important. A careful clinical assessment is essential,
in order to exclude relevant systemic illness and
exposure to drugs, alcohol, heavy metals and growth
factors. Some of the non-neoplastic causes of bone
marrow dysplasia are discussed on page 392. Im-
portant pitfalls are relevant drug exposure that has
not been disclosed to the pathologist and unex-
pected HIV positivity.

If dysplastic features are confined to the erythroid
lineages, it is important to consider alternative causes
of dyserythropoiesis such as the congenital dysery-
thropoietic anaemias and various thalassaemic con-
ditions. Unstable haemoglobins are also sometimes
associated with quite marked dyserythropoiesis.
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Fig. 4.39 Trephine biopsy section
from a patient with RAEB showing
numerous CD34-positive immature
cells. Paraffin-embedded,
immunoperoxidase anti-CD34
×388.
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It can sometimes be difficult to distinguish mega-
loblastic erythropoiesis as a consequence of MDS
from that attributable either to a deficiency of vita-
min B12 or folic acid or to the administration of
drugs that interfere with DNA synthesis (Fig. 4.40).
A useful feature is the lack of associated white 
cell changesagiant metamyelocytes and hyperseg-
mented neutrophilsawhen megaloblastosis is a fea-
ture of MDS. However, it should be noted that white
cell abnormalities may be lacking in megaloblastic
erythropoiesis caused by drug exposure. Occasion-
ally cohesive clumps or sheets of erythroid cells, all

at a similar stage of maturation, can be confused
with infiltration by carcinoma cells (Fig. 4.41).

The differential diagnosis of RARS includes sider-
oblastic erythropoiesis secondary to drugs or heavy
metals (see page 397), copper deficiency (see page
397), the mitochondrial cytopathies (see page 407)
and thiamine-responsive anaemia with diabetes
mellitus and sensorineural deafness. The latter con-
dition may show granulocytic and megakaryocytic
dysplasia in addition to ring sideroblasts [44].

The differential diagnosis of hypoplastic AML and
hypoplastic MDS (Fig. 4.42) has been discussed on

Fig. 4.40 BM trephine biopsy
section from an HIV-positive
patient taking a high dose of
zidovudine. The patient had
megaloblastic erythropoiesis and a
cluster of early megaloblasts was
confused with ALIP; the linear
nucleoli of the megaloblasts are 
a clue to their true nature. 
Paraffin-embedded, H&E ×940.

Fig. 4.41 BM trephine biopsy
section from a patient with RARS
showing large sheets of dysplastic
erythroid cells separated by dilated
sinusoids; the growth pattern
appears so cohesive that the
appearance could be confused with
infiltration by carcinoma cells.
Paraffin-embedded, H&E ×94.



page 167. Immunohistochemistry has been found
to be of some value in making a distinction between
hypoplastic MDS and aplastic anaemia [45,46].
Cases of hypocellular MDS have been found to 
have higher numbers of CD34-positive cells and
cells expressing proliferating cell nuclear antigen
[45].

Lymphoid aggregates are sometimes present in
MDS, giving rise to a differential diagnosis with
non-Hodgkin’s lymphoma, particularly T-cell lym-
phoma, with associated dysplastic features. It should
also be remembered that some patients with lym-
phomatous infiltration of the bone marrow have

secondary dysplastic changes resembling those of
MDS (Fig. 4.43).

In the rare patients with MDS who present with
isolated thrombocytopenia it is sometimes difficult
to make a distinction from auto-immune throm-
bocytopenic purpura. Dysplastic features may be
very minor.

It should be noted that, even with a careful
assessment of clinical features and use of all avail-
able diagnostic methods, it may still not be possible
to make a firm diagnosis of MDS. In such patients
follow-up with regular review of the diagnosis is
necessary.
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Fig. 4.42 BM trephine biopsy
section from a patient with
hypoplastic MDS (RAEB) showing:
(a) a disorganized marrow of low
cellularity; (b) at higher power 
it is apparent that blast cells are
increased. Paraffin-embedded 
×388 and ×970.

(a)

(b)
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The FAB categories and other identified
subtypes of MDS

Refractory anaemia

RA is characterized by ineffective erythropoiesis,
with or without ineffective granulopoiesis and
thrombopoiesis but, as defined by the FAB group,
there are insufficient monocytes, blast cells or ring
sideroblasts for the case to qualify for inclusion in
other categories of MDS (see Table 4.6). RA is usu-
ally either an incidental diagnosis in the elderly or is
diagnosed because of symptoms of anaemia. Many
cases belonging to the FAB category of RA fall into
the WHO category of ‘refractory anaemia without
ringed sideroblasts’ but others are designated ‘5q-
syndrome’ (see below) or ‘refractory cytopenia with
multilineage dysplasia’.

Peripheral blood

Often morphological and numerical abnormalities
are confined to the erythroid series but some
patients, particularly those with secondary MDS,
manifest anomalies of other lineages. A minority of
patients have thrombocytosis.

Bone marrow cytology

The bone marrow is usually hypercellular as a result
of erythroid hyperplasia (Fig. 4.44). A minority of

patients show marked erythroid hypoplasia, some-
times with an apparent arrest of erythropoiesis 
at the proerythroblast stage. Erythropoiesis usually
shows dysplastic features but in some patients 
erythropoiesis is ineffective although dysplastic 
features are quite minor. Ring sideroblasts may 
be present but constitute no more than 15% of 
erythroblasts.

In RA the granulocyte series and megakaryocytes
may be apparently normal or may be hyperplastic
or dysplastic (see Figs 4.30 and 4.31).

Bone marrow histology

There are often no histological features of diagnostic
importance in trephine biopsies of patients with 
RA. The marrow is usually hypercellular but hypo-
cellular forms do occur. Erythroid hyperplasia and
dyserythropoiesis are usually present and are easily
seen in tissue sections (see Fig. 4.33). The granulo-
cytic series may appear relatively normal. Dysplastic
megakaryocytes are found in most cases; however,
they are not universally present and, in their
absence, the diagnosis of myelodysplasia may be
easily overlooked if the clinical and cytological 
features are not taken into account.

Refractory cytopenia

A small proportion of patients with MDS are 
not anaemic but have refractory neutropenia or

Fig. 4.43 BM trephine biopsy
section from a patient with low
grade T-cell lymphoma with
secondary myelodysplasia; small
hypolobulated megakaryocytes 
are apparent. Paraffin-embedded,
H&E ×376.



thrombocytopenia. The FAB group has recommended
that, if such cases lack the features of the other cate-
gories of MDS, they should be grouped with refrac-
tory anaemia and be designated refractory cytopenia.

Patients with refractory neutropenia show abnor-
malities predominantly of the neutrophil lineage,
while patients with refractory thrombocytopenia
have increased, dysplastic megakaryocytes and often
dysplastic platelets.

Refractory anaemia with ring sideroblasts

RARS is also referred to as primary acquired sider-
oblastic anaemia. The FAB group criteria for this
diagnosis are the presence of more than 15% of 
ring sideroblasts among bone marrow erythroblasts,
with monocytes and blast cells being insufficiently
increased to permit assignment to other MDS cate-
gories (see Table 4.6). In the WHO classification the
majority of cases fall into the category ‘refractory
anaemia with ring sideroblasts’ and a minority into
the category ‘refractory cytopenia with multilineage
dysplasia’. Sideroblastic anaemia is usually either 
an incidental diagnosis in the elderly or is diagnosed
because of symptoms of anaemia.

Peripheral blood

There is anaemia which is sometimes normocytic
but more often macrocytic. The film is dimorphic,
consequent on the presence of a minor population

of hypochromic and microcytic red cells. Occasional
cells contain Pappenheimer bodies. There may be a
small number of circulating erythroblasts, among
which may be some ring sideroblasts. Abnormal-
ities of neutrophils and platelets can occur but are
uncommon. A significant minority of patients have
thrombocytosis.

Bone marrow cytology

The bone marrow is usually hypercellular and
shows erythroid hyperplasia. Erythropoiesis is usu-
ally normoblastic or macronormoblastic. A propor-
tion of erythroblasts, which correspond to the ring
sideroblasts, are micronormoblasts or show defec-
tive haemoglobinization or cytoplasmic vacuola-
tion (Fig. 4.45). Other dysplastic features in red cells
are uncommon. Abnormalities may occur in other
lineages but they are uncommon except when the
MDS is secondary.

By definition, in RARS an iron stain shows that
more than 15% of erythroblasts are ring sidero-
blasts (see Fig. 4.32). They may be as frequent as 70
or 80% of erythroblasts and may be associated with
other abnormal sideroblasts. Iron stores are com-
monly increased.

Bone marrow histology

Trephine biopsy is not usually very useful in the
diagnosis of RARS. Bone marrow histology may be
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Fig. 4.44 BM aspirate, RA, 
showing erythroid hyperplasia and
hypogranular neutrophils; note a
dysplastic binucleated erythroblast.
MGG ×940.
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relatively normal with the only abnormality being
erythroid hyperplasia with large, poorly formed
erythroid islands. There is often an increase in stain-
able iron within macrophages. Ring sideroblasts can
be seen in plastic-embedded sections of trephine
biopsies and occasionally in paraffin-embedded 
marrow clot sections (Fig. 4.46); they are not visible
in sections of paraffin-embedded or other decal-
cified trephine biopsy specimens. The granulocytic
series is usually normal. Dysplastic megakaryocytes
are present in a minority of cases.

Refractory anaemia with excess of blasts

RAEB as defined by the FAB group (see Table 4.6)
has:
• either an increase of peripheral blood blasts to
more than 1% but less than 5%;
• or an increase of bone marrow blasts to at least
5% but not more than 20%;
• and no Auer rods;
• and a monocyte count of less than 1 × 109/l (or the
case falls into the CMML category) (see page 215).

Fig. 4.45 BM aspirate, RARS,
showing five erythroblasts, 
two of which show defectively
haemoglobinized, heavily
granulated cytoplasm. MGG ×940.

Fig. 4.46 BM clot section, RARS,
showing two ring sideroblasts with
blue iron-containing granules
arranged around the nucleus.
Paraffin-embedded, Perls’ 
stain ×970.



Diagnosis of RAEB usually follows the develop-
ment of symptoms of anaemia or the occurrence 
of bruising, bleeding or infection. This FAB cat-
egory corresponds to the WHO category ‘refractory
anaemia with excess blasts’.

Peripheral blood

The peripheral blood shows normocytic or macrocytic
anaemia and may also show some hypochromic
microcytic cells. In addition, there may be neu-
tropenia, mild monocytosis or thrombocytopenia.
Dysplastic features in neutrophils and platelets are
commonly present. There may be some circulat-
ing blasts which are usually, but not necessarily,
myeloblasts.

Bone marrow cytology

The bone marrow is usually hypercellular. Any 
or all lineages may be hyperplastic and trilineage
dysplasia is common. The percentage of blasts is
usually increased, although a case may qualify to 
be categorized as RAEB on the basis of increased
peripheral blood blasts alone. Erythropoiesis may
be sideroblastic but, because of the excess of blasts,
the case is categorized as RAEB rather than as
RARS.

An iron stain may show ring sideroblasts, other
abnormal sideroblasts and increased iron stores.
Either an MPO or a SBB stain should be performed

routinely both to confirm the lineage of the blasts
and to exclude the presence of Auer rods, which
would lead to the case being categorized as RAEB-T
(see below).

Bone marrow histology

Bone marrow biopsy is not usually essential for diag-
nosis but can give useful supplementary informa-
tion. The majority of cases have increased or normal
cellularity with only a small number of cases being
hypocellular. Dyserythropoiesis and megakaryocytic
dysplasia are seen in almost all cases (Fig. 4.47).
Blasts are increased in number but it is not uncom-
mon for the percentage of blasts seen in the biopsy
sections to be less than that observed in marrow
aspirates taken at the same time [33]. ALIP is seen
in most cases.

Refractory anaemia with excess of blasts in
transformation

As defined by the FAB group, the diagnosis of
RAEB-T requires that:
• either peripheral blood blasts are at least 5%;
• or bone marrow blasts are greater than 20% but
less than 30%;
• or there are Auer rods in blasts, either in the 
bone marrow or in the peripheral blood (see Table
4.6).

In practice, most cases have more than 20% blasts
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Fig. 4.47 BM trephine biopsy
section, RAEB, showing dysplastic
megakaryocytes including
micromegakaryocytes.
Plastic-embedded, H&E ×390.
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in the bone marrow whether or not they show the
other features. However, occasional cases are cat-
egorized as RAEB-T on the basis of one of the other
criteria alone. In the WHO classification, cases with
more than 20% bone marrow blasts would be cat-
egorized as AML rather than as MDS.

Patients with RAEB-T are almost always symp-
tomatic at diagnosis with bruising, bleeding, infec-
tion or symptoms of anaemia. Pallor, bruising,
hepatomegaly and splenomegaly are common.

Peripheral blood

Most patients have anaemia, neutropenia and throm-
bocytopenia and show morphological abnormalities
of all lineages. Some circulating blasts are usually
present and they may contain Auer rods. There may
be monocytosis, particularly in those patients in
whom the disease represents a transformation of
CMML rather than RAEB.

Bone marrow cytology

The bone marrow is usually hypercellular with tri-
lineage myelodysplasia, an increase of blasts and
sometimes Auer rods in the blasts. Sideroblastic 
erythropoiesis is not inconsistent with a diagnosis 
of RAEB-T.

Bone marrow histology

Trephine biopsy is not usually essential for diagnosis
but can give useful supplementary information. In
addition to trilineage dysplasia there is an increase
in numbers of blasts, often with ALIP. Reticulin
fibrosis has been reported to be less common than
in the other subtypes [33].

The 5q- syndrome

Among patients with MDS a group of patients 
can be delineated who have what is designated the
5q- syndrome. This entity is a specific category in 
the WHO classification. Patients tend to be middle-
aged or elderly women with a relatively good 
prognosis. Haemopoietic cells show an interstitial 
deletion of the long arm of chromosome 5 as a 
single acquired chromosomal anomaly. Such patients
most often have a refractory anaemia, often macro-

cytic, with or without ring sideroblasts and also
have characteristic megakaryocytes; these are more
than 30 µm in diameter but have non-lobulated
nuclei (see Fig. 4.31). The platelet count is usually
normal or even increased. The disease usually falls
into the RA category of the FAB classification but
sometimes into the RARS category.

Refractory macrocytosis

Occasional patients with myelodysplasia have refrac-
tory macrocytosis but are not anaemic and lack 
features which would lead to their being assigned to
any of the FAB categories of MDS. When erythro-
poiesis is clonal, they should be recognized as having
MDS and can reasonably be grouped with RA. With
long-term follow-up, anaemia and other features of
overt MDS develop.

Refractory sideroblastic erythropoiesis

Occasional patients are seen with primary acquired
sideroblastic erythropoiesis who lack anaemia and
other features which would allow them to be
assigned to one of the FAB categories of MDS [47].
Nevertheless, erythropoiesis is clonal and such
patients should be recognized as having MDS. They
can reasonably be grouped with RARS. With dis-
ease progression, anaemia occurs.

Secondary myelodysplasia

Myelodysplasia may be secondary to deliberate or
accidental exposure to mutagenic agents such as
cytotoxic chemotherapy, benzene and irradiation.
Such cases can be categorized according to the FAB
recommendations but, because they have distinctive
features, it is useful to consider them separately.
Secondary MDS usually occurs at a younger age
than primary MDS and has a much worse prognosis.
Bone marrow failure and evolution to acute leukae-
mia occur much earlier. Many cases of secondary
MDS fall into the WHO category of ‘AML and
myelodysplastic syndromes, therapy-related’.

Peripheral blood

Abnormalities in the peripheral blood are usually
more marked than in primary MDS. Even cases



which fall into the RA and RARS categories 
commonly show neutropenia, thrombocytopenia,
monocytosis and evidence of trilineage dysplasia.

Bone marrow cytology

The bone marrow may be hypercellular but is 
often hypocellular. A poor aspirate may be obtained
because of associated bone marrow fibrosis. Obvi-
ous trilineage myelodysplasia is common, even in
cases which meet the criteria for RA and RARS.
There are usually at least some ring sideroblasts.
Hypogranular neutrophils, pseudo-Pelger–Huët neu-
trophils and micromegakaryocytes are also common.

Bone marrow histology

Because of the frequent difficulty experienced in
obtaining a good aspirate, trephine biopsy is often
important in diagnosis. The cellularity is more vari-
able than in primary myelodysplasia and stromal
injury may be prominent, with disruption of fat
cells and extravasation of non-nucleated red cells
into the interstitium. There is often a marked increase
in reticulin and, in contrast to primary myelodys-
plasia, there may be collagen fibrosis. There is often
a severe degree of dysplasia affecting all three lin-
eages with numerous micromegakaryocytes.

Malignant histiocytosis

Malignant histiocytosis is a disease caused by the
proliferation in tissues of a neoplastic clone of cells
of monocyte/macrophage lineage; the abnormal
cells show variable phagocytic activity. This disease
may be regarded as the tissue counterpart of acute
monocytic leukaemia. It differs from monocytic 
sarcoma in that the cells of the neoplastic clone 
are widely distributed in peripheral tissues rather
than forming localized tumours. This disease is not
specifically recognized by the WHO classification
and would fall into the category ‘histiocytic neo-
plasms, unclassifiable’.

It appears likely that, in the past, a significant 
proportion of diagnoses of malignant histiocytosis
[48,49] or of histiocytic medullary reticulosis [50]
(usually regarded as a form of the same disease)
were actually misdiagnoses [51–55]. The majority
of cases misinterpreted as malignant histiocytosis

were either reactive histiocytosis consequent on
viral or other infections or reactive histiocytosis
occurring as a response to large cell anaplastic 
lymphoma and other T-lineage lymphomas. A less
common cause of confusion is a T-cell lymphoma in
which the lymphoma cells are themselves phago-
cytic [56]. It is important that the term malignant
histiocytosis be restricted to cases in which neoplastic
cells are of monocyte lineage. The term histiocytic
medullary reticulosis is probably best abandoned
since the recent availability of immunophenotyping
and other techniques has led to the recognition
that, in the great majority of cases, the histiocytic
proliferation and florid haemophagocytosis were
secondary to a T-cell lymphoma [54,55] or a viral
infection [53]. The reactive haemophagocytic syn-
dromes are discussed further on pages 119–123.

The diagnosis of malignant histiocytosis rests on
clinical, histological, cytochemical and immuno-
phenotypic grounds. Neoplastic cells are primitive
and, although phagocytosis occurs, it is not promi-
nent [51]. Neoplastic cells can be demonstrated, by
cytochemical staining or immunophenotyping, to
belong to the monocyte lineage and not to the T-
lymphocyte lineage whereas, in haemophagocytic
syndromes consequent on a T-cell lymphoma, there
is an admixture of reactive mature phagocytic histi-
ocytes and immature neoplastic cells of lymphoid
lineage [54].

Common clinical features of malignant histiocy-
tosis are hepatomegaly, splenomegaly, lymphadeno-
pathy, skin infiltration and systemic symptoms such
as malaise, fever and weight loss.

Peripheral blood

Pancytopenia is common. Small numbers of imma-
ture cells of monocyte/macrophage lineage may be
present in the blood (Fig. 4.48).

Bone marrow cytology

At the onset of disease, the bone marrow may show
minimal or no infiltration by neoplastic cells. With
more advanced disease there may be heavy infiltra-
tion (Fig. 4.49). The majority of neoplastic cells have
the morphological features of monoblasts or, in
older terminology, ‘reticulum cells’. Cells are large
and usually have a round nucleus with nucleoli and
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a diffuse chromatin pattern. Cytoplasm is plentiful
and moderately basophilic. A variable number of
maturing cells with kidney-shaped nuclei and more
abundant cytoplasm are also present [51]. Some
cells are phagocytic and are seen to have ingested
granulocytes and their precursors, erythroblasts and
platelets; however, phagocytosis is much less marked
than in reactive haemophagocytosis.

Bone marrow histology

Bone marrow infiltration has been reported to be
more commonly detected by trephine biopsy than

by bone marrow aspiration [57]. The bone marrow
may appear normal at the time of diagnosis or may
show a mild focal infiltrate of neoplastic cells. There
may be intrasinusoidal neoplastic cells [58]. In the
later stages of the disease diffuse replacement of
haemopoietic tissue commonly occurs (Fig. 4.50)
[49,59,60]. The infiltrate is largely composed of
immature cells with large pleomorphic nuclei which
may be lobulated and contain prominent nucleoli;
there are moderate amounts of basophilic cytoplasm.
Mitoses are usually numerous. A variable compo-
nent of more mature cells of monocytic lineage may
be present.

Fig. 4.48 PB, malignant
histiocytosis, showing anaemia,
thrombocytopenia and three
abnormal cells of monocyte
lineage, one of which has a
phagocytic vacuole. MGG ×940.

Fig. 4.49 BM aspirate, malignant
histiocytosis associated with
t(9;11)(p22;q23). MGG ×376.
(By courtesy of Dr R Brunning,
Minneapolis.)



Genetics and cytogenetics

Some cases of malignant histiocytosis have been
associated with translocations that are also associ-
ated with AML with monocytic differentiation,
such as t(9;11)(p22;q23) [60] and t(8;16)(p11;p13).

Problems and pitfalls

The diagnosis of malignant histiocytosis is fraught
with pitfalls and should be made with great circum-
spection. A minor degree of haemophagocytosis
may be seen but marked haemophagocytosis sug-
gests an alternative diagnosis. In children, familial
or sporadic lymphohistiocytosis is likely and investi-
gation for herpesvirus infection is indicated. In
adults, reactive haemophagocytosis is often caused
by mycobacterial or herpesvirus infection or by a 
T-cell lymphoma. Molecular analysis to demonstrate
T-cell receptor gene rearrangement can be useful.
Cytogenetic analysis is indicated if malignant his-
tiocytosis appears a likely diagnosis, since it may
confirm the diagnosis.

True histiocytic lymphoma

True histiocytic lymphoma initially presenting at
extramedullary sites may subsequently infiltrate the
bone marrow. The patterns of infiltration reported
are interstitial, patchy focal and diffuse [61]. In the

WHO classification the designation ‘histiocytic sar-
coma’ is used.

Langerhans’ cell histiocytosis

Langerhans’ cell histiocytosis, previously known as
histiocytosis X, is a heterogeneous disease or group
of diseases characterized by proliferation of Langer-
hans’ cells [62]. Recent evidence suggests that the
proliferation is clonal and neoplastic [63]. Localized
and disseminated forms occur. Haematological
involvement occurs in the disseminated forms of
the disease, which in the past have been referred to
by the eponymous terms Letterer–Siwe disease of
infants and Hand–Schüller–Christian disease. Bone
marrow infiltration is seen mainly in infants and
children.

Peripheral blood

The peripheral blood may be normal or there may
be pancytopenia as a consequence either of hyper-
splenism or of bone marrow infiltration. Rarely, a
leukaemia of Langerhans’ cells occurs.

Bone marrow cytology

The bone marrow aspirate may show Langerhans’
cells together with a mixed population including
eosinophils, monocytes, lipid-laden macrophages,
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Fig. 4.50 BM trephine biopsy
section, malignant histiocytosis
(same case as in Fig. 4.49). Paraffin-
embedded, H&E ×188. (By courtesy
of Dr R Brunning, Minneapolis.)
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lymphocytes and plasma cells [64,65]. Haemo-
phagocytosis may occur. Langerhans’ cells are large
and slightly irregular in shape. The nucleus is 
somewhat irregular and sometimes grooved with
delicately clumped chromatin and inconspicuous
nucleoli (Fig. 4.51). The cytoplasm is weakly
basophilic with occasional azurophilic granules.
Ultrastructural examination demonstrates Birbeck
granules.

Cytochemistry

Langerhans’ cells show tartrate-resistant acid phos-
phatase activity [66] and are negative for non-
specific esterase.

Immunophenotyping

Langerhans’ cells are positive for CD1a and 
HLA-DR.

Bone marrow histology

In those cases with marrow involvement, the bone
marrow contains clusters or sheets of Langerhans’
cells together with eosinophils, neutrophils, lym-
phocytes, plasma cells, monocytes, phagocytic
macrophages, lipid-laden macrophages and giant
cells (Fig. 4.52). Xanthomatous transformation and
fibrosis may occur [64,65]. Langerhans’ cells have a

characteristic appearance; the nuclei are usually
convoluted or twisted and longitudinal grooves
may be present.

Immunohistochemistry

Immunohistochemical staining shows Langerhans’
cells to express S100 protein, although only a small
proportion of cells may stain positively in some
cases. Staining with the lectin, peanut agglutinin,
gives a characteristic staining pattern of a cytoplas-
mic halo with a paranuclear dot. Langerhans’ cells
are positive for vimentin and CD1a. Positivity for
CD1a is currently the most reliable immunopheno-
typic marker of Langerhans’ cells; the value of new
anti-TRAP monoclonal antibodies remains to be
established.

Genetics and cytogenetics

A familial tendency to the development of Langer-
hans’ cell histiocytosis has been described [67]. A
clonal cytogenetic abnormality, t(7;12)(q11.2;p13),
has been reported in a single case of eosinophilic
granuloma [68].

Problems and pitfalls

It should be noted that Langerhans’ cell histiocytosis
often causes focal lesions, even when widespread

Fig. 4.51 BM aspirate in
Langerhans’ cell histiocytosis. 
MGG ×940. (By courtesy of 
Dr R Brunning, Minneapolis.)



throughout the skeleton, and a targeted biopsy of a
radiologically suspicious lesion may be more infor-
mative than a standard iliac crest trephine biopsy.

Langerhans’ cell histiocytosis has been confused
with systemic mastocytosis, hairy cell leukaemia
and malignant melanoma. Careful assessment of
cytological features, supplemented by immunohis-
tochemistry, will resolve difficulties.
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peripheral blood features than on bone marrow
cytology or histology; consideration of cytogenetic
and molecular characteristics may also be necessary.

An expert group convened by the WHO has 
proposed a classification of the myeloproliferative
diseases and of the overlap myelodysplastic/myelo-
proliferative diseases which is shown in Table 5.1
[1]. We shall follow this classification although we
do not accept the proposed terminology in its
entirety. The important features of this classification
are the recognition of a group of conditions in
which there are features of both myelodysplasia
and myeloproliferation and the assignment of
chronic myelomonocytic leukaemia (CMML) to
this group rather than to the MDS. The classification
of myelodysplastic/myeloproliferative disorders in

FIVE

CHRONIC
MYELOPROLIFERATIVE AND
MYELOPROLIFERATIVE/
MYELODYSPLASTIC DISORDERS

The myeloproliferative disorders (MPD) are a group
of diseases which have in common that they result
from proliferation of a clone of myeloid cells derived
from a neoplastic precursor. Evidence suggests 
that, even when differentiation is predominantly to
cells of a single lineage, the disorder has arisen in 
a multipotent myeloid stem cell or, at least in 
some cases, in a pluripotent stem cell capable of 
giving rise to cells of both myeloid and lymphoid
lineages. In MPD, maturation of neoplastic cells is
relatively normal and cells retain some responsive-
ness to normal physiological controls; for this rea-
son, they may be regarded as relatively benign
neoplasms. However, this group of conditions
shows a greater or lesser propensity to evolve into a
malignant neoplasm, resembling acute leukaemia,
which rapidly leads to death. In the case of chronic
granulocytic leukaemia (CGL), acute transforma-
tion is very frequent and occurs at a median interval
of only 2–3 years. Polycythaemia rubra vera (PRV),
idiopathic myelofibrosis and systemic mastocytosis
undergo acute transformation less often and usu-
ally after a longer chronic phase. An acute phase 
is least frequent in essential thrombocythaemia
(ET).

The MPD differ from the myelodysplastic syn-
dromes (MDS) in that, early in the course of the 
disease, haemopoiesis is effective with overproduc-
tion of cells of at least one lineage. Dysplastic fea-
tures are either absent or not prominent. However,
with disease progression, haemopoiesis may become 
ineffective and dysplastic features may appear. Occa-
sionally patients are seen with a condition which
cannot be readily assigned to one or other category
of disease because of the presence of both myelo-
proliferative and myelodysplastic features.

It should be noted that the correct diagnosis and
classification of MPD are often more dependent on
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Table 5.1 The WHO classification of the
myeloproliferative and myelodysplastic/
myeloproliferative diseases.

Myeloproliferative diseases
Chronic myelogenous leukaemia, Philadelphia

chromosome positive (t(9;22)(q34;q11), BCR/ABL)
Chronic neutrophilic leukaemia
Chronic eosinophilic leukaemia/hypereosinophilic

syndrome
Chronic idiopathic myelofibrosis
Polycythaemia vera 
Essential thrombocythaemia
Myeloproliferative disorders, unclassifiable

Myelodysplastic/myeloproliferative disorders
Chronic myelomonocytic leukaemia
Atypical chronic myelogenous leukaemia
Juvenile myelomonocytic leukaemia
Other myelodysplastic/myeloproliferative disorders,

unclassifiable



childhood has been simplified, in accordance with
the views of other expert groups. The WHO classi-
fication does not recognize systemic mastocytosis 
as an MPD but instead assigns it to a new group 
designated ‘mast cell diseases’.

Myeloproliferative disorders

Chronic granulocytic leukaemia

Philadelphia-positive chronic myeloid leukaemia 
is a distinct, easily recognizable disease. We prefer
the designation ‘chronic granulocytic leukaemia’,
which has the advantages of brevity and clarity, to
the rather cumbersome term, ‘chronic myelogen-
ous leukaemia, Philadelphia chromosome positive
(t(9;22)(q34;q11)BCR/ABL)’, suggested by the WHO
group. CGL is an uncommon condition resulting
from the neoplastic proliferation of an early haemo-
poietic precursor cell that can differentiate into cells
of granulocyte, monocyte, erythroid, megakaryocyte
and, under certain circumstances, lymphoid lineages.
Approaching 95% of patients with CGL have an
acquired chromosomal abnormality in the leukaemic
clone consisting of a reciprocal translocation be-
tween the long arms of chromosomes 9 and 22,
t(9;22)(q34;q11); the abnormal chromosome 22 is
designated the Philadelphia (Ph) chromosome. As a
result of this translocation, a hybrid gene is formed
from the Abelson (ABL) oncogene, carried on the
long arm of chromosome 9, and the breakpoint
cluster region (BCR) gene on chromosome 22. The
majority of patients with Ph-negative CGL, which 
is identical to the Ph-positive disease in all other
respects, have been found to have a BCR-ABL fusion
gene using molecular techniques, despite the absence
of a 9;22 translocation [2]. This is not the case with
Ph-negative atypical chronic myeloid leukaemia
(aCML) (see below).

CGL is very largely a disease of adult life. The
overall incidence is 1–2/100 000/year with a slow
increase occurring with increasing age. The disease
is more common in men than in women with 
a male:female ratio of about 1.5:1. Patients may 
present with the symptoms of anaemia, splenic 
pain or, rarely, leucostasis due to a very high white
cell count. However, because of the insidious onset 
of the disease, many patients have only minor
symptoms at the time of diagnosis. Occasionally,

the disease is diagnosed from a routine blood count
in an asymptomatic patient.

Physical examination reveals splenomegaly, al-
though this is not usually marked until the white cell
count exceeds 100 × 109/l. Hepatomegaly is also
common.

Although initially the disease pursues a chronic
course, in which patients are often maintained in
reasonably good health, the prognosis is very poor
because of almost invariable transformation to an
acute leukaemia which is refractory to treatment.
Acute transformation is often preceded by an accel-
erated phase in which the disease becomes resistant
to therapy. The median survival in CGL, in the
absence of treatment, is about 2.5 years. Unless 
allogeneic stem cell transplantation is carried out,
median survival with currently available treatments
is of the order of 5 years.

Assessment of peripheral blood features is of
major importance in the diagnosis of CGL; bone
marrow cytological and histological features are of
lesser importance.

Peripheral blood

The total white cell count is elevated, usually to
between 20 and 500 × 109/l. The predominant cell
types in the peripheral blood are neutrophils and
myelocytes (Fig. 5.1); immature granulocytic cells
are also present with blasts and promyelocytes usu-
ally being less than 10–15% of cells [3]. Basophils
are almost invariably increased and the absolute
eosinophil count is increased in the great majority of
patients; some eosinophil and basophil myelocytes
are present. Granulocytes show normal maturation.
A normocytic, normochromic anaemia is usual. The
platelet count is usually normal or elevated, but does
not often exceed 1000 × 109/l. Occasional patients
have thrombocytopenia. Some giant platelets are
usually present and occasional bare megakaryocyte
nuclei are seen.

During successful chronic phase treatment, the
peripheral blood count and film usually become
almost normal, although a degree of basophilia 
and occasional immature granulocytes may persist.
Patients presenting with or developing extensive
bone marrow fibrosis have marked anisocytosis and
poikilocytosis with prominent teardrop poikilocytes.
The accelerated phase may be marked by increasing
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basophilia, persistent leucocytosis or the reappear-
ance of anaemia. Acute transformation may follow
an accelerated phase or the appearance of features
of bone marrow fibrosis or be heralded by the ap-
pearance of dysplastic features (such as the acquired
Pelger–Huët anomaly of neutrophils or the pres-
ence of circulating micromegakaryocytes) or there
may be the abrupt appearance of increasing numbers
of circulating blasts in a previously stable patient.

Acute transformation is myeloid in about two
thirds of cases and lymphoblastic or mixed in the
remainder. Myeloblasts may show neutrophil or
basophil differentiation. Megakaryoblastic transfor-
mation is not uncommon. Rarely, transformation is
monoblastic, eosinophilic, hypergranular promye-
locytic or erythroblastic. Alternatively, there may
be hybrid cells with both basophil and mast cell 
features. Often a single patient has blasts of diverse
types, usually a mixture of megakaryoblasts and
myeloblasts, but occasionally a mixture of lym-
phoblasts and blasts of myeloid lineage. As the
number of blast cells in the blood increases, there is
a gradual disappearance of mature cells and anaemia
and thrombocytopenia develop. The presence of
more than 20% circulating blasts is an acceptable
criterion for a diagnosis of acute transformation.

The neutrophil alkaline phosphatase score can be
useful in confirming a diagnosis of CGL since it is
low in about 95% of cases. However, cytochemistry

is redundant when cytogenetic and molecular
genetic techniques are available.

Bone marrow cytology

In the chronic phase of CGL the bone marrow is
intensely hypercellular with granulocytic and often
megakaryocytic hyperplasia (Fig. 5.2). The mye-
loid:erythroid ratio is greater than 10:1, usually of
the order of 25:1 [2]. Precursors of neutrophils,
eosinophils and basophils are all increased. Cellular
maturation is normal. Erythropoiesis is reduced 
but morphologically normal. The average size and
lobulation of megakaryocytes is reduced but micro-
megakaryocytes with one or two small round
nuclei, as seen in the MDS, are not usually a feature
of the chronic phase of CGL. As a consequence 
of the increased cell turnover, there is often an
increase of macrophages and various storage cells
(see below).

During the accelerated phase, the bone marrow
may show increasing basophilia, some increase of
blast cells or the appearance of dysplastic features.
Bone marrow aspiration may become difficult or
impossible because of increasing bone marrow
fibrosis.

With the onset of acute transformation, the bone
marrow is steadily replaced by blasts showing the
usual cytological features of the lineage in question.

Fig. 5.1 PB, Ph-positive CGL,
showing neutrophils and their
precursors and one basophil. 
MGG ×940.



Acute transformation can be diagnosed if bone mar-
row blasts exceed 20%.

Bone marrow histology [4–8]

The marrow is hypercellular with loss of fat cells
(Figs 5.3 and 5.4). In most cases more than 95% of the
marrow cavity is occupied by haemopoietic cells.
There is a marked increase in granulocytic precur-
sors with a variable degree of left shift. The normal
topographic relationship of haemopoiesis is retained,
with granulopoiesis occurring predominantly in the

paratrabecular, peri-arterial and pericapillary areas,
although the more mature granulocytic precursors
extend into the central areas of intertrabecular mar-
row. The increased numbers of basophils are not
detected on histological sections because of dissolu-
tion of their granules during processing. Eosinophil
precursors are increased in the majority of cases. A
feature that may be helpful in distinguishing CGL
from a leukaemoid reaction with granulocytic
hyperplasia is that in CGL there is loss of fat cells
from the very earliest stages of the disease; the loss
of paratrabecular fat cells is marked, whereas it has
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Fig. 5.2 BM aspirate, Ph-positive
CGL, showing hyperplasia of all
granulocytic lineages and a clump
of megakaryocytes with
hypolobulated nuclei. MGG ×377.

Fig. 5.3 BM trephine biopsy
section, CGL, showing a packed
marrow with marked granulocytic
hyperplasia. Plastic-embedded,
H&E ×97.
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been claimed that these are often preserved in a
leukaemoid reaction [8].

Megakaryopoiesis and, to a lesser extent, erythro-
poiesis occur in the perisinusoidal areas. There may
be some megakaryocytes within sinusoids and also
some near bony trabeculae [9]. Megakaryocytes 
are usually increased in number, often forming
small clusters of cells; in some cases this is a striking
feature. The average size and nuclear lobe count 
of megakaryocytes are decreased (Figs 5.5 and 5.6).
The megakaryocytic morphology is variable, with
most patients having both relatively normal forms
and smaller cells with small, hypolobulated nuclei. 

It has been suggested that cases with marked
megakaryocytic proliferation, often accompanied
by fibrosis, should be distinguished from CGL and
classified as chronic megakaryocytic granulocytic
myelosis. However, this distinction is arbitrary and
unnecessary since such cases, when they are Ph-
positive, do not differ clinically in any important
respect from other cases of CGL [7,10].

Increased numbers of mast cells and plasma 
cells are commonly seen, usually in a perivascular
position. Pseudo-Gaucher cells may be seen (see
Fig. 9.34); these are macrophages which contain
phagocytosed glycolipids and also haemosiderin;

Fig. 5.4 BM trephine biopsy
section, CGL, showing granulocytic
hyperplasia with left shift. Plastic-
embedded, H&E ×390.

Fig. 5.5 BM trephine biopsy
section, CGL with prominent
megakaryocytic component,
showing increased numbers 
of megakaryocytes with
hypolobulated nuclei and
granulocytic hyperplasia. 
Plastic-embedded, H&E ×195.



they are formed as a consequence of increased cell
turnover. Sea-blue histiocytes may also be found
(see page 420). Marrow necrosis is uncommon and,
when present, is usually a sign of impending blast
transformation.

Reticulin is usually increased and occasionally
the fibrosis is severe enough to cause confusion
with primary (idiopathic) myelofibrosis [11] (see
page 202). Fibrosis is more common in cases with
marked megakaryocytic proliferation [6] (Fig. 5.7).
It may be present at the time of diagnosis although it
is seen more often in the later stages of the disease.

There may be progressive reticulin deposition during
therapy. This is greater during interferon therapy
than during busulphan therapy [12]. During hydroxy-
urea therapy reticulin fibrosis may regress [13].
Heavy reticulin deposition may predict impending
blast transformation. Severe fibrosis may be accom-
panied by osteosclerosis.

Prognostic features in chronic phase CGL include
the number of megakaryocytes and the degree of
reticulin and collagen fibrosis (indicative of worse
prognosis) and the proportion of erythroid precur-
sors (indicative of a better prognosis) [14].

196 CHAPTER FIVE

Fig. 5.6 BM trephine biopsy
section, CGL with prominent
megakaryocytic component,
showing granulocytic hyperplasia
and numerous megakaryocytes
with hyperchromatic,
hypolobulated nuclei. 
Plastic-embedded, H&E ×390.

Fig. 5.7 BM trephine biopsy
section, CGL with fibrosis, showing
marked collagen fibrosis and
‘streaming’ of haemopoietic cells
including numerous hypolobulated
megakaryocytes. Plastic-embedded,
H&E ×195.
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Accumulation of immature granulocytic precur-
sors (myeloblasts and promyelocytes) in the para-
trabecular (Fig. 5.8) and perivascular regions often
precedes transformation to an acute phase [15].

Blast transformation [16–19] may involve part or
all of a trephine biopsy specimen. Areas of involve-
ment contain sheets of blasts, which usually have 
a single prominent nucleolus and often show 
considerable pleomorphism. In megakaryoblastic
transformation there are usually large numbers of
dysplastic megakaryocytes, often with bizarre mor-
phology, in addition to numerous megakaryoblasts.
Otherwise it is often not possible to determine the
lineage of blasts from H&E-stained sections. Moder-
ate or severe myelofibrosis is seen in approximately
40% of cases of both myeloid and lymphoid trans-
formation and is an almost universal finding in mega-
karyoblastic transformation. Myelofibrosis may make
marrow aspiration impossible so that a biopsy is
necessary to establish the diagnosis of blast trans-
formation. Acute transformation can be diagnosed
if trephine biopsy sections show extensive focal
infiltration by blast cells, even if peripheral blood
and bone marrow aspirate blast cells are less than
20%.

Immunohistochemistry is of limited value during
the chronic phase of the disease but can be useful in
the accelerated phase and in blast transformation. 
A monoclonal antibody directed at CD34 can be

useful in identifying blasts in accelerated phase and
early transformation [20]. Immunohistochemistry
can also be useful to confirm megakaryoblastic
transformation and to distinguish between myeloid
and lymphoid transformations.

Cytogenetics and molecular genetics

CGL is typically associated with t(9;22)(q34;q11)
and with formation of a BCR-ABL fusion gene. The
BCR-ABL fusion gene encodes a 210-kDa protein
with tyrosine kinase activity which is thought to
have an important role in the pathogenesis of the
disease. BCR-ABL fusion can also result from variant
and complex translocations and from cryptic 
chromosomal rearrangements. The diagnosis of
CGL cannot be sustained if BCR ABL is lacking. The 
diagnosis can be confirmed by conventional cytoge-
netics, fluorescence in situ hybridization or reverse
transcriptase polymerase chain reaction.

A significant minority of patients with CGL have,
in addition to t(9;22), a fairly large deletion of chro-
mosome 9 sequences centromeric to the ABL gene
[21]. This has been found to correlate with a worse
prognosis.

The accelerated phase and acute transforma-
tion are often associated with cytogenetic evolu-
tion. Extra cytogenetic abnormalities often include
i(17)(q) and further copies of the Ph chromosome.

Fig. 5.8 BM trephine biopsy
section, CGL in accelerated phase,
showing accumulation of blasts in 
a broad paratrabecular band.
Plastic-embedded, H&E ×195.



Problems and pitfalls

The chronic phase of CGL is so characteristic that, as
long as peripheral blood as well as bone marrow
features are considered, misdiagnosis is unlikely.
However, it is important to identify also Ph-positive
cases presenting as ‘essential thrombocythaemia’
(see page 212). In patients who present already 
in accelerated phase (Fig. 5.9) or acute trans-
formation, diagnosis is more difficult. Cases can be 
confused with aCML or with acute leukaemia.
Cytogenetic and molecular genetic analysis is then
of crucial importance. In an appropriate context,

the molecular abnormality is a defining feature of
CGL.

Chronic neutrophilic leukaemia

Chronic neutrophilic leukaemia is a rare condition,
occurring mainly in the elderly. Familial cases have
been reported [22].

Peripheral blood

The peripheral blood shows an increase in mature
neutrophils (Fig. 5.10) without any eosinophilia or
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Fig. 5.9 Section of BM trephine
biopsy specimen from a patient
presenting in accelerated phase 
of CGL, showing granulocytic
dysplasia, megakaryocytic
hyperplasia and dysplasia and
osteomyelofibrosis. The correct
diagnosis was revealed by
cytogenetic analysis which showed
normal metaphases, a clonal
population with t(9;22) as the sole
abnormality and a daughter clone
showing cytogenetic evolution.
Paraffin-embedded, H&E ×188.

Fig. 5.10 PB film in chronic
neutrophilic leukaemia, showing
an increase of mature neutrophils.
MGG ×940.
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basophilia and with very few neutrophil precursors.
Some cases have shown heavy neutrophil granula-
tion and others dysplastic features.

Bone marrow cytology

The bone marrow (Fig. 5.11) is hypercellular with
hyperplasia of the neutrophil lineage and with no
disproportionate increase in immature cells.

Bone marrow histology

The bone marrow is hypercellular with neutrophilic
hyperplasia.

Cytogenetics and molecular genetics

No specific cytogenetic or molecular genetic 
abnormality has been recognized in association
with this disease. Clonal abnormalities described
have included trisomy 8, trisomy 9, del(11)(q) and
del(20)(q).

Problems and pitfalls

A distinction should be drawn between chronic
neutrophilic leukaemia, which is Ph-negative, and
the neutrophilic variant of CGL, which is Ph chro-
mosome and BCR-ABL positive, but is associated

with a p230 rather than p210 BCR-ABL protein.
The distinction is based on cytogenetic and molecu-
lar genetic features rather than on cytology.

A neutrophilic leukaemoid reaction can occur 
in association with multiple myeloma (Fig. 5.12)
and monoclonal gammopathy of undetermined
significance [23]. It is prudent to investigate patients
with apparent neutrophilic leukaemia for the pres-
ence of a paraprotein to avoid misdiagnosis of this
leukaemoid reaction as neutrophilic leukaemia.

Chronic eosinophilic leukaemia

Chronic eosinophilic leukaemia is a subtype of
chronic myeloid leukaemia (CML) in which differ-
entiation is entirely or predominantly to eosinophils.
The leukaemic clone can arise either from a multi-
potent haemopoietic stem cell or from a pluripotent
lymphoid–myeloid stem cell. Eosinophilic leukaemia
must be distinguished from reactive eosinophilia
which is secondary to another disorder, such as
allergy, a parasitic infection or a non-haemopoietic
neoplasm. Clinical features of eosinophilic leukaemia
may include hepatosplenomegaly and anaemia but,
in addition, there may be tissue damage as a con-
sequence of release of eosinophil granule contents.
Such tissue damage often includes damage to the
myocardium and endocardium with consequent
heart failure.

Fig. 5.11 BM aspirate in chronic
neutrophilic leukaemia, showing
an increase of neutrophils and
precursors; neutrophils appear
hypogranular and have nuclear
projections. MGG ×940.



Peripheral blood

The blood film shows increased eosinophils and
sometimes increased neutrophils or monocytes. In
some patients there are circulating blast cells. The
eosinophils may be cytologically normal or may show
abnormalities such as degranulation, cytoplasmic
vacuolation, hypolobulation or hyperlobulation.

Bone marrow cytology

The bone marrow aspirate (Fig. 5.13) shows an
increase of eosinophils and their precursors. Blast
cells may be increased but are less than 20%. 

The eosinophil myelocytes may contain some pro-
eosinophilic granules which have basophilic staining
characteristics.

Bone marrow histology

The trephine biopsy shows increased eosinophils
and eosinophil precursors, with or without an
increase in blast cells (Fig. 5.14).

Cytogenetics and molecular genetics

A number of specific cytogenetic and molecular
genetic abnormalities have been associated with
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Fig. 5.12 Film of BM aspirate from
a patient with a neutrophilic
leukaemoid reaction to multiple
myeloma, showing granulocytic
hyperplasia and increased plasma
cells. MGG ×376. (By courtesy of 
Dr G Lucas, Manchester.)

Fig. 5.13 BM aspirate, chronic
eosinophilic leukaemia, showing
increased eosinophils and
precursors and several blast cells;
some eosinophils have abnormal
nuclear shapes and cytoplasmic
vacuolation. MGG ×940.
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chronic eosinophilic leukaemia and related condi-
tions. Some of the best characterized syndromes
with a defined oncogenic mechanism are summa-
rized in Table 5.2 [24]. Other patients have shown
other clonal but less specific abnormalities such as
trisomy 8 and i(17q) [27].

Problems and pitfalls

Making a distinction between chronic eosinophilic
leukaemias and the idiopathic hypereosinophilic
syndrome (see page 382) is problematical. The latter
diagnosis is one of exclusion, being made when
there is no firm evidence of leukaemia and when no
potential cause of reactive eosinophilia has been
identified. Although the nature of this condition in

an individual patient is, by definition, uncertain, on
prolonged follow-up some patients develop acute
myeloid leukaemia (AML), thus providing strong
circumstantial evidence that the initial disorder was
chronic eosinophilic leukaemia with subsequent
acute transformation having occurred. Others develop
a clonal cytogenetic abnormality, suggesting that
the disorder was clonal from the beginning with a
further mutation having occurred in a clone that
was initially cytogenetically normal. However, not
all cases of initially unexplained hypereosinophilic
syndrome are actually leukaemic. Immunopheno-
typic and molecular investigation has shown that
some such patients have cytokine-driven hyper-
eosinophilia consequent on the presence of a 
clone of T lymphocytes [28,29]. The initially occult 

Table 5.2 Cytogenetic and molecular genetic abnormalities in chronic myeloid leukaemias that often or usually have an
eosinophilic component (modified from [24]).

Syndrome Cytogenetic abnormality Molecular genetic abnormality

Chronic myelomonocytic leukaemia t(5;12)(q33;p13) TEL-PDGFβR fusion
with eosinophilia t(5;10)(q33;q21) H4/D10S170- PDGFβR fusion [25]

CMML with eosinophilia/T-lineage lymphoblastic t(6;8)(q27;p12) FOP-FGFR1 fusion
lymphoma/rarely B-lineage lymphoblastic t(8;9)(p11;q32-34) FAN-FGFR1 fusion
leukaemia/lymphoma and frequent evolution to t(8;13)(p11;q12) ZNF198-FGFR1 fusion
acute myeloid leukaemia t(8;17)(p11;q25)* FGFR1 rearranged [26]

* Chronic myeloid leukaemia associated with systemic mastocytosis.

Fig. 5.14 BM trephine biopsy
section, chronic eosinophilic
leukaemia, showing that normal
haemopoietic cells have been
largely replaced by eosinophils 
and their precursors (same case as
in Fig. 5.13). Paraffin-embedded, 
H&E ×940.



lymphoproliferative disorder subsequently becomes
overt in some patients [28]. For this reason, we think
it is inappropriate that cases of the idiopathic hyper-
eosinophilic syndrome be assumed to have eosino-
philic leukaemia. We recommend that such cases
should be investigated for underlying causes of
eosinophilia, such as parasitic infection, and should
have cytogenetic analysis performed. When facil-
ities permit, consideration should be given to 
investigation for an occult clonal proliferation of T
lymphocytes. If there is no specific evidence sup-
porting a diagnosis of leukaemia, and if no other
cause of hypereosinophilia is found, the case should
be classified as ‘idiopathic’. Some such patients will
subsequently be recognized, in retrospect, as having
eosinophilic leukaemia. It should be noted that
striking cytological abnormalities in eosinophils 
do not provide reliable evidence that a disorder is
leukaemic in nature. They are also seen in patients
with reactive eosinophilia.

Chronic idiopathic myelofibrosis

Primary or ‘idiopathic’ myelofibrosis is also known
as myelofibrosis with myeloid metaplasia and as
agnogenic myeloid metaplasia. An alternative name,
which more readily encompasses the hypercellular
phase of this disease, is ‘chronic megakaryocytic
granulocytic myelosis’. It should be noted that 
neither the term ‘idiopathic myelofibrosis’ (recom-
mended by the WHO group) nor the term ‘primary
myelofibrosis’ is scientifically accurate. This condi-
tion is no longer ‘idiopathic’, since the fibrosis is
known to be a response to a myeloid neoplasm, nor
is it ‘primary’, since the defect is in myeloid cells not
in fibroblasts. Nevertheless, these terms have the
advantage of relative brevity and therefore may be
preferred to longer, scientifically more accurate 
designations. It should be noted that the term
‘myelofibrosis with myeloid metaplasia’ is also in-
accurate since the presence of haemopoietic cells 
in the liver and spleen represents extramedullary
haemopoiesis rather than true metaplasia.

Idiopathic myelofibrosis is a chronic MPD char-
acterized by splenomegaly, a leuco-erythroblastic
anaemia and marrow fibrosis. The incidence is
0.5–1.5/100 000/year with a median age of onset of
65 years [30]. There is extramedullary haemopo-
iesis, particularly in the spleen but also in the liver

and sometimes in other organs such as kidney,
lymph nodes, adrenals, lung, gastro-intestinal tract,
skin, dura and pleural and peritoneal cavities. The
disease is due to proliferation of a clone of neoplas-
tic cells arising from a multipotent myeloid stem
cell. Proliferation of bone marrow fibroblasts with
deposition of reticulin and collagen is reactive to the
myeloid proliferation.

Myelofibrosis, indistinguishable from primary
myelofibrosis, may also develop secondary to PRV
and, less often, ET. CGL may likewise evolve into
myelofibrosis or, less often, patients whose myeloid
cells are Ph-positive may present with a condition
which is otherwise indistinguishable from idiopathic
myelofibrosis. Patients with preceding PRV, ET 
or CGL are classified as myelofibrosis secondary 
to these specific MPD, rather than as primary
myelofibrosis. Similarly, patients with clinical and
pathological features of myelofibrosis who are
found to have an increased red cell mass or the Ph
chromosome are best regarded as having variants of
PRV and CGL rather than primary myelofibrosis.
Primary myelofibrosis usually affects the middle-
aged and elderly. It is a chronic disorder in which
patients may remain relatively asymptomatic until
the later stages. It is not uncommon for the diag-
nosis to be incidental. Except in the hypercellular
phase of the disease, some degree of splenomegaly
is almost invariable and splenomegaly is often very
marked. Slight or moderate hepatomegaly is also
common. Not surprisingly, survival is longest in
those patients who are asymptomatic at the time of
diagnosis. Overall, approximately 50% of patients
will be alive 5 years after diagnosis. Median sur-
vival is 3–6 years from diagnosis [30]. Myelofibrosis
sometimes terminates in a condition resembling
CML with very striking myeloid proliferation and
increasing hepatomegaly and splenomegaly. In
10–20% of cases, myelofibrosis terminates by
transformation to acute leukaemia; this is usually 
a myeloblastic transformation but, rarely, it is 
lymphoblastic, suggesting that the disease may have
arisen in a pluripotent rather than a multipot-
ent stem cell. Leukaemic transformation should be
suspected when there is a rapid increase in splenic
size or the sudden development of anaemia or
thrombocytopenia.

Acute myelofibrosis resembles chronic idiopathic
myelofibrosis in that there is marrow fibrosis as a
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consequence of proliferation of neoplastic myeloid
cells. It has a rapidly progressive course character-
ized by severe pancytopenia with minimal or absent
splenomegaly. It is best regarded as a variant of
acute leukaemia (generally acute megakaryoblastic
leukaemia or acute panmyelosis with myelofibrosis)
(see page 156). The fibrotic marrow usually con-
tains large numbers of megakaryoblasts, together
with immature megakaryocytes; sometimes there
are also myeloblasts or increased numbers of pro-
erythroblasts. The fibrotic component may be re-
ticulin only or reticulin and collagen.

Various diagnostic criteria for idiopathic
myelofibrosis have been proposed, mainly to
achieve some uniformity of diagnosis in patients
entered into clinical trials. The Polycythemia Vera
Study Group [31] required that the haemoglobin
concentration and red cell mass not be elevated,
that the Philadelphia chromosome be absent and
that one third of the bone marrow be occupied by
fibrous tissue. An Italian Consensus Conference did
not seek to distinguish primary myelofibrosis from
post-polycythaemia myelofibrosis [32] and there-
fore had no criteria relating to erythropoiesis. They
required, as essential criteria, that there be diffuse
fibrosis and that either the Philadelphia chromo-
some or BCR-ABL rearrangement be shown to be
absent. Fibrosis was defined as reticulin that was
visible with a ×100 objective in a biopsy specimen
measuring at least 3 × 15 mm. In addition, the
patient was required to meet four minor criteria, or

three minor criteria if splenomegaly was present.
The minor criteria were: (i) splenomegaly of any
grade; (ii) anisopoikilocytosis with teardrop poikilo-
cytes; (iii) circulating immature myeloid cells; (iv)
circulating erythroblasts; (v) presence of clusters of
megakaryoblasts and anomalous megakaryocytes
in bone marrow sections; and (vi) myeloid metapla-
sia. These consensus criteria were estimated to have
100% specificity and 88% sensitivity. It should be
noted that cases in the hypercellular phase might
well be excluded by these criteria and that their use
has not been validated by others.

Peripheral blood

The most characteristic peripheral blood findings 
of myelofibrosis are pancytopenia with a leuco-
erythroblastic blood film and with striking poikilo-
cytosis including teardrop poikilocytes (Fig. 5.15).
There is sometimes a mild basophil leucocytosis.
Granulocytes and platelets may show some dysplas-
tic features such as hypolobulation of neutrophil
nuclei, reduced granulation of eosinophils or large
or hypogranular platelets. Occasional circulating
micromegakaryocytes can be seen. In the early
stages of the disease, when the bone marrow is
hypercellular, there is often thrombocytosis and
sometimes leucocytosis rather than cytopenia. Leuco-
erythroblastic features and teardrop poikilocytes
may also be absent [33]. With disease progression,
leucopenia, neutropenia and thrombocytopenia

Fig. 5.15 PB, idiopathic
myelofibrosis, showing
anisocytosis, poikilocytosis
(including teardrop poikilocytes), 
a myelocyte and an erythroblast.
MGG ×940.



supervene and a leuco-erythroblastic blood film
with prominent teardrop poikilocytes is then con-
sistently present.

Peripheral blood features at presentation may be
of prognostic significance. A worse prognosis has
been associated with a haemoglobin concentration
of less than 10 g/dl, 1% or more circulating blasts,
more than 10% immature granulocytes and a white
blood cell count (WBC) of less than 4 or more than
30 × 109/l [34]. A study using multivariate analysis
found a haemoglobin concentration of less than 
10 g/dl, a WBC of 20 × 109/l or more and a platelet
count of 300 × 109/l or less to be associated with a
worse prognosis [35].

In the final phase of myelofibrosis, a progressive
rise of the white cell count can be seen with a WBC
up to 100–200 × 109/l and with the appearance 
in the peripheral blood of increasing numbers of
blasts, promyelocytes and myelocytes. Eosinophilia
and basophilia may also occur in this phase and 
the blood film can be indistinguishable from that 
of CML. In other patients in whom an acute trans-
formation occurs, there is a rapid rise in the blast
count with worsening anaemia, neutropenia and
thrombocytopenia.

Bone marrow cytology

As a consequence of the fibrosis, aspiration of bone
marrow is often difficult in patients with myelofib-

rosis. In the early stages of the disease an aspirate is
sometimes obtained and shows very hypercellular
fragments with hyperplasia of all lineages; matura-
tion is fairly normal although there may be some
dysplastic features. In the later stages of the disease,
there is often failure to obtain an aspirate (a ‘dry
tap’) or attempted aspiration yields only blood (a
‘blood tap’). Diagnosis then rests on the peripheral
blood and trephine biopsy appearances.

Bone marrow histology

In the early stages, the marrow may be diffusely
hypercellular with an increase in all haemopoietic
cell lines with relatively normal maturation [33,36]
(Figs 5.16 and 5.17). However, megakaryocytes
often predominate and immature and dysplastic
forms are usually present. The megakaryocytic
morphology is extremely variable; the nuclei may
be small and hypolobulated or hyperchromatic and
hyperlobulated. Micromegakaryocytes and bare
megakaryocyte nuclei are increased. Some mega-
karyocytes have bulky, lightly staining nuclei 
with rounded lobes. Mitotic figures are increased.
Megakaryocytes may be clustered (Fig. 5.17) or
sited abnormally, close to the endosteum [9] or
within sinusoids. Granulocyte precursors may show
an abnormal clustering centrally in the intertrabe-
cular spaces [37]. In hypercellular marrows there is
usually only a mild to moderate increase in reticulin

204 CHAPTER FIVE

Fig. 5.16 BM trephine biopsy
section, idiopathic myelofibrosis
(cellular phase), showing marked
hypercellularity, with an increase
in cells of all three haemopoietic
cell lineages, and ectatic sinusoids.
Paraffin-embedded, H&E ×97.
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(Fig. 5.18). In some series as many as 20–30% of
patients in the hypercellular phase show no reticulin
fibrosis, representing the pre-fibrotic stage of idio-
pathic myelofibrosis [12]. Later there is a more
marked increase in reticulin with coarse fibres run-
ning in parallel bundles. Streaming of haemopoietic
cells may be noted when reticulin is increased 
(Fig. 5.19). Marrow sinusoids are increased in num-
ber and distended and contain foci of haemopoietic
cells (Fig. 5.16); in the early stages this feature may
be more easily detected in sections stained for re-
ticulin. A greater degree of angiogenesis correlates
with a worse prognosis [30]. The interstitium may

be oedematous and show an increase of lymphocytes,
plasma cells, mast cells and macrophages. The preva-
lence of benign lymphoid nodules is increased. The
interstitium may also contain platelets that have
been released inappropriately within the marrow
rather than into sinusoids.

As the degree of fibrosis increases, granulocytic
and erythroid precursors in the marrow decrease
and morphological abnormalities in the megakary-
ocytic series become more pronounced. In severely
fibrotic marrows there is fibroblast proliferation 
and collagen deposition (Figs 5.20 and 5.21). Sinu-
soids may be obliterated by progressive fibrosis but

Fig. 5.17 BM trephine biopsy
section, idiopathic myelofibrosis
(cellular phase), showing a 
cluster of megakaryocytes 
with hyperlobulated nuclei. 
Plastic-embedded, H&E ×390.

Fig. 5.18 BM trephine biopsy
section, idiopathic myelofibrosis
(cellular phase), showing grade 3
reticulin deposition with numerous
ectatic sinusoids outlined (same
case as in Fig. 5.16). Paraffin-
embedded, Gordon and Sweet stain
×97.



capillaries are very numerous [38]. Fibrotic changes
are often focal with marked variability within a 
single biopsy; one intertrabecular space may show
hypercellular marrow while an adjacent one shows
dense fibrosis. In severely fibrotic marrows there
may also be an increase of osteoblasts with new
bone formation resulting in osteosclerosis (Fig. 5.21);
the thickening of bone trabeculae is often marked.
Bone deposition may be both by peritrabecular
osteoid deposition and by metaplastic bone forma-
tion in the marrow cavity [37]. Newly deposited
bone is woven bone.

It is generally considered that myelofibrosis pro-
gresses from a hypercellular phase to a hypocellular
fibrotic phase and this sequence of events may be
seen on serial biopsies [36,39,40]. However, the
rate of progression is very variable between patients
and progressive changes have not always been
observed [41]. In some patients sequential biopsies
show a decrease rather than an increase in fibrosis;
to what extent this is due to variation in the degree
of fibrosis from one part of the bone marrow to
another cannot be readily determined.

Patients who present in the hypercellular phase
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Fig. 5.19 BM trephine biopsy
section, idiopathic myelofibrosis
(fibrotic phase), showing
‘streaming’ of residual
haemopoietic cells, which 
include numerous dysplastic
megakaryocytes, and collagen
fibrosis. Plastic-embedded, 
H&E ×390.

Fig. 5.20 BM trephine biopsy
section, idiopathic myelofibrosis
(fibrotic phase), showing marked
collagen fibrosis, with reduction 
in all haemopoietic cell lineages.
Paraffin-embedded, H&E ×97.



MYELOPROLIFERATIVE DISORDERS 207

of myelofibrosis have longer survivals than those
who present with fully developed osteomyeloscle-
rosis [35].

Therapy with anagrelide is associated with an
increased number of megakaryocytes despite a fall
in the platelet count [42]. The megakaryocytes
appear left shifted suggesting that the drug inter-
feres with megakaryocyte maturation rather than
proliferation. This suggestion is supported by the
observation that megakaryocyte numbers are also
increased in healthy volunteers given this drug.

Amyloidosis occasionally develops in patients
with myelofibrosis and amyloid deposition in the
bone marrow has been observed [43].

When acute transformation supervenes in idio-
pathic myelofibrosis, increasing numbers of blasts
are seen in biopsy sections.

Cytogenetics and molecular genetics

Clonal cytogenetic abnormalities are present in about
60% of patients. The most common are del(13)(q),
del(20)(q), trisomy 8 and partial trisomy of 1q.

Problems and pitfalls

Idiopathic myelofibrosis needs to be distinguished
from acute myelofibrosis, from myelofibrosis follow-
ing other MPD and from myelofibrosis secondary to
non-haemopoietic disorders.

Acute myelofibrosis is a clinicopathological 
syndrome sometimes associated with AML, either
acute megakaryoblastic leukaemia or acute pan-
myelosis with myelofibrosis. Prominent megakary-
oblastic proliferation is usual. Clinical features 
differ from those of idiopathic myelofibrosis in that
splenomegaly is not usually present. The peripheral
blood film lacks the teardrop poikilocytes and
leuco-erythroblastic features that are typical of idio-
pathic myelofibrosis. There is usually pancytopenia
and there may be circulating blast cells. Bone mar-
row aspiration is often impossible. Trephine biopsy
sections usually show numerous megakaryocytes
but, in addition, there are increased blast cells, a 
feature that is not seen in idiopathic myelofibrosis.

Distinction between primary myelofibrosis and
that evolving out of other MPD is not possible 
on histological grounds alone (see Fig. 5.9). The
identification of Ph-positive cases can be important
in view of the generally worse prognosis. This can
be achieved by molecular analysis for BCR-ABL
performed on peripheral blood cells. Otherwise, 
making a distinction between idiopathic or ‘primary’
myelofibrosis and that following another MPD is
not of clinical significance.

Making a correct diagnosis of myelofibrosis sec-
ondary to infiltration by carcinoma or lymphoma is,
however, of considerable clinical significance. The
blood film in patients with secondary myelofibrosis
(for example, that due to bone marrow metastases)

Fig. 5.21 BM trephine biopsy
section, osteomyelosclerosis,
showing irregular thickening 
of bone trabeculae and marked
collagen fibrosis of the intervening
marrow. Paraffin-embedded, 
H&E ×97.



may be virtually indistinguishable from that of 
idiopathic myelofibrosis, there being pancytopenia,
a leuco-erythroblastic blood film and striking poik-
ilocytosis. However, an increased basophil count,
circulating micromegakaryocytes and dysplastic
features do not occur. Bone marrow aspiration is
usually difficult whether the patient has idiopathic
or secondary myelofibrosis. However, sometimes
non-haemopoietic malignant cells can be aspirated,
thus providing a diagnosis. Often a trephine biopsy
is necessary to make this distinction. When there 
is dense fibrosis it is necessary to look carefully for
malignant cells embedded in the fibrous tissue.
Sometimes it is difficult to distinguish metastatic
carcinoma cells from small dysplastic megakary-
ocytes or dysplastic erythroblasts (Fig. 5.22). When
necessary, immunological markers for megakary-
ocytes, erythroid cells or cells of epithelial origin
(see Tables 2.6 and 10.1) can be used to confirm the
nature of abnormal cells. Infiltration by lymphoma,
particularly by Hodgkin’s disease, can also lead 
to dense bone marrow fibrosis. Immunohisto-
chemistry can again be useful to distinguish Reed–
Sternberg cells and mononuclear Hodgkin’s cells
from carcinoma cells or dysplastic megakaryocytes.

Idiopathic myelofibrosis needs to be distin-
guished from fibrosis associated with bone disease
(see pages 464–469).

The pre-fibrotic and early fibrotic stages of idio-
pathic myelofibrosis can be difficult to distinguish
from other MPD, particularly from ET. Bone mar-

row histology is useful since, in myelofibrosis,
megakaryocyte dysplasia is conspicuous whereas in
ET it is not.

Polycythaemia rubra vera

Polycythaemia vera (preferred WHO terminology),
also known as polycythaemia rubra vera or primary
proliferative polycythaemia, is a chronic MPD in
which the dominant feature is the excessive pro-
duction of erythrocytes by the marrow with a con-
sequent increase in the circulating red cell mass and
the venous haematocrit. Frequently, there is also an
increase in cells of other haemopoietic cell lineages,
both in the marrow and in the peripheral blood, and
it is likely that the neoplastic clone originates from a
multipotent myeloid stem cell.

Most patients present between the ages of 40 
and 70 years. Many of the symptoms are related 
to hyperviscosity of the blood and to the arterial 
or venous thromboses which occur. Symptoms
include: (i) headache; (ii) a feeling of fullness of the
head; (iii) dizziness; (iv) tinnitus; (v) dyspnoea; (vi)
visual disturbance; (vii) Raynaud’s phenomenon;
(viii) claudication; and (ix) gangrene. Pruritus may
occur, probably consequent on histamine secretion
by basophils. Up to 70% of cases have been found to
have splenomegaly and 40% hepatomegaly.

PRV must be distinguished from secondary poly-
cythaemia which is usually a consequence of either
chronic generalized tissue hypoxia (for example,
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Fig. 5.22 BM trephine biopsy
section. Osteomyelosclerosis with
entrapped, dysplastic erythroid cells
and megakaryocytes which might
be mistaken for metastatic
malignant cells. H&E ×376.
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due to high altitude, chronic hypoxic pulmonary
disease or cyanotic congenital heart disease) or of
inappropriate erythropoietin production (usually 
a result of chronic renal hypoxia or ectopic pro-
duction of erythropoietin by a tumour). In many
patients with secondary polycythaemia the cause 
is readily apparent but sometimes there is diag-
nostic difficulty and the differential diagnosis then
depends on consideration of clinical, peripheral
blood and bone marrow features. Hepatomegaly
and splenomegaly are not features of secondary
polycythaemia.

PRV and secondary polycythaemia must also 
be distinguished from pseudo- or relative poly-
cythaemia which is a consequence of a decreased
plasma volume rather than an increased red cell
mass.

PRV may enter a ‘burnt out’ or ‘spent’ phase in
which there is initially a reduction of red cell 
production followed by the development of
splenomegaly and bone marrow fibrosis; with dis-
ease progression, there is development of all the
clinical and pathological features usually associated
with idiopathic myelofibrosis. The designation
‘spent phase of polycythaemia’ has been suggested
for the phase of the disease when there is a stable
haematocrit and marked splenomegaly with min-
imal fibrosis, and the designation ‘transitional state
polycythaemia vera’ when there is persisting ery-
throcytosis with progressive myelofibrosis [30]. A
small proportion of patients, particularly those who

have been treated with alkylating agents or 32P,
develop AML. The incidence of acute leukaemia is
much increased in those in whom myelofibrosis has
developed but acute transformation can also occur
without any warning signs or, occasionally, follow-
ing the appearance of myelodysplastic features.

Untreated PRV had a median survival of about
1.5 years but with currently available treatment the
median survival is about 12 years.

Peripheral blood

The blood count shows an elevation of the red cell
count, haemoglobin concentration and haemat-
ocrit. As a consequence of the increased blood 
viscosity, the blood film shows a crowding together
of the red cells, an appearance described as a
‘packed film’. In some patients, iron stores have
been exhausted and there is also microcytosis and
hypochromia. The white cell count is commonly
elevated due to an increase in the neutrophil count;
occasionally neutrophilia is marked. Absolute
basophilia is often present. Small numbers of im-
mature granulocytes may be present. Many patients
have a moderately elevated platelet count.

Bone marrow cytology

The bone marrow usually shows marked erythroid
hyperplasia and often some degree of granulocytic
and megakaryocytic hyperplasia (Fig. 5.23).

Fig. 5.23 BM aspirate, PRV, bone
marrow fragment, showing marked
hypercellularity attributable to
erythroid, granulocytic and
megakaryocyte hyperplasia. 
MGG ×94.



Eosinophil and basophil lineages, as well as the
neutrophil lineage, may be hyperplastic. The aver-
age size and nuclear lobulation of megakaryocytes
are increased. Iron stores are often absent and the
features of superimposed iron deficiency may be
present.

Bone marrow histology [4,44–46]

There is usually marked hypercellularity, with
haemopoietic cells often filling more than 90% of
the marrow space. There is commonly an increase
in cells of all three haemopoietic lineages. Erythro-
poiesis is hyperplastic but morphologically normal
(Fig. 5.24). Megakaryocyte morphology is often
abnormal with both large, polylobulated forms and
an increased number of micromegakaryocytes being
seen; the average size of megakaryocytes is consider-
ably increased, as is their nuclear lobulation. Often
there is clustering of megakaryocytes (Fig. 5.24).
There is an increase in emperipolesis and in mito-
tic figures in megakaryocytes [9]. Granulocytic
hyperplasia is of the neutrophil lineage and some-
times also the eosinophil lineage. Many cases show
a mild increase in reticulin, with about 10% of pa-
tients showing a moderate or marked increase [46].
Vascular sinusoids are usually increased in num-
ber and may be dilated. Marrow iron stores are
decreased or absent. Lymphoid nodules have been
reported in up to 20% of patients in some series.

Up to 30% of cases of PRV develop severe marrow
fibrosis which is morphologically indistinguishable
from primary myelofibrosis (see page 202); this is
more common in cases with marked megakary-
ocytic proliferation.

Cytogenetics and molecular genetics

Some patients have clonal cytogenetic abnormalit-
ies of which del(20)(q) is the most characteristic.

Problems and pitfalls

The diagnosis of PRV requires demonstration of a
true polycythaemia. The distinction between true
and relative polycythaemia is best made by isotopic
dilution studies, which are used to determine the
red cell mass and plasma volume. Although these
investigations may be regarded as redundant in
patients with a very  marked elevation of haemo-
globin or with obvious clinicopathological features
of PRV, they are indicated in patients with only a
moderate elevation of haemoglobin since further
investigation is not generally indicated in patients
with only a relative polycythaemia.

PRV also needs to be distinguished from second-
ary polycythaemia. Peripheral blood basophilia is
not seen in secondary polycythaemia and neutro-
philia and thrombocytosis are unusual. In contrast
to PRV, superimposed iron deficiency is uncommon
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Fig. 5.24 BM trephine biopsy
section, PRV, showing
hypercellularity, erythroid
hyperplasia and a cluster of
immature megakaryocytes. 
Plastic-embedded, H&E ×390.
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in secondary cases and trephine biopsy sections
show only moderate hypercellularity. There is ery-
throid hyperplasia but the other haemopoietic cell
lines are normal. In particular, the megakaryocytic
abnormalities seen in PRV are not present, reticulin
is normal and sinusoids are not increased [44,45].
Lymphoid nodules are more prevalent in PRV than
in healthy subjects but may also be increased in
some reactive conditions associated with secondary
polycythaemia. The increase in macrophages and
plasma cells that is seen in some cases of secondary
polycythaemia has been said not to be a feature of
PRV. Typical cases of PRV can be distinguished read-
ily from secondary polycythaemia on histological
grounds. However, not all cases can be recognized
and some patients in whom a diagnosis of PRV can
be made, on the basis of clinical or clinical and cyto-
genetic features, do not have diagnostic histopatho-
logical features [44,46].

Some patients in whom no underlying cause 
of secondary polycythaemia can be found do not
have any clinical, haematological or histopatholog-
ical features that permit a diagnosis of PRV. The
appropriate diagnosis in such cases is ‘idiopathic
erythrocytosis’. On prolonged follow-up, some but
not all of this group of patients develop features
such as splenomegaly, neutrophilia or basophilia,
indicating that the correct diagnosis was PRV.

Essential thrombocythaemia

ET, in common with other MPD, is a disease result-
ing from the clonal proliferation of a multipotent
myeloid stem cell but with the predominant disease
features resulting from increased platelet produc-
tion. The disease is seen at all ages but is predomi-
nantly one of middle and old age. It is characterized
by a marked thrombocytosis (usually 1000–4000 ×
109/l) often resulting in haemorrhagic or throm-
botic episodes or both. At least 20% of patients are
asymptomatic and are diagnosed incidentally from
routine blood counts. With the widespread use of
automated blood counters, the proportion of patients
in whom the diagnosis is made incidentally, before
the occurrence of symptoms, is steadily increasing.
About two thirds of symptomatic patients suffer
venous or arterial thrombosis or symptoms attribut-
able to small vessel obstruction, such as: (i) headache;
(ii) dizziness; (iii) visual disturbance; (iv) paraesthe-

siae; and (v) peripheral vascular insufficiency.
About a third of symptomatic patients have abnor-
mal bleeding, for example, into the gastro-intestinal
tract and subcutaneous tissues.

Moderate splenomegaly is seen in up to 40% 
of cases and hepatomegaly in up to 20% [31].
Occasional patients suffer repeated splenic infarcts,
resulting in splenic atrophy and hyposplenism.
Pruritus occurs in a minority of patients.

Since marked thrombocytosis can occur not only
in ET but also in both PRV and CGL, the diagnosis 
is in part one of exclusion. Cases with an increased
red cell mass are classified as PRV rather than as 
ET. Similarly, cases which are found to have the Ph
chromosome are better regarded as a variant of CGL
or, alternatively, can be designated specifically 
‘Ph-positive essential thrombocythaemia’; they have
a different disease course from Ph-negative ET,
showing a marked propensity either to develop 
typical CGL or to transform into acute leukaemia
[31]. ET may terminate in acute leukaemia or
myelofibrosis but, if Ph-positive cases are excluded,
the chronic phase of the disease is usually very long.
No accurate data are available on the prognosis 
of ET in the absence of treatment since, before 
the general availability of automated blood cell
counters, only the more severe cases were recog-
nized. With treatment modalities currently avail-
able, life expectancy shows little reduction from
normal.

A platelet count of at least 600 × 109/l is usually
required to establish a diagnosis of ET but it has
been suggested that the diagnosis can sometimes be
made with a lower count [47]; such patients may
have thrombotic complications, splenomegaly and
typical histological features.

Peripheral blood

The blood film shows an increased number of
platelets with the average platelet size being
increased. There are usually some giant platelets
and agranular and hypogranular platelets; platelet
aggregates may also be present. Occasional bare
megakaryocyte nuclei are seen. Mild leucocytosis,
neutrophilia and occasional immature granulocytes
may be present but the white cell count does not
usually exceed 20 × 109/l. Absolute basophilia is
sometimes present but the presence of more than



3–5% of basophils is predictive of the case being 
Ph positive [31,48]. In patients who have suffered
splenic infarction, the usual changes of hyposplen-
ism will be foundaHowell–Jolly bodies, acantho-
cytes, target cells and occasional spherocytes.
Patients who have suffered haemorrhagic episodes
may show features of iron deficiency.

Bone marrow cytology

The bone marrow aspirate shows an increase in
megakaryocytes which are generally large and 
well lobulated (Fig. 5.25). In some cases there is an
overall increase in cellularity due to granulocytic
hyperplasia.

In patients who are treated with anagrelide, a
reduction in megakaryocyte size has been observed
[49].

Bone marrow histology [5,9,41]

Trephine biopsy findings are extremely variable and
in some cases there may be no specific diagnostic
features [41]. The marrow is usually hypercellular,
although this is not as marked as in the other MPD.
Sometimes the bone marrow is normocellular or
even hypocellular. Megakaryocytes are increased in
number in all cases but the degree of hyperplasia 
is very variable and does not correlate closely with
the platelet count. Large clusters of megakaryocytes
are commonly seen (Fig. 5.26). The average size of

megakaryocytes is increased, as is the lobulation of
their nuclei (Fig. 5.27); the nuclear chromatin pat-
tern is normal, in contrast to the hyperchromatic
nuclei which may be seen in primary myelofibrosis
[5]. In comparison with PRV, megakaryocytes in ET
are less pleomorphic and micromegakaryocytes are
not increased. Some may be sited abnormally, close
to the endosteum of trabeculae, and emperipolesis
and mitotic figures are increased [9]. There may be
mild or moderate granulocytic and erythroid hyper-
plasia. A mild focal increase in reticulin sometimes
occurs but, if there is marked reticulin fibrosis, a
diagnosis of primary myelofibrosis with thrombocy-
tosis is more likely.

In patients with ET who are treated with ana-
grelide, reduction in megakaryocyte size has been
noted [49].

Cytogenetics and molecular genetics

A minority of patients with ET have a clonal cyto-
genetic abnormality. Cases which are found to 
have t(9;22)(q34;q11) have a worse prognosis and
should be reclassified as a variant of CGL or as ‘Ph-
positive essential thrombocythaemia’.

Problems and pitfalls

It is necessary to distinguish ET from reactive
thrombocytosis. Making a distinction from CGL is
also important but distinguishing ET from other
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Fig. 5.25 BM aspirate, ET, showing
four megakaryocytes, one of which
is small while three are very large
with hyperlobulated nuclei. 
MGG ×377.
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MPD is of less importance since there are fewer
prognostic and therapeutic implications.

Peripheral blood features can be useful in dis-
tinguishing reactive thrombocytosis from ET. In 
ET there are often giant platelets, some agranular
platelets and occasionally circulating megakary-
ocyte nuclei whereas, in reactive thrombocytosis,
the platelets are small and normally granulated and
circulating megakaryocyte nuclei are not seen. In
reactive thrombocytosis, basophilia is not seen and
neutrophilia is usually absent.

In reactive thrombocytosis, the bone marrow
aspirate and trephine biopsy often show an increase

in megakaryocyte number and size and an increase
in emperipolesis but megakaryocytes are cytolog-
ically normal; they do not occur in large clusters 
or close to the endosteum [9]. The bone marrow
reticulin is also normal. Bone marrow cellularity 
is usually increased in ET and normal in reactive
thrombocytosis. However, it should be noted that,
in contrast to other MPD, the bone marrow cellular-
ity is sometimes normal or reduced in ET.

ET can be confused with other MPD, particularly
with the cellular phase of myelofibrosis and with
PRV complicated by iron deficiency. Peripheral
blood features are not usually helpful since giant

Fig. 5.26 BM trephine biopsy
section, ET, showing mild
hypercellularity with a marked
increase in megakaryocytes 
which are forming large clusters.
Plastic-embedded, H&E ×97.

Fig. 5.27 BM trephine biopsy
section, ET, showing clustering 
of megakaryocytes. The
megakaryocytes are mainly large
and hyperlobulated, although 
some small forms are present.
Plastic-embedded, H&E ×390.



platelets, agranular platelets, megakaryocyte frag-
ments, neutrophilia and basophilia can be seen in
any MPD. The bone marrow aspirate and trephine
biopsy are more useful. In the cellular phase of
myelofibrosis there is often quite marked megakary-
ocyte dysplasia whereas, in ET, the megakaryocytes
are cytologically more normal. Although megakary-
ocytic dysplasia also tends to be more marked 
in PRV than in ET, making a distinction between
these two conditions on histological grounds can 
be difficult. Some authors have considered that 
the lack of atypia of megakaryocytes in throm-
bocythaemia permits a distinction to be made [9],
whereas others have suggested that, in the majority
of instances, the two conditions cannot be distin-
guished on this basis [31]. If clinical, haematological
and histopathological features are all considered,
then genuine diagnostic difficulty occurs only in
cases with complicating iron deficiency. Otherwise,
the haemoglobin concentration and red cell mass
are increased in PRV and normal in ET. A therapeu-
tic trial of iron therapy permits the distinction to be
made but is not a justifiable procedure since making
a precise diagnosis does not influence therapy. In
either case the clinician will seek to keep both the
haemoglobin concentration and the platelet count
normal.

It is desirable for cytogenetic analysis to be 
performed in all patients in whom a diagnosis of 
ET appears likely. However, if such analysis is not

performed as a routine, it should at least be per-
formed whenever there are any features suggesting
the possibility of Ph positivity. The neutrophil alka-
line phosphatase has been found to be unhelpful 
in identifying Ph-positive cases, whereas a marked
increase in the basophil count and the presence of
sheets of atypical megakaryocytes (Fig. 5.28) have
been found to be predictive and are an indication
for cytogenetic analysis.

Occasional cases of systemic mastocytosis present
with thrombocytosis as their predominant haemat-
ological manifestation. Careful examination of the
trephine biopsy sections should permit their distinc-
tion from ET.

Myeloproliferative disease, unclassifiable

Occasional patients are seen who clearly have an
MPD but whose disease either cannot be readily
classified or, alternatively, has characteristics of
two, usually distinct, MPD. This is acknowledged by
the inclusion in the WHO classification of a category
for unclassifiable cases. Others have already drawn
attention to this group.

Pettit et al. [50] reported a group of patients with a
condition intermediate between PRV and idiopathic
myelofibrosis which they designated ‘transitional
myeloproliferative disorder’. In these patients the
criteria for PRV were generally met but, in addition,
there was moderate or marked splenomegaly, a
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Fig. 5.28 BM trephine biopsy
section in Ph-positive ET, showing
marked megakaryocytic
hyperplasia; the average size 
of megakaryocytes is reduced 
and there is a tendency to
hypolobulation; granulocytic
hyperplasia was minimal. Paraffin-
embedded, H&E ×188. (By courtesy
of Dr R Cuthbert, Londonderry.)
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leuco-erythroblastic blood film, extramedullary
haemopoiesis and a hypercellular marrow with
increased reticulin. In the majority of patients the
condition had stable characteristics for a number of
years and thus did not represent a transient phase
between PRV and post-polycythaemic myelofibrosis.

The Polycythaemia Vera Study Group [40] have
used the designation ‘undifferentiated chronic
myeloproliferative disorder’ for another group of pati-
ents with splenomegaly and a leuco-erythroblastic
blood film without an increased red cell mass, Ph
chromosome or significant marrow fibrosis.

Patients have also been described with features 
of both systemic mastocytosis and a variety of MPD,
including CML, PRV, ET and idiopathic myelofib-
rosis [51] (see below). Such cases are probably 
best categorized as ‘myeloproliferative disease,
unclassifiable’.

The existence of patients with characteristics of
two MPD, or with features of an MPD without
specific features allowing assignation to a defined
disease category, is not surprising since: (i) all MPD
are the result of proliferation of a multipotent
myeloid stem cell with the potential for differentia-
tion into cells of various lineages; and (ii) reticulin
and collagen deposition are a common secondary
change in various subtypes of chronic MPD.

Myeloproliferative/myelodysplastic
disorders

Chronic myelomonocytic leukaemia

CMML has features both of myelodysplasia and of
myeloproliferation. The WHO group has recom-
mended that this condition be assigned to a new
group, designated ‘myelodysplastic/myeloprolifer-
ative diseases’, rather than being classified as one 
of the MDS. It does not support previous pro-
posals that cases of CMML should be divided 
into MDS-type and MPD-type. As defined by the
French–American–British (FAB) group [52], the
peripheral blood monocyte count in CMML is
greater than 1 × 109/l but peripheral blood blasts
are less than 5% and bone marrow blasts not
greater than 20%. The WHO criteria will probably
be similar. CMML needs to be distinguished from
aCML with which it shares some features. It has
been recommended that cases in which more than

15% of circulating white cells are granulocyte 
precursors should be categorized as aCML and 
cases with fewer as CMML [2]. Although a bone
marrow examination is essential for the diagnosis of
CMML, careful consideration of the peripheral blood
features is equally important in the differential diag-
nosis. A trephine biopsy offers only supplementary
information.

Clinically, CMML is characterized by features of
anaemia and, often, by hepatomegaly and spleno-
megaly. In a minority of patients there is tissue
infiltration by monocytic cells resulting in lympha-
denopathy, skin infiltration and serous effusions.
Diagnosis is usually either incidental or occurs
when the patient develops symptoms of anaemia or
when organomegaly is noted.

Peripheral blood

There is usually anaemia, most often normocytic
but sometimes macrocytic or with a dimorphic
blood film. There is monocytosis. The monocytes
may be morphologically normal or may show atyp-
ical features such as nuclei of bizarre shapes or
increased cytoplasmic basophilia or granulation.
The neutrophil count is often elevated but this is 
not necessary for the diagnosis. The neutrophils
may be morphologically normal or a varying pro-
portion may show dysplastic features. Granulocyte 
precursors are infrequent, usually less than 5%.
Occasional blasts may be present. The platelet count
may be normal or low.

Bone marrow cytology

The bone marrow is hypercellular. There is 
hyperplasia of granulocyte precursors (Fig. 5.29).
Hyperplasia of monocytes and their precursors is
often evident but this is not always so, probably
because promonocytes can be difficult to distinguish
from promyelocytes and because mature mono-
cytes leave the marrow early. The blast count in the
marrow may be increased up to a level of 20%.
Some patients have dysplastic erythroblasts and
megakaryocytes but this is not necessarily so.
Sideroblastic erythropoiesis is not inconsistent with
a diagnosis of CMML.

An iron stain may show abnormal sideroblasts or
increased iron stores. A myeloperoxidase (MPO) or



Sudan black B (SBB) stain should be performed 
in all cases with an increase of blast cells, both to
confirm the lineage and to exclude the presence of
Auer rods. A non-specific esterase stain such as α-
naphthyl acetate esterase is useful in identifying
monocyte precursors.

Bone marrow histology

The diagnosis of CMML is usually established from
peripheral blood and bone marrow aspirate fea-
tures; trephine biopsy does not have a major role in

diagnosis. Almost all cases have a hypercellular
marrow and granulocytic hyperplasia. Some also
show monocytic hyperplasia (Fig. 5.30). Some, but
not all, cases show erythroid and megakaryocytic
dysplasia. Abnormal localization of immature pre-
cursors (see page 175) is sometimes present and
there may be an absolute increase in blasts.

Atypical chronic myeloid leukaemia

aCML [2,53,54] is a rare Ph-negative condition 
with a higher median age of onset and a worse 
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Fig. 5.29 BM aspirate, CMML,
showing granulocytic hyperplasia.
MGG ×940.

Fig. 5.30 BM trephine biopsy
section in CMML, showing
neutrophilic and monocytic
hyperplasia, a hypolobulated
megakaryocyte and a
megakaryocyte in mitosis. 
Paraffin-embedded, H&E ×390. (By
courtesy of Dr D Swirsky, Leeds.)
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prognosis than CGL. The WHO group has recom-
mended the term ‘atypical chronic myelogenous
leukaemia’ for this disorder. Common clinical fea-
tures are anaemia and splenomegaly. The disorder
appears to arise in a multipotent myeloid stem cell
or possibly, since occasional lymphoblastic trans-
formations have been observed, in a pluripotent
stem cell.

Assessment of peripheral blood features is of
major importance in the diagnosis of aCML. 
Bone marrow cytology and histology are of less
importance.

Peripheral blood

The white cell count is elevated with an increase 
of neutrophils and their precursors (Fig. 5.31).
Monocytosis is more marked than in CGL while
eosinophilia and basophilia are less marked and
may be absent. The white cell count at presenta-
tion is, on average, not as high as in CGL while 
the anaemia is more severe. The platelet count is 
not often elevated but is commonly reduced.
Maturation of cells is less normal than in CGL and
dysplastic features may be present. Distinction from
CMML is largely on the basis of the sum of pro-
myelocytes, myelocytes and metamyelocytes being
15% or higher in aCML but usually less than 5% in
CMML [2].

Bone marrow cytology

The bone marrow is hypercellular. Both granulo-
cytic and monocytic precursors are increased 
(Fig. 5.32), although the cellularity is not increased
to the extent that is seen in CGL and the myeloid:
erythroid ratio is generally less than 10:1. Blasts
may be increased but do not exceed 20% (if using
the WHO classification) or 30% (if using the FAB
classification). Megakaryocytes are decreased in
about a third of cases.

Bone marrow histology

The marrow histology in aCML may closely resemble
that of CGL, particularly when examined at low
power. There is marked hypercellularity with pre-
dominance of the granulocytic series. Erythroblasts
are distributed as single cells or small groups through-
out the marrow with well-formed erythroblastic
islands being difficult to identify. Megakaryocytes
may be increased in number and are sometimes
morphologically abnormal. When monocytes are
increased (Fig. 5.33), this is the feature that most
readily distinguishes aCML from CGL. The mono-
cytes are recognized by their irregular nuclei with a
diffuse chromatin pattern and moderate amounts 
of cytoplasm which stains pink with H&E. aCML
shows a variable degree of reticulin fibrosis and

Fig. 5.31 PB, aCML (Ph-negative),
showing a myelocyte, a bizarre
macropolycyte, an abnormal
monocyte, an unidentifiable cell
and a lymphocyte. MGG ×940.



collagen deposition and osteosclerosis can occur.
Making the distinction between aCML and CGL is
often not possible on histological grounds alone.
Likewise, CMML and aCML cannot be distinguished
histologically; consideration of the blood count and
film is necessary.

Cytogenetics and molecular genetics

There is no specific cytogenetic or molecular genetic
abnormality associated with aCML. Some cases are
cytogenetically normal while others show clonal
cytogenetic abnormalities such as trisomy 8.

Problems and pitfalls

Leukaemoid reactions can sometimes simulate
aCML. Consideration of the clinical features permits
the correct diagnosis. Cytogenetic and molecular
genetic analysis may be necessary to distinguish
aCML from cases of CGL presenting in accelerated
phase.

Juvenile myelomonocytic leukaemia

Juvenile myelomonocytic leukaemia (JMML) is a
Ph-negative condition which occurs mainly in 
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Fig. 5.32 BM aspirate, aCML
(same patient as in Fig. 5.31),
showing granulocytic and
monocytic hyperplasia. MGG ×940.

Fig. 5.33 BM trephine biopsy
section, aCML, showing
granulocytic hyperplasia and
numerous abnormal monocytes.
Paraffin-embedded, H&E ×970.
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children less than 5 years of age. This term, recom-
mended both by the WHO group and by several
international working groups on childhood MDS,
encompasses not only the condition previously 
designated ‘juvenile chronic myeloid leukaemia’
but also the infantile monosomy 7 syndrome and
other myelodysplastic/myeloproliferative diseases
of childhood [1,55]. There is an increased incidence
in children with neurofibromatosis and in Down’s
syndrome. Clinical features often include anaemia,
hepatomegaly, splenomegaly, lymphadenopathy and
rash. Erythropoiesis may show reversion to features
of fetal erythropoiesis.

Peripheral blood

The blood film (Fig. 5.34) shows neutrophilia,
prominent monocytosis and sometimes immature
granulocytes or nucleated red blood cells. Anaemia
and thrombocytopenia are usual. In cases in which
haemoglobin F is increased, a Kleihauer test shows 
a population of haemoglobin F-containing cells
(Fig. 5.35).

Bone marrow cytology

The bone marrow shows granulocytic and sometimes
monocytic hyperplasia. There may be dysplastic 
features (Fig. 5.36).

Cytogenetics and molecular genetics

Cases of JMML lack the Ph chromosome and the
BCR-ABL fusion gene. Many cases are cytogenetic-
ally normal at presentation but develop clonal 
cytogenetic abnormalities during the course of the
disease. Overall, 40–67% have been reported to be
cytogenetically normal, 25–33% have been found
to have monosomy 7, and 10–25% to have had
other chromosomal abnormalities including trisomy
8 and other abnormalities of chromosome 7 [55].

About 15% of children with JMML have clinical fea-
tures of neurofibromatosis, such as café-au-lait spots.
These children have a constitutional abnormality of
one NF1 gene and often an acquired deletion of the
normal allele. In addition to children with clinical
features of neurofibromatosis, a similar number of
patients with JMML have been found to have muta-
tions of the NF1 gene without clinical features of the
disease [55]. Mutations of the RAS oncogene are also
common, being observed in 15–30% of patients.
Since the NF1 gene product is a negative regulator
of RAS, the mechanism of leukaemogenesis may be
related. Cases reported to date have shown either
NF1 mutation or RAS mutation but not both [55].

Problems and pitfalls

Leukaemoid reactions resulting from herpesvirus

Fig. 5.34 PB, JMML, showing a
monocyte, a basophil, dysplastic
neutrophils, neutrophil precursors
and thrombocytopenia. MGG ×376.



Fig. 5.35 Kleihauer test on PB of
patient with JMML (same case as 
in Fig. 5.34), showing numerous
haemoglobin F-containing cells
which stain pink. (a) Patient. (b)
Negative control. Kleihauer tests
×940.

Fig. 5.36 BM aspirate, JMML,
showing granulocyte precursors
and a dysplastic binucleated
micromegakaryocyte. MGG ×940.

(a)

(b)
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infections can simulate JMML; such reactions have
been observed following Epstein–Barr virus infec-
tion, cytomegalovirus infection and human her-
pesvirus 6 infection. Reversion to features of fetal
erythropoiesis, such as an increased concentration
of haemoglobin F and a decreased concentration 
of red cell carbonic anhydrase and haemoglobin 
A2, are features of JMML but not of leukaemoid
reactions. Investigation of these features plus 
cytogenetic analysis and appropriate viral studies
can be useful when there is diagnostic difficulty.

Other myelodysplastic/myeloproliferative
diseases

In addition to those who conform to the three cat-
egories specific to myelodysplastic/myeloprolifera-
tive disorders of the WHO classification, there are
other patients with features of both myelodysplasia
and myeloproliferation [56]. For example, co-
existence of sideroblastic erythropoiesis and throm-
bocytosis is relatively common [57]. In addition, a
number of patients have been described with sys-
temic mastocytosis and either a myelodysplastic
syndrome or a myelodysplastic/myeloproliferative
disease. Diagnoses have included refractory anaemia,
refractory anaemia with ring sideroblasts, refrac-
tory anaemia with excess of blasts and CMML [51].
These less clearly defined disorders are appropriately
assigned to the category ‘other myelodysplastic/
myeloproliferative diseases, unclassified’.

Other myeloproliferative disorders

Systemic mastocytosis

Mast cell proliferation may be confined to the skin
or may be generalized, the latter condition being
designated systemic mastocytosis or systemic mast
cell disease. Systemic mastocytosis is a rare con-
dition characterized by neoplastic proliferation of
mast cells. Mast cells are derived from a myeloid
stem cell and the mast cell proliferation is often
associated with hyperplasia of other myeloid lin-
eages. It therefore seems logical to classify systemic
mastocytosis as a myeloproliferative disorder and
acute mast cell leukaemia as one of the acute
myeloid leukaemias. It should be noted, however,
that the WHO group has assigned systemic masto-
cytosis to a group designated ‘mast cell disease’

(Table 5.3). Mast cell leukaemia has been included
in this group rather than with the other acute
leukaemias [1].

Various organs may be involved in systemic mas-
tocytosis, including the bone marrow, liver, spleen,
lymph nodes and skin; the most typical skin lesions
are those of urticaria pigmentosa. Patients often
have symptoms related to the release of secretory
products by the neoplastic mast cells; these include
abdominal pain, nausea and vomiting, diarrhoea,
flushing and bronchospasm [58–60]. Systemic
mastocytosis may pursue either an indolent or an
aggressive clinical course. The term ‘malignant mas-
tocytosis’ is sometimes used to describe systemic
mast cell disease with a rapidly progressive clinical
course. Prognosis is worst in the minority of patients
with overt mast cell leukaemia. Patients with an
aggressive course are less likely to have skin involve-
ment and more likely to have hepatomegaly,
splenomegaly, leucocytosis, anaemia and thrombo-
cytopenia [61,62]. Although patients can be divided
into two or three groups with varying prognosis 
on the basis of clinical and haematological features
[61,62], there is actually a continuous spectrum of
disease characteristics.

Patients with systemic mastocytosis may develop
myelodysplasia, all five FAB categories of MDS hav-
ing been observed [63]. Systemic mastocytosis may
also terminate in AML, sometimes appearing de
novo and sometimes following a period of myelo-
dysplasia. The leukaemia is occasionally mast cell
leukaemia but more often is another category of
AML. Commonest are acute myeloblastic or acute
myelomonocytic leukaemia (FAB categories M1, M2
and M4) but occasional cases of erythroleukaemia
or megakaryoblastic leukaemia (FAB categories M6
and M7) have also been reported [63].

Peripheral blood [60,62,64,65]

In patients with an indolent clinical course the
peripheral blood is most often normal but a 

Table 5.3 The WHO classification of mast cell diseases.

Cutaneous mastocytosis
Systemic mast cell disease (± skin involvement)
Systemic mast cell disease with associated

haematological disorder (± skin involvement)
Mast cell leukaemia/sarcoma



minority of patients show evidence of abnormal 
proliferation of cells of one or more myeloid lin-
eages (neutrophilia, eosinophilia, basophilia, mono-
cytosis, thrombocytosis). Circulating mast cells are
usually not noted.

In patients who pursue an aggressive clinical
course, peripheral blood evidence of an MPD is
more prominent. The majority of patients have
neutrophilia, many have eosinophilia, basophilia or
monocytosis, and a minority have thrombocytosis.
Cytopenias are also common, particularly anaemia
and thrombocytopenia but sometimes leucopenia
and neutropenia. Hypogranular and hypersegmented
eosinophils, resembling those seen in the idiopathic
hypereosinophilic syndrome, may be present [65].
In some patients the peripheral blood features can-
not be distinguished from those of CML. Some
patients have myelodysplastic features such as the
acquired Pelger–Huët anomaly of neutrophils. Occa-
sional patients have circulating mast cells, usually 
in small numbers (Fig. 5.37). In the few patients 
in whom mast cell leukaemia supervenes there are
larger numbers of circulating mast cells, usually
with atypical cytological features such as hypogran-
ularity or nuclear lobulation (see Fig. 4.25).

Bone marrow cytology

The bone marrow aspirate is normo- or hypercellu-
lar and contains increased numbers of mast cells
(Fig. 5.38). These may be under-represented in 

an aspirate in comparison with a trephine biopsy
because of the fibrosis provoked by mast cell prolif-
eration. They may also remain in the fragments so
that fragments as well as cell trails should be exam-
ined carefully. Clusters of mast cells may be present
[64]. When mast cells are cytologically normal they
are easily identifiable as oval or elongated cells with
a central non-lobulated nucleus and with the cyto-
plasm packed with purple granules; when they are
cytologically atypical they may be confused with
basophils. Atypical features include nuclear lobula-
tion (Fig. 5.39), smaller granules than normal,
hypogranularity (Fig. 5.39) and a primitive chro-
matin pattern. In patients who pursue an indolent
clinical course, the bone marrow is usually normo-
cellular and contains a relatively small number of
cytologically normal mast cells. Those patients who
pursue an aggressive clinical course are more likely
to show a hypercellular marrow with granulocytic
hyperplasia and larger numbers of mast cells 
which, in some cases, are cytologically atypical.
Granulocytic hyperplasia may include neutrophil,
eosinophil and basophil lineages. In some cases
there are myelodysplastic features such as ring
sideroblasts and in some there is megakaryocytic
hyperplasia. The bone marrow appearances may be
confused with those of CGL if the presence of large
numbers of mast cells is not appreciated.

Mast cells stain with alcian blue as well as with
Romanowsky stains (such as Giemsa and May–
Grünwald–Giemsa, MGG) and stain metachromat-
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Fig. 5.37 PB, mast cell leukaemia,
showing a hypogranular mast cell.
MGG ×940.
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ically with toluidine blue; they are MPO- and 
SBB-negative and periodic acid–Schiff- (PAS) and
chloro-acetate esterase-positive. By immunocyto-
chemistry or immunofluorescence, mast cells react
positively with monoclonal antibodies of CD33,
CD45 and CD68 clusters and with monoclonal anti-
bodies directed against mast cell tryptase.

Bone marrow histology

The marrow biopsy histology is abnormal in the vast
majority of cases [58,59,66] (Fig. 5.40). The most

common finding is focal infiltration by mast cells,
often in paratrabecular and perivascular areas or as
intertrabecular nodules. Perivascular lesions may
be associated with prominent medial and adven-
titial hypertrophy and collagen fibrosis. There may
be layers of mast cells encircling vessels (Fig. 5.41).
Eosinophils are present in variable numbers, often
concentrated at the periphery of the infiltrated
areas (Figs 5.42 and 5.43). Lymphocytes, plasma
cells, macrophages and fibroblasts are also frequently
seen in the areas of infiltration. Occasionally, lym-
phocytes are aggregated either at the centre or at

Fig. 5.38 BM aspirate, systemic
mastocytosis, showing an intensely
hypercellular fragment due mainly
to granulocytic hyperplasia. 
MGG ×94.

Fig. 5.39 BM aspirate, systemic
mastocytosis, showing two
abnormal mast cells and three 
cells which are probably mast 
cell precursors. One mast cell is
hypogranular and both have a
higher nucleocytoplasmic ratio
than normal mast cells. MGG ×940.



the periphery of a focal lesion [59,67]; immunocy-
tochemical analysis has shown the lymphocytes to
be a mixture of B and T cells [68]. There is usually 
a dense network of reticulin fibres associated with
the infiltrate and, sometimes, collagen deposition.
There may be osteosclerosis, osteoporosis or evi-
dence of increased bone turnover with osteoclasts,
osteoblasts and the amount of osteoid all being
increased [67]; paratrabecular fibrosis, which is
sometimes present, may be related to increased
bone turnover.

The morphology of the mast cells is variable 
and this may cause difficulty in their recognition,

especially in H&E-stained sections. They may be
either spindle shaped, thus resembling fibroblasts
(Fig. 5.44), or have abundant pale pink cytoplasm
and irregularly shaped nuclei leading to confusion
with macrophages. A Giemsa stain shows purple
cytoplasmic granules (see Fig. 5.43) although these
are often quite scanty. With a toluidine blue stain,
the granules are deep pink or purple (Fig. 5.45).
Decalcification of specimens may lead to loss 
of metachromatic staining with toluidine blue.
Zenker’s and B5 fixatives may interfere with both
Giemsa and toluidine blue reactivity. Mast cells
have chloro-acetate esterase activity which may 
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Fig. 5.40 BM trephine biopsy
section, systemic mastocytosis,
showing marked hypercellularity
with a loose focal aggregate of mast
cells (centre). Paraffin-embedded,
H&E ×97.

Fig. 5.41 BM trephine biopsy
section, systemic mastocytosis,
showing concentric mast cells
encircling a vessel. Paraffin-
embedded, H&E ×235. (By courtesy
of Dr BI Dalal, Vancouver.)
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be demonstrated in both paraffin- and plastic-
embedded sections using Leder’s stain; however,
this stain does not work well in decalcified paraffin-
embedded specimens and it should be noted that
neutrophil myelocytes will also stain strongly. 
In plastic-embedded specimens, ε-aminocaproate
activity, which is specific for mast cells, can be
demonstrated. Immunohistochemistry using mon-
oclonal CD68 (Fig. 5.46) or anti-mast cell tryptase
(Fig. 5.47) antibodies is useful. Mast cell tryptase is
the preferred immunohistochemical stain since it
has a high degree of specificity and sensitivity. Mast
cells also express vimentin, CD45, lysozyme, S100,

α1-antitrypsin and α1-antichymotrypsin [69]. About
two thirds of cases give positive reactions with 
a monoclonal antibody to tartrate-resistant acid
phosphatase [70].

Diffuse replacement of the marrow by neoplastic
mast cells occurs infrequently. In these cases the
infiltrate is much more monomorphic than when
lesions are focal. The mast cells are usually spindle
shaped and may show nuclear atypia. There is
marked reticulin fibrosis and osteosclerosis is often
present. Often there are atypical mast cells in the
peripheral blood allowing a diagnosis of mast cell
leukaemia to be made [66].

Fig. 5.42 BM trephine biopsy
section, systemic mastocytosis
(same case as in Fig. 5.40), showing
numerous abnormal mast
cellsawith marked variation in
nuclear shape and moderate
amounts of pale-staining cytoplasm
aeosinophils and small numbers of
lymphocytes. Paraffin-embedded,
H&E ×970.

Fig. 5.43 BM trephine biopsy
section, systemic mastocytosis
(same case as in Fig. 5.40), 
showing basophilic granules 
in the cytoplasm of mast cells.
Paraffin-embedded, Giemsa ×970.



Lennert and Parwaresch [61] have used the mar-
row biopsy findings to divide patients into prognos-
tic groups. They have described three main patterns
of involvement: (i) type I, in which there is focal
infiltration, but the intervening haemopoietic mar-
row is normal; (ii) type II, in which there are focal
lesions and marked granulocytic hyperplasia with
loss of fat spaces; and (iii) type III in which there is
diffuse replacement of the haemopoietic marrow.
Type I corresponds to the more benign systemic
mastocytosis, type II to ‘malignant mastocytosis’,
and type III to mast cell leukaemia. Others have also
found a hypercellular bone marrow to have a poor
prognostic significance [60].

Cytogenetics and molecular genetics

Clonal cytogenetic abnormalities have been demon-
strated in a number of cases of systemic mastocy-
tosis [51]. Abnormalities detected have included 
trisomy 8, trisomy 9, trisomy 11, del(5)(q), del(7)(q),
monosomy 7 and del(20)(q).

Mutations of the stem cell factor receptor gene 
(c-KIT ) have been demonstrated in a number of
cases [51].

Problems and pitfalls

Many patients with systemic mastocytosis have 
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Fig. 5.44 BM trephine biopsy
section, systemic mastocytosis,
showing spindle-shaped mast cells.
Paraffin-embedded, H&E ×940. (By
courtesy of Dr Wendy Erber and 
Dr L Matz, Perth, Western
Australia.)

Fig. 5.45 BM trephine biopsy
section, systemic mastocytosis
(same case as in Fig. 5.40), showing
purple metachromatic granules 
in the cytoplasm of mast cells.
Paraffin-embedded, toluidine 
blue ×970.
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evidence of involvement of other myeloid lineages.
In some patients, the platelet count, white cell count
or haemoglobin concentration is so greatly elevated
that a diagnosis of ET, CML or PRV is made. It is
likely that such cases represent an MPD with differ-
entiation to several lineages, rather than the co-
existence of two separate diseases, and we therefore
recommend that they be included in the WHO cat-
egory, ‘myeloproliferative disease, unclassifiable’.
Similarly, the emergence of myelodysplasia or acute
leukaemia in patients with systemic mast cell dis-
ease is likely to represent evolution of the neoplastic
clone. The assignment of the former group of cases
to a category designated ‘other myelodysplastic/

myeloproliferative disease, unclassified’ appears
desirable.

Misdiagnosis of systemic mast cell disease is not
uncommon, largely because the mast cells are not
recognized and are misidentified as fibroblasts,
macrophages or epithelioid cells. Focal marrow
lesions may be misdiagnosed as granulomas, angio-
immunoblastic lymphadenopathy or focal infiltrates
of lymphoplasmacytic lymphoma. Confusion with
idiopathic myelofibrosis has occurred; however,
when marrow fibrosis occurs as a response to 
systemic mastocytosis, mast cells are recognizable 
in the fibrous tissue, allowing the distinction from
other causes of myelofibrosis to be made. In patients

Fig. 5.46 BM trephine biopsy
section, systemic mastocytosis
(same case as in Fig. 5.44),
immunohistochemistry (APAAP
technique) with a CD68 McAb.
Paraffin-embedded ×376. (By
courtesy of Dr Wendy Erber, 
Perth, Western Australia.)

Fig. 5.47 BM trephine biopsy
section, systemic mastocytosis,
showing increased mast cells, 
some of which are spindle 
shaped. Paraffin-embedded,
immunohistochemistry with a
McAb to mast cell tryptase ×188.



with a heavy mast cell infiltrate, misdiagnosis as
hairy cell leukaemia is possible because of the even
spacing of nuclei, a feature which is also typical 
of hairy cell leukaemia. The two crucial points in
making a correct diagnosis are that Giemsa-stained
sections are routinely examined and that the cell
types in any apparent granulomas are determined.
The ‘pseudo-granulomas’ of systemic mast cell dis-
ease commonly have eosinophils and lymphocytes
associated with them and sometimes lymphoid
nodules and plasma cells; the mast cells may show
atypical features. Mast cells are also often associated
with focal marrow infiltrates of lymphoplasmacytic
lymphoma (see page 262). However, these reactive
mast cells are morphologically normal and are a
minority population in the areas of infiltration. In
angio-immunoblastic lymphadenopathy there may
be focal or diffuse infiltration by a heterogeneous
population of cells that often includes plasma cells,
lymphocytes and many eosinophils (see page 300).
However, immunoblasts, which are not a feature 
of systemic mastocytosis, are present and often
prominent.

By definition, cutaneous mastocytosis is confined
to the skin. However, bone marrow infiltration
occasionally develops in patients who initially had
mast cell infiltration apparently confined to the
skin. In a study of paediatric cases of cutaneous
mastocytosis, 10 out of 15 trephine biopsies showed
focal perivascular and peritrabecular aggregates 
of mast cells, eosinophils and early myeloid cells
[64,71]. Similarly, of a series of 30 adults presenting
with urticaria pigmentosa, there were 18 with bone
marrow infiltration [72]. In addition, a clonal 
cytogenetic abnormality has been reported in the
bone marrow of a patient with urticaria pigmentosa
suggesting occult infiltration by neoplastic cells
[51].
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details can be carried out using films of aspirates,
imprints from trephine biopsy specimens or thin
sections of aspirated fragments or trephine biopsy
specimens. Histological features can be assessed
using sections of either trephine biopsy specimens
or aspirated fragments. The pattern of infiltration
can only be fully assessed using sections from
trephine biopsy specimens. Three major patterns
can be seen, either alone or in combination [9–11]
(Fig. 6.1). Such patterns are important in the dif-
ferential diagnosis of lymphoproliferative disorders
and can also be of prognostic significance. They are
designated: (i) interstitial; (ii) focal; and (iii) diffuse.
1 Interstitial infiltration indicates the presence of
individual neoplastic cells interspersed between
haemopoietic and fat cells. Although there is gener-
alized marrow involvement, there is considerable
sparing of normal haemopoiesis and bone marrow
architecture is not distorted.
2 Focal infiltration indicates that there are foci of
neoplastic cells separated by residual haemopoietic
marrow. Focal infiltration can be further catego-
rized as paratrabecular or random. In paratrabecular
infiltration the neoplastic cells are immediately
adjacent to the bony trabeculae, either in the form
of a band lining a trabecula or as an aggregate with a
broad base abutting on a trabecula. In random
infiltration the aggregates of neoplastic cells have no
particular relationship to bony trabeculae. Random
infiltrates can be further subdivided into nodular
and patchy, the former having a well-defined round
border and the latter an irregular margin. A distinc-
tion should be made between random nodules or
patchy aggregates which incidentally touch the
bone surface and true paratrabecular infiltration
which is more broad-based.
3 Diffuse infiltration indicates extensive replacement
of normal marrow elements, both haemopoietic 

SIX

LYMPHOPROLIFERATIVE
DISORDERS

In this chapter we shall discuss acute and chronic
leukaemias of lymphoid lineage, Hodgkin’s disease
and non-Hodgkin’s lymphomas (NHL). The disease
entities will be classified according to the recently
proposed WHO classification of lymphoid neo-
plasms [1], which is largely based upon the Revised
European–American Lymphoma (REAL) classifica-
tion, proposed by the International Lymphoma
Study Group [2]. The REAL classification was an
attempt to harmonize European and North Ameri-
can classifications. It built on the Kiel classification
[3,4] but simplified some aspects and incorporated
several well-recognized entities, such as mucosa-
associated lymphoid tissue (MALT) lymphomas,
which were not included in the Kiel classification.
Where possible, we shall relate the WHO classifica-
tion to other systems of lymphoma classification, in
particular to the Kiel classification and the Working
Formulation for Clinical Usage [5]. We shall also
indicate where French–American–British (FAB)
categories of leukaemia [6,7] can be related to the
specific entities described by the WHO classification.
The WHO and Kiel classifications are summarized
and related to each other and to the Working Form-
ulation for B-lineage and T-lineage lymphomas,
respectively, in Tables 6.1 and 6.2. The WHO classi-
fication for Hodgkin’s disease, which is based on the
Rye classification [8], is shown in Table 6.3.

Bone marrow infiltration in
lymphoproliferative disorders

Bone marrow infiltration is frequent in lymphopro-
liferative disorders. Such infiltration can be detected
by a variety of procedures including microscopic
examination of bone marrow aspirates and trephine
biopsies and the use of molecular biological tech-
niques (see Chapter 2). Assessment of cytological
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Table 6.1 Comparison of WHO classification with Kiel classification and Working Formulation for B-cell
lymphoproliferative diseases*.

Kiel classification

B-lymphoblastic lymphoma

B-lymphocytic, CLL;
lymphoplasmacytoid lymphoma; 
prolymphocytic leukaemia

Lymphoplasmacytic lymphoma

Centrocytic lymphoma 

Centroblastic–centrocytic
lymphoma, follicular ± diffuse;

Centroblastic lymphoma, follicular

Centroblastic–centrocytic
lymphoma, diffuse

—

Monocytoid lymphoma, including
marginal zone lymphoma; 
immunocytoma

—

Hairy cell leukaemia

Plasmacytic lymphoma

Centroblastic lymphoma

B-immunoblastic lymphoma

B-large cell anaplastic 
lymphoma (Ki-1)

—

Burkitt’s lymphoma

—

* If there is more than one subtype in a category, the dominant type is indicated in bold letters.

Working Formulation

Lymphoblastic

Small lymphocytic, consistent with CLL;
small lymphocytic, plasmacytoid

Small lymphocytic, plasmacytoid;
diffuse, mixed small and large cell

Diffuse, small cleaved cell; diffuse, mixed
small and large; diffuse large cleaved cell

Follicular:
Predominantly small cleaved cell;
Mixed small and large cell;
Predominantly large cell

Diffuse, small cleaved cell; diffuse, mixed
small and large cell

Small lymphocytic; diffuse, small cleaved
cell; diffuse, mixed small and large cell

Small lymphocytic; diffuse, small cleaved
cell; diffuse, mixed small and large cell

Small lymphocytic; diffuse, small cleaved
cell

—

Extramedullary plasmacytoma

Diffuse, large cell

Large cell immunoblastic

Diffuse, mixed large and small cell

Diffuse, large cell; large cell
immunoblastic

Small, non-cleaved cell, Burkitt’s

Small, non-cleaved cell, Burkitt-like; 
diffuse large cell; large cell
immunoblastic

WHO classification

Precursor B-cell lymphoblastic
lymphoma/leukaemia

B-cell CLL/small lymphocytic
lymphoma
B-cell prolymphocytic leukaemia

Lymphoplasmacytic lymphoma

Mantle cell lymphoma

Follicular lymphoma, 
Grade I
Grade II
Grade III

Extranodal marginal zone B-cell
lymphoma of MALT type

Nodal marginal zone lymphoma 
(± monocytoid B cells)

Splenic marginal zone B-cell
lymphoma (± villous lymphocytes)

Hairy cell leukaemia

Plasmacytoma/plasma cell myeloma

Diffuse large B-cell lymphoma

Primary mediastinal large 
B-cell lymphoma

Burkitt’s lymphoma/Burkitt 
cell leukaemia

Burkitt-like lymphoma

tissue and fat, so that marrow architecture is effaced.
An alternative designation is a ‘packed marrow’
pattern [10]; this latter term could be preferred
since it is unambiguous whereas ‘diffuse’ could be
taken to also include interstitial infiltration.

Various mixed patterns of infiltration also occur,
including mixed interstitial–nodular and mixed
interstitial–diffuse.

A further unusual pattern of infiltration is the
presence of lymphoma cells within the marrow
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Table 6.2 Comparison of WHO classification with Kiel classification and Working Formulation for T-cell and NK cell
lymphoproliferative diseases*.

Kiel classification

T-lymphoblastic lymphoma

T-lymphocytic lymphoma:
Cleaved
CLL-type
PLL-type

T-lymphocytic lymphoma, 
CLL-type cleaved

Small cell cerebriform 
lymphoma (mycosis fungoides, 
Sézary syndrome)

T-zone lymphoma; 
lymphoepithelioid lymphoma; 
pleomorphic, small T-cell lymphoma; 
pleomorphic, medium and large 
T-cell lymphoma;
T-immunoblastic lymphoma

Angio-immunoblastic (AILD, LgX)

—

—

—

—

Pleomorphic small T-cell, HTLVI+;
pleomorphic medium and 
large T-cell HTLVI+

T-large cell anaplastic (Ki-1+)

* If there is more than one subtype in a category, the dominant type is indicated in bold letters.

Working Formulation

Lymphoblastic

Small lymphocytic; diffuse, small cell

Small lymphocytic; diffuse, small cell

Mycosis fungoides

Diffuse, small cleaved cell; diffuse,
mixed small and large cell; diffuse, 
large cell; large cell immunoblastic

Diffuse, mixed large and small cell;
diffuse,large cell; large cell
immunoblastic

Diffuse, small cleaved cell; diffuse,
mixed small and large cell; diffuse, 
large cell; large cell immunoblastic

—

—

Large cell immunoblastic; diffuse, 
small cleaved cell; diffuse mixed 
small and large cell; diffuse large cell

Diffuse, small cleaved cell; diffuse,
mixed large and small cell; diffuse 
large cell; large cell immunoblastic

Large cell immunoblastic 

WHO classification

Precursor T-lymphoblastic 
lymphoma/leukaemia

T-cell prolymphocytic leukaemia

T-cell granular lymphocytic
leukaemia

Mycosis fungoides/Sézary
syndrome

Peripheral T-cell lymphoma, not
otherwise characterized

Angio-immunoblastic T-cell
lymphoma

Aggressive NK-cell leukaemia
Extranodal NK/T-cell lymphoma,
nasal type

Hepatosplenic γδ T-cell lymphoma

Subcutaneous panniculitis-like 
T-cell lymphoma

Enteropathy-type T-cell lymphoma

Adult T-cell lymphoma/leukaemia
(HTLVI+)

Anaplastic large cell lymphoma,
T/null-cell, primary systemic type

sinusoids. In rare cases neoplastic lymphoid cells in
the bone marrow are confined to the sinusoids
[12,13]. Among B-lineage lymphomas, bone marrow
infiltration is more common in low grade tumours
than in high grade. Overall, infiltration is probably
more common in B-cell lymphomas than in T-cell

[14,15] but the frequency of infiltration detected 
in T-cell lymphoma has varied widely in reported
series (see page 285). The relative frequency of 
different patterns of infiltration varies between T
and B lymphomas and between different histolo-
gical categories but, in general, focal infiltration is
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Table 6.3 The WHO classification of Hodgkin’s disease (Hodgkin’s lymphoma) [1].

Category Specific histological characteristics

Nodular lymphocyte-predominant Typical Reed–Sternberg cells are infrequent; L and H variant of
Hodgkin’s disease Reed–Sternberg cell present; prominent proliferation of 

lymphocytes, histiocytes or both; nodular pattern in lymph nodes

Classical Hodgkin’s disease
Nodular sclerosis Typical Reed–Sternberg cells often very infrequent; lacunar cell

variant of Reed–Sternberg cell present; collagen bands present
Lymphocyte-rich classical Hodgkin’s disease Small numbers of typical Reed–Sternberg cells; background of small

lymphocytes with infrequent plasma cells and eosinophils
Mixed cellularity Moderately frequent Reed–Sternberg cells; variable proliferation of 

reactive cells; usually some disorderly fibrosis
Lymphocyte depleted

With diffuse fibrosis Reed–Sternberg cells frequent; extensive disorderly fibrosis; 
reactive cells infrequent

Reticular variant Reed–Sternberg cells frequent and pleomorphic variant of
Reed–Sternberg cell present—either may predominate; reactive 
cells infrequent

Fig. 6.1 Patterns of bone marrow
infiltration observed in
lymphoproliferative disorders.
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more common than diffuse [16]. This is particularly
so of B-cell lymphomas; diffuse infiltration is rela-
tively more common in T-cell lymphomas than in
B-cell.

Increased reticulin deposition, restricted to the area
of marrow infiltration, is common in lymphoma
[17]. Collagen fibrosis is less common.

Trephine biopsy is generally more successful at
detecting marrow infiltration than is bone marrow
aspiration; this is a consequence of the frequency of
focal infiltration and of fibrosis. In a series of 93
cases, Foucar et al. [16] found that trephine sections
and aspirate films were both positive in 79% of
cases, trephine biopsy sections alone were positive
in 18% and films alone were positive in 3%. Simi-
larly, Conlan et al. [14] reported that in 102 cases 
of NHL with marrow involvement, the trephine
biopsy section, marrow clot section and marrow
aspirate films were positive in 94, 65 and 46% of
cases, respectively; in only 6% of cases was the bone
marrow aspirate positive when the trephine biopsy
was negative. The rate of detection of bone marrow
infiltration is increased when a larger volume of
marrow is sampled; this can be achieved either by
increasing the size of the trephine biopsy specimen
or by performing multiple biopsies.

Immunohistochemical techniques performed on
sections of paraffin-embedded tissue (see page 116)
are useful in establishing or confirming the nature
of lymphoid infiltrates [18]. Molecular genetic 
analysis using polymerase chain reaction (PCR) to
detect immunoglobulin (Ig) heavy chain (IGH) gene
rearrangements and T-cell receptor (TCR) gene
rearrangements can be useful in confirming clonal-
ity in difficult cases. However, PCR carried out 
on bone marrow aspirate samples will only detect 
a clonal IGH rearrangement in approximately
57–80% of cases with unequivocal morphological
evidence of marrow infiltration by B-cell lym-
phoma in trephine biopsy sections [19,20].

There may be discordance between the type of
lymphoma seen in the marrow and that present in
the lymph node or other tissues. The frequency of
such discordance varies from 16 to 40% in reported
series [14,21–23]. In a smaller number, varying
between 6 and 21%, there is discordance as to grade
of lymphoma. Discordance is most often seen in 
B-cell lymphomas. Although Conlan et al. [14]
observed discordance in 25% of T-cell lymphomas,

no discordance was found in two other series of 
T-cell lymphomas [24,25]. One surprising and 
relatively common occurrence is the presence of a
follicular lymphoma in the lymph node and a lym-
phoplasmacytic lymphoma (see page 258) in the
marrow [21,23]. This may represent differentiation
of tumour in the marrow site. Such a phenomenon
has been reported in node-based follicular lym-
phomas [26].

The clinical importance of marrow involvement
varies with the category of NHL. In general, in 
low grade lymphomas the presence of marrow
involvement does not adversely affect the clinical
outlook. In patients with high grade lymphoma at
an extramedullary site, the presence of high grade
lymphoma in the marrow is a poor prognostic sign,
often predictive of central nervous system involve-
ment [27]. The presence of low grade lymphoma in
the marrow of patients with high grade lymphoma
has been considered to have no adverse effect on
prognosis [22]; however, there is evidence to sug-
gest that such patients have continuing risk of late
relapse of low grade lymphoma [27].

Problems and pitfalls

Lymphomatous infiltration of the marrow needs to
be distinguished from infiltration by reactive lym-
phocytes. Consideration should be given both to 
the pattern of infiltration and to cytological char-
acteristics. Interstitial infiltration can occur both 
in neoplastic and in reactive conditions. Paratra-
becular infiltration and a ‘packed marrow’ (diffuse
infiltration) are indicative of neoplasia. Nodular
lymphomatous infiltrates have to be distinguished
from reactive nodular hyperplasia (see page 116).
Caution should be exercised in diagnosing lym-
phoma solely on the basis of the presence of nod-
ules of small lymphocytes since there are no clear
criteria at present for establishing whether infre-
quent small nodules are neoplastic. Reactive lym-
phoid nodules are usually small with well-defined
margins and have a polymorphous cell population,
made up predominantly of small lymphocytes with
smaller numbers of immunoblasts, macrophages
and plasma cells. Neoplastic nodular lymphoid infil-
trates are usually larger with ill-defined margins,
often extending around fat cells, and have a rela-
tively homogeneous cellular composition. In some



cases it is not possible to make the distinction
between a reactive and neoplastic process on mor-
phological grounds alone. Immunohistochemical
staining is of only limited value. Nodules composed
entirely of B cells are usually neoplastic, whereas a
mixed population of B and T cells may be seen in
both reactive and neoplastic nodules. Although 
it has been suggested that immunohistochemical
staining for BCL2 may be helpful in distinguish-
ing reactive from neoplastic lymphoid aggregates
[28,29], other reports do not confirm this finding
[30]. In difficult cases, the use of PCR on a marrow
aspirate sample to demonstrate clonal IGH or TCR
gene rearrangements may be helpful [31].

Precursor B-lymphoblastic
leukaemia/lymphoma (precursor B-cell 
acute lymphoblastic leukaemia)

The condition that has long been recognized by
haematologists as acute lymphoblastic leukaemia
(ALL) has been subdivided by the REAL and WHO
groups according to lineage and, in addition, has
been amalgamated with lymphoblastic lymphoma.
The only cases of ALL not included in these two cat-
egories of precursor neoplasms are those in which
cells have a mature B immunophenotype; since
these show the same cytological, cytogenetic and
molecular genetic features as Burkitt’s lymphoma,
they have rightly been amalgamated with this lym-
phoma (see page 281). The terminology adopted 
by the REAL and WHO groups is logical but some-
what cumbersome for day-to-day use. It is likely
that haematologists will continue to use the desig-
nation ‘acute lymphoblastic leukaemia’ for those
cases with a leukaemic presentation. About three
quarters of these cases are of B lineage and about
one quarter of T lineage.

Cases of ALL were divided by the FAB group [6]
on the basis of cytological features into three cat-
egories, designated L1, L2 or L3 ALL. A more detailed
classification based on morphology, immunology
and cytogenetics was proposed by the MIC group
[32] and subsequently the addition of molecular
genetics, giving a MIC-M classification, was pro-
posed [33]. The distinction between FAB L1 and L2
cases is now considered to be of little clinical
significance. However, the FAB recognition of the
Burkitt’s lymphoma-related L3 category of ALL was

important, and remains so, because of the prognos-
tic and therapeutic implications.

The majority of cases of precursor B-lymphoblas-
tic leukaemia/lymphoma present as ALL, a disease
resulting from proliferation in the bone marrow 
of a neoplastic clone of immature lymphoid cells 
with the morphological features of lymphoblasts. 
A minority of cases present as precursor B-
lymphoblastic lymphoma. These cases are much
rarer than ALL and represent only 10–15% of 
lymphoblastic lymphoma, the latter being more
often of T lineage.

Common clinical features of ALL are bruising,
pallor, bone pain, lymphadenopathy, hepatomegaly
and splenomegaly. The peak incidence is in child-
hood but the disease occurs at all ages. Clinical 
features of B-lymphoblastic lymphoma are lym-
phadenopathy, either localized or generalized, with
or without hepatomegaly and splenomegaly. Lytic
bone lesions are common. B-lymphoblastic lym-
phoma occurs predominantly in adults, childhood
lymphoblastic lymphoma being almost always of 
T lineage [34].

Peripheral blood

In the majority of cases of precursor B-lymphoblastic
leukaemia, leukaemic lymphoblasts, similar to those
in the bone marrow (see below), are present in 
the peripheral blood; as a consequence, the total
white cell count is usually increased. Normocytic
normochromic anaemia and thrombocytopenia 
are also common. In precursor B-lymphoblastic
lymphoma the peripheral blood is usually normal;
when lymphoblasts are present they are identical to
those of ALL.

Bone marrow cytology

In precursor B-lymphoblastic leukaemia the bone
marrow is markedly hypercellular and is heavily
infiltrated by leukaemic blasts. Normal haemopoi-
etic cells are reduced in number but are morpho-
logically normal. The blast cells vary cytologically
between cases. In the FAB category of L1 ALL 
(Fig. 6.2) the blasts are fairly small and relatively uni-
form in appearance with a round nucleus and a regu-
lar cellular outline. The nucleocytoplasmic ratio is
high, the chromatin pattern is fairly homogeneous
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and nucleoli are inconspicuous or inapparent. In 
L2 ALL (Fig. 6.3) the blasts are generally larger 
and more pleomorphic. Cytoplasm is more plentiful,
the nuclei vary in shape and nucleoli may be pro-
minent. Bone marrow necrosis may complicate ALL
and, rarely, an aspirate may contain only necrotic
cells.

In precursor B-lymphoblastic lymphoma the bone
marrow is often normal. When there is infiltration,
the cells cannot be distinguished cytologically from
those of ALL. By convention, cases with fewer than
25 or 30% of bone marrow lymphoblasts are cat-

egorized as lymphoblastic lymphoma and cases
with a heavier infiltration as ALL. The distinction is
to some extent arbitrary since the cells are not only
morphologically but also immunophenotypically
indistinguishable from those of ALL.

Immunocytochemistry and flow cytometry

Cases of precursor B-lymphoblastic leukaemia/lym-
phoma express B-cell antigens such as CD19, CD22,
CD24 and CD79a (Box 6.1). Most cases are positive
for terminal deoxynucleotidyl transferase (TdT).

Fig. 6.2 BM aspirate, L1 ALL,
showing a uniform population of
small and medium sized blasts with
a high nucleocytoplasmic ratio.
MGG ×940.

Fig. 6.3 BM aspirate, L2 ALL,
showing large pleomorphic blasts.
MGG ×940.



Three immunophenotypic groups are recognized
which are believed to be analogous to successive
stages of maturation of normal B lymphocytes.
They have been defined by the European Group for
the Immunological Characterization of Leukaemias
(EGIL) [35] as follows:
1 cells of cases in the most immature group, desig-
nated pro-B ALL, express one or more of the above-
mentioned B-cell antigens but do not express the
common ALL antigen (CD10) or cytoplasmic or 
surface Ig;
2 the next group, which includes the majority of
cases, is designated common ALL; the cells express
CD10. There is no expression of cytoplasmic or 
surface Ig; and
3 in the third group, designated pre-B ALL, cells
express B-lineage markers and CD10; they also
express the µ chain of IgM in the cytoplasm but not
surface membrane Ig.

It should be noted that the EGIL group’s fourth
category of mature B-ALL is classified by the WHO
and REAL groups as a mature B-cell neoplasm,
Burkitt’s lymphoma, and not as lymphoblastic
leukaemia/lymphoma.

The recognition of pro-B ALL is important since 
it is associated with specific cytogenetic/molecular
genetic features and with a worse prognosis. How-
ever, although the cytogenetic and molecular genetic

features of common ALL differ from those of pre-B
ALL, these two categories do not differ in prognosis
with current therapy. The distinction is therefore
not important and, for practical purposes, the 
amalgamation of the common and pre-B categories
could be considered. The immunophenotype of pre-
cursor B-lymphoblastic lymphoma is similar to that
of ALL.

Cytogenetics and molecular genetics

Up to 90% of cases of ALL have a demonstrable
karyotypic abnormality, such cytogenetic abnor-
malities being of independent prognostic value [36]
(Box 6.1). The most common abnormalities among
B-lineage cases are hyperdiploidy and the trans-
locations t(1;19)(q23;p13), t(12;21)(q12;q22) and
t(9;22)(q34;q11). Less common, but of considerable
prognostic significance, is t(4;11)(q21;q23).

Cases with a hyperdiploid karyotype are divided
into high hyperdiploidy (greater than 50 chro-
mosomes) and low hyperdiploidy (47–50 chro-
mosomes). High hyperdiploidy is the most common
abnormality seen in childhood ALL (25% cases)
and is associated with a relatively good prognosis.
Low hyperdiploidy is seen in up to 15% of cases and
is associated with an intermediate prognosis. The
translocation t(1;19)(q23;p13) occurs in 2–5% of
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BOX 6.1

Precursor B-lymphoblastic leukaemia/lymphoma (precursor B-cell acute lymphoblastic leukaemia)

Flow cytometry and immunocytochemistry
CD19+, CD22+, CD24+, CD79a+, TdT+

Pro-B ALL—CyIg−, SmIg−, CD10−
Common ALL—CD10+, CyIg−, SmIg−
Pre-B ALL—CD10+, CyIg (µ)+, SmIg−

Immunohistochemistry
CD10+/−, CD20−/+, CD34+/−, CD79a+, TdT+

Cytogenetics and molecular genetics
Most cases have an abnormal karyotype
The most common abnormalities are hyperdiploidy and the translocations t(1;19)(q23;p13), t(12;21)(q12;q22) and
t(9;22)(q34;q11)
Less common, but of prognostic significance, is t(4;11)(q21;q23)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
Cy, cytoplasmic; Ig, immunoglobulin; Sm, surface membrane; TdT, terminal deoxynucleotidyl transferase.
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cases of childhood pre-B ALL. It was previously
associated with a poor prognosis but, with modern
intensive therapy, prognosis is now relatively good.
The Philadelphia chromosome, formed as a result of
the t(9;22)(q34;q11) translocation, is seen in 2–5%
of cases of childhood ALL and 15–25% of cases 
in adults; it is associated with a poor prognosis.
t(4;11)(q21;q23) is seen in less than 5% of cases of
childhood ALL; it is associated with the pro-B
immunophenotype and a poor prognosis. Other
translocations with an 11q23 breakpoint are less
common and generally indicate a poor prognosis.
The t(12;21)(q12;q22) rearrangement is seen in
10–30% of cases of childhood ALL. It can be 
associated with a pro-B, common ALL or pre-B
immunophenotype and an intermediate to good
prognosis. This abnormality is not usually demon-
strable by conventional cytogenetic analysis.

In ALL a normal karyotype is associated with an
intermediate prognosis.

Cytogenetic abnormalities can be detected by
conventional cytogenetic analysis or by fluores-
cence in situ hybridization (FISH). Alternatively, 
the equivalent molecular genetic abnormality can
be detected by DNA analysis (PCR or Southern 
blot) or RNA analysis (reverse transcriptase poly-
merase chain reaction, RT-PCR). The detection of
t(12;21)(q12;q22) usually requires FISH or molecu-
lar analysis to detect the TEL-AML1 fusion gene.
Other fusion products that can be detected by

molecular analysis include: (i) BCR-ABL, associated
with t(9;22); (ii) E2A-PBX, associated with t(1;19);
and (iii) MLL-AF4, associated with t(4;11).

The cytogenetic and molecular genetic charac-
teristics of precursor B-lymphoblastic lymphoma
are believed to be similar to those of precursor 
B-lymphoblastic leukaemia.

Bone marrow histology

In precursor B-lymphoblastic leukaemia, the mar-
row is diffusely infiltrated by lymphoblasts which
replace most of the haemopoietic and fat cells. The
infiltrating cells vary in size but are on average
about twice the diameter of red blood cells. They are
characterized by a large nucleus and minimal cyto-
plasm (Fig. 6.4). The chromatin is finely stippled
with one or two small or medium sized nucleoli.
The number of mitotic figures seen is greater than 
in the most mature (peripheral) B-cell neoplasms
but is less than is seen in Burkitt’s lymphoma/L3
ALL. The number of mitoses seen in precursor B-
lymphoblastic cases is less than is seen in precursor
T-lymphoblastic leukaemia [37]. Bone marrow
necrosis is occasionally seen. Reticulin fibrosis
occurs to a varying degree in up to 57% of cases 
of ALL and collagen fibrosis (Fig. 6.5) in a quarter
[38]. Reticulin fibrosis regresses slowly following
remission of the leukaemia. Fibrosis is responsible
for occasional failure to obtain an aspirate.

Fig. 6.4 BM trephine biopsy
section, ALL, showing diffuse
infiltration by predominantly small
lymphoblasts. Note the high
nucleocytoplasmic ratio and finely
stippled chromatin pattern.
Paraffin-embedded, H&E ×940.



The diagnosis of ALL is usually easily made on the
basis of the cytological features of neoplastic cells in
bone marrow aspirates or peripheral blood films.
Trephine biopsy is therefore not usually necessary.
Occasionally, when there is minimal evidence of
leukaemia in the peripheral blood and when bone
marrow cannot be aspirated, the diagnosis is depen-
dent on a trephine biopsy.

If bone marrow infiltration occurs during the
course of precursor B-lymphoblastic lymphoma,
the cytological features are similar to those of ALL
but the infiltration is initially patchy with interven-
ing areas of surviving haemopoietic tissue and fat.

Immunohistochemistry

Cells of precursor B-lymphoblastic leukaemia/
lymphoma express CD79a (Box 6.1). There is variable
expression of CD10, CD20 and TdT: TdT expression
is more common in pro-B ALL and common ALL;
cells of common ALL and pre-B ALL usually express
CD10; CD20 expression is more frequent in cases
with a more mature phenotype. They do not express
CD1, CD3, CD4, CD5 or myeloid antigens. CD45 
is expressed, expression being stronger than in
myeloblasts.

Problems and pitfalls

The most important differential diagnoses of pre-

cursor B-ALL are acute myeloid leukaemia (AML)
and precursor T-lineage ALL. In general, ALL blasts
have a very high nucleocytoplasmic ratio and are
more regular than the blasts of AML (see page 114).
There are no myelodysplastic features and the prim-
itive cells do not contain granules. Cytochemistry
and histochemistry can be important in confirming
a diagnosis of AML but it must be noted that nega-
tive reactions are consistent with either ALL or
AML with minimal evidence of myeloid differentia-
tion. Immunophenotyping is therefore essential for
establishing a diagnosis of precursor B-lymphoblastic
leukaemia/lymphoma.

It may also be necessary to distinguish precursor
B-lymphoblastic lymphoma from infiltration of the
marrow by mature B-cell lymphomas. The distinc-
tion from Burkitt’s lymphoma is important and can
be difficult. Cytological details and the high mitotic
count are useful features in the recognition of
Burkitt’s lymphoma and, when necessary, immuno-
histochemistry can be employed (see page 283). 
In large cell lymphomas, the cells are larger and
more pleomorphic than those of ALL/lymphoblastic
lymphoma. In low grade lymphomas, infiltration is
often focal and the nuclei show at least some degree
of chromatin condensation. Mitotic figures are quite
uncommon. When there is heavy infiltration,
chronic lymphocytic leukaemia (CLL) can be con-
fused with ALL, particularly if sections are too thick
and cytological details are not readily assessable.
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Fig. 6.5 BM trephine biopsy
section in ALL, showing new bone
formation and bone marrow
fibrosis as a result of necrosis; 
there is new bone formation on 
the surface of a spicule of dead
bone; leukaemic lymphoblasts 
are scattered through the fibrous
tissue. Paraffin-embedded, H&E
×376.
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The blastoid variant of mantle cell lymphoma poses
a particular problem since the chromatin pattern is
diffuse and resembles ALL; immunophenotyping
will allow the distinction to be made (see page 269).

A preleukaemic episode of marrow aplasia is 
a rare form of presentation of ALL, seen in about
2% of childhood cases and in some adults [39,40].
Trephine biopsies show a hypocellular marrow;
haemopoietic cells are generally reduced but there
may be some sparing of megakaryocytes. In most
reported cases, increased lymphoblasts have not
been detected. However, hypercellular areas with 
a lymphoid infiltrate have sometimes been noted,
permitting a distinction from aplastic anaemia [41].
A common feature is the presence of reticulin 
fibrosis and increased numbers of fibroblasts [39].
Recovery of haemopoiesis occurs, usually spontane-
ously, and after an interval of some weeks ALL is
manifest in the marrow and the peripheral blood. In
the absence of an apparent increase in lymphoid
cells it can be difficult to distinguish an aplastic
preleukaemic phase of ALL from aplastic anaemia,
although the presence of increased reticulin and
fibroblasts may suggest that aplastic anaemia is not
the correct diagnosis.

In making a diagnosis of de novo or recurrent ALL,
it should be noted that increased numbers of imma-
ture lymphoid cells resembling lymphoblasts of L1
ALL are sometimes seen in children. Such cells may
also be present very rarely, even in adolescents and
adults who do not have ALL. The term ‘haemato-

gones’ has been used for these cells. The possibility
of confusion with ALL is increased by the fact that
they may be positive for CD34, CD10 and TdT. Such
cells (Fig. 6.6) have been observed after cessation 
of chemotherapy for ALL, following bone marrow
transplantation, during infection, in children with
non-haemopoietic neoplasms, in miscellaneous
benign conditions and even in healthy children
(found when acting as bone marrow donors).
Haematogones can be distinguished from ALL blasts
by flow cytometry immunophenotyping. Haema-
togones tend to express TdT strongly and CD10 and
CD19 weakly, whereas the reverse pattern of reac-
tivity is seen with ALL blast cells [42].

B-lineage lymphomas and chronic
leukaemias

B-cell chronic lymphocytic leukaemia/small
lymphocytic lymphoma

B-cell CLL is a disease resulting from neoplastic pro-
liferation of mature B lymphocytes which infiltrate
the bone marrow and circulate in the peripheral
blood. It is predominantly a disease of middle and
old age. Patients diagnosed in the early stages of the
disease may have no abnormal physical findings. In
patients with more advanced disease, common clin-
ical features are lymphadenopathy, hepatomegaly
and splenomegaly. There is commonly an immune
paresis, with impaired B- and T-cell function and

Fig. 6.6 BM trephine biopsy
section from a 3-year-old child 
with an infection showing
haematogones. Paraffin-embedded,
H&E ×940.



reduced concentration of Ig. Auto-immune phe-
nomena are also common.

Various arbitrary levels of peripheral blood lym-
phocyte count, for example more than 5 × 109/l or
more than 10 × 109/l, have been suggested as objec-
tive criteria to establish a diagnosis of CLL. The lower
count is quite adequate for diagnosis if the cells are
shown to be monoclonal B lymphocytes with typical
morphological and immunological features.

In the WHO classification, CLL is grouped with
small lymphocytic lymphoma (see page 232). Both
the Kiel and REAL classifications included CLL,
with small lymphocytic lymphoma and prolympho-
cytic leukaemia (PLL) (see page 232), in a single 
category. The equivalent Working Formulation cat-
egory was small lymphocytic lymphoma, consistent
with CLL. It is clear, however, that PLL is a distinct
entity and it is recognized as such in the WHO
classification. Some cases of CLL show evidence of
plasmacytoid differentiation. Although it has been
suggested that this may be associated with a worse
prognosis, the evidence is not conclusive and the
WHO classification does not differentiate such cases
from classical CLL.

Examination of the peripheral blood is essential
in the diagnosis of CLL. A bone marrow aspirate is
of little importance in comparison with a trephine
biopsy which yields information important both for
diagnosis and prognosis. Some NHL are easily con-
fused with CLL if a trephine biopsy specimen is not
examined and immunophenotyping is not employed.

In most cases CLL has a relatively indolent course

with a median survival of more than 10 years. How-
ever, in a minority of patients, the disease undergoes
transformation to a more aggressive lymphopro-
liferative disease. The most common form of trans-
formation is characterized by a progressive rise in 
the numbers of prolymphocytes in the peripheral
blood and is termed prolymphocytoid transforma-
tion. Transformation to a large B-cell lymphoma,
Richter’s syndrome, is much less common. Trans-
formation of CLL to Hodgkin’s disease has been
reported [43].

Small cell lymphocytic lymphoma is a lymphopro-
liferative disorder characterized by lymphadenopathy
in which the histological features of involved lymph
nodes are identical to those of CLL. The major dif-
ferences from CLL are the absence of a leukaemic
component and lower incidence of marrow infiltra-
tion. Some patients have disease clinically confined
to one lymph node group. Others have generalized
lymphadenopathy which may be accompanied by
hepatomegaly or splenomegaly. The immunopheno-
type is indistinguishable from that of CLL.

Peripheral blood

The blood film shows a uniform population of
mature, small lymphocytes with round nuclei,
clumped chromatin, scanty cytoplasm and a regular
cellular outline (Fig. 6.7). Broken cells, designated
smear cells or smudge cells, are characteristic but
not pathognomonic since they are occasionally seen
in a variety of other conditions. With advanced 
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Fig. 6.7 PB film, CLL, showing 
a uniform population of small
mature lymphocytes. One smear
cell is present. MGG ×940.
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disease there is anaemia and thrombocytopenia.
Auto-immune haemolytic anaemia can occur, either
early or late in the course of CLL. The blood film then
shows spherocytes and the direct antiglobulin test is
positive. When bone marrow reserve is adequate,
there is also polychromasia and the reticulocyte
count is increased. Auto-immune destruction of
platelets may also occur and, in patients with early
disease, may be responsible for an isolated throm-
bocytopenia. Pure red cell aplasia is a less common
complication; the peripheral blood shows morpho-
logically normal red cells and a lack of polychromasia.

Patients with CLL may have a small proportion of
cells with the morphology of prolymphocytes, i.e.

with a prominent nucleolus and more abundant
cytoplasm. Cases with more than 10% prolympho-
cytes at presentation have been described as the
mixed cell type of CLL (Fig. 6.8); in some patients
the prolymphocyte count remains stable and the
disease behaves like classic CLL [44]. Others have 
a progressively increasing prolymphocyte count
and more aggressive course and probably represent
prolymphocytoid transformation. When CLL under-
goes transformation to large cell lymphoma, de-
signated Richter’s syndrome, transformed cells are
only rarely present in the peripheral blood (Fig. 6.9)
but, when present, have the same cytological features
as large cell lymphoma in leukaemic phase.

Fig. 6.8 PB film in CLL/mixed 
cell type, showing pleomorphic
lymphocytes and one smear cell.
MGG ×940.

Fig. 6.9 PB film, Richter’s
syndrome, showing mature small
lymphocytes, smear cells and a
large cell with a giant nucleolus.
MGG ×940.



In patients with small lymphocytic lymphoma,
the lymphocyte count is normal at presentation and
the peripheral blood film shows no specific abnor-
malities. A minority of patients develop lymphocy-
tosis during the course of the illness, usually during
the first few years after presentation [45].

Bone marrow cytology

The bone marrow is hypercellular and contains
increased numbers of mature lymphocytes which
are uniform in appearance. Normal haemopoietic
cells are reduced, there being a continued fall with
disease progression. Various arbitrary percentages
of bone marrow lymphocytes, for example more
than 30% or more than 40%, have been suggested
as necessary to establish the diagnosis of CLL. A
figure of 30% is quite adequate for diagnosis if a
good aspirate, not diluted with peripheral blood, is
obtained and if other features are typical. In one
study the percentage of lymphocytes in the aspirate
showed independent prognostic significance [46].

In small lymphocytic lymphoma the bone marrow
is infiltrated in the majority of patients particularly,
but not exclusively, those who have clinically ap-
parent generalized disease [45,47,48]. Cytological
features of the infiltrating cells are the same as those
of CLL.

When CLL is complicated by auto-immune
haemolytic anaemia, the bone marrow shows ery-

throid hyperplasia and, in auto-immune thrombo-
cytopenia, there are increased megakaryocytes, at
least in those patients with an adequate haemo-
poietic reserve. In pure red cell aplasia there is a lack
of any red cell precursors beyond proerythroblasts.

When prolymphocytoid transformation of CLL
occurs, increasing numbers of prolymphocytes are
present in the bone marrow. Richter’s transforma-
tion sometimes occurs in the bone marrow but
more often occurs initially at an extramedullary site
with bone marrow infiltration being a late event.
When bone marrow infiltration occurs, the cells
usually have the morphology of a pleomorphic
large B-cell lymphoma, often with immunoblastic
features (Fig. 6.10). Immunoblasts are large cells
with deeply basophilic cytoplasm and a large nucleus
with a large prominent central nucleolus.

Immunocytochemistry and flow cytometry

Cells of CLL show weak expression of monoclonal
SmIg, commonly IgM with or without IgD (Box 6.2).
They express pan-B markers such as CD19 and
CD24. The pan-B marker CD22 is expressed in the
cytoplasm but is expressed weakly, if at all, on the
cell surface. CD20 is also weakly expressed. CLL
cells do not usually express FMC7 or CD79b [49].
There is cell surface expression of CD5 and CD23 
in the majority of cases [50]. Expression of CD5 is
weaker than on normal T cells. Co-expression of
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Fig. 6.10 BM aspirate, Richter’s
syndrome (same case as in Fig. 6.9),
showing mature small lymphocytes
admixed with frequent very large
cells with large nucleoli. 
MGG ×940.
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CD5 and CD19 can be shown using two-colour
immunofluorescence. Clonality of the CD5-positive
population can be demonstrated by flow cytometric
analysis of the Ig light chain type on the cell surface.
A scoring system has been described using immuno-
phenotypic data to help discriminate between 
CLL and other B-cell lymphoproliferative disorders
[49,50]. Cases score one point for each of the fol-
lowing five features: (i) weak expression of SmIg;
(ii) expression of CD5; (iii) expression of CD23; (iv)
lack of expression of FMC7; and (v) lack of expression
of CD22 (or CD79b). Most cases of CLL have a score
of four or five points; a minority has a score of three
points. CD38 is expressed by cells of 40–50% of
cases; its expression is indicative of a worse prognosis.

Cytogenetics and molecular genetics

A normal karyotype has been reported in 40–72%
of cases in different series of patients [51–53]. The
most common cytogenetic abnormalities are trisomy
12, often associated with additional abnormalities,
and del(13)(q12–14) (Box 6.2). Other abnormal-
ities include del(6)(q), del(11)(q), 14q+ and abnor-
malities of chromosome 17. A normal karyotype,
13q deletion and most cases with an isolated trisomy
12 are associated with classical morphology and 
a good prognosis. Trisomy 12 with additional
abnormalities, 14q+, del(6)(q) and chromosome 17
abnormalities are associated with an atypical im-

munophenotype and a worse prognosis [53]. FISH
shows a much higher proportion of cases with
clonal abnormalities than conventional cytogenetic
analysis [54,55].

Molecular genetic analysis indicates that CLL
may result from mutation in a pregerminal centre B
lymphocyte (about 60% of cases) or a postgerminal
centre B lymphocyte (about 40% of cases) (see page
75). Cases belonging to the former group have a
worse prognosis.

Bone marrow histology

In the usual case at presentation, the vast majority
of the neoplastic cells in the marrow are small 
lymphocytes (Fig. 6.11). These cells are slightly
larger than the average normal lymphocyte. They
have nuclei with coarse clumped chromatin and
insignificant nucleoli; there is little cytoplasm. The
nuclear outline appears somewhat irregular in sec-
tions of paraffin- and plastic-embedded specimens.
In addition to the predominant small lymphocytes,
there are small numbers of prolymphocytes and
para-immunoblasts. The latter are medium sized
cells with plentiful cytoplasm and a large nucleus
with a prominent nucleolus. The cytoplasm of para-
immunoblasts is less intensely basophilic than that
of immunoblasts. Prolymphocytes are intermediate
in size between small lymphocytes and para-
immunoblasts; they have nuclei with dispersed

BOX 6.2

Chronic lymphocytic leukaemia

Flow cytometry and immunocytochemistry
CD5+, CD19+, CD23+, CD24+, weak SmIg (IgM+, IgD+/−), Ig light chain type restriction
CD10−, SmCD22−, CD79b−, FMC7−

Immunohistochemistry
CD5+, CD20+/−, CD23+/−, CD43+, CD79a+
CD10−, cyclin D1−

Cytogenetics and molecular genetics
No specific abnormality and many cases have normal karyotype
The most common abnormalities are trisomy 12, del(13)(q12–14), del(6) and abnormalities of chromosomes 17 and 13q

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
Ig, immunoglobulin; Sm, surface membrane.



chromatin and a nucleolus which is often large and
prominent. In cases with diffuse infiltration there
may be focal proliferation centres which sometimes
give the infiltrate a ‘pseudofollicular’ pattern. The
proliferation centres contain increased numbers of
prolymphocytes and para-immunoblasts and are
identical to those seen in lymph nodes of patients
with CLL. Occasional cases of CLL have prominent
non-neoplastic mast cells within and around the
areas of infiltration.

Four histological patterns of marrow infiltration
are seen in CLL: (i) interstitial (Figs 6.12 and 6.13);
(ii) nodular (Fig. 6.14); (iii) diffuse (Fig. 6.15); and

(iv) mixed (see page 234) [9,56]. A mixed pattern
represents a combination of nodular and interstitial
infiltration. Paratrabecular infiltration is not seen.
There is usually little if any increase in reticulin [17].

Examination of bone marrow trephine biopsy
sections in CLL provides a valuable prognostic indi-
cator which is partly independent of clinical stage.
Most investigators have demonstrated a statistically
significant difference between the outcome in cases
with a diffuse pattern (poor prognosis) and those
with non-diffuse (nodular and interstitial) patterns
(good prognosis) [9,56,57]. Some workers have
further found cases with a mixed pattern to have a
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Fig. 6.11 BM trephine biopsy
section, CLL, mature small
lymphocytes infiltrating between
residual normal haemopoietic cells.
Plastic-embedded, H&E ×940.

Fig. 6.12 BM trephine biopsy
section, CLL, interstitial infiltration.
Plastic-embedded, H&E ×377.



Fig. 6.13 BM trephine biopsy
section, CLL, interstitial infiltration.
Plastic-embedded, H&E ×940.

Fig. 6.14 BM trephine biopsy
section, CLL, nodular infiltration.
Plastic-embedded, H&E ×94.

Fig. 6.15 BM trephine biopsy
section, CLL, diffuse infiltration
(‘packed marrow’ pattern). 
Plastic-embedded, H&E ×94.
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prognosis intermediate between that of the above
two groups [9]. Somewhat divergent findings were
reported by Frisch and Bartl [58]; they also found
the shortest survival in those with a ‘packed mar-
row’ (diffuse) pattern, but those with an interstitial
pattern of infiltration had a shorter survival than
those with a nodular infiltrate.

Attempts have been made, with some success, to
correlate the clinical staging systems with patterns
of bone marrow infiltration. In general, within a
single stage, patients in whom the bone marrow 
is diffusely infiltrated do worse than those with
non-diffuse patterns of infiltration [56,57].

The trephine biopsy is also of importance in
assessing response to treatment since there may be
residual lymphoid nodules when the percentage of
lymphocytes in the aspirate is no longer increased
[46]. This is referred to as nodular partial remission.

In prolymphocytoid transformation of CLL [44]
there are increased numbers of prolymphocytes and
para-immunoblasts in the marrow (Fig. 6.16). This
needs to be distinguished from CLL/mixed cell 
type (Fig. 6.17) (see above). In Richter’s syndrome
[59,60] the marrow is infiltrated only in a minority
of cases; the infiltrate is of immunoblasts admixed
with bizarre giant cells, some of which resemble
Reed–Sternberg cells (Fig. 6.18). In the majority 
of cases the marrow shows only the characteristic
features of CLL. In rare cases of transformation to
Hodgkin’s disease the marrow may be involved.

The incidence of bone marrow involvement in
patients with small lymphocytic lymphoma, as
determined from biopsy sections, varies from 30%
to 90% in reported series [16,61,62]. Various pat-
terns of infiltration have been reported. Pangalis
and Kittas [62] found a nodular pattern in all of six
patients with bone marrow infiltration but others
[11,16,47] have observed focal, interstitial and 
occasionally diffuse patterns. The cytological fea-
tures of the infiltrate are similar to those seen in
CLL; there are predominantly small lymphocytes
with round or slightly irregular contours and occa-
sional para-immunoblasts.

No correlation has been found between the bone
marrow findings and survival in small lymphocytic
lymphoma [62,63].

Immunohistochemistry

Cells of CLL express the B-cell markers CD20 and
CD79a (see Box 6.2). Staining for CD20 is often
weak. The markers CD5, CD23 and CD43 are usu-
ally positive and are useful in discriminating CLL
from other small cell B-lymphoproliferative diseases.
The expression of CD23 is weak on small CLL lym-
phocytes but this antigen is more strongly expressed
by prolymphocytes and para-immunoblasts, high-
lighting the proliferation centres [64]. On occasions,
only the proliferation centres stain for CD23. Stain-
ing for CD10 and cyclin D1 is negative. Staining for
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Fig. 6.16 BM trephine biopsy
section, CLL, showing one
immunoblast, para-immunoblasts
and prolymphocytes in a
proliferation centre. Paraffin-
embedded, Giemsa ×940.
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Ki-67 is confined to the proliferation centres and
scattered para-immunoblasts.

In large cell transformation the cells express CD79a
but CD20 staining may be negative; the pleomor-
phic tumour cells resembling Reed–Sternberg cells
often express CD30. There is little information re-
garding the expression of CD5 and CD23. Staining
for Ki-67 shows a high proliferative fraction.

Problems and pitfalls

In its earliest stages, CLL can be diagnosed in cases
with lymphocyte counts as low as 5 × 109/l, pro-

vided there is typical morphology and immuno-
phenotype with evidence of monotypic Ig light
chain expression by the CD5-positive cells on flow
cytometric analysis.

Polyclonal B-cell lymphocytosis has been described
in small numbers of patients, usually associated
with cigarette smoking [65,66]. This condition 
has sometimes been confused with CLL. The lym-
phocytosis is usually mild and there are often mor-
phological abnormalities including binucleation. 
A minority of cases have lymphadenopathy and
splenomegaly. No evidence of clonality is found on
immunophenotypic or molecular genetic analysis.

Fig. 6.17 BM trephine biopsy
section, CLL/mixed cell type,
showing pleomorphic small and
medium-sized lymphocytes.
Paraffin embedded, H&E ×940.

Fig. 6.18 BM trephine biopsy
section, Richter’s transformation 
of CLL: part of the section shows
residual mature small lymphocytes
(bottom left) and part infiltration
by pleomorphic immunoblasts 
(top right). Paraffin-embedded,
H&E ×390.



Lymphoproliferative disorders that may be mis-
taken for CLL include: (i) PLL; (ii) lymphoplas-
macytic lymphoma; (iii) follicular lymphoma; (iv)
mantle cell lymphoma; (v) splenic lymphoma with
villous lymphocytes; (vi) T-PLL; and (vii) T-cell
granular lymphocytic leukaemia. Correct diagnosis
requires correlation of cytological features, im-
munophenotype and, in some cases, molecular
genetic analysis. With careful assessment of cyto-
logical features and immunophenotype, distinction
from other small B-cell lymphoproliferative dis-
orders is usually not a problem. Cases with atypical
morphological features (mixed cell type and cases
undergoing prolymphocytoid transformation) may
be confused with mantle cell lymphoma which also
expresses CD5. In these cases, immunophenotypic
and molecular genetic analysis will usually enable
the distinction to be made.

The histological features in trephine biopsy sec-
tions that are helpful in differentiating CLL from
other small B-cell lymphoproliferative disorders 
are the non-paratrabecular pattern, the presence 
of para-immunoblasts within the infiltrate and, in
some cases, the presence of proliferation centres.

B-cell prolymphocytic leukaemia

B-cell PLL is a disease consequent on the prolifera-
tion of a clone of mature B cells with distinctive
cytological characteristics. The disease is much less

common than CLL and, on average, occurs at an
older age. Although PLL falls into the same category
as CLL in the Kiel and REAL classifications and in
the Working Formulation, it is clear that it is a dis-
tinct entity which differs clinically, cytologically,
immunophenotypically and genetically from CLL.
It is recognized as a separate entity in the WHO
classification.

Peripheral blood examination is most important
in the diagnosis of PLL; bone marrow aspiration and
trephine biopsy are less important.

In PLL there is generally marked splenomegaly
but only minor lymphadenopathy.

Peripheral blood

The white cell count is typically quite high, for
example 50–100 × 109/l or even higher. Anaemia
and thrombocytopenia may be present. Leukaemic
cells are larger and in many cases less homogeneous
than those of CLL. They vary in size with the larger
cells having moderately abundant, weakly baso-
philic cytoplasm and a round nucleus containing a
prominent nucleolus (Fig. 6.19). Smaller cells tend
to have a somewhat higher nucleocytoplasmic ratio
and the nucleolus is less prominent.

Bone marrow cytology

The bone marrow is infiltrated by cells of similar 
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Fig. 6.19 PB film, B-PLL, showing
prolymphocytes with plentiful
cytoplasm and a single prominent
nucleolus. MGG ×940.



LYMPHOPROLIFERATIVE DISORDERS 251

appearance to those in the peripheral blood. Often the
morphology is less characteristic than in the blood.

Immunocytochemistry and flow cytometry

The cells of PLL show strong expression of mono-
clonal SmIg which is usually IgM with or without
IgD. Pan-B markers are expressed; the immunophe-
notype differs from that of CLL in that CD5 and
CD23 are not usually expressed whereas CD22 and
FMC7 are commonly positive (Box 6.3).

Cytogenetics

No specific cytogenetic abnormality is described,
but 14q+, trisomy 3, trisomy 12, del(6)(q) and
t(11;14)(q13;q32) have been reported [67] (Box 6.3).

Bone marrow histology [68]

Recognition of prolymphocytes in tissue sections
may be difficult although thin sections and tech-
niques of plastic embedding make this easier. The
cells are slightly larger than those of CLL and have
round nuclei. The chromatin is in coarse clumps
and there is a distinct and usually prominent nucle-
olus (Figs 6.20 and 6.21). The mitotic count is much
lower than in large cell lymphoma, with which it
may be confused. When biopsies are well fixed and
preserved, it is possible to distinguish some, but not

all, cases of T-PLL from B-PLL by the presence of
‘knobby’ or convoluted nuclei. Some cases show
increased eosinophils or plasma cells or sinusoidal
dilation.

The following four patterns of marrow infiltra-
tion have been found in PLL: interstitial, interstitial–
nodular, interstitial–diffuse (Fig. 6.20) and diffuse
(Fig. 6.21). The commonest pattern is interstitial–
nodular. The pure nodular form of infiltration
which occurs in CLL is not seen in PLL. In contrast
to CLL, all cases show increased reticulin.

Immunohistochemistry

Pan-B markers CD20 and CD79a are positive 
(Box 6.3). Staining for CD5, CD10, CD23, CD43 
and cyclin D1 is usually negative.

Problems and pitfalls

PLL needs to be distinguished from CLL with mixed
cell morphology (CLL/PL) and other B-cell lympho-
proliferative disorders with a leukaemic compo-
nent. Cytological features are more useful than
histological features in making the distinction. The
percentage of prolymphocytes in the peripheral
blood is greater in PLL than CLL/PL, with most cases
of PLL having more than 55% prolymphocytes. The
immunophenotype is variable, but strong FMC7
expression will usually allow distinction from CLL.

BOX 6.3

B-cell prolymphocytic leukaemia

Flow cytometry and immunocytochemistry
CD19+, CD22+, CD24+, CD79a+, SmIg+ (IgM+, IgD+/−), FMC7+
CD5−, CD10−, CD23−

Immunohistochemistry
CD20+/−, CD79a+
CD5−, CD10−, CD23−, CD43−, cyclin D1−

Cytogenetics and molecular genetics
No specific cytogenetic abnormality
14q+, trisomy 3, trisomy 12, del(6)(q) and t(11;14)(q13;q32) have been reported

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin.



It should be noted that t(11;14) is not specific for
mantle cell lymphoma and may also be seen in
some cases of PLL.

Distinction between B-PLL and T-PLL requires
immunophenotypic analysis (see page 288).

Hairy cell leukaemia

Hairy cell leukaemia is a disease consequent on the
proliferation, particularly in the spleen, of a clone of
cells with distinctive morphology and the immuno-
phenotype of late B-lineage cells. The common 

clinical features are splenomegaly and signs and
symptoms resulting from anaemia and neutropenia.

Hairy cells almost always have tartrate-resistant
acid phosphatase (TRAP) activity in the cytoplasm;
such activity is very uncommon in other lympho-
proliferative disorders. Hairy cell leukaemia is not
included in the Working Formulation. In the Kiel,
REAL and WHO classifications it is recognized as a
specific entity.

The diagnosis of hairy cell leukaemia can often 
be suspected from peripheral blood examination
and confirmed by a bone marrow aspirate. How-
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Fig. 6.20 BM trephine biopsy
section, B-PLL, showing 
interstitial–diffuse infiltration.
Plastic-embedded, H&E ×94.

Fig. 6.21 BM trephine biopsy
section, B-PLL, showing diffuse
infiltration by medium sized 
cells, many of which have a 
single prominent nucleolus. 
Plastic-embedded, H&E ×940.
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ever, hairy cells may be infrequent in the blood and
the characteristic reticulin fibrosis commonly ren-
ders aspiration difficult. Examination of trephine
biopsy sections therefore plays an important role in
diagnosis.

Peripheral blood

Hairy cells are usually present in the peripheral
blood only in small numbers and in some cases
none are detected. Pancytopenia is usual. Neutro-
penia and monocytopenia are particularly severe.
The leukaemic cells are larger than those of CLL and
have abundant weakly basophilic cytoplasm with
irregular cytoplasmic margins (Fig. 6.22). The nucleus
may be round, oval, kidney or dumb-bell shaped or
bilobed. There is some condensation of chromatin.
No nucleolus is apparent. The demonstration of
TRAP activity is important in confirming the diag-
nosis but its value in monitoring therapy is reduced
by the fact that interferon therapy causes a reduc-
tion of hairy cell TRAP activity [69].

Bone marrow cytology

The bone marrow is often difficult or impossible to
aspirate. When an aspirate is obtained, the predomi-
nant cell is a hairy cell with the same morphological
features as the few leukaemic cells in the peripheral
blood. Aspirates are often aparticulate but, when

fragments can be aspirated, mast cells are often very
prominent within them.

Large cell transformation may occur in hairy cell
leukaemia, particularly in abdominal lymph nodes
[70]. Sometimes transformed cells are also present
in the bone marrow (Fig. 6.23).

Immunocytochemistry and flow cytometry

The cells show strong SmIg expression which, in
about one third of cases, is IgM with or without IgD
and, in the remaining two thirds, is IgA or IgG. The
pan-B markers CD19, CD20, CD22 and CD24 are
usually expressed but CD5 and CD23 are usually
negative (Box 6.4). There is usually expression of
FMC7 and, in addition, there is expression of several
markers that are otherwise uncommon in chronic
leukaemias of B lineageaCD11c, CD25, CD71,
CD103, HC2, the unclustered antibody DBA44 and
several markers also expressed on plasma cells.

Cytogenetics and molecular genetics

No consistent cytogenetic or molecular genetic
abnormality has been found.

Bone marrow histology

The degree of marrow involvement is very extensive
in all but the earliest of cases [71–74]. Infiltration is

Fig. 6.22 PB film, hairy cell
leukaemia, showing two hairy cells
with weakly basophilic cytoplasm
which has irregular hair-like
projections. MGG ×940.



either focal or diffuse; focal involvement is usually
extensive with large confluent patches involving 
up to 50% of the marrow. Distinct nodules and a
predilection for specific areas of the marrow are not
found. A third pattern of infiltration is that of inter-
stitial infiltration in a severely hypoplastic marrow
[73,75]. Rare cases of hairy cell leukaemia occur 
in which no hairy cells are seen in the blood or in
bone marrow biopsy sections but hairy cells are
detectable in the spleen [76].

The infiltrates consist of widely spaced mononu-
clear cells, ranging in size from 10 to 25 µm, produc-
ing a striking appearance on low power examination

(Fig. 6.24). The relatively wide separation of the
nuclei is due to a zone of abundant pale or water-
clear cytoplasm and also in part, particularly in
paraffin-embedded sections, to cytoplasmic retrac-
tion (Fig. 6.25); this appearance is accentuated by
the underlying reticulin fibrosis which holds the
cells apart. The tumour cell nuclei appear bland
with pale, stippled chromatin; nucleoli are not
prominent (Fig. 6.25). Nuclei vary in both size and
shape and may include round, oval, indented,
dumb-bell shaped and bilobed forms. The mitotic
count is low. In plastic-embedded specimens the
characteristic ribosome–lamellar complex can some-
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Fig. 6.23 BM film, large atypical
cell in bone marrow of patient 
with transformation of hairy 
cell leukaemia. MGG ×940. (By
courtesy of Professor D Catovsky,
London.)

BOX 6.4

Hairy cell leukaemia

Flow cytometry and immunocytochemistry
CD11c+, CD19+, CD20+, CD22+, CD24+, CD25+, CD71+, CD103+, strong SmIg, HC2+, FMC7+, DBA44+
CD5−, CD10−, CD23−

Immunohistochemistry
CD20+, CD79a+, DBA44+, TRAP+
CD5−, CD10−, CD23−, CD43−

Cytogenetics and molecular genetics
No specific abnormality

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin; TRAP, tartrate-resistant acid phosphatase.
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times be identified within the cytoplasm of hairy
cells and may aid in their identification [77]. In
some cases there are foci of hairy cells with spindle-
shaped or fusiform nuclei giving the cells a fibro-
blastic appearance; however, a fibrous or fusiform
pattern may also be due to clusters of fibroblasts
[73]. Red blood cells may be seen in infiltrated
areas, either apparently extravasated or surrounded
by a layer of hairy cells; this appearance resembles
the red blood cell lakes seen in the spleen and liver
[72,73]. Reactive plasma cells, lymphocytes and mast
cells are also often apparent in areas of infiltration.

Residual haemopoiesis is observed in all but 
the most severely infiltrated areas. Haemopoietic
elements are scattered among the infiltrating hairy
cells and consist of isolated erythroid clusters and
megakaryocytes; granulocyte precursors are particu-
larly sparse [73,74].

When the marrow is hypocellular, small clusters
of hairy cells and residual haemopoietic cells are
identified between the fat cells.

Reticulin fibrosis occurs in the areas of marrow
infiltration, producing a characteristic mesh-like
pattern with fine reticulin fibres surrounding single

Fig. 6.24 BM trephine biopsy
section, hairy cell leukaemia,
showing diffuse infiltration by
‘hairy cells’; note the characteristic
‘spaced’ arrangement of the cells.
Plastic-embedded, H&E ×188.

Fig. 6.25 BM trephine biopsy
section, hairy cell leukaemia,
showing bland nuclei of various
shapes surrounded by shrunken
cytoplasm with irregular margins;
clear spaces surround the cells.
Plastic-embedded, H&E ×970.



cells and groups of cells (Fig. 6.26). Collagen fibrosis
is not usual [17,78]. Rare patients have osteosclerosis
[79,80].

Both the extent of infiltration [72,81] and cellular
morphology have been found to be of prognostic
importance in hairy cell leukaemia. A lesser degree
of infiltration was found to be predictive of a good
response to splenectomy [81] and of longer survival
[72]. Nuclear form was found to be of prognostic
significance, with patients whose cells had small
round or ovoid nuclei having a better survival than
those with cells showing intermediate sized, con-
voluted or large indented nuclei [72]. It has been
suggested that this prognostic relevance is related
more to increasing nuclear size in these three types
than to nuclear shape per se [82]. The presence of
rod-like cytoplasmic inclusions, corresponding to
ribosomal–lamellar complexes, has also been found
to correlate with a worse prognosis [72]. However,
observations of the prognostic significance of his-
tological features may no longer be relevant when
most patients are treated with nucleoside analogues
rather than by splenectomy or interferon.

When large cell transformation occurs, large
atypical cells may be noted in the trephine biopsy
(Fig. 6.27).

Bone marrow histology may be modified by ther-
apy. Splenectomy corrects hypersplenism but rarely
has any effect on the bone marrow tumour burden.

The two chemotherapeutic agents now most fre-
quently employed in treatment, deoxycoformycin
and α-interferon, significantly reduce infiltration.
α-Interferon causes a slow but progressive decline
in the number of bone marrow hairy cells over a
period of several months with a response being seen
in the great majority of patients [69,78,83]. This is
accompanied by a slow increase in haemopoietic
cells, but recovery of haemopoiesis, particularly
granulopoiesis, lags behind reduction of hairy cell
infiltration [78]. Despite early optimistic reports,
complete clearing of hairy cells from the marrow
occurs in only a small minority of patients [84]. 
The loss of hairy cells can continue after cessation of
therapy but, in general, there is subsequently a 
tendency for their numbers to rise slowly [78,83].
At the end of therapy the marrow often shows
reduced cellularity and occasionally it is severely
hypocellular [78,83]. Deoxycoformycin is more
effective than α-interferon in clearing hairy cells
from the marrow, complete remission being
observed in about three quarters of cases [84,85].
With clearing of hairy cells, the increased reticulin is
lost progressively but, in general, loss of reticulin
lags behind loss of hairy cells. Reticulin fibrosis 
may resolve completely when complete remission is
achieved. The rare osteosclerotic lesions also resolve
[79]. Immunohistochemistry is helpful in identify-
ing residual hairy cells.
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Fig. 6.26 BM trephine biopsy
section, hairy cell leukaemia,
showing increased reticulin.
Plastic-embedded, Gomori 
stain ×188.
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Immunohistochemistry

Hairy cells express the B-cell antigens CD20 and
CD79a [86] and the uncharacterized antigen recog-
nized by the monoclonal antibody, DBA44 [87]
(Box 6.4). When interpreting CD20-stained sections,
it is important to ensure that the positive cells have
the characteristic morphology of hairy cells as this
antigen is expressed by most B lymphocytes. The
antigen recognized by DBA44 is less often expressed
on normal lymphocytes but, again, assessment of
cytology is important. Monoclonal antibodies which
identify TRAP also appear promising [88,89]. Stain-
ing for CD5, CD10 and CD23 is negative. There may
be cytoplasmic dot-positive staining for CD68.

Problems and pitfalls

The differential diagnosis of hairy cell leukaemia
includes other lymphoproliferative disorders, idio-
pathic myelofibrosis, systemic mastocytosis, aplastic
anaemia and hypoplastic myelodysplastic syndromes
(MDS). The morphological features of marrow infil-
tration by hairy cell leukaemia are unlike those of
other lymphoproliferative disorders. In particular,
the spacing of the hairy cells and the regular mesh-
work of reticulin are useful in making the distinc-
tion from other lymphoproliferative disorders.
Co-expression of CD22 and CD11c and strong TRAP
positivity are the most useful markers for hairy cell

leukaemia. Distinction between hairy cell leukaemia
and systemic mastocytosis is dependent on demon-
stration of B-cell markers and reactivity with DBA44
in the former and demonstration of mast cells by
means of a Giemsa stain or mast cell tryptase in the
latter. In the past, some cases of hairy cell leukaemia
were misdiagnosed as idiopathic myelofibrosis. Since
the distinctive histological features of hairy cell
leukaemia are now well recognized, this diagnostic
problem should no longer arise. The differential
diagnosis between the hypoplastic variant of hairy
cell leukaemia and aplastic anaemia and hypo-
plastic myelodysplasia depends on recognition of
the infiltrating hairy cells. In difficult cases cyto-
chemistry and immunophenotypic analysis are
invaluable.

Hairy cell variant leukaemia

A rare variant form of hairy cell leukaemia occurs
which differs from hairy cell leukaemia in cytolog-
ical and haematological features and in its re-
sponsiveness to various therapeutic agents [90].
The major clinical feature is splenomegaly.

Hairy cell variant falls into the Working Formula-
tion category of low grade, lymphocytic lymphoma.
The variant form of hairy cell leukaemia is not
specifically identified in the Kiel, REAL and WHO
classifications but, since it differs from classical hairy
cell leukaemia in cytology, immunophenotype,

Fig. 6.27 BM trephine biopsy
section, large cell transformation 
of hairy cell leukaemia, showing
several large atypical cells. Paraffin-
embedded, H&E ×388. (By courtesy
of Professor D Catovsky, London.)



haematological features and therapeutic respon-
siveness, its recognition as a discrete entity is
justifiable.

Peripheral blood

Hairy cell variant differs from hairy cell leukaemia
in that the white cell count is usually moderately to
markedly elevated and numerous hairy cells are
present in the peripheral blood. Anaemia and
thrombocytopenia are each seen in about 50% of
patients but pancytopenia is generally less pro-
nounced than in hairy cell leukaemia and monocy-
topenia and neutropenia are not usual. The cells
have somewhat more cytoplasmic basophilia than
classical hairy cells but show the same irregular
cytoplasmic margins. The nucleus, which shows
moderate chromatin condensation, is the major 
distinguishing feature from hairy cell leukaemia
because it contains a prominent nucleolus similar to
that of PLL (Fig. 6.28). Variable numbers of binucle-
ate cells and large cells with hyperchromatic nuclei
are seen [90].

Bone marrow cytology

Bone marrow aspiration is usually easier than in
hairy cell leukaemia. The aspirate contains numer-
ous cells with the same features as those in the
blood.

Immunocytochemistry and flow cytometry

The cytochemical and immunological markers of
hairy cell variant differ in some respects from those
of hairy cell leukaemia. Reactivity of TRAP is usually
not detected. There is usually expression of CD11c,
CD19, CD20, CD22, FMC7 and various plasma cell
markers; CD30 is usually negative but, contrary to
the typical findings in hairy cell leukaemia, CD25
and HC2 are usually negative.

Bone marrow histology

The trephine biopsy [90] differs from that of hairy
cell leukaemia. Infiltration is interstitial. Cells may
be in clumps without the intercellular spaces which
are characteristic of hairy cell leukaemia or there
may be a mixture of clumps of cells and spaced cells.
Moderately condensed chromatin and prominent
nucleoli are apparent. There is only a slight to moder-
ate increase in reticulin fibres.

Lymphoplasmacytic lymphoma

The classification of B-cell lymphoproliferative dis-
orders showing evidence of plasma cell differentiation
has been controversial and afflicted by confusing
terminology. The REAL category of lymphoplasma-
cytoid lymphoma requires the presence of small
lymphocytes, plasmacytoid lymphocytes and plasma
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Fig. 6.28 PB film, variant 
form of hairy cell leukaemia: 
the nuclei have prominent 
nucleoli resembling those of
prolymphocytes and the cytoplasm
is weakly basophilic with hair-like
projections. MGG ×940.
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cells as part of the neoplastic clone. The equivalent
WHO category is designated lymphoplasmacytic
lymphoma. The Kiel classification included two 
categories: (i) lymphoplasmacytoid lymphoma, in
which there were cells intermediate in appearance
between lymphocytes and plasma cells; and (ii)
lymphoplasmacytic in which mature plasma cells
were also present. The former category is now
included in the CLL/small lymphocytic lymphoma
category of the REAL and WHO classifications.

Secretion of a monoclonal Ig is common; this is
most often IgM but sometimes IgG, IgA, an Ig heavy
chain or an Ig light chain is secreted. Clinical 
features are very variable. Some patients present
with typical features of a lymphoma such as lym-
phadenopathy or splenomegaly. Others, however,
present with signs and symptoms resulting from the
presence of the abnormal monoclonal Ig without
necessarily having any signs of lymphoma. The 
clinical presentations include specific syndromes
such as: (i) Waldenström’s macroglobulinaemia
(see page 347), when there is hyperviscosity due to
production of large amounts of an IgM paraprotein;
(ii) cold haemagglutinin disease (CHAD), when 
the paraprotein is a cold agglutinin with specificity
against the I, or less often the i, antigen of the 
erythrocyte; (iii) idiopathic or essential cryoglobuli-
naemia, when the paraprotein is either itself a cryo-
globulin or has antibody activity against another Ig,
the immune complex being a cryoglobulin; and (iv)

acquired angio-oedema due to C1 esterase inhibitor
deficiency, when an immune reaction involving the
paraprotein leads to consumption of C1 esterase
inhibitor with a consequent susceptibility to angio-
oedema. Lymphoplasmacytic lymphoma has also
been described in a significant proportion of patients
with mixed cryoglobulinaemia associated with 
hepatitis C infection [91]. These specific entities and
several other rare conditions which may be associ-
ated with the histological features of lymphoplas-
macytic lymphoma are dealt with in more detail in
Chapter 7. Rarely, diffuse large B-cell lymphoma
may supervene in lymphoplasmacytic lymphoma
with an associated worsening of prognosis.

Peripheral blood

In some patients the peripheral blood film is nor-
mal. In others there are circulating plasmacytoid
lymphocytes (Fig. 6.29), usually present only in small
numbers. Plasmacytoid lymphocytes are slightly
larger than normal lymphocytes and show various
combinations of features usually associated with
plasma cell differentiation, such as more abundant
and more basophilic cytoplasm, an eccentric nucleus,
coarse chromatin clumping or the presence of a
paler-staining area adjacent to the nucleus which
represents the Golgi zone. In some cases there is
anaemia and increased background staining and
rouleaux formation due to the presence of a para-

Fig. 6.29 PB film,
lymphoplasmacytic lymphoma,
showing a lymphocyte, a
plasmacytoid lymphocyte,
increased rouleaux formation and
increased background staining. The
patient had a high concentration 
of an IgM paraprotein and the
clinical features of Waldenström’s
macroglobulinaemia. MGG ×940.



protein. Patients whose paraprotein is a cold agglu-
tinin show red cell agglutination unless the blood
specimen has been kept warm until the blood film is
made. Occasionally, in patients with a cryoglobulin,
globular or fibrillar deposits of the paraprotein are
seen in the blood film.

Bone marrow cytology

The bone marrow aspirate may be normal or abnor-
mal (Fig. 6.30). When present, lymphoma cells in the
bone marrow vary from infrequent to numerous.
They have the same cytological features as those 

in the peripheral blood. Cells often contain cyto-
plasmic or nuclear inclusions due to Ig accumula-
tion, but neither of these features is specific for a
neoplastic proliferation; the inclusions are usually
periodic acid–Schiff (PAS)-positive. There is some-
times an increase in mast cells or macrophages.

Immunocytochemistry and flow cytometry

Cells are positive with B-cell markers such as CD19,
CD20, CD22 and CD79a, but are negative for CD5,
CD10 and CD23 (Box 6.5). They usually express
both membrane and cytoplasmic Ig, typically IgM.
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Fig. 6.30 BM aspirate,
lymphoplasmacytic lymphoma.
MGG ×940.

BOX 6.5

Lymphoplasmacytic lymphoma

Flow cytometry and immunocytochemistry
CD19+, CD20+, CD22+, CD79a+, CyIg+, SmIg+ (usually IgM)
CD5−, CD10−, CD23−

Immunohistochemistry
CD20+, CD79a+, CD138+ (plasma cells), p63+ (antibody VS38c) (plasma cells)
CD5−, CD10−, CD23−, CD43−, cyclin D1−

Cytogenetics and molecular genetics
t(9;14)(p13;q32) frequently present

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
Cy, cytoplasmic; Ig, immunoglobulin; Sm, surface membrane.
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Cytogenetics and molecular genetics

A translocation, t(9;14)(p13;q32), involving the 
immunoglobulin heavy chain gene and PAX5, a
paired box transcription factor gene, is a frequent
finding in lymphoplasmacytic lymphoma [92,93]
(Box 6.5).

Bone marrow histology

Bone marrow involvement is frequent in lym-
phoplasmacytic lymphoma, the reported incidence
varying from 50% to more than 80% of cases

[45,48,94]. The proportion of cases with bone 
marrow infiltration is lower if the Kiel ‘lymphoplas-
macytoid lymphoma’ category is excluded. The 
patterns of infiltration seen are interstitial, nodular,
mixed (interstitial–nodular), diffuse [16,62,94] and
paratrabecular [91,95]. Many of the infiltrating 
cells are small mature lymphocytes. Others show
varying degrees of plasma cell differentiation 
(Figs 6.31–6.33). In addition to the usual nuclear and
cytoplasmic features of plasma cells, there may be
cells with intracytoplasmic or intranuclear inclusions
(Russell bodies and Dutcher bodies, respectively)
(Figs 6.31–6.33). Rare cases have signet ring 

Fig. 6.31 BM trephine biopsy
section, lymphoplasmacytic
lymphoma, showing diffuse
infiltration by lymphocytes,
plasmacytoid lymphocytes and
occasional plasma cells; note the
cytoplasmic and intranuclear
inclusions. Plastic-embedded, 
H&E ×390.

Fig. 6.32 BM trephine biopsy
section, lymphoplasmacytic
lymphoma, showing diffuse
infiltration by lymphocytes,
plasmacytoid lymphocytes and
plasma cells; note the large
intracytoplasmic inclusions 
(Russell bodies) compressing nuclei
giving some cells a ‘signet ring’
appearance. Plastic-embedded,
H&E ×390.



cells [96]. A small number of immunoblasts may 
be present. Some cases show a wide spectrum of
lymphoid cellsalymphocytes, lymphoplasmacytoid
cells, plasma cells and immunoblastsaand have 
frequent mitoses. An increase in mast cells usually
accompanies neoplastic infiltration (Fig. 6.34).
Reticulin fibres are frequently increased in the area
of infiltration [17]. In cases with a paraprotein,
bone marrow vessels may contain homogeneous
PAS-positive material [97]. Paratrabecular and
interstitial deposits of crystalline PAS-positive im-
munoglobulin may rarely be seen. Amyloid may 
be present in some cases.

Both the pattern of infiltration and cytological
features have been found to be related to prognosis.
Diffuse infiltration is associated with advanced 
disease and the worst prognosis [62,94]. A nodular
infiltrate is associated with the best prognosis 
while a mixed interstitial–nodular infiltrate is inter-
mediate [94].

Immunohistochemistry

The small lymphocytes are CD20, CD45 and CD79a
positive (Box 6.5). Staining for CD5, CD10, CD23
and CD43 is usually negative. The plasma cells and
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Fig. 6.33 BM trephine biopsy
section, lymphoplasmacytic
lymphoma, showing diffuse
infiltration by lymphocytes and
plasmacytoid lymphocytes; note
the cytoplasmic and intranuclear
inclusions. Plastic-embedded, 
H&E ×970.

Fig. 6.34 BM trephine biopsy
section, lymphoplasmacytic
lymphoma, showing reactive mast
cells. Plastic-embedded, Giemsa
×376.
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cells with plasmacytoid features express CD138, p63
(antibody VS38c) [98] and monotypic cytoplasmic
immunoglobulin. Clonality may be demonstrated
not only by immunohistochemistry to show κ or
λ light chain restriction but also by in situ hybrid-
ization to show κ or λ messenger RNA; κ is more
commonly expressed than λ.

Problems and pitfalls

As has been noted previously (see page 235), a 
proportion of patients with follicular lymphoma in
lymph nodes have a bone marrow infiltrate with
the histological features of lymphoplasmacytic 
lymphoma. Splenic marginal zone lymphoma can
also have a mature plasma cell component and 
can resemble lymphoplasmacytic lymphoma (see
page 272). Bone marrow infiltrates of CLL cells can
be confused with lymphoplasmacytic lymphoma.
Useful distinguishing features include the lack of
proliferation centres, the presence of paratrabecular
infiltration, a mature plasma cell component and a
prominent mast cell infiltrate, all of which favour a
diagnosis of lymphoplasmacytic lymphoma rather
than CLL. Immunophenotypic analysis will resolve
most diagnostic problems.

Follicular lymphoma

The terminology applied to lymphomas composed
of cells considered analogous to the cells of normal
lymphoid follicles has been a source of great confu-
sion to both histopathologists and haematologists.
Lymphomas of follicle centre origin usually show a
follicular growth pattern in lymph nodes but some
cases have a mixed follicular and diffuse pattern 
or are entirely diffuse. A follicular pattern in the
bone marrow is rare. A specific translocation,
t(14;18)(q32;q21), is associated with a high per-
centage of neoplasms of follicle centre origin. In 
the Kiel classification, cells of follicle centre origin
are designated centrocytes and centroblasts. In the
REAL classification they are referred to as follicle
centre cells. The WHO category of follicular lym-
phoma and the REAL category of ‘follicle centre
lymphoma, follicular’ are divided into grades I, II
and III, which are approximately equivalent to 
the Working Formulation categorization of follicu-
lar lymphoma as predominantly small cell, mixed

small cell and large cell, and predominantly large
cell (see Table 6.1). In the WHO classification the
term ‘follicle centre lymphoma, diffuse’ is retained
for those rare cases with a purely diffuse pattern.

Follicular lymphoma is rare in childhood and
quite uncommon during adolescence. Cases occur
throughout adult life. Unlike all other mature 
B-cell lymphomas, the incidence is similar in men
and women. The most common clinical feature 
is lymphadenopathy, either localized or general-
ized. Some patients have hepatomegaly or spleno-
megaly. Patients with advanced disease may also
have pleural effusions or ascites with neoplastic
cells in the effusions. Follicular lymphoma is 
commonly widely disseminated (stage IV) at pre-
sentation. Transformation to diffuse large B-cell
lymphoma can occur.

In the minority of patients with circulating lym-
phoma cells, the diagnosis of follicular lymphoma
can usually be suspected from the cytological and
immunophenotypic characteristics of the peripheral
blood cells. In follicular lymphoma, bone marrow
aspiration commonly fails to detect bone marrow
involvement, as a consequence of both the focal
nature of infiltration and of increased reticulin
deposition in areas of infiltration. A trephine biopsy
is therefore important if accurate staging is required.
However, patients with stage III and stage IV disease
are often treated with the same therapeutic proto-
cols and, in such cases, bone marrow examination is
not essential.

Peripheral blood

The blood count and film are often normal at pre-
sentation, even in patients with stage IV disease.
When there is heavy bone marrow infiltration, the
haemoglobin concentration and platelet and neu-
trophil counts may be reduced. A significant min-
ority of patients have circulating neoplastic cells.
These may be infrequent or may be present in very
large numbers. Morphology varies between cases.
In some patients, particularly those with high
counts, the cells are smaller than normal lympho-
cytes with a very high nucleocytoplasmic ratio, 
condensed chromatin and narrow clefts in some
nuclei (Fig. 6.35). In patients with lower counts 
the cells are somewhat larger. Cytological features 
may include scanty cytoplasm, angular shape,



homogeneous rather than clumped chromatin and
narrow nuclear clefts. The lymphoma cells are more
pleomorphic than those of CLL. Generally, only
small lymphoid cells, corresponding to those recog-
nized histologically as centrocytes, are present in
the peripheral blood. Even cases with a large pro-
portion of centroblasts in tissue sections usually
have only centrocytes in the circulation.

Patients who do not have any peripheral blood
abnormality at presentation may develop it during
the course of the disease. In a minority of patients,
transformation to a large B-cell lymphoma occurs
and may be associated with the appearance in the
blood of large cells corresponding to centroblasts.
These cells are rather pleomorphic with plentiful
cytoplasm, little chromatin condensation and pro-
minent, often peripheral, nucleoli; the nuclei may
be predominantly round or may be cleft.

Bone marrow cytology

The bone marrow is commonly infiltrated, even
when the peripheral blood is normal. However,
because bone marrow infiltration is often patchy,
the bone marrow aspirate may be normal even
when infiltration is detectable histologically. When
the aspirate is abnormal, the cells may show the
same morphological features as those in the periph-
eral blood but they are often less easy to recognize
with certainty.

Immunocytochemistry and flow cytometry

The cells of follicular lymphoma show strong ex-
pression of SmIg and are positive for B-cell markers
such as CD19, CD20, CD22, CD24 and CD79a 
(Box 6.6). They are CD5 negative and sometimes
positive for CD38. They usually express CD10 and
the antigen detected by FMC7.

Cytogenetics and molecular genetics

Most cases have a t(14;18)(q32;q21) translocation
resulting in dysregulation of the BCL2 oncogene
(Box 6.6). The translocation can be detected by 
conventional cytogenetics. Rearrangements of the
BCL2 gene can be detected by PCR, RT-PCR 
and FISH. A minority of cases show one of two 
variant translocations involving the BCL2 gene,
t(2;18)(p12;q21) and t(18;22)(q21;q11).

Bone marrow histology

The bone marrow is infiltrated in 25–60% of cases
[16,47,48]. However, only about half of the patients
with bone marrow infiltration have lymphoma cells
recognizable microscopically in the peripheral
blood. Infiltration is predominantly focal and very
rarely diffuse. The focal lesions are overwhelmingly
paratrabecular in location (Fig. 6.36) but there 
may be random patchy or a mixture of random and
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Fig. 6.35 PB film, follicular
lymphoma, showing very small
lymphocytes with dense, cleaved
nuclei and very scanty cytoplasm.
MGG ×940.
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paratrabecular infiltrates. When infiltration is heavy,
individual focal lesions may coalesce and replace
large areas of marrow; however, the paratrabecular
concentration of lymphoma can usually still be
appreciated. In most series of patients a follicular
pattern (Fig. 6.37), resembling that in the lymph
node, has been found to be quite uncommon
[14,16,99–101]. Divergent findings have been
reported by Bartl et al. [10]; they described ‘a strictly
nodular pattern frequently of follicles with germi-
nal centres’ and did not observe a paratrabecular
pattern. This discrepancy may be because this group

classified lymphomas solely on the basis of morpho-
logical features in the bone marrow. It may be that
some cases which others would have classified as
follicular lymphoma were classified as centrocytic
(mantle cell) lymphoma in this study.

The predominant lymphoma cell in the bone
marrow is the small cleft lymphocyte (small follicle
centre cell or centrocyte) (Figs 6.38 and 6.39).
These cells appear larger than small lymphocytes
with more plentiful cytoplasm and nuclei which 
are irregular and often angular or elongated. The
nuclear chromatin is less dense and clumped than

Fig. 6.36 BM trephine biopsy
section, follicular lymphoma,
showing a broad-based
paratrabecular infiltrate of
centrocytes; note normal bone
marrow above and below. 
Paraffin-embedded, H&E ×195.

BOX 6.6

Follicular lymphoma

Flow cytometry and immunocytochemistry
CD10+/−, CD19+, CD20+, CD22+, CD24+, CD79a+, SmIg+
CD5−, CD23−

Immunohistochemistry
CD10+/−, CD20+, CD79a+, BCL2+
CD5−, CD23−, CD43−, cyclin D1−
There may be large numbers of reactive T cells (CD3+, CD5+) in areas of infiltration

Cytogenetics and molecular genetics
Most cases have t(14;18)(q32;q21)
Smaller numbers have variant translocations—t(2;18)(p12;q21) and t(18;22)(q21;q11)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin.
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Fig. 6.37 BM trephine biopsy
section, follicular lymphoma,
showing diffuse infiltration with
formation of follicles. Paraffin-
embedded, H&E ×97.

Fig. 6.38 BM trephine biopsy
section, follicular lymphoma (same
case as in Fig. 6.37), showing a
follicle composed of centrocytes.
Paraffin-embedded, H&E ×390.

that of the normal small lymphocyte. The nuclear
clefts may be difficult to recognize in paraffin-
embedded tissue sections but can be seen in plastic-
embedded sections. Smaller but variable numbers
of large cells, either cleft (large centrocytes) or non-
cleft (centroblasts), are present. Large centrocytes
have irregular or cleft nuclei while centroblasts
have round or ovoid nuclei; both cell types have a
moderate amount of cytoplasm and small nucleoli
abutting on the nuclear membrane. The nucleoli
are more prominent in centroblasts than in large
centrocytes. There may also be some large cells with
large central nucleoli resembling immunoblasts. A

minority of patients have epithelioid granulomas
(see Fig. 3.28) which are presumed to form as a
reaction to the presence of neoplastic lymphoid
cells. Reticulin fibres are significantly increased in
infiltrated areas [17].

Following chemotherapy, the areas of previous
infiltration may be recognized as hypocellular para-
trabecular foci, containing increased reticulin, with
or without recognizable neoplastic cells [101].

Immunohistochemistry

The neoplastic cells express CD10, CD20, CD79a
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and BCL2 protein (Box 6.6). It should be noted 
that expression of BCL2 by the neoplastic cells is 
not useful in making the distinction from other
lymphoproliferative disorders as these are often also
positive. Staining for CD5, CD23, CD43 and cyclin
D1 is usually negative. Interpretation is complicated
by the frequent presence of a large number of reac-
tive T cells which express CD3, CD5 and BCL2.

Problems and pitfalls

Discordant bone marrow histopathology from that
seen at other sites in the same patient is not uncom-
mon in follicular lymphoma. Occasionally, patients
with follicular lymphoma have infiltration of the
bone marrow by large B-cell lymphoma. Although
uncommon, this is clinically important since it
alters management. More commonly, patients pre-
senting with diffuse large B-cell lymphoma at an
extramedullary site are found to have low grade 
follicular lymphoma in the bone marrow. Discor-
dant differentiation with bone marrow infiltrates
resembling lymphoplasmacytic lymphoma (see
page 258) has also been observed in patients with
follicular lymphoma.

Infiltration of the marrow by follicular lymphoma
can be confused with other small B-cell lympho-
proliferative disorders, particularly CLL, mantle cell
lymphoma and splenic marginal zone lymphoma.
Paratrabecular infiltration is not seen in CLL and a

purely nodular infiltrate is very rare in follicular
lymphoma. The distinction of follicular lymphoma
from mantle cell lymphoma and splenic marginal
zone lymphoma can be difficult on histological
grounds alone and careful consideration of the 
morphology together with immunophenotypic and
molecular genetic analysis may be required for
diagnosis.

Mantle cell lymphoma

The REAL and WHO classifications identify mantle
cell lymphoma as a distinct entity recognizable on
the basis of morphological, clinical, immunopheno-
typic and molecular genetic features. The lymphoma
cells are analogous to lymphocytes of the mantle
zone of the lymphoid follicle [102,103]. In the Kiel
classification, the term ‘centrocytic lymphoma’ was
used for this entity whereas, in the Working For-
mulation, cases were included in the diffuse small
cleaved cell, diffuse small and large cleaved cell 
and diffuse large cleaved cell categories. Mantle 
cell lymphoma is a disease of adult life. There is 
a marked male predominance. Common clinical 
features are generalized lymphadenopathy, spleno-
megaly, hepatomegaly and involvement of the 
gastro-intestinal tract. Histological features in the
lymph node include a diffuse or vaguely nodular
growth pattern and a tendency for the lymphoma
cells to grow in a mantle around residual normal

Fig. 6.39 BM trephine biopsy
section, follicular lymphoma,
showing an infiltrate composed
predominantly of centrocytes.
Plastic-embedded, H&E ×940.



lymphoid follicles. Some cases of mantle cell lym-
phoma have a ‘blastoid’ morphology correlating
with a worse prognosis.

Peripheral blood

In many patients the peripheral blood shows no
abnormality. A leukaemic phase was reported in
20–30% of patients in two series [103,104] but, 
in another large series, circulating lymphoma cells
could be detected in the peripheral blood in 77% of
cases at some point during the course of the disease
[105]. A marked elevation of the white cell count
may occur but is uncommon [102,106]. In many
cases the cells are larger than those of CLL, varying
from small to medium or large (Fig. 6.40). They 
are characteristically pleomorphic; some have prom-
inent nucleoli and some have irregular, angular 
or cleft nuclei [106]. In comparison with the cen-
trocytes of follicular lymphoma, cells tend to be
more pleomorphic and less angular with broader
nuclear clefts and more cytoplasm. Other cases
have peripheral blood lymphocytes more like 
those of CLL, although possibly with some cleft
cells, and the diagnosis is made only from lymph
node biopsy [102]. In the leukaemic phase of the
blastoid variant there is a spectrum of neoplastic
cells present in the peripheral blood, ranging from
small lymphocytes with irregular nuclear contours
to medium sized lymphoid cells with a nuclear

chromatin pattern similar to that seen in lym-
phoblasts [107].

Bone marrow cytology

The bone marrow is infiltrated in the majority of
patients, including many who do not have lym-
phoma cells in the peripheral blood [103,104]. The
infiltrating cells have the same morphology as those
in the peripheral blood (Fig. 6.41).

Immunocytochemistry and flow cytometry

Cells show strong expression of SmIg, usually IgM
and sometimes also IgD; IgG is expressed in a
minority (Box 6.7). λ light chain expression is more
common than κ. Cells are positive for B-cell markers
CD19, CD20 and CD79a. They are usually positive
for both CD5 and the antigen detected by FMC7 but
do not express CD10 or CD23.

Cytogenetics and molecular genetics

A characteristic translocation, t(11;14)(q13;q32),
involving the BCL1 gene is detectable in almost all
cases of mantle cell lymphoma if a FISH technique is
used [108] (Box 6.7). The translocation is also
detectable by conventional cytogenetic analysis and
RT-PCR but these are less sensitive than FISH. This
translocation is not specific for mantle cell lymphoma.
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Fig. 6.40 PB film, mantle cell
lymphoma, showing pleomorphic
lymphocytes. MGG ×940.
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A minority of cases of mantle cell lymphoma have 
a variant translocation, t(11;22)(q13;q11), involving
the BCL1 gene and the λ light chain gene. The BCL1
gene is dysregulated by its proximity to the IGH
gene at 14q32 or the λ light chain gene at 22q11.

Bone marrow histology

Marrow involvement is frequent, being found in
more than three quarters of cases [14,103,104,109].

Bone marrow infiltration may be interstitial, 
paratrabecular, focal non-paratrabecular or diffuse
[10,106,110,111]. However, in contrast to follicular
lymphoma, paratrabecular infiltration is quite un-
common [111]. The infiltrate is composed of small
lymphoid cells of variable morphology, some with
round nuclei and others with indented or cleft
nuclei (Fig. 6.42). Some cells have small indistinct
nucleoli. Centroblasts are not seen. There may be 
an admixture of epithelioid macrophages [106].

Fig. 6.41 BM aspirate, mantle cell
lymphoma, showing pleomorphic
lymphocytes varying from small,
mature lymphocytes to large
lymphoid cells with multiple
nucleoli. MGG ×940.

BOX 6.7

Mantle cell lymphoma

Flow cytometry and immunocytochemistry
CD5+, CD19+, CD20+, CD22+, CD79a+, SmIg+ (usually IgM, sometimes with IgD)
FMC7+/−
CD10−/+
CD23−

Immunohistochemistry
CD5+, CD20+, CD79a+, cyclin D1+
CD10−/+
CD23−

Cytogenetics and molecular genetics
The majority of cases have t(11;14)(q13;q32)
A minority have a variant translocation t(11;22)(q13;q11)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin.



Fig. 6.42 Trephine biopsy sections,
mantle cell lymphoma. Paraffin-
embedded. (a) Showing a mixed
interstitial and nodular infiltrate;
the nodule abuts on a trabecula.
H&E ×48. (b) Showing very
irregular small and medium sized
lymphocytes with little chromatin
condensation in the larger cells.
H&E ×940.(c) Showing nuclear
staining for cyclin D1; note that not
all the cells show positive staining.
Immunoperoxidase ×940.

(a)

(b)

(c)
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Occasionally, there are naked germinal centres similar
to those seen in lymph nodes in some cases [112].
Reticulin fibres are increased in infiltrated areas.

Immunohistochemistry

The cells of mantle cell lymphoma express CD5,
CD20, CD79a and CD43 (Box 6.7). Nuclear staining
for cyclin D1 is common, being reported in 72% of
cases with bone marrow involvement in one series
[113] (Fig. 6.42c). Staining for CD10 and CD23 is
usually negative.

Problems and pitfalls

Mantle cell lymphoma needs to be distinguished from
other small B-cell lymphoproliferative diseases, par-
ticularly mixed type CLL, PLL, follicular lymphoma
and marginal zone lymphoma. Immunophenotypic
analysis is essential for accurate diagnosis, with CD5
and cyclin D1 being the most useful markers. The
cells of CLL also express CD5 but are negative for
cyclin D1. In PLL, there is usually no expression 
of CD5 or cyclin D1. Follicular lymphoma usually
has a paratrabecular pattern of marrow infiltration
which is less common in mantle cell lymphoma.
The neoplastic cells of follicular lymphoma typically
express CD10 and are negative for CD5 and cyclin
D1. Marginal zone lymphoma can be distinguished
from mantle cell lymphoma by the lack of CD5 and
cyclin D1 expression.

Extranodal marginal zone B-cell lymphoma
of mucosa-associated lymphoid tissue type

The REAL classification included, under the heading
of marginal zone B-cell lymphoma, two disease
entities which were either excluded from or not
specifically identified in earlier lymphoma classifica-
tions. They were: (i) extranodal mucosa-associated
lymphoid tissue (MALT)-type lymphoma; and (ii) 
a provisional category of nodal marginal zone 
lymphoma which included monocytoid B-cell lym-
phoma. The WHO classification recognizes both of
these disorders as distinct entities. Lymphomas of
MALT type are relatively indolent neoplasms that
occur at a number of extranodal sites including 
the gastro-intestinal tract, salivary gland, orbit, lung
and skin. The most common primary site is the

stomach, where there is an association with infec-
tion by Helicobacter pylori [114].

Peripheral blood

Peripheral blood involvement is rare. The cells of
MALT-type lymphoma are small centrocyte-like
cells with irregular nuclei and scanty cytoplasm.

Immunocytochemistry and flow cytometry

Cells express SmIg and B-cell markers such as
CD19, CD20, CD22 and CD79a but do not express
CD5, CD23 or CD10.

Cytogenetics and molecular genetics

Trisomy 3 can be detected in 60–85% of cases using
FISH [115] or comparative genomic hybridiza-
tion techniques [116]. Trisomies 7 and 12 are 
seen less frequently [115]. Extranodal lymphomas
of MALT type are commonly associated with
t(11;18)(q21;q21), resulting in the formation of an
API2-MLT fusion gene. In one study, t(11;18) was
observed in 9 of 33 (27%) marginal zone lym-
phomas of MALT type but was not found in any
cases of nodal or splenic marginal zone lymphomas
[117].

Bone marrow cytology and histology

Bone marrow infiltration has generally been re-
ported to be rare in MALT-type lymphoma. The 
pattern of infiltration in one case described in detail
was paratrabecular and nodular with an interstitial
component [118] and, in another, was paratrabecu-
lar [119]. In four personally observed cases there
were large, randomly distributed nodules (Fig. 6.43).

Immunohistochemistry

The cells express CD20 and CD79a. Staining for CD5,
CD10, CD23, CD43 and cyclin D1 is usually negative.

Problems and pitfalls

Marrow and peripheral blood involvement by MALT-
type lymphoma is uncommon and seen only in the
late stages of the disease. If the clinical features are



taken into account, it is unlikely to be confused
with other lymphoproliferative disorders.

Splenic marginal zone lymphoma (including
splenic lymphoma with villous lymphocytes)

The WHO classification recognizes splenic marginal
zone lymphoma as a distinct entity. It was recog-
nized in its own right as a provisional category in the
REAL classification. Previously, only cases present-
ing as splenic lymphoma with villous lymphocytes
(SLVL) were distinguished as being distinct from
other low grade B-cell lymphomas predominantly
involving the spleen [120,121]. It is an indolent

lymphoma with prominent splenomegaly and often
no lymphadenopathy. The diagnosis of SLVL is 
usually made from peripheral blood cytology. A 
category of SLVL was not specifically identified in
earlier lymphoma classifications but would fall into
the ‘lymphocytic’ category of the Kiel classification
and the ‘small lymphocytic’ category of the Work-
ing Formulation.

Peripheral blood

The white cell count ranges from normal to moder-
ately elevated. There are pleomorphic small lym-
phocytes including some plasmacytoid lymphocytes
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Fig. 6.43 BM trephine biopsy
section in MALT lymphoma. (a) A
large, ill-defined nodule. Paraffin-
embedded, H&E ×97. (b) An
infiltrate of small angular
lymphocytes. Paraffin-embedded,
H&E ×960. (By courtesy of
Professor PG Isaacson, London.)

(a)

(b)
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and ‘villous’ lymphocytes (Fig. 6.44). There are
usually also occasional plasma cells. Villous lym-
phocytes are somewhat larger than CLL cells and
have a round or oval nucleus with moderately con-
densed chromatin and, in about half of the cases, 
a small nucleolus; the cytoplasm is moderately
basophilic with short, fine cytoplasmic projections,
often at one pole of the cell.

Bone marrow cytology

The bone marrow aspirate is normal in about 50%
of patients with splenic marginal zone lymphoma,

even though some such patients are found to have 
a nodular infiltrate on trephine biopsy [120]. The
lymphoma cells are small lymphocytes, some of
which show plasmacytoid differentiation.

Immunocytochemistry and flow cytometry

There is strong expression of SmIg and B-cell 
markers, such as CD19, CD20, CD22 and CD79a
(Box 6.8). CD25 is positive in a third of cases, CD10
in a third and CD11c in half [122]. The antigen 
recognized by FMC7 is expressed in most cases
[123].

Fig. 6.44 PB film, splenic marginal
zone lymphoma, showing two
lymphocytes, one of which has
‘villous’ projections. MGG ×940.

BOX 6.8

Splenic marginal zone lymphoma

Flow cytometry and immunocytochemistry
CD19+, CD20+, CD22+, CD79a+, strong SmIg, FMC7+/−
CD10−/+, CD11c−/+, CD25−/+
CD5−, CD23−

Immunohistochemistry
CD20+, CD79a+
CD10−/+, DBA44−/+
CD5−, CD23−, cyclin D1−

Cytogenetics and molecular genetics
A minority of cases show cytogenetic abnormalities including trisomies 3, 7 and 12 and t(11;14)(q13;q32)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin.



Cytogenetics and molecular genetics

Trisomy 3 can be demonstrated by FISH in approxi-
mately 18% of cases [115,124] (Box 6.8). Trisomies 7
and 12 are found in smaller numbers of cases. Approxi-
mately 20% of cases have t(11;14)(q13;q32) [125].

Bone marrow histology

Bone marrow infiltration may be focal or diffuse
(Fig. 6.45). There may be an admixture of small
lymphocytes with plasma cells and plasmacytoid
lymphocytes. An intrasinusoidal pattern of infiltra-
tion has been reported [126]. This pattern is not
unique to splenic marginal zone lymphoma but,
when it presents as the predominant pattern, it is
believed to be highly suggestive of that diagnosis.

Immunohistochemistry

The neoplastic cells express the B-cell markers CD20
and CD79a. Staining for CD5, CD23 and cyclin D1 is
negative. The antigen recognized by DBA44 is
expressed in most cases [123]. Immunohistochem-
ical staining for CD20 or CD79a has been found to
be useful in highlighting intrasinusoidal infiltration.

Problems and pitfalls

Splenic marginal zone lymphoma needs to be dis-
tinguished from other small B-cell lymphoprolifera-

tive disorders that present with peripheral blood
lymphocytosis and splenomegaly, particularly hairy
cell leukaemia and CLL. The circulating cells are
larger than those of CLL and have a higher nucleo-
cytoplasmic ratio than hairy cells. Lack of CD5 and
CD23 staining distinguishes splenic marginal zone
lymphoma from CLL. The cells of splenic marginal
zone lymphoma are usually TRAP negative, in con-
trast to the cells of HCL in which the TRAP reaction
is positive. The pattern of marrow infiltration in
trephine biopsy sections in hairy cell leukaemia is
characteristic and is unlikely to be confused with
splenic marginal zone lymphoma unless minimal
infiltrates mimic intrasinusoidal involvement.

Nodal marginal zone B-cell lymphoma

Nodal marginal zone lymphoma (including mono-
cytoid B-cell lymphoma) is a rare condition [127]
recognized as a distinct entity in the WHO classi-
fication. It usually presents with lymphadenopathy
and needs to be distinguished from nodal spread
from an extranodal marginal zone lymphoma of
MALT type. Bone marrow infiltration is rare.

Peripheral blood

Peripheral blood involvement is rare. The circula-
ting neoplastic monocytoid B-cells are small to
medium sized cells which may have some similar-
ities to hairy cells. They have been described as 

274 CHAPTER SIX

Fig. 6.45 BM trephine biopsy
section, splenic marginal zone
lymphoma, showing diffuse
infiltration by mature small
lymphocytes and occasional cells
with plasmacytoid features. 
Plastic-embedded, H&E ×940.
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having homogeneous, round to reniform nuclei and
relatively abundant, weakly basophilic cytoplasm
which may have a few hair-like projections [128].

Immunocytochemistry and flow cytometry

The lymphoma cells express SmIg and B-cell markers
such as CD19, CD20, CD22 and CD79a. There is
usually no expression of CD5, CD10, CD23 or cyclin
D1. There is expression of CD11c in some cases.

Cytogenetics and molecular genetics

Approximately 50% of cases have trisomy 3 [115].

Bone marrow histology

The bone marrow is rarely infiltrated in monocytoid
B-cell lymphoma [128–131]. When infiltration
occurs, the pattern of infiltration may be focal 
and predominantly paratrabecular [128] or nodular
[131]. The infiltrate may consist of loose polymor-
phic nodules made up of monocytoid B cells, small
lymphocytes with irregular nuclei and plasma cells
[132].

Immunohistochemistry

The lymphoma cells express the B-cell markers
CD20 and CD79a. Staining for CD5, CD10, CD23,
CD43 and cyclin D1 is usually negative [133].

Problems and pitfalls

Marrow infiltration by nodal marginal zone lym-
phoma needs to be distinguished from other small
B-cell lymphoproliferative disorders, particularly
CLL, follicular lymphoma and mantle cell lym-
phoma. The presence of a monocytoid B-cell com-
ponent and the lack of expression of CD5, CD10 
and CD23 are helpful in making the distinction.
Separation from splenic marginal zone lymphoma
and marginal zone lymphoma of MALT type
requires consideration of the clinical features and
peripheral blood findings.

Diffuse large B-cell lymphoma

In the WHO and REAL classifications, diffuse large

B-cell lymphoma is considered as a single entity
with various morphological variants. In the Kiel
classification centroblastic lymphoma and im-
munoblastic lymphoma were considered to be 
distinct entities, with some studies showing im-
munoblastic lymphoma to have a worse prognosis.
Since histopathologists cannot make a reliable dis-
tinction between the two categories [2], grouping
them together is a pragmatic approach. The WHO
classification recognizes immunoblastic lymphoma
and centroblastic lymphoma as morphological sub-
types of diffuse large B-cell lymphoma but does 
not require pathologists to specify the subtype [1].
The other morphological subtypes are T-cell/
histiocyte-rich large B-cell lymphoma, lymphoma-
toid granulomatosis-type large B-cell lymphoma,
anaplastic large B-cell lymphoma and plasmablastic
lymphoma. In addition to the morphological vari-
ants, three subtypes with distinct clinicopatholog-
ical features are recognized: (i) mediastinal (thymic)
large B-cell lymphoma; (ii) primary effusion lym-
phoma; and (iii) intravascular large B-cell lymphoma.
Specific features of the morphological variants are
discussed below. Bone marrow infiltration is much
less common in large B-cell lymphoma than in the
other B-lineage lymphoproliferative diseases. Bone
marrow involvement, particularly if there is a dif-
fuse pattern of infiltration, is associated with a poor
prognosis [134].

Immunocytochemistry and flow cytometry

The B-cell antigens CD19, CD20 and CD79a are
expressed (Box 6.9). Expression of CD5, CD10 and
CD30 is variable. There is also variable expression 
of oncogene products (BCL2 and BCL6) and this 
is of prognostic significance [135–137]. There is no
expression of TdT or CD34.

Cytogenetics and molecular genetics

Typical abnormalities (Box 6.9) differ according to
the specific subtype of large B-cell lymphoma. Cen-
troblastic lymphoma may show t(14;18)(q32;q21)
with BCL2 rearrangement. The next most com-
mon groups of abnormalities are t(3;14)(q27;q32)
and other translocations with a 3q27 breakpoint
resulting in rearrangement of the BCL6 gene [138].
Complex aberrant clones are common. Aneuploidy



is a frequent finding with loss of Y, 6, 13, 15 and 17
and gains of X, 3, 5, 7, 12 and 18. Immunoblastic
lymphoma is also characterized by complex aberrant
clones, t(3;14)(q27;q32) and other translocations
with a 3q27 breakpoint and BCL6 rearrange-
ment. There may also be loss of Y, 8, 10, 14 and 21
and gains of 3, 7, 12 and 18. Translocations with 
a 3q27 breakpoint, seen in all subtypes of diffuse
large B-cell lymphoma, include t(1;3)(q34;q27),
t(2;3)(q35;q27), t(3;12)(q27;q13), t(3;22)(q27;q11)
and inv(3)(q13q27).

Immunohistochemistry

The tumour cells express the B-cell markers CD20
and CD79a (Box 6.9). There is variable expression
of CD5, CD10, CD30, CD43, BCL2 and BCL6.
Staining for Ki-67 antigen (antibody MIB-1) shows
a high proliferative fraction.

Diffuse large B-cell lymphoma—
morphological variant—centroblastic

Diffuse centroblastic lymphoma [1,139] is a clini-
cally aggressive lymphoma which may occur de novo
or may represent transformation of a follicular 
lymphoma.

Peripheral blood

Lymphoma cells are rarely present in the peripheral
blood. When centroblastic lymphoma occurs as a
transformation of follicular lymphoma, any circulat-
ing lymphoma cells are usually centrocytes. When
peripheral blood dissemination of centroblasts 
does occur, the cells are very large and pleomorphic 
(Fig. 6.46). They have plentiful cytoplasm and an
irregular, often lobulated nucleus containing one or
more fairly prominent nucleoli.

Bone marrow cytology

Bone marrow infiltration is uncommon but is con-
siderably more common than peripheral blood
spread; in one series infiltration was detected in
15% of cases. In patients with preceding follicular
lymphoma the bone marrow is sometimes infil-
trated by centroblasts but more often shows only
centrocytes. A significant minority of patients with
apparently de novo centroblastic lymphoma at an
extramedullary site also show infiltration of the
bone marrow by centrocytes indicative of under-
lying follicular lymphoma [22]. The presence of 
low grade follicular lymphoma in the bone marrow
does not have the same poor prognostic significance
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BOX 6.9

Diffuse large B-cell lymphoma

Flow cytometry and immunocytochemistry
CD19+, CD20+, CD79a+, SmIg+
Variable expression of CD5, CD10, CD30, BCL2 and BCL6
CD34−, TdT−

Immunohistochemistry
CD20+, CD79a+
Variable expression of CD5, CD10, CD30, BCL2 and BCL6
CD15−, CD34−, TdT−

Cytogenetics and molecular genetics
Complex abnormalities are common. Frequently seen abnormalities include t(14;18)(q32;q21), t(3;14)(q27;q32),
t(1;3)(q34;q27), t(2;3)(q35;q27), t(3;12)(q27;q13), t(3;22)(q27;q11), inv(3)(q13q27) and aneuploidy with loss of Y, 6, 13,
15 and 17 and gains of X, 3, 5, 7, 12 and 18

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin; TdT, terminal deoxynucleotidyl transferase; BCL2 and BCL6 the protein
products of the BCL2 and BCL6 oncogenes.
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as bone marrow infiltration by diffuse large B-cell
lymphoma.

Bone marrow histology

Twenty to 30% of patients with centroblastic 
lymphoma have infiltration of the marrow [14,16].
This may be either infiltration by centroblastic 
lymphoma or infiltration by discordant follicular
lymphoma [14,16,23]. Discordance is relatively
common. Low grade lymphoma may be seen both
in those with and without a previous history of low
grade lymphoma. The pattern of infiltration by cen-
troblastic lymphoma is either focal or diffuse. The

infiltrate may be composed of relatively mono-
morphic centroblasts or may be pleomorphic with
admixed immunoblasts (Fig. 6.47), multilobulated
cells and large cleft cells.

Diffuse large B-cell lymphoma—
morphological variant—
B-immunoblastic lymphoma

Immunoblastic lymphoma of B-cell lineage is a 
clinically aggressive lymphoma which may develop
in previously healthy subjects or in patients with
immunodeficiency. The immunodeficiency may be
either congenital or consequent on infection by HIV

Fig. 6.46 PB film, diffuse large 
B-cell lymphoma (varianta
centroblastic lymphoma), showing
large lymphoma cells with a 
high nucleocytoplasmic ratio,
moderately basophilic vacuolated
cytoplasm and medium sized
nucleoli sited towards the
periphery of the nucleus. 
MGG ×940.

Fig. 6.47 BM trephine biopsy
section, diffuse large B-cell
lymphoma (variantacentroblastic
lymphoma), showing infiltration
by pleomorphic centroblasts 
and occasional immunoblasts. 
Plastic-embedded, H&E ×940.



or on immunosuppressive therapy. The Epstein–
Barr virus (EBV) is implicated in the pathogenesis of
many but not all cases in immunodeficient subjects.
Immunoblastic lymphoma may also occur follow-
ing transformation of a low grade lymphoprolifer-
ative disease such as CLL or lymphoplasmacytic
lymphoma. Immunoblastic lymphoma occurs at 
all ages. Because of the relationship to underlying
immune deficiency, this lymphoma forms a signifi-
cant proportion of childhood lymphomas. Immuno-
blastic lymphoma of T-cell lineage also occurs (see
page 310).

Peripheral blood

Neoplastic cells are rarely present in the peripheral
blood. When present they are very large with 
plentiful, strongly basophilic cytoplasm and a large
nucleus containing a prominent central nucleolus.
In patients with underlying immune deficiency
there may be marked lymphopenia or, in patients
with AIDS, pancytopenia.

Bone marrow cytology

The bone marrow is not commonly infiltrated; in
one series marrow infiltration was seen in less than
a quarter of patients [48]. When lymphoma cells are
present they have the same morphological features
as those described above (Fig. 6.48). A significant
minority of patients with immunoblastic lymphoma
at an extramedullary site show low grade lymphoma

in the bone marrow, usually follicular lymphoma,
but occasionally small lymphocytic lymphoma with
plasmacytoid differentiation [22]; this does not
have the same grave prognostic import as marrow
infiltration by immunoblasts.

Bone marrow histology

The neoplastic cells of immunoblastic lymphoma
are distinguished from centroblasts by virtue of
their larger size, more plentiful cytoplasm and the
presence of a very large, prominent and usually
central nucleolus (Fig. 6.49). Some cases have
marked nuclear lobulation. Binucleated and multi-
nucleated forms may be present. Some cells may
show signs of plasma cell differentiation but it is
usually not possible to distinguish between T- and
B-lineage immunoblasts on the basis of morphology
alone [140].

The marrow is infiltrated in 15–20% of cases
[14,48]. The pattern of bone marrow infiltration
may be focal random, focal paratrabecular or diffuse
[14,16,97]. In some patients there is marrow
infiltration by discordant low grade lymphoma.

Diffuse large B-cell lymphoma—
morphological variant—T-cell-rich 
B-cell lymphoma

Some cases of diffuse large B-cell lymphoma have
admixed reactive cells, sometimes in considerable
numbers. Such cases, designated T-cell-rich and
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Fig. 6.48 BM aspirate, diffuse 
large B-cell lymphoma (varianta
immunoblastic lymphoma) in 
a patient with AIDS, showing
lymphoma cells varying from
medium sized to very large; note
the basophilic cytoplasm and, in 
the largest cell, a giant nucleolus.
MGG ×940.
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histiocyte-rich B-cell lymphoma (Figs 6.50 and
6.51), may be confused with T-cell lymphoma or
with Hodgkin’s disease. One study showed a much
higher incidence of bone marrow involvement 
than is seen in other subtypes of large B-cell lym-
phoma [141].

Bone marrow histology

Marrow infiltration is focal or diffuse. There are
large atypical B cells with prominent nucleoli, and
often with lobulated nuclei, set in a background 
containing large numbers of small T lymphocytes

and histiocytes. Neoplastic cells resembling Reed–
Sternberg cells may be seen. The neoplastic B cells
may be infrequent.

Immunohistochemistry

Immunohistochemical staining demonstrates that
the large neoplastic cells are B cells (CD20 and
CD79a positive). They express CD45 and are usu-
ally negative for CD30. There is no expression of
CD15. The smaller reactive lymphocytes are CD3-
positive T cells. The reactive macrophages are CD68
positive.

Fig. 6.49 BM trephine biopsy
section, diffuse large B-cell
lymphoma (varianta
immunoblastic lymphoma) in a
patient with AIDS (same case as 
in Fig. 6.48), showing diffuse
infiltration by pleomorphic
immunoblasts; note the prominent
central nucleoli. Paraffin-
embedded, H&E ×390.

Fig. 6.50 BM trephine biopsy
section, diffuse large B-cell
lymphoma (variantaT-cell-rich
B-cell lymphoma). Paraffin-
embedded, H&E ×940. (By courtesy
of Dr Wendy Erber and Dr L Matz,
Perth, Western Australia.)



Diffuse large B-cell lymphomac
morphological variantcanaplastic
large cell lymphoma

Anaplastic large cell lymphoma (ALCL) is an
aggressive lymphoma which is more commonly of 
T than B lineage (see page 306). The REAL and
WHO classifications group B-lineage ALCL in a 
single category with other diffuse B-cell lymphomas.
Although there is the option to specify ALCL as a
morphological variant of large cell B-cell lymphoma
in the WHO classification, criteria for making the
distinction from other cases of large cell B-cell 
lymphoma are not clear.

Diffuse large B-cell lymphomacsubtypec
mediastinal (thymic) B-cell lymphoma

Mediastinal (thymic) B-cell lymphoma is a distinct
subtype of large cell B-cell lymphoma which char-
acteristically presents as bulky mediastinal disease
in young women [142]. Bone marrow infiltration is
seen in a very small percentage of cases, in one
series only 2% [142].

Diffuse large B-cell lymphomacsubtypec
primary effusion lymphoma

Primary effusion lymphoma is a subtype of large cell
B-cell lymphoma predominantly seen in patients
with AIDS. It is associated with human herpesvirus

8 and presents with pleural effusion or ascites in the
absence of a tumour mass. The lymphoma usually
remains localized to the body cavity in which it orig-
inated and bone marrow infiltration is not a feature
[143].

Diffuse large B-cell lymphomacsubtypec
intravascular large B-cell lymphoma

Intravascular large B-cell lymphoma is a rare sub-
type of large cell B-cell lymphoma characterized 
by a tendency for the lymphoma cells to remain
confined within the lumen of blood vessels [144].
In European, but not in Asian, patients, the most
common sites to be involved are the skin and cen-
tral nervous system. The disease has been reported
to involve a number of other organs including kid-
neys, liver, lungs and gastro-intestinal tract.

Bone marrow histology

Bone marrow infiltration is uncommon. In one
series, 14% of cases showed bone marrow involve-
ment [145]. When the marrow is infiltrated, large
atypical lymphoma cells with multiple prominent
nucleoli and moderate amounts of basophilic cyto-
plasm are found predominantly within sinusoids.
Identification of the infiltrating cells is facilitated by
immunohistochemical staining for B-cell antigens
(CD20 or CD79a). The bone marrow trephine biopsy
may be the initial diagnostic material (Fig. 6.52).
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Fig. 6.51 BM trephine biopsy
section, diffuse large B-cell
lymphoma (variantahistiocyte-rich
B-cell lymphoma). Paraffin-
embedded, H&E ×940. (By courtesy
of Dr Wendy Erber and Dr L Matz,
Perth, Western Australia.)



LYMPHOPROLIFERATIVE DISORDERS 281

Burkitt’s lymphoma

Burkitt’s lymphoma is an aggressive lymphoma, 
the clinical features of which differ depending on
whether cases are endemic, sporadic or immuno-
deficiency-related. Endemic Burkitt’s lymphoma
occurs in tropical Africa and New Guinea and is par-
ticularly a disease of childhood; tumour formation
in the jaw is usually the most prominent clinical
feature. Sporadic Burkitt’s lymphoma is worldwide
in distribution and occurs at all ages; the commonest
clinical features are abdominal tumour formation
and malignant pleural or peritoneal effusions. Most
cases of immunodeficiency-related Burkitt’s lym-
phoma occur among patients with AIDS; these
resemble sporadic cases but meningeal lymphoma
appears to be particularly common. Burkitt’s 
lymphoma also occurs in other immunodeficient
patients, particularly following organ transplantation
(see page 321). EBV is an important pathogenetic
factor in endemic Burkitt’s lymphoma and in a
significant proportion of immunodeficiency-related
cases but is much less often implicated in sporadic
cases. The REAL classification recognized a par-
ticularly aggressive B-cell lymphoma with char-
acteristics intermediate between diffuse large B-cell
lymphoma and Burkitt’s lymphoma, which was
designated Burkitt-like lymphoma. This was equiv-
alent to the Working Formulation category of small,
non-cleaved cell, Burkitt-like lymphoma. In the
WHO classification, Burkitt-like lymphoma is more

narrowly defined and is regarded as a morpho-
logical variant of Burkitt’s lymphoma. Burkitt’s 
lymphoma is common among AIDS-related lym-
phomas; these cases often show immunoblastic and
plasmacytoid features. In the WHO classification
such cases are designated Burkitt’s lymphoma 
with plasmacytoid differentiation (AIDS-related).
Burkitt-like lymphoma occurs rarely as the result of
transformation from follicular lymphoma.

The FAB L3 category of ALL can be regarded as a
leukaemic presentation of Burkitt’s lymphoma. In
the WHO and REAL classifications it is included in
the Burkitt’s lymphoma category.

Peripheral blood

In the majority of patients with Burkitt’s lymphoma
the peripheral blood shows no abnormality. Even
when the bone marrow is infiltrated, circulating
lymphoma cells are present in less than half of
patients. Some patients whose peripheral blood 
is initially normal subsequently show circulating
lymphoma cells with disease progression or relapse.
Peripheral blood dissemination appears to be partic-
ularly common in patients with underlying AIDS.
Such patients are also commonly pancytopenic,
even in the absence of bone marrow infiltration.
When patients present with numerous circulating
neoplastic cells but no localized tumour formation,
the disease is usually categorized by haematologists
as L3 ALL. The cytological features of circulating

Fig. 6.52 BM trephine biopsy
section, diffuse large B-cell
lymphoma, subtype intravascular,
showing sinusoids packed with
atypical, large lymphoid cells. 
H&E ×188.



Burkitt’s lymphoma cells and the cells of L3 ALL 
are identical. Specifically, they are medium sized,
relatively uniform blasts with round nuclei, stip-
pled chromatin, visible nucleoli, strongly basophilic
cytoplasm and prominent cytoplasmic vacuolation.

Bone marrow cytology

The bone marrow in Burkitt’s lymphoma is usually
normal at presentation. The reported frequency of
bone marrow infiltration has varied from 5 to 20%
in different series. The frequency of infiltration
appears to be similar in endemic [146,147] and in
non-endemic [148–150] cases. In our experience,
bone marrow infiltration is more common in AIDS-
related Burkitt’s lymphoma than in other cases.
When bone marrow infiltration occurs, it is usually
heavy and is readily detected by either an aspirate
(Fig. 6.53) or a trephine biopsy. However, because
of their striking cytological features, a low per-
centage of infiltrating cells may be detected in an
aspirate when the trephine biopsy is apparently
normal [151]. Some patients without infiltration of
the marrow have an increase in non-neoplastic
lymphocytes [149].

In patients presenting with the features of L3
ALL, heavy bone marrow infiltration is invariable.

Immunocytochemistry and flow cytometry

The tumour cells express the B-cell antigens CD19,

CD20, CD22 and CD79a and show strong SmIg
expression (Box 6.10). There is usually expression
of CD10 but not of CD5 or CD23.

Cytogenetics and molecular genetics

Burkitt’s lymphoma is characterized by transloca-
tions involving c-MYC at 8q24 and the IGH, κ and λ
genes at 14q32, 2p12 and 22q11, respectively. The
oncogene c-MYC is brought into close proximity
with one of the immunoglobulin genes as a result 
of any of these translocationsat(8;14)(q24;q32), 
t(2;8)(p12;q24) and t(8;22)(q24;q11). Although 
the same three cytogenetic rearrangements are 
seen in all types of Burkitt’s lymphoma, the precise
breakpoints differ at a molecular level between 
sporadic and endemic cases.

Bone marrow histology

Infiltration may be interstitial, nodular or diffuse
[149–151]. Cells are uniform in appearance; they
are medium sized with a round or ovoid nuclear
outline and a distinct, narrow rim of cytoplasm 
(Fig. 6.54). Cleft or folded nuclei are rare. Small
nucleoli are usually present. Mitotic figures are
numerous. Cytoplasmic vacuoles can sometimes be
detected if specifically sought (Fig. 6.54). Tingible
body macrophages, a characteristic feature in other
tissues causing the so-called ‘starry sky’ appearance,
are sometimes detected (Fig. 6.55) but are a less
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Fig. 6.53 BM aspirate, Burkitt’s
lymphoma presenting as L3 ALL 
in a patient with AIDS, showing
blasts with marked cytoplasmic
basophilia and heavy cytoplasmic
vacuolation. MGG ×940.
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consistent feature than at other sites. Bone marrow
necrosis may occur both before treatment is given
and to an even greater extent after chemotherapy.
Increased reticulin is frequent.

In Burkitt-like lymphoma the cells are more 
heterogeneous and the nuclear outlines are more
irregular.

Immunohistochemistry

In Burkitt’s and Burkitt-like lymphoma the cells
express CD20 and CD79a; expression of CD20 is
often weak. There may also be expression of CD10

and CD43. Staining with Ki-67 or equivalent mono-
clonal antibody shows a very high proliferative 
fraction (usually greater than 99% of tumour cell
nuclei are positive). There is no expression of TdT.

Problems and pitfalls

The diagnosis of Burkitt’s and Burkitt-like lymphoma
from a bone marrow aspirate is usually straightfor-
ward because of the distinctive cytological features
of the neoplastic cells. More difficulty may be ex-
perienced with a trephine biopsy since cytoplasmic
vacuolation may be inapparent and the ‘starry sky’

Fig. 6.54 BM trephine biopsy
section, Burkitt’s lymphoma in a
patient with AIDS, showing diffuse
infiltration by neoplastic cells; note
the prominent cytoplasmic
vacuoles. Paraffin-embedded, 
H&E ×970.

BOX 6.10

Burkitt’s lymphoma

Flow cytometry and immunocytochemistry
CD10+/−, CD19+, CD20+, CD22+, CD79a+, strong SmIg+
CD5−, CD23−, TdT−

Immunohistochemistry
CD10+/−, CD20+, CD79a+, CD5–, CD23–, CD43−/+, TdT−
Ki-67+ (antibody MIB-1) proliferative fraction usually greater than 99%

Cytogenetics and molecular genetics
Most cases have t(8;14)(q24;q32). Smaller numbers of cases have variant translocations, t(2;8)(p12;q24) and
t(8;22)(q24;q11)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
SmIg, surface membrane immunoglobulin; TdT, terminal deoxynucleotidyl transferase.



appearance, which may provide a clue to this diag-
nosis, is often absent. Correct assessment of cell size,
the nuclear features and the frequent mitoses are of
critical importance in making this diagnosis. Im-
munohistochemistry can be very useful in difficult
cases, e.g. in making a distinction between Burkitt’s
lymphoma (CD5 and cyclin D1 negative and CD10
positive) and blastoid variant of mantle cell lym-
phoma (CD10 negative, CD5 and cyclin D1 positive).
Some cases of large B-cell lymphoma can have 
morphological features resembling Burkitt-like
lymphoma; the distinction can be aided by the very
high proliferative (Ki-67-positive) fraction which is
invariably present in the latter.

Lymphoproliferative disorders of 
T lineage and natural killer lineage

The terminology of T-lineage lymphoproliferative
disorders is particularly confused, with histopathol-
ogists and haematologists often failing to recognize
the same entities. It is also often difficult to har-
monize different histopathological classifications. In
the past, cases have sometimes been described using
undefined terms and without reference to a clear
system of classification. Single disease entities have
been described under multiple designations and,
conversely, single terms have been used to denote 
different diseases. The term T-chronic lymphocytic
leukaemia has, for example, been used as a loose

generic term and also to indicate conditions as
diverse as T-cell granular lymphocytic leukaemia
and the small cell variant of PLL.

There are several further problems with the
classification of T-lineage lymphomas. Firstly, it has
proved difficult to devise a reproducible classifica-
tion, probably as a consequence of the extreme 
histological diversity of T-cell lymphomas [4].
Secondly, when attempts to categorize cases histo-
logically as low grade or high grade were made,
there was no close correlation between grade assigned
and prognosis. Some cases falling into low grade
categories had a prognosis as poor as most high
grade lymphomas. Thirdly, a single category of 
lymphoma may include different disease entities
and, conversely, cases representing a single disease
entity may fall into more than one histological cat-
egory. Cases of leukaemia/lymphoma associated
with the HTLV-I virus, for example, clearly con-
stitute a clinicopathological entity but despite this
they fell into more than one histological category 
of the Kiel classification, including at least one cat-
egory of low grade lymphoma and two categories 
of high grade lymphoma. The converse problem
occurred with the Kiel category of T-lineage, low
grade, lymphocytic lymphoma which includes under
the designation ‘chronic lymphocytic leukaemia’
both leukaemia of large granular lymphocytes (LGL
leukaemia) and two other conditions, at least one 
of which appears to be more closely related to PLL.
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Fig. 6.55 BM trephine biopsy
section, Burkitt’s lymphoma in 
a patient with AIDS, showing 
a ‘starry sky’ appearance. 
Paraffin-embedded, H&E ×388.
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Leukaemia of large granular lymphocytes clearly
differs from the other T-lymphocytic lymphomas, as
is recognized in the FAB [7], REAL [2] and WHO [1]
classifications. We shall discuss this group of lym-
phomas using predominantly the definitions and
terminology of the WHO group. The term ‘periph-
eral T-cell lymphoma’ also requires consideration.
This designation embraces all T-lineage neoplasms
with the exception of ALL and lymphoblastic lym-
phoma which have a prethymic or thymic pheno-
type [2,4]; however, the term is sometimes used 
in a more restricted sense with cutaneous T-cell
lymphomas being excluded. The Working Formul-
ation did not distinguish between B-cell and T-cell 
lymphomas. The only T-cell neoplasm that was
specifically identified was mycosis fungoides; other
T-cell lymphomas were aggregated with the more
common B-cell lymphomas to form rather hetero-
geneous groups. The WHO classification uses the
term mature (peripheral) T-cell lymphoma for this
group.

The WHO and REAL classifications resolved some
of the problems of earlier classifications of T-cell
lymphoma, recognizing that not only morphology
but clinical, immunophenotypic, cytogenetic and
molecular genetic features are integral to the
definition of specific entities [1]. Adult T-cell
leukaemia/lymphoma (ATLL) is recognized as an
entity. Angio-immunoblastic lymphoma and ALCL
are retained. Four other categories of peripheral 
T-cell lymphoma which histopathologists outside
the Kiel group have had some difficulty in identify-
ing are grouped together as ‘peripheral T-cell 
lymphoma, unspecified or not otherwise character-
ized’. This may well prove to be a practical approach
to the classification of T-cell lymphomas. Other
entities that have distinct pathological features and
clinical behaviour not recognized within previous
classifications are included in the WHO classi-
fication. These include hepatosplenic γδ T-cell
lymphoma, extranodal natural killer (NK)/T-cell 
lymphoma (nasal type), subcutaneous panniculitis-
like T-cell lymphoma and enteropathy-type T-cell
lymphoma [1].

The common patterns of bone marrow infiltra-
tion in T-cell lymphoma differ from those most
characteristic of B-cell lymphomas. Infiltration is
usually interstitial, random focal, nodular or dif-
fuse. Nodular infiltration differs from that seen in 

B-cell lymphomas and in reactive lymphoid hyper-
plasia in that the nodules often have ill-defined
margins. Paratrabecular infiltration occurs [12,24]
but is quite uncommon. T-cell lymphomas also dif-
fer from B-cell lymphomas in that various reactive
changes are more frequent; such changes include
eosinophilia, vascular proliferation, polyclonal
plasma cell proliferation, macrophage proliferation,
haemophagocytosis, epithelioid cell and granuloma
formation, reactive follicular hyperplasia and re-
ticulin fibrosis.

The frequency with which marrow infiltration
has been reported in peripheral T-cell lymphoma
has varied from 10% [152] to 80% [24]. This 
wide disparity may be attributable in part to the
occurrence of histologically equivocal lesions which
require immunophenotyping for confirmation [12],
and in part to a variable mixture, in any series of
patients, of different disease entities with different
probabilities of bone marrow spread.

Diagnosis and classification of T-lineage lym-
phomas and leukaemias is not always possible 
on the basis of lymph node histology alone. The
immunophenotype and cytological features of 
peripheral blood and bone marrow cells can be of
critical importance in diagnosis. Histological fea-
tures in a trephine biopsy section are generally of
less importance than lymph node histology and
peripheral blood cytology. However, in some cases,
a firm diagnosis can be established from the bone
marrow when other diagnostic tissue is not available
[12,24]. In other patients, lesions are suggestive of
NHL but are non-diagnostic unless supplemented by
immunophenotypic analysis or molecular genetic
demonstration of a clonal TCR gene rearrangement.
The differential diagnosis includes Hodgkin’s disease,
AIDS, auto-immune diseases, malignant histiocytosis
and virus-associated haemophagocytosis. Problems
in the differential diagnosis of angio-immunoblastic
lymphadenopathy and related conditions are dis-
cussed on page 300.

Precursor T-lymphoblastic
leukaemia/lymphoma

About a quarter of cases of ALL are of T lineage. 
T-lineage ALL is closely related to the lymphoblastic
lymphomas of the Kiel classification and the Work-
ing Formulation, the majority of which are of T 



lineage. The equivalent category in the WHO and
REAL classifications is precursor T-lymphoblastic
lymphoma/leukaemia. Precursor T-lymphoblastic
lymphoma, in which the bone marrow initially
shows little or no infiltration, is less common than
T-ALL. Both the leukaemic and lymphomatous
forms of this disease are much more common in
childhood than in adult life. About 80% of all lym-
phoblastic lymphomas, including the great majority
of childhood lymphoblastic lymphoma, are of T lin-
eage [34,153].

Precursor T-lymphoblastic leukaemia/lymphoma
shows a male preponderance. Thymic infiltration is
very common and may be associated with pleural
and pericardial effusions and superior vena cava
obstruction. There may also be lymphadenopathy,
hepatomegaly or splenomegaly.

Peripheral blood

The peripheral blood in precursor T-ALL often shows
circulating blast cells. In precursor T-lymphoblastic
lymphoma, the blood is often normal but some
patients have small numbers of circulating neoplastic
cells. T lymphoblasts may have ALL L1 or L2 cyto-
logical features. They cannot be distinguished reli-
ably from B lymphoblasts on cytological grounds,
although cells with convoluted nuclei or hyper-
chromatic nuclei are sometimes noted.

Bone marrow cytology

In T-ALL the bone marrow is invariably infil-
trated by lymphoblasts whereas, in precursor T-
lymphoblastic lymphoma, the bone marrow is often
normal, with variable infiltration by lymphoblasts
in some patients. By convention, cases with more
than 25% or 30% of lymphoblasts in the marrow
are classified as ALL and cases with a lower percent-
age of lymphoblasts as lymphoblastic lymphoma.
Patients with lymphoblastic lymphoma in whom
the bone marrow is initially normal may later show
infiltration if there is disease progression.

Immunocytochemistry and flow cytometry

T lymphoblasts express many antigens character-
istic of T cells (such as CD2, CD3, CD4, CD5, CD7
and CD8) and, in addition, may show features of
immaturity such as co-expression of CD4 and CD8 
or expression of CD1a (Box 6.11). TdT is usually
expressed and CD34 may be expressed.

Cases have been divided by the EGIL group into
four immunophenotypic groups:
1 pro-T ALL: this has the least mature immuno-
phenotype; the cells do not express CD2, CD5 or
CD8 but may express CD7;
2 pre-T ALL: the cells express CD2, CD5 or CD8 but
not CD1a;
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BOX 6.11

Precursor T-lymphoblastic leukaemia/lymphoma

Flow cytometry and immunocytochemistry
All cases—CyCD3+, CD10−/+, CD34+/−, TdT+

Pro-T ALL—CD2−, CD5−, CD8–, CD7+/−
Pre-T ALL—CD2+, CD5+, CD8+/−, CD1a−
Cortical T ALL—CD1a+, SmCD3+/−
Mature T ALL—SmCD3+, CD1a−

Immunohistochemistry
CD3+/−, CD4+/−, CD5+/−, CD8+/−, CD10−/+, CD34+/−, CD43+/−, TdT+

Cytogenetics and molecular genetics
No specific abnormalities, but translocations involving the TCR genes, particularly the TCR α and δ genes at 14q11–13
and the TCR β gene at 7q32–36 are common. TCR genes may be rearranged

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
Cy, cytoplasmic; Sm, surface membrane; TCR, T-cell receptor; TdT, terminal deoxynucleotidyl transferase.
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3 cortical T ALL: the cells show expression of CD1a
with or without surface membrane CD3; and
4 mature T ALL: the cells express surface mem-
brane CD3 but not CD1a.

All express cytoplasmic or surface membrane
CD3 and some express CD10 (although expres-
sion is weaker than in precursor B-lymphoblastic
leukaemia/lymphoma).

The immunophenotypic features of precursor 
T-lymphoblastic lymphoma are similar to those 
of precursor T-lymphoblastic leukaemia; although
lymphoblastic lymphoma tends to have the more
mature phenotype, individual cases cannot be dis-
tinguished on this basis.

Cytogenetics and molecular genetics

Cytogenetic abnormalities are common although
no specific abnormalities occur at high frequency.
Many of the abnormalities are translocations
involving TCR genes, particularly the TCR α and δ
genes at 14q11–13 and the TCR β gene at 7q32–36
(Box 6.11). Many cases show monoclonal rear-
rangement of TCR genes detectable by PCR analysis.

Bone marrow histology

Bone marrow infiltration is invariable and extensive
in T-ALL. In precursor T-lymphoblastic lymphoma
there is marrow infiltration at diagnosis in approxi-
mately 60% of cases [16]. Infiltration is initially focal
but, with disease progression, focal deposits spread
and coalesce to produce a diffuse pattern of infiltra-
tion. Before the routine use of chemotherapy, bone
marrow infiltration usually supervened in those
who initially had a normal marrow. The cytological
features of the leukaemic and lymphomatous forms
of the disease are very similar [37]. Lymphoblasts
are of small or medium size, slightly larger than
small lymphocytes, with scanty cytoplasm and rela-
tively large, deeply staining nuclei. Nucleoli are 
usually relatively small and the chromatin is finely
stippled. Mitotic figures are frequent and nuclear
clefting, convolution or folding can be identified in
some cases. Some cases also have small, hyper-
chromatic nuclei [37]. A tendency to perivascular
infiltration by lymphoblasts may be pronounced
[97]. When marrow involvement is minimal, the
lymphoblasts may be difficult to identify in trephine

biopsy sections and may more easily be detected in
aspirate films.

Immunohistochemistry

Precursor T lymphoblasts express CD3 and usually
CD5 and TdT (Box 6.11). They may express CD4,
CD8, CD34, CD43, CD45 and CD45RO. There may
also be weak expression of CD10 and some cases
express CD79a, but cells do not generally express
other B-cell or myeloid antigens.

Problems and pitfalls

The main differential diagnoses of precursor T-
lymphoblastic leukaemia/lymphoma are precursor
B-lymphoblastic leukaemia/lymphoma and AML.
These differential diagnoses have been discussed on
page 240.

T-prolymphocytic leukaemia

The FAB group [7] recommended that the term T-
prolymphocytic leukaemia (T-PLL) be used not
only for cases of low grade T-lineage lymphoma in
which cells have morphological features quite simi-
lar to those of B-PLL, but also for cases with smaller
cells which differ more from those of B-PLL; the
Kiel group [4] preferred to classify the latter group
as T-CLL. The FAB terminology is justified by the
observation that, despite some variation in mor-
phology, all of these cases have many features 
in common. Specifically, they share clinical and
immunophenotypic profiles and characteristic cyto-
genetic abnormalities, namely inv(14)(q11q32) and
trisomy 8q [7]. T-PLL falls into the Kiel category of
T-lineage, low grade, lymphocytic lymphoma and
the Working Formulation category of diffuse small
cleaved cell lymphoma. T-PLL is a specific category
in the REAL and WHO classifications [1].

T-PLL is mainly a disease of the elderly. Patients
commonly present with marked splenomegaly.
Other features may include lymphadenopathy, skin
infiltration and serous effusions.

Peripheral blood

The white cell count is usually high. In some cases
the circulating neoplastic cells are similar in size to



normal small lymphocytes while in others they are
considerably larger, similar in size to B-PLL cells
[154]. When cells are large, there is usually rela-
tively abundant cytoplasm and the nuclei contain a
prominent central nucleolus. Some cases are cyto-
logically indistinguishable from B-PLL cells but 
the majority can be distinguished. In others the
cytoplasm is more basophilic and the nucleus is
irregular. In cases with predominantly small cells
the nucleocytoplasmic ratio is higher and the nucle-
olus is smaller and less prominent (Fig. 6.56); the
nucleus is often irregular (‘knobby’) and there may
also be cytoplasmic blebs.

Bone marrow cytology

The bone marrow is infiltrated by cells of the same
appearance as those in the blood but the morpho-
logy is usually less well preserved.

Immunocytochemistry and flow cytometry

The leukaemic cells express the T-cell antigens 
CD2, CD3 and CD5 (Box 6.12). The cells are char-
acteristically CD7 positive in contrast to most other
leukaemias with a mature T-cell phenotype. In
most cases, cells are CD4 positive and CD8 negative.
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Fig. 6.56 PB film, T-PLL, showing
dense irregular nuclei and, in one
cell, a prominent medium sized
nucleolus. MGG ×940.

BOX 6.12

T-prolymphocytic leukaemia

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD4+, CD5+, CD7+
CD8−, CD25−

Immunohistochemistry
CD3+, CD4+, CD5+
CD8−

Cytogenetics and molecular genetics
Most cases show either inv(14)(q11q32) or t(14;14)(q11;q32)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive.



LYMPHOPROLIFERATIVE DISORDERS 289

In approximately a quarter of all cases, cells express
both CD4 and CD8 [155]. Rarely, the cells are CD4
negative and CD8 positive. In most cases they are
CD25 negative.

Cytogenetics and molecular genetics

Approximately 75% of cases of T-PLL show abnor-
malities of chromosome 14, either inv(14)(q11q32)
or t(14;14)(q11;q32) [67] (Box 6.12); the TCR α
chain locus is present at 14q11 and the IGH gene is
located at 14q32. Partial trisomy or multisomy of 8q
is commonly present. Other abnormalities seen in a
minority of cases are trisomy or partial trisomy of 7q
and deletions of 6q.

Bone marrow histology

There may be only a modest degree of infiltration,
even in those patients who have marked leucocy-
tosis [112]. The patterns of infiltration seen are sim-
ilar to those of B-PLL (see page 251). In many cases
irregular nuclei and scanty cytoplasm suggest T lin-
eage (Fig. 6.57) but some cases are indistinguishable
from B-PLL. Reticulin fibrosis appears to be more
common than in B-PLL [68].

Immunohistochemistry

The cells are CD3 and CD5 positive (Box 6.12). In

most cases they are CD4 positive and CD8 negative.
There is no expression of B-cell markers.

Problems and pitfalls

T-PLL needs to be distinguished from B-PLL and
from other leukaemias with a mature T-cell pheno-
type. Immunophenotypic analysis and correlation
with the cytological features of the leukaemic cells
will enable the distinction to be made.

T-cell granular lymphocytic leukaemia

This condition is recognized as a distinct entity in
the WHO classification. The neoplastic cells are
morphologically similar to normal LGL and express
T-cell markers including CD3.

LGL are a normal component of the peripheral
blood, with distinctive morphological features; 
they comprise 10–15% of peripheral blood lym-
phocytes [156]. Two distinct types of normal LGL 
are recognized on immunophenotypic analysis: (i)
cytotoxic T cells expressing CD3 and CD8; and (ii)
NK cells that are CD3 negative and express mar-
kers such as CD56 and CD57. A variety of names
have been used for leukaemias of LGL; the FAB
group [7] designated such cases T-CLL, whereas
these cases fell into the Kiel category of T-lineage, 
low grade, lymphocytic lymphoma. The REAL
classification recognized LGL leukaemias as a 

Fig. 6.57 BM trephine biopsy
section, T-PLL, showing large 
and small prolymphocytes with
prominent nucleoli, particularly 
in the larger cells; note highly
irregular nuclei. Plastic-embedded,
H&E ×940.



separate category, subdivided into T-cell and NK-
cell types.

In the vast majority of cases of LGL leukaemia, 
the cells are CD8 positive and have other T-cell
markers, including CD3. However, there are some
morphologically identical cases in which cells share
some markers with NK cells but lack T-cell markers.
Since the clinical features differ and the prognosis
may be worse for cases with an NK-cell phenotype
[157,158], the WHO classification recognizes these
cases as a separate entity, aggressive NK-cell leukae-
mia (see page 233).

T-cell granular lymphocytic leukaemia occurs
predominantly in the elderly (median age 60 years)
[159]. Approximately one third of patients are
asymptomatic at the time of diagnosis [160,161].
However, many patients have cytopenias (most
commonly neutropenia) and may present with
recurrent bacterial infections, affecting the skin,
oropharynx and peri-anal region, or the symptoms of
anaemia. There is a strong association with Felty’s
syndrome (rheumatoid arthritis with neutropenia
and splenomegaly) [159]. Lymphadenopathy is
uncommon, but hepatomegaly and splenomegaly
are frequent findings. The disease typically has a
prolonged survival with an actuarial median sur-
vival, in one series, of 166 months [160]. In a
minority of patients, particularly those cases in
which cells co-express CD3 and CD56, the disease
has a more aggressive clinical behaviour similar to
that of aggressive NK-cell leukaemia [158].

Peripheral blood

The white cell count is increased due to an
increased number of LGL [162,163]. In occasional
patients the total white cell count is not increased
although there is an increase in the number of LGL.
The neoplastic cells are morphologically very sim-
ilar to normal LGL (Fig. 6.58). They have a round or
oval nucleus with moderately condensed chro-
matin; the cytoplasm is voluminous and weakly
basophilic and contains fine or coarse azurophilic
granules. Smear cells are rare. Some patients have
isolated neutropenia or thrombocytopenia or, less
often, anaemia. These cytopenias are out of propor-
tion to the degree of bone marrow infiltration and
appear to have an immune basis. Macrocytosis is
sometimes present.

Bone marrow cytology

The bone marrow shows a variable degree of
infiltration by cells with the same morphology as
those in the blood. In the early stages infiltration
may be minimal. In patients with marked neutro-
penia the bone marrow usually shows immature
granulocytic cells in normal numbers but mature
neutrophils are lacking. Patients with thrombocy-
topenia usually have normal numbers of megakary-
ocytes. When anaemia is marked the marrow may
show either a lack of maturing erythroblasts (pure
red cell aplasia) or megaloblastic erythropoiesis.

290 CHAPTER SIX

Fig. 6.58 PB film, T-cell granular
lymphocytic leukaemia, showing
two large granular lymphocytes.
MGG ×940.
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Immunocytochemistry and flow cytometry

Neoplastic cells of T-cell granular lymphocytic
leukaemia are usually positive for CD2, CD3, CD5,
CD16 and CD57 and are most often negative for
CD7 [159] (Box 6.13). They are usually CD8 posi-
tive and CD4 negative. The NK-cell marker, CD56,
is usually negative. In rare patients, cells express
both CD3 and CD56, a phenotype that is associated
with a more aggressive clinical behaviour [158].

Cytogenetics and molecular genetics

No consistent cytogenetic abnormalities have been
observed (Box 6.13). Monoclonal rearrangements
of the TCR genes can be detected in most cases.

Bone marrow histology

The marrow is infiltrated in almost all cases, although
the degree of marrow infiltration is usually not
marked. However, the bone marrow infiltrate in T-
cell granular lymphocytic leukaemia does not have
distinctive features and can be confused with that of
various low grade B-cell lymphoproliferative dis-
orders. Examination of peripheral blood and bone
marrow aspirate films, together with immunophe-
notypic analysis, is essential if the nature of the
infiltrate is to be recognized.

Infiltration is usually interstitial, random focal or

diffuse but in occasional instances has been nodular
[164–166]. The infiltrates are composed of small
and medium-sized lymphocytes (Fig 6.59), the
nuclei of which have irregular contours, condensed
nuclear chromatin and inconspicuous nucleoli
[166]. There is a thin rim of cytoplasm in which
granules are not visible. Some cases have plasmacy-
tosis [166]. Neutropenic cases often show apparent
maturation arrest at the myelocyte stage and
increased numbers of apoptotic cells are present.
Patients with thrombocytopenia usually have ade-
quate or increased numbers of megakaryocytes
although amegakaryocytic thrombocytopenia has
been reported [167]. Anaemic patients often show
the features of pure red cell aplasia with a reduction
in mature erythroid precursors. An association with
trilineage myelodysplasia has been noted in a
significant minority of patients.

Immunohistochemistry

The neoplastic cells express CD3; staining for CD5
and CD56 is usually negative (Box 6.13).

Problems and pitfalls

T-cell granular lymphocytic leukaemia can be con-
fused with other chronic lymphoid leukaemias of
both B and T lineage. In most cases, the distinctive
morphology of the LGL in the circulation will suggest

BOX 6.13

T-cell granular lymphocytic leukaemia

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD5+, CD8+, CD16+/−, CD57+/−
CD4−, CD7−, CD56− (rare cases CD56+)

Immunohistochemistry
CD3+, CD5+, CD8+
CD4−, CD56− (rare cases CD56+)

Cytogenetics and molecular genetics
No specific cytogenetic abnormality
Monoclonal TCR gene rearrangements are detectable in most cases

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
TCR, T-cell receptor.



Fig. 6.59 BM trephine biopsy
section, T-cell granular lymphocytic
leukaemia. (a) Showing occasional
small and medium-sized
lymphocytes. Paraffin-embedded,
H&E ×940. (b) Infiltrating
lymphoma cells are much more
apparent by immunohistochemistry.
Paraffin-embedded, immuno-
peroxidase, CD3 ×940.

Fig. 6.60 PB film, aggressive 
NK-cell leukaemia/lymphoma,
showing three lymphoma cells 
and a neutrophil. MGG ×940.
(By courtesy of Dr KF Wong, 
Hong Kong.)

(a)

(b)
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the diagnosis and immunophenotyping will confirm
the nature of the leukaemic cells. T-cell granular
lymphocytic leukaemia needs to be separated from
aggressive NK-cell leukaemia (see below). It also
needs to be separated from chronic NK lymphocy-
tosis, in which there is a persistent increase of LGL
with an NK immunophenotype in the peripheral
blood, sometimes associated with auto-immune
conditions and neutropenia [159,168]. Organo-
megaly is rare in chronic NK lymphocytosis and the
condition does not usually progress [168].

Aggressive NK-cell leukaemia

The WHO classification identifies leukaemias in
which the neoplastic cells are of NK lineage as a 
distinct entity. As discussed above, this condition
was previously often grouped with T-cell granular
lymphocytic leukaemia, but there are clear differ-
ences in immunophenotype and clinical behaviour
between the two conditions. In many cases the neo-
plastic cells show evidence of infection with EBV
[169,170]. Patients are typically younger (median
age 39 years) than those with T-cell granular lym-
phocytic leukaemia; they often have B symptoms
and hepatosplenomegaly [159]. There is no associ-
ation with rheumatoid arthritis [159]. The disease
has an aggressive clinical behaviour [171,172], is
highly resistant to therapy and has a poor prognosis
with most patients surviving less than 2 months
[159,170].

Peripheral blood

The peripheral blood shows an increase in LGL with
higher absolute counts than are usually seen in T-
cell granular lymphocytic leukaemia. The circulat-
ing cells are similar to normal LGL, but some cells
are larger with more open chromatin and distinct
nucleoli [170]. There may be circulating normoblasts
and myelocytes. Anaemia, thrombocytopenia and
neutropenia are frequent findings [159].

Bone marrow cytology

Most cases show infiltration by cells similar to those
seen in the peripheral blood [170] (Fig. 6.61). There
may be evidence of haemophagocytosis.

Immunocytochemistry and flow cytometry [159,170]

The neoplastic cells are negative for CD3, CD4,
TCRαβ and TCRγδ (Box 6.14). They usually express
CD2, CD16 and CD56. There is variable expression
of CD8 and CD57.

Cytogenetics and molecular genetics

Many cases show clonal cytogenetic abnormalities
although no consistent pattern has been reported
[159] (Box 6.14). TCR genes are not rearranged. In
most cases, Epstein–Barr early RNA (EBER) can be
detected by in situ hybridization [170].

Fig. 6.61 BM aspirate, aggressive
NK-cell leukaemia/lymphoma
(same case as in Fig. 6.60), showing
one medium sized granular
lymphoma cell; reactive
macrophage proliferation 
and haemophagocytosis were
prominent. MGG ×940. (By
courtesy of Dr KF Wong, 
Hong Kong.)



Bone marrow histology

The degree of bone marrow infiltration is variable and
may show a diffuse, interstitial or angiocentric pat-
tern. There is a monomorphic infiltrate of medium
sized cells with round nuclei and condensed 
chromatin [170]. Some patients show evidence of
haemophagocytosis.

Immunohistochemistry

The neoplastic cells express CD56 and are negative
for CD3 and CD4 (Box 6.14).

Problems and pitfalls

This condition is readily distinguished from T-cell
granular lymphocytic leukaemia by immunophe-
notyping. More significant problems occur in dis-
tinguishing NK-cell leukaemia from chronic NK
lymphocytosis which result, in no small part, from
the fact that the nature of the latter condition is
uncertain. There is no easy way to demonstrate
clonality in NK cells since TCR genes are not rear-
ranged and many cases do not have a cytogenetic
abnormality. NK-cell leukaemia/lymphoma has
been defined as an aggressive condition and chronic
NK lymphocytosis is an indolent condition with 
little tendency to progress [173]. In the absence of 

a usable marker of clonality it is not at present pos-
sible to determine whether a small or large propor-
tion of cases of chronic NK lymphocytosis actually
represent a chronic leukaemia. The practical solu-
tion, given our current state of knowledge, is to des-
ignate cases with a clonal cytogenetic abnormality
or an aggressive clinical course as NK-cell leukaemia
and use the non-committal term ‘chronic NK-cell
lymphocytosis’ for other cases.

Extranodal NK/T-cell lymphoma, nasal type

This condition differs from aggressive NK-cell
leukaemia both clinically and pathologically. Most
cases are associated with EBV infection and the dis-
ease is much more common in the Far East than the
rest of the world. The REAL classification referred 
to this entity as angiocentric T-cell lymphoma and, 
in the past, many cases were classified as ‘lethal
midline granuloma’. It is an aggressive disease that
typically presents with a destructive mass in the
nose or palate. Although this tumour is most com-
mon in the nasopharynx, it can present at other
sites, including the skin, without nasopharyngeal
involvement [170]. The primary tumours are often
extensively necrotic due to infiltration of blood 
vessel walls by neoplastic cells. Most cases express a
NK phenotype, but some have a T-cell or hybrid
phenotype. The prognosis is poor [172,174].
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BOX 6.14

Aggressive NK-cell leukaemia

Flow cytometry and immunocytochemistry
CD2+, CD8+/−, CD16+, CD56+, CD57+/−
CD3−, CD4−, TCRαβ−, TCRγδ−

Immunohistochemistry
CD56+
CD3−, CD4−

Cytogenetics and molecular genetics
Cytogenetic abnormalities are common, but no consistent abnormality is observed
TCR genes are not rearranged
EBER detected by ISH in most cases

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
EBER, Epstein–Barr early RNA; ISH, in situ hybridization; TCR, T-cell receptor.
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Peripheral blood

The minority of patients who present with dis-
seminated disease have pancytopenia. Rarely, a
leukaemic phase occurs. Circulating neoplastic cells
have azurophilic granules, but they have a higher
nucleocytoplasmic ratio and more diffuse chro-
matin pattern than the cells of T-cell granular 
lymphocytic leukaemia [172].

Bone marrow aspirate

In a small minority of patients the bone marrow is
infiltrated by medium sized cells with high nucleo-
cytoplasmic ratio, pleomorphic nuclear morphology
and azurophilic cytoplasmic granules [172].

Immunocytochemistry and flow cytometry

The neoplastic cells show variable expression of 
T-cell antigens. They are usually CD2 positive and
often express CD5 and CD7. The cells may be CD4
or CD8 positive, but CD3 is usually negative. There
is usually expression of CD56.

Cytogenetics and molecular genetics

No consistent cytogenetic abnormalities have been
reported. The TCR and IGH genes show a germline
pattern. Expression of EBV genes characteristic of
latent infection (e.g. EBER) can usually be detected
by in situ hybridization.

Bone marrow histology

The bone marrow may be infiltrated by pleomorphic,
medium sized cells with a high nucleocytoplasmic
ratio.

Mycosis fungoides/Sézary’s syndrome

Mycosis fungoides and Sézary’s syndrome are cuta-
neous T-cell lymphomas. In both conditions there 
is infiltration of the dermis and the epidermis by
neoplastic cells. The epidermal infiltrate is focal; the
intra-epidermal accumulations of lymphocytes are
known as Pautrier’s abscesses or micro-abscesses.
Pautrier’s abscesses are highly characteristic of 
lymphoma of small cerebriform cells but they are

not pathognomonic since they may also occur in
HTLV-I-associated leukaemia/lymphoma. Sézary’s
syndrome is characterized by both generalized ery-
throderma, consequent on infiltration of the skin by
lymphoma cells, and circulating neoplastic cells,
which may be numerous or scanty; these features are
detectable at the time of presentation. In mycosis
fungoides the initial manifestation is usually the
presence of patchy erythematous lesions but, sub-
sequently, plaques, nodules and fungating tumours
may form. Spread to lymph nodes occurs late in the
disease. Circulating neoplastic cells are sometimes,
but not always, apparent in mycosis fungoides.
There is some overlap between the conditions
classified, respectively, as Sézary’s syndrome and
mycosis fungoides and they are best regarded as 
different manifestations of a single disease; the 
circulating neoplastic cells of both are referred to as
Sézary cells. Rare patients lack clinically detectable
skin lesions but have circulating neoplastic cells
with the cytological features of Sézary cells; this
condition, which has been designated Sézary cell
leukaemia, is now regarded as being more closely
related to T-PLL.

Peripheral blood

The likelihood of Sézary cells being present in the
peripheral blood can be related to the nature of the
skin lesions. In one study, circulating neoplastic
cells were not detectable in patients with localized
skin plaques but were present in 9% of patients
with generalized skin plaques, 27% of those with
skin tumours and 90% of those with erythroderma
[175]. Sézary cells vary in size from that of a normal
small lymphocyte to two or three times this size.
Individual patients may have predominantly small
cells or predominantly large cells. Sézary cells have
a high nucleocytoplasmic ratio. The chromatin is
highly condensed and sometimes hyperchromatic.
The nucleus is described as ‘convoluted’ or ‘cerebri-
form’, names indicative of the intertwined lobes
resembling the convolutions of the brain (Fig. 6.62).
This causes the surface of the nucleus to appear
grooved. Lobes are often more readily discernible in
large Sézary cells than in small forms. Nucleoli are
usually inapparent but can sometimes be detected
in large cells. Cytoplasm is scanty in small cells but
more abundant in large cells; it is agranular and



may contain a ring of vacuoles which are found to
be PAS-positive. When Sézary cells are infrequent
and similar in size to normal lymphocytes, they can
be difficult to identify with certainty. Ultrastructural
examination is very useful in those cases in which
the characteristic cytological features cannot be 
discerned by light microscopy; demonstration of 
the characteristic form of the nucleus confirms the
diagnosis (see Fig. 2.31).

Some patients have eosinophilia [175]. Except
when disease is very advanced, anaemia and cyto-
penia are not usually features of Sézary’s syndrome
or of mycosis fungoides.

Bone marrow cytology

The bone marrow aspirate is often normal, even 
in a high proportion of patients with circulating
neoplastic cells [175]. A variable degree of infiltra-
tion by Sézary cells can occur, particularly in the
advanced stages of the disease.

Immunocytochemistry and flow cytometry

Sézary cells are usually CD4 positive, CD8 negative
and express T-cell markers including CD2, CD3 and
CD5 (Box 6.15); they are sometimes CD7 positive
[176]. In a minority of cases, cells are CD8 positive
and CD4 negative. B-cell markers are negative.
Staining for CD25 is usually negative.

Cytogenetics and molecular genetics

A number of cytogenetic abnormalities have been
reported and complex karyotypes are frequent 
(Box 6.15). Abnormalities of chromosomes 1 and 
8 are common; however, no consistent or specific
abnormality has been observed [177,178]. There is
monoclonal rearrangement of TCR genes.

Bone marrow histology

In the first reported series of cases of cutaneous 
T-cell lymphomas bone marrow infiltration was
detected in only 2–10% of patients and, even at
autopsy, the detection rate was no higher than 25%
[179]. However, two subsequent large series have
detected infiltration in 18% [180] and 28% [181],
respectively, of patients at presentation or early in
the course of the disease. Infiltration is commoner in
Sézary’s syndrome than in mycosis fungoides [182]
and shows some correlation with disease stage.
However, not all patients with circulating Sézary
cells have histologically detectable bone marrow
infiltration [181].

Infiltrating cells are usually small and irregular in
shape with convoluted and hyperchromatic nuclei
(Fig. 6.63). In a minority of cases there is a popula-
tion of large lymphoid cells with prominent nuc-
leoli. Sometimes the infiltrate is pleomorphic and
includes bizarre multinucleated cells. The presence
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Fig. 6.62 PB film, Sézary’s
syndrome, showing two cells 
with convoluted nuclei and 
scanty cytoplasm. MGG ×940.
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of a significant proportion of transformed cells is 
of adverse prognostic significance [181]. Infiltrated
bone marrows may also show an increase of eosino-
phils, macrophages or plasma cells and the presence
of granulomas [181]. Reticulin is moderately
increased.

When the bone marrow does not show any
infiltrate of cytologically atypical cells, there may
nevertheless be increased eosinophils and macro-
phages, granulomas and aggregates of small round
lymphocytes [181]. The presence of aggregates of
cytologically normal lymphocytes does not have
any adverse prognostic significance.

Immunohistochemistry

The T-cell markers CD3 and CD5 are expressed
(Box 6.15). Cells in most cases are CD4 positive 
and CD8 negative; in a minority of cases, cells are
CD8 positive and CD4 negative. Rarely, staining for
both CD4 and CD8 is negative. B-cell markers are
negative.

Angio-immunoblastic lymphoma

The nature of the condition variously described under
the names angio-immunoblastic lymphadenopathy

Fig. 6.63 BM trephine biopsy
section, mycosis fungoides/Sézary’s
syndrome, showing heavy
interstitial infiltration by small
cerebriform cells. Paraffin-
embedded, H&E ×390.

BOX 6.15

Mycosis fungoides/Sézary’s syndrome

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD4+, CD5+, CD7−/+
CD8−, CD25−

Immunohistochemistry
CD3+, CD4+, CD5+
CD8−

Cytogenetics and molecular genetics
Cytogenetic abnormalities are common, but no consistent pattern is observed
Monoclonal TCR gene rearrangements are detectable in most cases

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; −<10%
positive; TCR, T-cell receptor.



with dysproteinaemia (AILD), immunoblastic lym-
phadenopathy and lymphogranulomatosis X remains
uncertain. Initially, this condition was regarded as
an abnormal immune reaction but evidence sub-
sequently emerged, derived from cytogenetic and
DNA analysis, that there was an underlying clonal
and probably neoplastic proliferation of T cells. It is
now clear that many, if not all, cases represent a
lymphoma of CD4-positive T cells. Some patholo-
gists consider that all cases are actually lymphomas
from the beginning. An alternative view is that
some cases are lymphomas and other cases repre-
sent a reactive process with a propensity to lym-
phomatous transformation. It has been proposed
that cases with demonstrable monoclonal prolifera-
tion of T cells should be classified as lymphomas and
cases lacking such evidence should not. However,
not all T-cell lymphomas have demonstrable rear-
rangement of the TCR genes [152]. This may be
because, in some cases, the proportion of neoplastic
cells is very low. Further, although there is some
correlation between demonstrable gene rearrange-
ment and cytological evidence of atypia, this corre-
lation is not perfect [152]; there is an early
difference in survival curves but they ultimately
come together [152]. A final judgement as to wheth-
er all cases of AILD, or only the majority, represent
lymphoma must await further evidence.

The diagnosis of angio-immunoblastic lymphoma
rests on lymph node histology. Typically, there is
effacement of nodal architecture with disappear-
ance of germinal centres, a marked proliferation of
venules and an infiltrate which is composed of a
variable mixture of lymphocytes, plasma cells,
immunoblasts, epithelioid cells and proliferating
dendritic reticulum cells [4,152,183]. Many cases
have extracellular PAS-positive material.

Characteristic clinical features are fever and lym-
phadenopathy, auto-immune haemolytic anaemia
and other auto-immune phenomena, allergic reac-
tions to drugs and hypergammaglobulinaemia.

Transformation to a more aggressive T-cell lym-
phoma occurs in 10–15% of patients. Some patients
develop large B-cell lymphoma.

Peripheral blood

There is usually normocytic normochromic anaemia
with increased rouleaux formation and an elevated

erythrocyte sedimentation rate (ESR). Occasionally
the anaemia is leuco-erythroblastic. Complicating
autoimmune haemolytic anaemia is common. Some
patients have lymphopenia, thrombocytopenia,
neutrophilia, eosinophilia or basophilia [183,184].
Plasma cells, plasmacytoid lymphocytes and atypical
lymphocytes resembling those seen in viral infec-
tions or immunological reactions may be present.

Bone marrow cytology

The bone marrow aspirate may show non-specific
changes such as the features of anaemia of chronic
disease. There may be an infiltrate of small lym-
phocytes, sometimes with irregular nuclei, and of 
atypical lymphoid cells including immunoblasts.
Inflammatory cells including eosinophils and plas-
ma cells may be increased.

Immunocytochemistry and flow cytometry

The neoplastic cells express CD3 and other T-cell
antigens CD2, CD5 and CD7 (Box 6.16). In most
cases, cells express CD4 and are CD8 negative.

Cytogenetics and molecular genetics

Most cases show cytogenetic abnormalities with
complex karyotypes and a high frequency of mul-
tiple cytogenetically unrelated clones [185]. The
most frequent abnormalities are trisomy 3, trisomy
5 and additional copies of the X chromosome (Box
6.16). Structural abnormalities of chromosome 1,
additional X chromosomes and complex aberrant
clones are associated with a worse prognosis [186].
Monoclonal rearrangements of TCR β and γ are seen
in approximately 75% of cases and monoclonal 
IGH rearrangements are present in up to 25% of
cases [187]. It is possible to detect EBER by in situ
hybridization in many cases.

Bone marrow histology

The reported incidence of bone marrow infiltration
varies widely, from 10% [152] to 60% [188,189].
The lesions are usually focal (patchy or nodular),
either single or multiple. Distribution is usually ran-
dom but is sometimes paratrabecular [25]. Diffuse
infiltration can occur. The infiltrate is composed 
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of lymphocytes, plasma cells, immunoblasts,
macrophages and sometimes eosinophils or neu-
trophils (Figs 6.64–6.66). The lymphocytes have
somewhat irregular nuclei and may be small and
medium sized, or medium sized and large. In some
cases there are lymphoid cells resembling Hodgkin’s
cells or Reed–Sternberg cells and immunoblasts
with clear cytoplasm [25]. Because of the presence
of epithelioid macrophages, focal lesions may
resemble granulomas [189]. Some cases have

hyperplastic capillaries which are occasionally
arborizing. Reticulin is usually increased.

Although angio-immunoblastic lymphoma may
sometimes be suspected on bone marrow examina-
tion, the diagnosis generally requires a lymph node
biopsy. Two features which are particularly charac-
teristic of the lymph node lesions, arborizing capil-
laries and PAS-positive extracellular deposits, are
much less apparent and sometimes inapparent in
bone marrow trephine biopsy sections.

Fig. 6.64 BM trephine biopsy
section, angio-immunoblastic
lymphoma, showing a pleomorphic
lymphoid infiltrate and irregular
fibrosis. Paraffin-embedded, 
H&E ×97.

BOX 6.16

Angio-immunoblastic lymphoma

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD4+, CD5+, CD7+
CD8−

Immunohistochemistry
CD3+, CD4+
CD8−

Cytogenetics and molecular genetics
Cytogenetic abnormalities with complex karyotype common
The most frequent abnormalities are trisomy 3, trisomy 5 and additional copies of the X chromosome
Monoclonal TCR gene rearrangements are detectable in most cases

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
TCR, T-cell receptor.



Immunohistochemistry

Atypical cells in the areas of infiltration usually
express CD3 (Box 6.16). In most cases, cells are CD4
positive and CD8 negative. B-cell markers (CD20
and CD79a) are negative.

Problems and pitfalls

A similar pleomorphic infiltrate can occur in 
the bone marrow in Hodgkin’s disease and in
inflammatory and auto-immune conditions. Close
correlation with the clinical features, lymph node

histology and cytogenetic and molecular genetic
findings is required to establish a diagnosis of angio-
immunoblastic lymphoma. The lesions of systemic
mastocytosis are sometimes confused with this con-
dition if a Giemsa or toluidine blue stain or immuno-
histochemical staining for mast cell tryptase is not
performed.

Adult T-cell leukaemia/lymphoma

ATLL is a specific entity and is recognized as such 
in the REAL and WHO classifications. It was not
identified specifically in the Working Formulation
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Fig. 6.65 BM trephine biopsy
section, angio-immunoblastic
lymphoma (same case as in 
Fig. 6.64), showing that the
infiltrate is composed of medium
sized lymphocytes admixed 
with fibroblasts, eosinophils,
immunoblasts and plasma cells.
Paraffin-embedded, H&E ×390.

Fig. 6.66 BM trephine biopsy
section, angio-immunoblastic
lymphoma (same case as in 
Fig. 6.64), showing fibroblasts,
eosinophils and medium sized
lymphocytes with irregular nuclei.
Paraffin-embedded, H&E ×970.
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and in the Kiel classification overlapped several dif-
ferent categories. ATLL is a neoplasm occurring in
subjects whose T cells have earlier been infected by
the retrovirus HTLV-I (human T-cell lymphotropic
virus I). The virus is integrated into host T cells at
random sites but is integrated at a consistent site 
in the neoplastic clone of an individual case. The
lifetime risk of leukaemia/lymphoma in patients
infected by the virus has been estimated at about
1–2%. Cases of ATLL have mainly been observed 
in certain areas of known endemicity of the virus,
specifically Japan and the West Indies, and in coun-
tries which have received immigrants from these
two areas. More recently, cases have been reported
from South America with a smaller number of cases
being recognized in patients from Central and West
Africa, the Middle East, Taiwan and other parts of
the world [176,190–193]. It is likely that co-factors
are necessary for the development of ATLL; these
may differ in Japan and the West Indies since the
disease usually has a later age of onset in Japan.

ATLL may present as a lymphoma, without bone
marrow and peripheral blood involvement, or as a
leukaemia/lymphoma with both tissue infiltration
and peripheral blood and bone marrow involve-

ment. The majority of cases have an acute course,
but chronic and smouldering forms are recognized
(Table 6.4) [193,194]. Cytologically and histolog-
ically ATLL is very variable. Suchi et al. [4] have
reported that a smouldering course is more likely in
those with histologically low grade lymphoma but
Jaffe et al. [191] did not observe any relationship
between histological grade and outcome.

ATLL occurs mainly in adults but rare childhood
cases have been reported, particularly from South
America. Prominent clinical features in the acute
form are lymphadenopathy, skin infiltration and
bone lesions associated with hypercalcaemia. Some
patients have splenomegaly and hepatomegaly. The
prognosis of the acute form is generally poor with a
median survival of less than a year.

Examination of the peripheral blood is very im-
portant in diagnosis. Bone marrow aspiration and
trephine biopsy are of lesser importance.

Peripheral blood

About three quarters of patients have circulating
lymphoma cells. These are distinctive [176,190],
being extremely pleomorphic, varying in size,

Table 6.4 Subclassification of ATLL [193,194].

Category Peripheral blood lymphocytes Tissue infiltration Biochemistry

Smouldering ATLL Lymphocyte count < 4 × 109/l The lungs or skin may be LDH up to 1.5 × the upper
and either ≥ 5% infiltrated but there is no limit of normal
abnormal lymphocytes or infiltration of lymph nodes, No hypercalcaemia
histological proof of liver, spleen, gastro-intestinal 
lung or skin infiltration tract or CNS and no ascites 

or pleural effusion

Chronic ATLL Lymphocyte count > 4 × 109/l The lungs, skin, lymph nodes, LDH up to twice the upper 
and T lymphocytes > 3.5 × 109/l liver or spleen may be limit of normal
with morphologically infiltrated, but there is no No hypercalcaemia
abnormal cells and occasional infiltration of gastro-intestinal 
frank ATLL cells (such as flower tract or CNS and no ascites
cells); in most cases there are or pleural effusion
> 5% abnormal lymphocytes

Lymphoma-type Lymphocyte Histologically demonstrated There may be elevated LDH 
ATLL count < 4 × 109/l and ≤ 1% lymphoma or hypercalcaemia

abnormal lymphocytes

Acute ATLL All other cases

Modified from [194].
CNS, central nervous system; LDH, lactate dehydrogenase.



shape, nucleocytoplasmic ratio and degree of chro-
matin condensation (Fig. 6.67). Cytoplasm varies
from scanty to moderately abundant and is some-
times basophilic. Some cells have nucleoli and a
primitive chromatin pattern while others, usually
the majority, have condensed, sometimes hyper-
chromatic, chromatin. Nuclei are very variable in
shape but some are deeply lobulated, resembling
clover leaves or flowers. Some cerebriform cells
may be present but the degree of pleomorphism usu-
ally permits the distinction from Sézary’s syndrome.

Because the marrow is not usually heavily
infiltrated, there may be little anaemia or thrombo-

cytopenia at presentation. Eosinophilia is not infre-
quent [192].

Bone marrow cytology

Patients who have leukaemia at presentation show
a variable degree of bone marrow infiltration by
cells similar to those described above (Fig. 6.68).

Immunocytochemistry and flow cytometry

The cells of ATLL are usually positive for CD2, CD3
and CD5 (Box 6.17). In most cases, cells lack 
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Fig. 6.67 PB film, ATLL, showing
highly pleomorphic cells, the
largest of which has a ‘clover-leaf’
or ‘flower-like’ lobulated nucleus
containing prominent medium
sized nucleoli. MGG ×940.

Fig. 6.68 BM aspirate, ATLL,
showing an infiltrate of lymphoid
cells; there is considerable variation
in size; the largest cell has a
lobulated nucleus. MGG ×940.
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CD7. They are most often CD4 positive and differ
from the cells of other types of mature T-cell 
lymphoma in that CD25 is positive in the majority
of cases.

Cytogenetics and molecular genetics

Most cases have an abnormal karyotype although no
consistent abnormality has been reported (Box 6.17).
The most common findings are trisomy 3, trisomy 7
and abnormalities of 6q [195]. There is monoclonal
rearrangement of TCR genes.

Bone marrow histology

The bone marrow is infiltrated in about three 
quarters of cases. The pattern of marrow involve-
ment may be interstitial, random focal or diffuse.
Occasionally it is paratrabecular. The degree of
infiltration at presentation is often slight.

The nature of the infiltrate varies considerably
between cases. Many cases show considerable vari-
ation in cell size with nuclei varying from medium
size to large (Figs 6.69 and 6.70). Other cases have
predominantly small cells or predominantly large

Fig. 6.69 BM trephine biopsy
section, ATLL, showing diffuse
infiltration by highly pleomorphic
small, medium and large lymphoid
cells. Plastic-embedded, H&E ×940.

BOX 6.17

Adult T-cell leukaemia/lymphoma

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD4+ , CD5+, CD25+
CD7−, CD8−

Immunohistochemistry
CD3+, CD4+ , CD5+
CD8−

Cytogenetics and molecular genetics
Most cases have cytogenetic abnormalities. Trisomy 3, trisomy 7 and abnormalities of 6q are most common

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive.



cells. Cells are characteristically highly pleomorphic.
In the larger cells, nuclei tend to be vesicular with a
distinct nuclear membrane and two to five distinct
nucleoli; smaller cells often show chromatin con-
densation. Nuclei vary in shape, being round, 
oval, indented, deeply lobulated or convoluted.
Giant cells may be present; some of these resemble
Reed–Sternberg cells while others have nuclear
convolutions, coarsely aggregated chromatin and
prominent nucleoli [4]. Mitotic figures are numer-
ous (Fig. 6.70). In addition to the neoplastic cells
there are often large numbers of eosinophils and
plasma cells. Marrow vascularity may be increased.

A characteristic but not invariable feature of ATLL

is extensive bone resorption with large numbers of
Howship’s lacunae and numerous mononucleated
and multinucleated osteoclasts (Fig. 6.71). There
may be associated bone remodelling with a variable
increase of osteoblast activity and paratrabecular
fibrosis [191,196]. In some cases increased osteo-
clasts are apparent when there is no detectable
infiltration in biopsy sections [192].

Immunohistochemistry

The neoplastic cells stain positively for the T-cell
antigens CD3 and CD5 (Box 6.17). In most cases,
cells are CD4 positive.
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Fig. 6.70 BM trephine biopsy
section, ATLL, showing diffuse
infiltration by highly pleomorphic
medium and large lymphoid cells.
Note the high mitotic rate. 
Plastic-embedded, H&E ×970.

Fig. 6.71 BM trephine biopsy
section, ATLL, showing heavy
infiltration by pleomorphic
medium and large lymphocytes;
note the numerous osteoclasts in
Howship’s lacunae giving the bone
trabecula a serrated appearance.
Plastic-embedded, H&E ×377.
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Problems and pitfalls

The degree of marrow infiltration may be slight 
and difficult to recognize by morphology alone.
Immunohistochemical staining for CD3 may be
helpful in identifying a subtle interstitial infiltrate of
atypical cells. Even in those with a heavy infiltrate,
the histological features may closely resemble other
peripheral T-cell lymphomas; close attention to the
cytological features in bone marrow aspirate or
blood films is important in suggesting the diagnosis.
The presence of increased osteoclastic activity is a
useful pointer towards a diagnosis of ATLL.

Hepatosplenic γδ T-cell lymphoma

This is a rare, clinically aggressive lymphoma that
typically presents in young men with B symptoms,
hepatosplenomegaly and cytopenia. Lymphadeno-
pathy is not usually present [197]. The neoplastic
cells express the γδ form of TCR, which is normally
expressed on a minor subset of peripheral blood T
lymphocytes. In a small number of cases, with sim-
ilar clinical and pathological features, the neoplastic
cells express the αβ TCR as well as, or instead of, γδ
TCR [198].

Peripheral blood

There is often a Coombs’-negative haemolytic

anaemia and thrombocytopenia as the result of
peripheral consumption. The white cell count is
usually normal.

Bone marrow cytology

The bone marrow is hypercellular with erythroid
and megakaryocytic hyperplasia. The bone marrow
is usually infiltrated by medium sized agranular
lymphocytes, which may be in clumps [199]. The
cells have moderately dispersed chromatin and mod-
erate cytoplasmic basophilia [197] (Fig. 6.72). The
infiltrate varies from scanty to moderate. There may
be reactive haemophagocytosis.

Immunocytochemistry and flow cytometry

Cells in most cases express CD2, CD3 and CD7 but
are negative for CD4, CD5 and CD8 (Box 6.18). In
the majority of cases the cells express TCR δ chain,
but not TCR β chain. In many cases, cells are posi-
tive for the NK-associated antigen, CD56 [197,200].

Cytogenetics and molecular genetics

The characteristic cytogenetic abnormalities are tri-
somy 8 and an isochromosome of 7q (Box 6.18).
The majority of cases show a monoclonal rear-
rangement of the TCR γ chain gene, but not of the
TCR β chain gene.

Fig. 6.72 BM aspirate, hepato-
splenic γδ T-cell lymphoma,
showing medium sized lymphoma
cells with a high nucleocytoplasmic
ratio and multiple small nucleoli.
MGG ×940. (By courtesy of Dr
Elizabeth Lombard, Cape Town.)



Bone marrow histology

The bone marrow is hypercellular with erythroid
and megakaryocytic hyperplasia. Marrow infiltra-
tion is present in most cases. The infiltrate may be
interstitial, intrasinusoidal or both. The neoplastic cells
are pleomorphic medium and large cells (Fig. 6.73).

Immunohistochemistry

The tumour cells express CD3 and, in most cases,
CD56 (Box 6.18). Staining for CD4, CD5, CD8 and
TCR β chain is negative. B-cell markers are not
expressed.

Problems and pitfalls

The degree of infiltration may be very slight and,
particularly in those cases with an exclusively intra-
sinusoidal pattern of infiltration, immunohistochem-
ical staining for CD3 is important in identifying the
neoplastic cells. Immunohistochemical staining for
CD34 to highlight vascular endothelial cells is also
useful in identifying the intrasinusoidal infiltrate.

Anaplastic large cell lymphoma

ALCL is an aggressive lymphoma which may either
be of T lineage or fail to express lineage-specific

lymphoid antigens; the latter are usually designated
null-cell type, although all or most are probably of 
T lineage [1]. The majority of cases are associated
with a specific translocation, t(2;5)(p23;q35), or
variant translocations involving chromosome 2,
resulting in the formation of a fusion gene and
expression of its product (termed ALK protein)
[201,202]. The Kiel classification recognized a B-
cell variant of ALCL. However, B-cell ALCL is not
associated with t(2;5)(p23;q35) or the variant trans-
locations and behaves differently from the T-cell
and null-cell variants. It therefore seems preferable
to consider T-cell/null-cell lymphomas and B-cell
lymphomas with anaplastic cytology as separate
entities. The WHO classification has a specific cate-
gory designated ‘anaplastic large cell lymphoma’ for
the T-cell and null-cell cases, and groups B-cell
cases with other diffuse large cell B-lineage lym-
phomas [1]. In the Working Formulation ALCL falls
into the large cell immunoblastic category.

ALCL has a wide age range, occurring in children,
adolescents and adults. Patients commonly present
with generalized lymphadenopathy, skin infiltra-
tion and systemic symptoms. A membrane antigen
recognized by monoclonal antibodies of the CD30
cluster is expressed. Patients with t(2;5)(p23;q35) or
variant translocations resulting in the expression of
the ALK protein are predominantly young males,
who usually present with stage III–IV disease. They
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BOX 6.18

Hepatosplenic γδ T-cell lymphoma

Flow cytometry and immunocytochemistry
CD2+, CD3+, CD7+, CD56+ /−, TCRγδ+
CD4−, CD5−, CD8−, TCRαβ− (rarely TCRαβ+ )

Immunohistochemistry
CD3+, CD56+/−
CD4−, CD5−, CD8−, TCRαβ− (rarely TCRαβ+ )

Cytogenetics and molecular genetics
Trisomy 8 and an isochromosome of 7q are the most frequently seen abnormalities. In the majority of cases there is
monoclonal rearrangement of the TCR γ chain gene but not the TCR β chain gene

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
TCR, T-cell receptor.
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have a much better prognosis following treatment
than patients whose cells do not express the ALK
protein; the latter may represent a different disease
entity [201].

Peripheral blood

Circulation of lymphoma cells in the peripheral
blood is uncommon. When it occurs the lymphoma
cells are large and pleomorphic (Fig. 6.74). Pan-
cytopenia may occur, consequent not only on bone

marrow infiltration but also on associated histio-
cytic proliferation and haemophagocytosis.

Bone marrow cytology

When bone marrow infiltration occurs, lymphoma
cells are often infrequent (Fig. 6.75), usually less
than 5% of marrow cells [203]. Neoplastic cells 
are large and pleomorphic, some being as large as
megakaryocytes. They have weakly to strongly baso-
philic cytoplasm which may be finely vacuolated

Fig. 6.73 BM trephine biopsy
sections, hepatosplenic γδ T-cell
lymphoma (same case as in Fig.
6.72), showing intrasinusoidal 
and interstitial infiltrate. Paraffin-
embedded: (a) H&E ×377;
(b) immunoperoxidase, 
CD45RO, ×377.

(a)

(b)



[203,204]; a Golgi zone may be apparent. Nuclei
have irregular folds, a coarse open chromatin pat-
tern and multiple prominent nucleoli [203]. Some
cases have occasional phagocytic neoplastic cells.
Associated histiocytic proliferation and haemo-
phagocytosis are common and may overshadow 
a subtle lymphomatous infiltrate to the extent 
that a misdiagnosis of malignant histiocytosis 
(see page 184) is possible. Prominent haemophago-
cytosis may occur, even when lymphoma cells are
not detectable in the bone marrow or are present 

in very small numbers [203]. Histiocytes are pre-
dominantly mature.

Immunocytochemistry and flow cytometry

The tumour cells express CD30 (Box 6.19). In many
cases cells also express epithelial membrane antigen
(EMA), HLA-DR and activation antigens such as
CD25 and CD71. There is variable expression of
CD2, CD3, CD5, CD7, CD15, CD43, CD45 and
CD45RO. B-cell markers are not expressed.
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Fig. 6.74 PB film, anaplastic large
cell lymphoma, showing large,
pleomorphic lymphoma cells. 
MGG ×940.

Fig. 6.75 BM aspirate, anaplastic
large cell lymphoma, showing a
single large binucleate lymphoma
cell. MGG ×940.
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Cytogenetics and molecular genetics

Most cases have t(2;5)(p23;q35) with the formation
of an NPM-ALK fusion gene (Box 6.19) detectable
by conventional cytogenetic analysis or RT-PCR
[205,206] (Box 6.19). Variant translocations and
other rearrangements that have also been de-
scribed include t(2;5)(q37;q31), inv(2)(p23q35)
[207], t(2;13)(p23;q34) [208], t(1;2)(q21;p23)
[209], t(2;3)(p23;q21) [209] and t(1;2)(q25;p23). In
t(1;2)(q25;p23) there is formation of a TPM-ALK
fusion gene [210].

Bone marrow histology

Bone marrow involvement has been reported in
7–30% of cases [203,204,211]. It appears to be more
frequent in older patients [211]. The detection rate
is significantly higher if immunohistochemistry is
employed [212]. The pattern of infiltration by ALCL
may be interstitial, focal (sometimes with very small
clusters of lymphoma cells) or diffuse. Bone mar-
row infiltration is indicative of a worse prognosis
[212].

Cytological features are variable. In most cases
tumour cells are very pleomorphic and include
multinucleated giant cells and cells with lobulated,
wreath-shaped or embryo-shaped nuclei, sometimes
abutting on the cell membrane [211] (Fig. 6.76).
There may be cells resembling immunoblasts and

others resembling Reed–Sternberg cells. In other
cases tumour cells are less pleomorphic. Lympho-
histiocytic and small cell variants have been
described [201]. Mitotic figures are frequent [25].
Reticulin is increased in infiltrated areas.

Immunohistochemistry

The neoplastic cells express CD30 and, in many
cases, EMA is also expressed (Box 6.19). Leucocyte
common antigen (CD45) is expressed in only 
50% of cases. There is variable expression of CD3
and CD45RO. B-cell markers are not expressed. 
The ALK protein is over-expressed in cases with
t(2;5)(p23;q35) and related translocations and can
be detected with a monoclonal antibody, ALK1
[213]. Distribution is usually both nuclear and 
cytoplasmic in cases with t(2;5)(p23;q35) and
restricted to the cytoplasm in those cases with vari-
ant translocations. However, occasional cases with
the classical translocation show only cytoplasmic
staining [202,214].

Problems and pitfalls

Immunohistochemical staining for CD30, ALK and
EMA has been found to be very useful in identi-
fying small clusters of lymphoma cells and single
lymphoma cells scattered among haemopoietic cells
[212]. Staining for ALK is particularly useful in this

BOX 6.19

Anaplastic large cell lymphoma

Flow cytometry and immunocytochemistry
CD30+
Variable expression of CD2, CD3, CD5, CD7, CD15, CD43, CD45 and CD45RO

Immunohistochemistry
CD30+, CD45+/−, ALK1+/−, EMA+/−
Variable expression of CD3, CD5, CD15, CD43 and CD45RO

Cytogenetics and molecular genetics
Most cases have t(2;5)(p23;q35). Less common abnormalities include t(2;5)(q37;q31), inv(2)(p23q35), t(2;13)(p23;q34),
t(1;2)(q21;p23) and t(2;3)(p23;q21)

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
ALK1, the product of the ALK oncogene; EMA, epithelial membrane antigen.



context as it is the most specific of the markers. It
should be noted that early erythroid cells may be
CD30 positive; this should rarely cause any diagnos-
tic problems as long as the cytological characteristics
of such cells, compared to the pleomorphism of 
cells in ALCL, are remembered. The differential
diagnosis of anaplastic large cell lymphoma includes
Hodgkin’s disease, metastatic carcinoma and ame-
lanotic melanoma. Since ALCL is often negative 
for CD45 and some non-lymphoid tumours (e.g.
embryonal carcinoma) are CD30 positive, the diag-
nosis of ALCL requires careful assessment of both

histological and immunophenotypic features. Those
carcinomas which express CD30 almost invariably
stain positively with anti-cytokeratin antibodies.

Peripheral T-cell lymphoma, not otherwise
characterized

The Kiel classification recognized several further
categories of peripheral T-cell lymphomaaT-zone
lymphoma, lymphoepithelioid lymphoma, pleo-
morphic small T-cell lymphoma, pleomorphic
medium sized T-cell lymphoma and T-
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Fig. 6.76 BM trephine biopsy
sections, anaplastic large cell
lymphoma, showing: (a) a cohesive
infiltrate of highly pleomorphic
large lymphoma cells; paraffin-
embedded, H&E ×377;
(b) an interstitial infiltrate of
lymphoma cells identified by
immunohistochemical staining 
for CD30; immunoperoxidase, 
anti-CD30 ×377. (By courtesy 
of Dr S Juneja, Melbourne.)

(a)

(b)
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immunoblastic lymphoma. The consensus view of
the REAL group was that it was not possible to make
a reliable distinction between these categories 
and that the histological diagnosis did not predict
clinical behaviour. Consequently, the REAL clas-
sification grouped these conditions together in a 
single category designated ‘peripheral T-cell lym-
phomas, unspecified’ [2]. The WHO classification
has retained this category for peripheral T-cell 
lymphomas other than the specific entities de-
scribed above [1] (and two other conditions that
rarely involve the bone marrow, enteropathy-type
T-cell lymphoma and subcutaneous panniculitic 
T-cell lymphoma) (see Table 6.2).

Patients usually have extensive nodal disease at
the time of presentation and extranodal involve-
ment is more common than in B-cell lymphomas.
Systemic symptoms including fever are common.
These lymphomas have an aggressive clinical course
and, although potentially curable, they have a
higher relapse rate and worse prognosis than
aggressive B-cell lymphomas [215,216].

Most of the lymphomas in this category are 
neoplasms of mature CD4-positive cells expressing
aberrant phenotypes which differ from those of
normal peripheral blood T cells. Precise diagnosis
usually depends on lymph node histology and
immunophenotyping with bone marrow cytology
and histology playing subsidiary roles. The neoplas-
tic cells typically show marked variation in nuclear

size and shape and there are often large numbers 
of reactive macrophages and eosinophils. There is
often vascular proliferation.

Peripheral blood

Peripheral blood involvement is rare. In a minority
of cases there are circulating neoplastic cells which
may be medium or large or a mixture of both. Cells
are often highly pleomorphic. The nucleus may 
be round, oval or lobulated with either a diffuse
chromatin pattern or with some chromatin con-
densation. One or more variably sited, prominent
nucleoli are commonly present. The cytoplasm is
usually moderately basophilic. There are no specific
cytological features which allow T-cell lymphoma
to be distinguished from lymphomas of B lineage.

Bone marrow cytology

The bone marrow aspirate may be normal or con-
tain abnormal lymphoid cells similar to those which
may be seen in the peripheral blood (Fig. 6.77).

Immunocytochemistry and flow cytometry

In most cases the cells express CD3 and CD4 and are
CD8 negative [217] (Box 6.20). In a minority of
cases, cells are CD8 positive or are negative for both
CD4 and CD8. There is variable expression of CD2,

Fig. 6.77 BM aspirate, peripheral
T-cell lymphoma, not otherwise
categorized, showing large cells
with plentiful basophilic cytoplasm
and prominent nucleoli. 
MGG ×940.



CD5 and CD7. B-cell markers are not usually
expressed, although very rare cases of CD20-
positive T-cell lymphoma have been reported [218].

Cytogenetics and molecular genetics

Cytogenetic abnormalities are common but no con-
sistent or specific abnormality has been observed
(Box 6.20). Abnormalities of chromosomes 1, 2, 3,
8 and 14 [219–222] are seen most frequently. The
TCR genes usually show monoclonal rearrangement.

Bone marrow histology

Bone marrow involvement is present in the major-
ity of cases in most published series [12,24,25].
Infiltration may be interstitial, focal or diffuse
[12,24,25,152]. We have observed paratrabecular
involvement but this is quite uncommon. The neo-
plastic cells are often highly pleomorphic with
marked variation in size, nuclear shape, chromatin
pattern and the number and size of nucleoli. Some
cells may have very atypical nuclear configurations,
variously described as convoluted, hyperconvoluted,
cerebriform or multilobulated. There may be small
lymphocytes, with round or irregular nuclei and a
coarse chromatin pattern, and a variable admixture
of medium sized lymphocytes or immunoblasts
(Figs 6.78 and 6.79). T-immunoblasts typically have
plentiful pale or clear cytoplasm. In some cases

medium sized or large cells predominate. Multinu-
cleated cells resembling Reed–Sternberg cells may
be seen. Prominent reactive changes in the bone
marrow are usually present [24]. Lymphoma cells
may be only a minor part of an abnormal infiltrate
which may include non-neoplastic lymphocytes,
plasma cells and haemophagocytic macrophages.
There may be clusters of epithelioid cells (see Fig.
6.78). Stromal changes include increased vascular-
ity, foci of haemorrhage and necrosis, and reticulin
fibrosis. Reticulin is increased in the areas of neo-
plastic infiltration and, often to a lesser extent, in
non-infiltrated areas.

Immunohistochemistry

In the majority of cases the neoplastic cells express
CD3 and CD45RO (Box 6.20). Cells in many cases
also express CD4, CD5 and CD43. B-cell markers
are generally negative, although very rare cases of
CD20-positive T-cell lymphoma have been reported
[218].

Problems and pitfalls

Bone marrow infiltrates of peripheral T-cell 
lymphoma need to be distinguished from reactive
infiltrates such as the polymorphic lymphoid aggre-
gates seen in HIV infection (see page 126) and some
auto-immune conditions [24]. Close attention to
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BOX 6.20

Peripheral T-cell lymphoma, not otherwise categorized

Flow cytometry and immunocytochemistry
CD3+, CD4+ /−, CD5+/−, CD7+/−, CD45RO+
CD8−/+

Immunohistochemistry
CD3+, CD4+ /−, CD5+ /−, CD43+ /−, CD45RO+
CD8−/+, CD15−, CD30−/+

Cytogenetics and molecular genetics
Cytogenetic abnormalities are common, but no consistent or specific abnormality is described. Abnormalities of
chromosomes 1, 2, 3, 8 and 14 are seen most frequently
Monoclonal rearrangements of TCR genes are detectable in most cases

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive;
TCR, T-cell receptor.
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the clinical features, histological appearances at
other sites and immunophenotypic and molecular
genetic findings is required to establish the diag-
nosis. Hodgkin’s disease and the T-cell-rich variant 
of large B-cell lymphoma involving the marrow 
can resemble peripheral T-cell lymphoma; careful
assessment of the immunophenotype of the neo-
plastic cells will usually allow the distinction to be
made. Neutrophilic and eosinophilic hyperplasia
are common and dysplastic changes are sometimes
noted in haemopoietic cells so that confusion with 
a myeloproliferative or even a myelodysplastic dis-
order may occur [223]. When there is a marked

reactive population of macrophages, eosinophils
and fibroblasts, confusion with systemic mastocy-
tosis can occur. Staining with Giemsa and toluidine
blue plus immunohistochemical staining for mast
cell tryptase will identify neoplastic mast cells in
systemic mastocytosis.

Hodgkin’s disease (Hodgkin’s
lymphoma)

The term Hodgkin’s disease (Hodgkin’s lymphoma)
has traditionally been used to describe a group 
of lymphomas with common clinical and histolog-

Fig. 6.78 BM trephine biopsy
section, peripheral T-cell
lymphoma, not otherwise
categorized (variantaLennert’s),
showing a pleomorphic lymphoid
infiltrate and an admixture of
epithelioid macrophages. Plastic-
embedded, H&E ×188.

Fig. 6.79 BM trephine biopsy
section, peripheral T-cell
lymphoma, not otherwise
categorized (variantaLennert’s)
(same case as in Fig. 6.78), showing
epithelioid macrophages and
medium sized lymphoid cells with
irregular nuclei. Plastic-embedded,
H&E ×970.



ical features. The disease is consequent on the 
proliferation of neoplastic cells of lymph node origin,
the vast majority of which are of B lineage. The 
neoplastic cells include distinctive polyploid cells
designated Reed–Sternberg cells. These are giant cells
which may be binucleated or multinucleated or
have lobulated nuclei; they have very large inclusion-
like nucleoli and abundant cytoplasm [224]. Also
present are large cells of a similar appearance but
with a single round nucleus and a very large nucle-
olus, designated mononuclear Hodgkin’s cells. In
addition, specific histological subtypes of Hodgkin’s
disease are associated with specific variant forms of
Reed–Sternberg cells. The diagnosis of Hodgkin’s
disease requires not only the presence of character-
istic neoplastic cells but also an appropriate cellular
background, since cells morphologically resem-
bling Reed–Sternberg cells may be seen in other
lymphomas and in reactive conditions such as
infectious mononucleosis. There is a prominent
inflammatory response so that the neoplastic cells
are mixed with a variable number of lymphocytes,
macrophages, eosinophils, plasma cells and fibro-
blasts. Some histological subtypes have prominent
fibrosis.

The WHO classification subdivides Hodgkin’s 
disease into nodular lymphocyte-predominant
Hodgkin’s disease and classical Hodgkin’s disease.
The lymphocyte-predominant subtype has clear 
differences from classical Hodgkin’s disease in 
both clinical behaviour and immunophenotype (see
below). Classical Hodgkin’s disease is further sub-
divided as shown in Table 6.3 [8,224]. Hodgkin’s
disease occurs at all ages but the sex distribution and
the median age of onset differ between different
histological categories.

The most common presenting feature is lym-
phadenopathy, most often involving cervical lymph
nodes. Mediastinal lymphadenopathy is also com-
mon. Patients with advanced disease may have
hepatomegaly and splenomegaly. Systemic symp-
toms such as fever, sweating and weight loss are
common in those with advanced disease.

Occasionally, the primary diagnosis of Hodgkin’s
disease is made on examination of the bone mar-
row, particularly in HIV-positive patients and in
other patients with lymphocyte-depleted Hodgkin’s
disease presenting with unexplained fever and 
pancytopenia [225]. More often, bone marrow

examination is done as part of a staging procedure
in patients with a known diagnosis of Hodgkin’s 
disease. The demonstration of infiltration usually
requires a trephine biopsy. The detection rate is
higher with bilateral biopsies or a single large biopsy
[226]. Diagnostic cells are rarely present in films of
aspirates although histological sections of aspirated
fragments occasionally yield a diagnosis. Not all
patients with Hodgkin’s disease necessarily require
investigation of the bone marrow as part of the stag-
ing procedure since a combination of clinical and
laboratory features can be used as criteria to select
those likely to have infiltration [227]. In one study,
the results of trephine biopsy were found to influ-
ence management in less than 1% of patients [228].

Peripheral blood

The peripheral blood shows non-specific abnormal-
ities. There may be anaemia, either normocytic nor-
mochromic or, less often, hypochromic microcytic.
Rouleaux formation is often increased, as is the 
erythrocyte sedimentation rate. Some patients have
neutrophilia, eosinophilia or thrombocytosis. Occa-
sional patients have lymphocytosis. Lymphopenia
is common, with severe lymphopenia being seen in
patients with advanced disease or with unfavour-
able histological categories. Anaemia, leucopenia
and pancytopenia are common in patients with
bone marrow infiltration, but a leuco-erythroblastic
blood film is relatively uncommon. The neoplastic
cells of Hodgkin’s disease rarely circulate in the
peripheral blood but occasional instances of this
phenomenon have been reported.

Bone marrow cytology

The bone marrow aspirate usually shows only reac-
tive changes. The marrow is often hypercellular 
due to granulocytic (neutrophilic and eosinophilic)
hyperplasia. Macrophages and plasma cells are
often increased. Erythropoiesis is depressed and
may show the features of the anaemia of chronic
disease. Megakaryocytes are present in normal or
increased numbers.

Even when the marrow is infiltrated, it is uncom-
mon for neoplastic cells to be present in the aspirate.
When Reed–Sternberg cells are present they are
very striking because of their large size, paired nuclei
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and large, prominent, usually centrally placed
nucleoli (Fig. 6.80). With a May–Grünwald–Giemsa
(MGG) stain, both these cells and any mononuclear
Hodgkin’s cells have moderately basophilic cyto-
plasm; the round, inclusion-like nucleoli stain deep
blue.

Immunocytochemistry and flow cytometry

Neoplastic cells are very rarely seen in cytological
preparations and flow cytometric analysis of the

blood and bone marrow (Box 6.21) is unlikely to be
of value [217].

Cytogenetics and molecular genetics

There are no consistent cytogenetic abnormalities
(Box 6.21). Analysis of TCR and IGH genes by PCR
usually shows a polyclonal pattern. However, PCR
analysis of isolated neoplastic cells often shows 
that they have an identical IGH rearrangement,
indicating that they belong to a single B-cell clone.

Fig. 6.80 BM aspirate, Hodgkin’s
disease in a patient with AIDS,
showing a Reed–Sternberg 
cellaa binucleated giant cell with
prominent inclusion-like nucleoli.
MGG ×940.

BOX 6.21

Classical Hodgkin’s disease

Flow cytometry and immunocytochemistry
Not usually of diagnostic value

Immunohistochemistry
CD15+/−, CD30+
CD3−, CD5−, CD20−/+, CD45−, CD45RO−, CD79a−, EMA−, ALK1−
The reactive small lymphoid population is composed largely of T cells (CD3+, CD5+)

Cytogenetics and molecular genetics
No consistent cytogenetic abnormality is described
Monoclonal TCR or IGH gene rearrangements are not generally detectable

Abbreviations (percentages are approximate): +>90% positive; +/−>50% positive; −/+<50% positive; <10% positive.
ALK1, the product of the ALK oncogene; EMA, epithelial membrane antigen; IGH, immunoglobulin heavy chain;
TCR, T-cell receptor.



Expression of EBV genes can be detected in up to
40% of cases of nodular sclerosing Hodgkin’s dis-
ease and 30–90% of the mixed cellularity subtype,
with variations in incidence in different geographic
regions and age groups (see Table 6.5). EBV genes are
not expressed in nodular lymphocyte-predominant
Hodgkin’s disease.

Bone marrow histology

Bone marrow infiltration is present in 5–15% of
patients. Infiltration is more frequent in males, 
in older patients, in HIV-positive individuals, in
those with unfavourable histological types and in

those with other evidence of advanced stage dis-
ease [227,229]. Infiltration is rare in lymphocyte-
predominant disease and uncommon in nodular 
sclerosing disease, whereas in lymphocyte-depleted
Hodgkin’s disease it has been observed in up to
50–60% of cases [228]. In HIV-positive patients
diagnosis is often made from a trephine biopsy.

With an H&E stain, Reed–Sternberg cells and
mononuclear Hodgkin’s cells have acidophilic or
amphophilic cytoplasm, a prominent nuclear mem-
brane and an eosinophilic inclusion-like nucleolus
(Figs 6.81–6.84). The features of the various variant
forms of Reed–Sternberg cells have been described
in detail [224]. Criteria to establish the presence 
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Fig. 6.81 BM trephine biopsy
section, nodular sclerosing
Hodgkin’s disease, showing an
abnormal infiltrate (right) and 
bone marrow hypoplasia (left).
Paraffin-embedded, H&E ×39.

Fig. 6.82 BM trephine biopsy
section, nodular sclerosing
Hodgkin’s disease (same case as in
Fig. 6.81), showing fibrosis and a
mixed infiltrate of mononuclear
Hodgkin’s cells, eosinophils and
small lymphocytes. Paraffin-
embedded, H&E ×195.



LYMPHOPROLIFERATIVE DISORDERS 317

of bone marrow infiltration differ according to
whether or not a tissue diagnosis of Hodgkin’s 
disease has already been established. Recom-
mendations were drawn up at the Ann Arbor 
conference in 1971 [224,230]. Primary diagnosis
requires the presence of Reed–Sternberg cells (see
Fig. 6.83) in an appropriate cellular background.
The only exceptions to this diagnostic requirement
are in the case of nodular sclerosing Hodgkin’s 
disease and nodular lymphocyte-predominant
Hodgkin’s disease, in which the presence of variant
forms of Reed–Sternberg cells (Fig. 6.84) in an
appropriate cellular background may be considered
sufficient to establish a diagnosis [231]. As previ-

ously discussed, nodular lymphocyte-predominant
Hodgkin’s disease is now considered to be an en-
tity distinct from classical Hodgkin’s disease, and
classical Reed–Sternberg cells are not present; the 
neoplastic cells are large polylobulated B cells (L
and H cells). If the diagnosis of classical Hodgkin’s
disease has already been established in another tis-
sue and a bone marrow biopsy is being performed
for the purpose of staging, the criteria for diagnosing
infiltration are less stringent. In this context, the
presence of mononuclear Hodgkin’s cells in an
appropriate cellular background is sufficient [230];
the presence of atypical ‘reticulum cells’ or the 
presence of necrosis or focal or diffuse fibrosis with

Fig. 6.83 BM trephine biopsy
section, nodular sclerosing
Hodgkin’s disease (same case 
as in Fig. 6.81), showing a
Reed–Sternberg cell (left) and a
mononuclear Hodgkin’s cell (right).
Paraffin-embedded, H&E ×970.

Fig. 6.84 BM trephine biopsy
section, nodular sclerosing
Hodgkin’s disease (same case as 
in Fig. 6.81), showing a lacunar 
cell (left) and two mononuclear
Hodgkin’s cells (centre). 
Paraffin-embedded, H&E ×970.



appropriate inflammatory cells is suggestive of
Hodgkin’s disease but not diagnostic. When suspi-
cious features are present, the examination of serial
sections is indicated.

In Hodgkin’s disease the pattern of infiltration is
sometimes focal but more often diffuse. Focal
lesions are mainly randomly distributed although
some are paratrabecular [226,232]. Focal infiltra-
tion is most common in lymphocyte-predominant
and nodular sclerosing Hodgkin’s disease whereas
lymphocyte-depleted Hodgkin’s disease is char-
acterized by diffuse infiltration. Focal lesions tend to
be highly cellular with a mixed infiltrate of small
lymphocytes with variable numbers of eosinophils,
plasma cells, macrophages and Reed–Sternberg
cells and their variants. In Hodgkin’s disease the
lymphoid infiltrate does not usually show features
of cellular atypia. When infiltration is diffuse, the pat-
tern is more variable [226,232–234]. Four patterns
may be recognized:
1 in the majority of patients the marrow is hyper-
cellular with a mixed cellular infiltrate as described
above;
2 in other patients the bone marrow is very hyper-
cellular with a predominant population of Reed–
Sternberg cells and variant forms; reactive cells are
not numerous;
3 in a third pattern there is focal replacement of 
the bone marrow by dense fibrous tissue with small
numbers of macrophages and lymphocytes; neo-
plastic cells embedded in collagen may be relatively
sparse; and
4 in the fourth pattern the bone marrow is gen-
erally hypocellular with loose, sparsely cellular con-
nective tissue through which are scattered more
cellular foci containing lymphocytes, macrophages,
Reed–Sternberg cells and variant forms.

Various combinations of these patterns may be
seen in the same biopsy specimen or in different
biopsy specimens from the same patient. In addi-
tion, amorphous eosinophilic background material
may be apparent. Necrosis is occasionally detected
prior to treatment [234] but is more common 
in treated patients. Granulomas are sometimes
associated with infiltration, but also occur in the
absence of bone marrow infiltration. Reticulin is
increased in areas of infiltration and collagen 
is often present. There is sometimes osteolysis or
osteosclerosis; increased bone remodelling is usual

[226]. Histological appearances in the bone mar-
row often differ from those in lymph nodes. 
Subclassification of the disease cannot be made on
the basis of bone marrow histology alone. When
infiltration is focal, the residual bone marrow is
usually hypercellular as a consequence of granulo-
cytic hyperplasia. Both eosinophils and neutrophils 
may be increased at the margin of infiltrates and dif-
fusely in non-involved marrow. Non-infiltrated
marrow may also show increased megakaryocytes
and plasma cells.

The bone marrow of patients in whom infiltra-
tion is not detected may also show reactive changes.
These may include: (i) increased granulopoiesis
(neutrophilic and eosinophilic); (ii) increased
megakaryocytes; (iii) plasmacytosis; (iv) lymphoid
infiltration including formation of lymphoid aggre-
gates; (v) increased and enlarged macrophages; (vi)
haemophagocytosis; (vii) oedema; (viii) extravasa-
tion of erythrocytes; (ix) increased storage iron; 
and (x) the presence of sarcoid-like granulomas
[226,232]; asteroid bodies may be seen in the giant
cells of the granulomas. Bone marrow hypoplasia has
been observed in some patients with lymphocyte-
depleted Hodgkin’s disease in whom infiltration
was not detected [225].

Following successful treatment of Hodgkin’s dis-
ease the lymphomatous infiltrate disappears and
reactive changes, including fibrosis, regress. When
only reticulin fibrosis is present complete regression
occurs. When there has been collagen deposition
some patients show complete regression and others
partial.

Immunohistochemistry

Classical Reed–Sternberg cells and their mononu-
clear variants are usually positive for CD30; in most
cases the cells are CD15 positive but negative for
CD45 (Box 6.21). In a proportion of cases of clas-
sical Hodgkin’s disease Reed–Sternberg cells and
mononuclear variants express CD20. The neoplastic
cells of lymphocyte-predominant Hodgkin’s disease
(L and H cells or ‘popcorn cells’) are CD15 and
CD30 negative and CD20 and CD45 positive; reac-
tivity of CD79a is variable but often positive. The
neoplastic cells in all subtypes are almost always
CD3 negative. The reactive lymphocytes are T cells
expressing CD3 and CD45RO.

318 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 319

Problems and pitfalls

Marrow infiltration by Hodgkin’s disease can be
confused with infiltration by peripheral T-cell 
lymphoma and diffuse large B-cell lymphoma 
(particularly the T-cell-rich B-cell variant) both 
of which can have neoplastic cells resembling
Reed–Sternberg cells. Immunohistochemical stain-
ing will usually permit the correct diagnosis to 
be made. Bone marrow infiltration is very rare 
in nodular lymphocyte-predominant Hodgkin’s 
disease and, if present, the diagnosis should be 
critically re-appraised.

A particular problem occurs in recognizing infil-
tration when there is a very pronounced fibroblastic
response [235]. Idiopathic myelofibrosis is easily
simulated since such patients often have spleno-
megaly, pancytopenia and radiologically demon-
strable osteosclerosis. The large neoplastic cells in
Hodgkin’s disease can occasionally be mistaken 
for megakaryocytes or carcinoma cells. Megakary-
ocytes can be identified with monoclonal anti-
bodies directed at platelet glycoprotein IIIa (CD61)
or platelet glycoprotein Ib (CD42b). Staining for
cytokeratin is useful in identifying carcinoma cells.

Post-transplant lymphoproliferative
disorders and other EBV-related
lymphoproliferative disease

EBV is a human herpesvirus that has the ability to

infect B lymphocytes in vivo and in vitro. In vitro, EBV
is able to transform and immortalize B lympho-
cytes. Primary infection with EBV usually occurs 
in childhood and, in the vast majority of cases, is
asymptomatic. In more prosperous countries pri-
mary infection is often delayed until adolescence or
early adult life, resulting in infectious mononu-
cleosis (see page 95).

EBV has been implicated in the pathogenesis of a
number of human tumours including various types
of lymphoma (Table 6.5). The EBV-related lym-
phomas include some cases of Burkitt’s lymphoma
(page 281), diffuse large B-cell lymphoma (page
275), extranodal NK/T-cell lymphoma (nasal type)
(page 294) and Hodgkin’s disease [236]. EBV is also
strongly associated with the vast majority of cases 
of post-transplant lymphoproliferative disorders.
Many EBV-associated lymphomas occur in immuno-
compromised individuals. Evidence of latent EBV
infection can be detected within tumour cells 
using in situ hybridization for EBV-encoded RNA
(EBER). Sometimes EBV latent proteins (LMP-1 and
EBNA-2) are expressed and may be detected using
immunohistochemistry.

Post-transplant lymphoproliferative disorders
related to immunosuppression have been observed
particularly following solid organ transplantation
(renal, heart, heart/lung, thymus and liver) [237]
and, to a lesser extent, following bone marrow
transplantation [238]. The incidence following solid
organ transplantation is related to the degree of

Table 6.5 Epstein–Barr virus-related lymphomas.

Type of lymphoma Comment

Non-Hodgkin’s lymphoma
Burkitt’s lymphoma Almost all endemic cases, about a third of HIV-related cases, about 10% of sporadic

cases are EBV-related
Large B-cell lymphoma 40–50% of cases in HIV-positive patients and occasional cases in individuals with

normal immunity are EBV-related
Nasopharyngeal T-cell Particularly, but not only, in individuals of Chinese ethnic origin
and NK-cell lymphomas

Hodgkin’s disease
Classical Hodgkin’s disease Up to 50% of cases in developed countries, the majority of cases in the developing 
(nodular sclerosing and world and almost 100% of cases in HIV-positive patients are EBV-related. 
mixed cellularity subtypes) EBV association is more common in paediatric cases. EBV association is recognized 

in 10–50% of cases of nodular sclerosing subtype and 32–96% of cases of mixed 
cellularity subtype



immune suppression and, in some series of patients,
has been as high as 20–25%. It is highest following
heart/lung and intestinal transplantation. Follow-
ing bone marrow transplantation, the cumulative
incidence is around 1% by 10 years with the major-
ity of cases occurring within the first 6 months
[239]. Although the incidence is low, EBV-related
lymphoproliferation is responsible for more than
half of the cases of malignant disease following 
bone marrow transplantation [238]. The incidence
is greater in children because of the greater risk
associated with primary EBV infection. The onset of
EBV-related lymphoproliferation typically occurs 
6 months or more after solid organ transplantation.
A similar lymphoproliferative disorder can occur in
other congenital and acquired immune deficiency
states including severe combined immune defici-
ency, ataxia telangiectasia, Wiskott–Aldrich syn-
drome, adenosine deaminase deficiency, Duncan’s
syndrome, Chediak–Higashi syndrome, common
variable immunodeficiency, HIV infection and 
during methotrexate or cyclosporin therapy for
rheumatoid arthritis or dermatomyositis. This 
syndrome can result from primary infection (virus
acquired from donor tissue or from blood or blood
products) or from reactivation of the virus. Primary
infection at the time of transplantation carries the
highest risk. The proliferating virus-infected B cells

may be of donor or host origin. Following solid
organ transplantation they are usually, but not
always, of host origin, whereas following bone mar-
row transplantation they are often of donor origin
[240–242].

The lymphoproliferative disorders observed range
from polyclonal through oligoclonal proliferations
to monoclonal lymphomas [243–246]. They have
been classified by a WHO expert group, as shown 
in Table 6.6 [1]. Lymphoproliferative disorders
observed post-transplant are often multifocal and
extranodal. They often develop in the gut, central
nervous system or transplanted organ, suggesting
that micro-environmental factors contribute to their
development. At one extreme, polyclonal prolifera-
tions may resemble severe infectious mononu-
cleosis clinically and pathologically (with fever,
pharyngitis and cervical lymphadenopathy) while,
at the other extreme, are high grade, monoclonal,
clinically very aggressive lymphomas.

Classification of post-transplant lymphoprolifera-
tive disorders is based on the morphology of the 
proliferating cell population and whether there is
immunohistochemical, cytogenetic or molecular
genetic evidence of monoclonality. Clonality can be
demonstrated by investigation of IGH gene rear-
rangements or by showing clonality of the episomal
form of EBV within the tumour cells [247].
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Table 6.6 The WHO classification of post-transplant lymphoproliferative disorders.

Early lesions
Reactive plasmacytic hyperplasia
Infectious mononucleosis-like

Post-transplant lymphoproliferative disorder, polymorphic
Polyclonal (rare)
Monoclonal

Post-transplant lymphoproliferative disorder, monomorphic (classify according to lymphoma classification)
B-cell lymphomas

Diffuse large B-cell lymphoma (immunoblastic, centroblastic, anaplastic)
Burkitt’s/Burkitt-like lymphoma
Plasma cell myeloma

T-cell lymphoma
Peripheral T-cell lymphoma, not otherwise categorized
Other types (hepatosplenic γδ, T/NK)

Other types
Hodgkin’s disease-like lesions (associated with methotrexate therapy)
Plasmacytoma-like lesions
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Polymorphic post-transplant lymphoproliferative
disorder is characterized by a destructive infiltrate
made up of a mixed population of cells represent-
ing the full spectrum of B-cell maturation from
immunoblasts to plasma cells [248]. Most cases 
of polymorphic post-transplant lymphoproliferative
disorder show evidence of monoclonality, although
a minority of cases appear to be polyclonal. Ap-
proximately half the patients have lesions in the
bone marrow with variable morphology composed
of aggregates of lymphoid cells and plasma cells
[249] (Figs 6.85 and 6.86).

Monomorphic post-transplant lymphoprolifer-
ative disorders are usually B-cell proliferations,
although a small number of T-cell lymphomas have
been reported. Most cases are diffuse large B-cell
lymphomas (morphological variantaimmunoblas-
tic) (see page 277) with a small number of cases
showing morphological features of Burkitt’s or
Burkitt-like lymphoma (see page 281). In cases
with bone marrow infiltration, the disease is mor-
phologically similar to that seen in these types of
lymphoma occurring in non-immunocompromised
patients.

Fig. 6.85 BM aspirate from an
immunosuppressed patient who
developed fatal polyclonal EBV-
related lymphoproliferation,
showing normal myeloid cells, 
a plasma cell and three atypical
lymphoid cells. MGG ×940.

Fig. 6.86 BM trephine biopsy
section, polymorphous post-
transplant lymphoproliferative
disorder. H&E ×376.



References

1 Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller
Hermelink HK, Vardiman J et al. (2000) The World
Health Organization classification of neoplastic dis-
eases of the haematopoietic and lymphoid tissues:
Report of the Clinical Advisory Committee Meeting,
Airlie House, Virginia, November, 1997. Histopatho-
logy, 36, 69–86.

2 Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK,
Cleary ML et al. (1994) A revised European-Amer-
ican classification of lymphoid neoplasms: a proposal
from the International Lymphoma Study Group.
Blood, 84, 1361–1392.

3 Stansfeld AG, Diebold J, Noel H, Kapanci Y, Rilke F,
Kelényi G et al. (1988) Updated Kiel classification for
lymphomas [letter] [published erratum appears in
Lancet 1988, February 13, 1 (8581), 372]. Lancet, 1,
292–293.

4 Suchi T, Lennert K, Tu LY, Kikuchi M, Sato E,
Stansfeld AG and Feller AC (1987) Histopathology
and immunohistochemistry of peripheral T cell lym-
phomas: a proposal for their classification. J Clin
Pathol, 40, 995–1015.

5 The Non-Hodgkin’s Lymphoma Pathologic Classi-
fication Project. (1982) National Cancer Institute
sponsored study of classifications of non-Hodgkin’s
lymphomas: summary and description of a working
formulation for clinical usage. Cancer, 49, 2112–2135.

6 Bennett JM, Catovsky D, Daniel MT, Flandrin G,
Galton DA, Gralnick HR and Sultan C (1976)
Proposals for the classification of the acute leukae-
mias. French–American–British (FAB) co-operative
group. Br J Haematol, 33, 451–458.

7 Bennett JM, Catovsky D, Daniel MT, Flandrin G,
Galton DA, Gralnick HR and Sultan C (1989) Pro-
posals for the classification of chronic (mature) B and
T lymphoid leukaemias. French–American–British
(FAB) Cooperative Group. J Clin Pathol, 42, 567–584.

8 Lukes RJ, Craver LH, Hall TC, Rappaport H and
Ruben P (1966) Report of the nomenclature commit-
tee. Cancer Res, 26, 1311.

9 Rozman C, Hernandez Nieto L, Montserrat E and
Brugues R (1981) Prognostic significance of bone-
marrow patterns in chronic lymphocytic leukaemia.
Br J Haematol, 47, 529–537.

10 Bartl R, Frisch B, Burkhardt R, Jäger K, Pappenberger
R and Hoffmann Fezer G (1984) Lymphopro-
liferations in the bone marrow: identification and
evolution, classification and staging. J Clin Pathol, 37,
233–254.

11 McKenna RW and Hernandez JA (1988) Bone mar-
row in malignant lymphoma. Hematol Oncol Clin North
Am, 2, 617–635.

12 Gaulard P, Kanavaros P, Farcet JP, Rocha FD, Haioun
C, Divine M et al. (1991) Bone marrow histologic and

immunohistochemical findings in peripheral T-cell
lymphoma: a study of 38 cases. Hum Pathol, 22,
331–338.

13 Tateyama H, Eimoto T, Tada T, Kamiya M, Fujiyoshi
Y and Kajiura S (1991) Congenital angiotropic lym-
phoma (intravascular lymphomatosis) of the T-cell
type. Cancer, 67, 2131–2136.

14 Conlan MG, Bast M, Armitage JO and Weisenburger
DD (1990) Bone marrow involvement by non-
Hodgkin’s lymphoma: the clinical significance of
morphologic discordance between the lymph node
and bone marrow. Nebraska Lymphoma Study
Group. J Clin Oncol, 8, 1163–1172.

15 Thaler J, Dietze O, Denz H, Demuth R, Nachbaur D,
Stauder R and Huber H (1991) Bone marrow diagnosis
in lymphoproliferative disorders: comparison of
results obtained from conventional histomorpho-
logy and immunohistology. Histopathology, 18, 495–
504.

16 Foucar K, McKenna RW, Frizzera G and Brunning
RD (1982) Bone marrow and blood involvement 
by lymphoma in relationship to the Lukes–Collins
classification. Cancer, 49, 888–897.

17 Thiele J, Langohr J, Skorupka M and Fischer R
(1990) Reticulin fibre content of bone marrow
infiltrates of malignant non-Hodgkin’s lymphomas
(B-cell type, low malignancy)aa morphometric 
evaluation before and after therapy. Virchows Arch 
A Pathol Anat Histopathol, 417, 485–492.

18 Pezzella F, Munson PJ, Miller KD, Goldstone AH and
Gatter KC (2000) The diagnosis of low-grade periph-
eral B-cell neoplasms in bone marrow trephines. Br J
Haematol, 108, 369–376.

19 Pittaluga S, Tierens A, Dodoo YL, Delabie J and 
De Wolf-Peeters C (1999) How reliable is histologic
examination of bone marrow trephine biopsy speci-
mens for the staging of non-Hodgkin lymphoma? 
A study of hairy cell leukemia and mantle cell lym-
phoma involvement of the bone marrow trephine
specimen by histologic, immunohistochemical, and
polymerase chain reaction techniques. Am J Clin
Pathol, 111, 179–184.

20 Coad JE, Olson DJ, Christensen DR, Lander TA,
Chibbar R, McGlennen RC and Brunning RD (1997)
Correlation of PCR-detected clonal gene rearrange-
ments with bone marrow morphology in patients
with B-lineage lymphomas. Am J Surg Pathol, 21,
1047–1056.

21 Bartl R, Hansmann ML, Frisch B and Burkhardt 
R (1988) Comparative histology of malignant 
lymphomas in lymph node and bone marrow. Br J
Haematol, 69, 229–237.

22 Fisher DE, Jacobson JO, Ault KA and Harris NL
(1989) Diffuse large cell lymphoma with discordant
bone marrow histology. Clinical features and biolog-
ical implications [published erratum appears in

322 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 323

Cancer 1990, January 1, 65 (1), 64]. Cancer, 64,
1879–1887.

23 Kluin PM, van Krieken JH, Kleiverda K and Kluin-
Nelemans HC (1990) Discordant morphologic char-
acteristics of B-cell lymphomas in bone marrow and
lymph node biopsies. Am J Clin Pathol, 94, 59–66.

24 Hanson CA, Brunning RD, Gajl-Peczalska KJ,
Frizzera G and McKenna RW (1986) Bone marrow
manifestations of peripheral T-cell lymphoma. A
study of 30 cases. Am J Clin Pathol, 86, 449–460.

25 Caulet S, Delmer A, Audouin J, Le Tourneau A,
Bernadou A, Zittoun R and Diebold J (1990) His-
topathological study of bone marrow biopsies in 30
cases of T-cell lymphoma with clinical, biological and
survival correlations. Hematol Oncol, 8, 155–168.

26 Frizzera G, Anaya JS and Banks PM (1986) Neoplastic
plasma cells in follicular lymphomas. Clinical and
pathologic findings in six cases. Virchows Arch A Pathol
Anat Histopathol, 409, 149–162.

27 Robertson LE, Redman JR, Butler JJ, Osborne BM,
Velasquez WS, McLaughlin P et al. (1991) Discordant
bone marrow involvement in diffuse large-cell lym-
phoma: a distinct clinical-pathologic entity associated
with a continuous risk of relapse. J Clin Oncol, 9,
236–242.

28 Chetty R, Echezarreta G, Comley M and Gatter K
(1995) Immunohistochemistry in apparently normal
bone marrow trephine specimens from patients 
with nodal follicular lymphoma. J Clin Pathol, 48,
1035–1038.

29 Ben-Ezra JM, King BE, Harris AC, Todd WM and
Kornstein MJ (1994) Staining for Bcl-2 protein 
helps to distinguish benign from malignant lymphoid
aggregates in bone marrow biopsies. Mod Pathol, 7,
560–564.

30 Skálová A and Fakan F (1997) Bcl-2 protein does not
help to distinguish benign from malignant lymphoid
nodules in bone marrow biopsy specimens [letter;
comment]. J Clin Pathol, 50, 87–88.

31 Kröber SM, Horny HP, Greschniok A and Kaiserling E
(1999) Reactive and neoplastic lymphocytes in human
bone marrow: morphological, immunohistological,
and molecular biological investigations on biopsy
specimens. J Clin Pathol, 52, 521–526.

32 First MIC Cooperative Study Group (1986) Morpho-
logic, immunologic, and cytogenetic (MIC) working
classification of acute lymphoblastic leukemias. Report
of the workshop held in Leuven, Belgium, April
22–23, 1985. Cancer Genet Cytogenet, 23, 189–197.

33 Bain BJ (1998) Classification of acute leukaemia: 
the need to incorporate cytogenetic and molecular
genetic information. J Clin Pathol, 51, 420–423.

34 Picozzi VJ Jr and Coleman CN (1990) Lymphoblastic
lymphoma. Semin Oncol, 17, 96–103.

35 Bene MC, Castoldi G, Knapp W, Ludwig WD, Matutes
E, Orfao A and van’t Veer MB (1995) Proposals for

the immunological classification of acute leukemias.
European Group for the Immunological Character-
ization of Leukemias (EGIL). Leukemia, 9, 1783–1786.

36 Chessels JM, Swansbury GJ, Reeves B, Bailey CC and
Richards SM (1997) Cytogenetics and prognosis in
childhood lymphoblastic leukaemia: results of MRC
UKALL X. Medical Research Council Working Party
in Childhood Leukaemia. Br J Haematol, 99, 93–100.

37 McKenna RW, Parkin J and Brunning RD (1979)
Morphologic and ultrastructural characteristics of 
T-cell acute lymphoblastic leukemia. Cancer, 44,
1290–1297.

38 Hann IM, Evans DI, Marsden HB, Jones PM and
Palmer MK (1978) Bone marrow fibrosis in acute
lymphoblastic leukaemia of childhood. J Clin Pathol,
31, 313–315.

39 Breatnach F, Chessells JM and Greaves MF (1981)
The aplastic presentation of childhood leukaemia: a
feature of common-ALL. Br J Haematol, 49, 387–393.

40 Dharmasena F, Littlewood T, Gordon-Smith EC,
Catovsky D and Galton DA (1986) Adult acute lym-
phoblastic leukaemia presenting with bone marrow
aplasia. Clin Lab Haematol, 8, 361–364.

41 Reid MM and Summerfield GP (1992) Distinction
between aleukaemic prodrome of childhood acute
lymphoblastic leukaemia and aplastic anaemia. J Clin
Pathol, 45, 697–700.

42 Farahat N, Lens D, Zomas A, Morilla R, Matutes E
and Catovsky D (1995) Quantitative flow cytometry
can distinguish between normal and leukaemic 
B-cell precursors. Br J Haematol, 91, 640–646.

43 Ohno T, Smir BN, Weisenburger DD, Gascoyne 
RD, Hinrichs SD and Chan WC (1998) Origin of the
Hodgkin/Reed–Sternberg cells in chronic lympho-
cytic leukemia with ‘Hodgkin’s transformation’.
Blood, 91, 1757–1761.

44 Enno A, Catovsky D, O’Brien M, Cherchi M, Kumaran
TO and Galton DA (1979) ‘Prolymphocytoid’ trans-
formation of chronic lymphocytic leukaemia. Br J
Haematol, 41, 9–18.

45 Pangalis GA, Nathwani BN and Rappaport H (1977)
Malignant lymphoma, well differentiated lymphocytic:
its relationship with chronic lymphocytic leukemia
and macroglobulinemia of Waldenström. Cancer, 39,
999–1010.

46 Montserrat E and Rozman C (1993) Chronic lympho-
cytic leukaemia: prognostic factors and natural his-
tory. Baillières Clin Haematol, 6, 849–866.

47 Dick F, Bloomfield CD and Brunning RD (1974)
Incidence cytology, and histopathology of non-
Hodgkin’s lymphomas in the bone marrow. Cancer,
33, 1382–1398.

48 Mazza P, Gherlinzoni F, Kemna G, Poletti G, Zinzani
PL, Verlicchi F et al. (1987) Clinicopathological study
on non-Hodgkin’s lymphomas. Haematologica, 72,
351–357.



49 Moreau EJ, Matutes E, A’Hern RP, Morilla AM,
Morilla RM, Owusu-Ankomah KA et al. (1997)
Improvement of the chronic lymphocytic leukemia
scoring system with the monoclonal antibody SN8
(CD79b). Am J Clin Pathol, 108, 378–382.

50 Matutes E, Owusu-Ankomah K, Morilla R, Garcia-
Marco J, Houlihan A, Que TH and Catovsky D (1994)
The immunological profile of B-cell disorders and
proposal of a scoring system for the diagnosis of CLL.
Leukemia, 8, 1640–1645.

51 Finn WG, Thangavelu M, Yelavarthi KK, Goolsby CL,
Tallman MS, Traynor A and Peterson LC (1996)
Karyotype correlates with peripheral blood morphol-
ogy and immunophenotype in chronic lymphocytic
leukemia. Am J Clin Pathol, 105, 458–467.

52 Matutes E, Oscier D, Garcia-Marco J, Ellis J,
Copplestone A, Gillingham R et al. (1996) Trisomy 12
defines a group of CLL with atypical morphology:
correlation between cytogenetic, clinical and labor-
atory features in 544 patients. Br J Haematol, 92,
382–388.

53 Geisler CH, Philip P, Christensen BE, Hou-Jensen 
K, Pedersen NT, Jensen OM et al. (1997) In B-cell
chronic lymphocytic leukaemia chromosome 17
abnormalities and not trisomy 12 are the single most
important cytogenetic abnormalities for the prog-
nosis: a cytogenetic and immunophenotypic study of
480 unselected newly diagnosed patients. Leuk Res,
21, 1011–1023.

54 Gahn B, Wendenburg B, Troff C, Neef J, Grove D,
Haferlach T et al. (1999) Analysis of progenitor cell
involvement in B-CLL by simultaneous immunophe-
notypic and genotypic analysis at the single cell level.
Br J Haematol, 105, 955–959.

55 Garcia-Marco J, Matutes E, Morilla R, Ellis J, 
Oscier D, Fantes J et al. (1994) Trisomy 12 in B-cell
chronic lymphocytic leukaemia: assessment of lin-
eage restriction by simultaneous analysis of im-
munophenotype and genotype in interphase cells 
by fluorescence in situ hybridization. Br J Haematol,
87, 44–50.

56 Rozman C, Montserrat E, Rodríguez-Fernández JM,
Ayats R, Vallespí T, Parody R et al. (1984) Bone 
marrow histologic patternathe best single prognostic
parameter in chronic lymphocytic leukemia: a mul-
tivariate survival analysis of 329 cases. Blood, 64,
642–648.

57 Geisler C, Ralfkiær E, Hansen MM, Hou-Jensen K
and Larsen SO (1986) The bone marrow histological
pattern has independent prognostic value in early
stage chronic lymphocytic leukaemia. Br J Haematol,
62, 47–54.

58 Frisch B and Bartl R (1988) Histologic classification
and staging of chronic lymphocytic leukemia. A 
retrospective and prospective study of 503 cases. Acta
Haematol, 79, 140–152.

59 Trump DL, Mann RB, Phelps R, Roberts H and
Conley CL (1980) Richter’s syndrome: diffuse histio-
cytic lymphoma in patients with chronic lymphocytic
leukemia. A report of five cases and review of the 
literature. Am J Med, 68, 539–548.

60 Foucar K and Rydell RE (1980) Richter’s syndrome in
chronic lymphocytic leukemia. Cancer, 46, 118–134.

61 Adelstein DJ, Henry MB, Bowman LS and Hines JD
(1991) Diffuse well differentiated lymphocytic lym-
phoma: a clinical study of 22 patients. Oncology, 48,
48–53.

62 Pangalis GA and Kittas C. Bone marrow involvement
in chronic lymphocytic leukemia, small lymphocytic
(well differentiated) and lymphoplasmacytic (macro-
globulinemia of Waldenström) non-Hodgkin’s lym-
phomas. In: Polliack A and Catovsky D (eds) Chronic
Lymphocytic Leukaemia. Harwood Academic Publishers,
Chur, 1988.

63 Pangalis GA, Roussou PA, Kittas C, Mitsoulis-
Mentzikoff C, Matsouka-Alexandridis P, Anagno-
stopoulos N et al. (1984) Patterns of bone marrow
involvement in chronic lymphocytic leukemia and
small lymphocytic (well differentiated) non-Hodgkin’s
lymphoma. Its clinical significance in relation to 
their differential diagnosis and prognosis. Cancer, 54,
702–708.

64 Lampert IA, Wotherspoon A, Van Noorden S and
Hasserjian RP (1999) High expression of CD23 in the
proliferation centers of chronic lymphocytic leukemia
in lymph nodes and spleen. Hum Pathol, 30, 648–654.

65 Gordon DS, Jones BM, Browning SW, Spira TJ and
Lawrence DN (1982) Persistent polyclonal lym-
phocytosis of B lymphocytes. N Engl J Med, 307,
232–236.

66 Bain B, Matutes E and Catovsky D (1998) Teaching
cases from the Royal Marsden and St Mary’s
Hospitals. Case 14: persistent lymphocytosis in a 
middle aged smoker. Leuk Lymphoma, 28, 623–625.

67 Brito-Babapulle V, Pomfret M, Matutes E and
Catovsky D (1987) Cytogenetic studies on prolym-
phocytic leukemia. II. T cell prolymphocytic leukemia.
Blood, 70, 926–931.

68 Nieto LH, Lampert IA and Catovsky D (1989) Bone
marrow histological patterns in B-cell and T-cell 
prolymphocytic leukemia. Hematol Pathol, 3, 79–84.

69 Naeim F and Jacobs AD (1985) Bone marrow
changes in patients with hairy cell leukemia treated
by recombinant alpha2-interferon. Hum Pathol, 16,
1200–1205.

70 Mercieca J, Matutes E, Moskovic E, MacLennan K,
Matthey F, Costello C et al. (1992) Massive abdominal
lymphadenopathy in hairy cell leukaemia: a report of
12 cases. Br J Haematol, 82, 547–554.

71 Vykoupil KF, Thiele J and Georgii A (1976) Hairy cell
leukemia. Bone marrow findings in 24 patients.
Virchows Arch A Pathol Anat Histol, 370, 273–289.

324 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 325

72 Bartl R, Frisch B, Hill W, Burkhardt R, Sommerfeld W
and Sund M (1983) Bone marrow histology in 
hairy cell leukemia. Identification of subtypes and
their prognostic significance. Am J Clin Pathol, 79,
531–545.

73 Burke JS and Rappaport H (1984) The diagnosis and
differential diagnosis of hairy cell leukemia in bone
marrow and spleen. Semin Oncol, 11, 334–346.

74 Naeim F (1988) Hairy cell leukemia: characteristics of
the neoplastic cells. Hum Pathol, 19, 375–388.

75 Lee WM and Beckstead JH (1982) Hairy cell
leukemia with bone marrow hypoplasia. Cancer, 50,
2207–2210.

76 Bouroncle BA (1987) Unusual presentations and
complications of hairy cell leukemia. Leukemia, 1,
288–293.

77 Lazzaro B, Munger R, Flick J and Moriber-Katz S
(1991) Visualization of the ribosome-lamella com-
plex in plastic-embedded biopsy specimens as an aid
to diagnosis of hairy-cell leukemia. Arch Pathol Lab
Med, 115, 1259–1262.

78 Flandrin G, Sigaux F, Castaigne S, Billard C, Aguet M,
Boiron M et al. (1986) Treatment of hairy cell leukemia
with recombinant alpha interferon: I. Quantitative
study of bone marrow changes during the first
months of treatment. Blood, 67, 817–820.

79 Verhoef GE, De Wolf-Peeters C, Zachee P and
Boogaerts MA (1990) Regression of diffuse osteoscle-
rosis in hairy cell leukaemia after treatment with
interferon. Br J Haematol, 76, 150–151.

80 VanderMolen LA, Urba WJ, Longo DL, Lawrence J,
Gralnick H and Steis RG (1989) Diffuse osteosclerosis
in hairy cell leukemia. Blood, 74, 2066–2069.

81 Golomb HM and Vardiman JW (1983) Response to
splenectomy in 65 patients with hairy cell leukemia:
an evaluation of spleen weight and bone marrow
involvement. Blood, 61, 349–352.

82 Katayama I (1988) Bone marrow in hairy cell
leukemia. Hematol Oncol Clin North Am, 2, 585–602.

83 Ratain MJ, Golomb HM, Bardawil RG, Vardiman JW,
Westbrook CA, Kaminer LS et al. (1987) Durability of
responses to interferon alpha-2b in advanced hairy
cell leukemia. Blood, 69, 872–877.

84 Doane LL, Ratain MJ and Golomb HM (1990) Hairy
cell leukemia. Current management. Hematol Oncol
Clin North Am, 4, 489–502.

85 Catovsky D, Golde DW and Golomb HM (1990) The
third international workshop on hairy cell leukemia,
Laguna Miguel, California, 19–20 October, 1989. 
Br J Haematol, 74, 378–379.

86 Falini B, Pileri SA, Flenghi L, Liberati M, Stein H,
Gerli R et al. (1990) Selection of a panel of mono-
clonal antibodies for monitoring residual disease in
peripheral blood and bone marrow of interferon-
treated hairy cell leukaemia patients. Br J Haematol,
76, 460–468.

87 Hounieu H, Chittal SM, al Saati T, de Mascarel A,
Sabattini E, Pileri S et al. (1992) Hairy cell leukemia.
Diagnosis of bone marrow involvement in paraffin-
embedded sections with monoclonal antibody
DBA44. Am J Clin Pathol, 98, 26–33.

88 Janckila AJ, Cardwell EM, Yam LT and Li C-Y (1995)
Hairy cell identification by immunohistochemistry 
of tartrate-resistant acid phosphatase. Blood, 85,
2839–2844.

89 Hoyer JD, Li CY, Yam LT, Hanson CA and Kurtin PJ
(1997) Immunohistochemical demonstration of acid
phosphatase isoenzyme 5 (tartrate-resistant) in paraffin
sections of hairy cell leukemia and other hematologic
disorders. Am J Clin Pathol, 108, 308–315.

90 Sainati L, Matutes E, Mulligan S, de Oliveira MP,
Rani S, Lampert IA and Catovsky D (1990) A variant
form of hairy cell leukemia resistant to alpha-
interferon: clinical and phenotypic characteristics of
17 patients. Blood, 76, 157–162.

91 Pozzato G, Mazzaro C, Crovatto M, Modolo ML,
Ceselli S, Mazzi G et al. (1994) Low-grade malignant
lymphoma, hepatitis C virus infection, and mixed
cryoglobulinemia. Blood, 84, 3047–3053.

92 Iida S, Rao PH, Nallasivam P, Hibshoosh H, Butler M,
Louie DC et al. (1996) The t(9;14)(p13;q32) chromo-
somal translocation associated with lymphoplasma-
cytoid lymphoma involves the PAX-5 gene. Blood, 88,
4110–4117.

93 Ohno H, Ueda C and Akasaka T (2000) The
t(9;14)(p13;q32) translocation in B-cell non-
Hodgkin’s lymphoma. Leuk Lymphoma, 36, 435–445.

94 Bartl R, Frisch B, Mahl G, Burkhardt R, Fateh-
Moghadam A, Pappenberger R et al. (1983) Bone
marrow histology in Waldenström’s macroglobulin-
aemia. Clinical relevance of subtype recognition.
Scand J Haematol, 31, 359–375.

95 Brunning RD. Bone marrow. In: Rosai J (ed)
Ackerman’s Surgical Pathology, 7th edn, vol 2. Mosby,
St Louis, 1989.

96 Molero T, De La Iglesia S, Santana C, Lemes A and
Matutes E (1998) Signet-ring cells in a Walden-
ström’s macroglobulinaemia. Leuk Lymphoma, 32,
175–177.

97 Frisch B, Lewis SM, Burkhardt R and Bartl R. Biopsy
Pathology of Bone and Bone Marrow. Chapman & Hall,
London, 1985.

98 Banham AH, Turley H, Pulford K, Gatter K and
Mason DY (1997) The plasma cell associated antigen
detectable by antibody VS38 is the p63 rough endo-
plasmic reticulum protein. J Clin Pathol, 50, 485–489.

99 Kim H and Dorfman RF (1974) Morphological stud-
ies of 84 untreated patients subjected to laparotomy
for the staging of non-Hodgkin’s lymphomas. Cancer,
33, 657–674.

100 Vykoupil KF and Georgii A. Non Hodgkin’s lym-
phomas in bone marrow: diagnosis according to the



Kiel classification and their growth patterns and 
relations to survival. In: Lennert K and Hübner K
(eds) Pathology of the Bone Marrow. Gustav Fischer
Verlag, Stuttgart, 1984.

101 Osborne BM and Butler JJ (1989) Hypocellular 
paratrabecular foci of treated small cleaved cell 
lymphoma in bone marrow biopsies. Am J Surg
Pathol, 13, 382–388.

102 Raffeld M and Jaffe ES (1991) bcl-1, t(11;14), and
mantle cell-derived lymphomas [editorial]. Blood, 78,
259–263.

103 Jaffe ES, Bookman MA and Longo DL (1987)
Lymphocytic lymphoma of intermediate differentia-
tionamantle zone lymphoma: a distinct subtype of 
B-cell lymphoma. Hum Pathol, 18, 877–880.

104 Perry DA, Bast MA, Armitage JO and Weisenburger
DD (1990) Diffuse intermediate lymphocytic lym-
phoma. A clinicopathologic study and comparison
with small lymphocytic lymphoma and diffuse small
cleaved cell lymphoma. Cancer, 66, 1995–2000.

105 Cohen PL, Kurtin PJ, Donovan KA and Hanson CA
(1998) Bone marrow and peripheral blood involve-
ment in mantle cell lymphoma. Br J Haematol, 101,
302–310.

106 de Oliveira MS, Jaffe ES and Catovsky D (1989)
Leukaemic phase of mantle zone (intermediate) lym-
phoma: its characterisation in 11 cases. J Clin Pathol,
42, 962–972.

107 Singleton TP, Anderson MM, Ross CW and Schnitzer
B (1999) Leukemic phase of mantle cell lymphoma,
blastoid variant. Am J Clin Pathol, 111, 495–500.

108 Vaandrager JW, Schuuring E, Zwikstra E, de Boer CJ,
Kleiverda KK, van Krieken JH et al. (1996) Direct
visualization of dispersed 11q13 chromosomal trans-
locations in mantle cell lymphoma by multicolor
DNA fiber fluorescence in situ hybridization. Blood,
88, 1177–1182.

109 Swerdlow SH, Habeshaw JA, Murray LJ, Dhaliwal
HS, Lister TA and Stansfeld AG (1983) Centrocytic
lymphoma: a distinct clinicopathologic and immuno-
logic entity. A multiparameter study of 18 cases at
diagnosis and relapse. Am J Pathol, 113, 181–197.

110 Weisenburger DD, Kim H and Rappaport H (1982)
Mantle-zone lymphoma: a follicular variant of 
intermediate lymphocytic lymphoma. Cancer, 49,
1429–1438.

111 Obeso G, Sanz ER, Rivas C, Marcos B, García-Delgado
R, Echezarreta G et al. (1994) B-cell follicular lym-
phomas: clinical and biological characteristics. Leuk
Lymphoma, 16, 105–111.

112 Brunning R and McKenna RW. Tumors of the 
Bone Marrow. Armed Forces Institute of Pathology,
Washington, 1994.

113 Vasef MA, Medeiros LJ, Koo C, McCourty A and
Brynes RK (1997) Cyclin D1 immunohistochemical
staining is useful in distinguishing mantle cell 

lymphoma from other low-grade B-cell neoplasms 
in bone marrow. Am J Clin Pathol, 108, 302–307.

114 Wotherspoon AC, Doglioni C, Diss TC, Pan L,
Moschini A, de Boni M and Isaacson PG (1993)
Regression of primary low-grade B-cell gastric 
lymphoma of mucosa-associated lymphoid tissue
type after eradication of Helicobacter pylori. Lancet,
342, 575–577.

115 Brynes RK, Almaguer PD, Leathery KE, McCourty A,
Arber DA, Medeiros LJ and Nathwani BN (1996)
Numerical cytogenetic abnormalities of chromosomes
3, 7, and 12 in marginal zone B-cell lymphomas. Mod
Pathol, 9, 995–1000.

116 Dierlamm J, Rosenberg C, Stul M, Pittaluga S,
Wlodarska I, Michaux L et al. (1997) Characteristic
pattern of chromosomal gains and losses in marginal
zone B cell lymphoma detected by comparative
genomic hybridization. Leukemia, 11, 747–758.

117 Rosenwald A, Ott G, Stilgenbauer S, Kalla J, Bredt M,
Katzenberger T et al. (1999) Exclusive detection of
the t(11;18)(q21;q21) in extranodal marginal zone B
cell lymphomas (MZBL) of MALT type in contrast to
other MZBL and extranodal large B cell lymphomas.
Am J Pathol, 155, 1817–1821.

118 Griesser H, Kaiser U, Augener W, Tiemann M and
Lennert K (1990) B-cell lymphoma of the mucosa-
associated lymphatic tissue (MALT) presenting with
bone marrow and peripheral blood involvement.
Leuk Res, 14, 617–622.

119 Diss TC, Peng H, Wotherspoon AC, Pan L, Speight 
PM and Isaacson PG (1993) Brief report: a single neo-
plastic clone in sequential biopsy specimens from 
a patient with primary gastric-mucosa-associated
lymphoid-tissue lymphoma and Sjogren’s syndrome.
N Engl J Med, 329, 172–175.

120 Melo JV, Hegde U, Parreira A, Thompson I, Lampert
IA and Catovsky D (1987) Splenic B cell lymphoma
with circulating villous lymphocytes: differential
diagnosis of B cell leukaemias with large spleens. J
Clin Pathol, 40, 642–651.

121 Isaacson PG, Matutes E, Burke M and Catovsky D
(1994) The histopathology of splenic lymphoma with
villous lymphocytes. Blood, 84, 3828–3834.

122 Matutes E, Morilla R, Owusu-Ankomah K, Houlihan
A and Catovsky D (1994) The immunophenotype of
splenic lymphoma with villous lymphocytes and its
relevance to the differential diagnosis with other 
B-cell disorders. Blood, 83, 1558–1562.

123 Troussard X, Valensi F, Duchayne E, Garand R,
Felman P, Tulliez M et al. (1996) Splenic lymphoma
with villous lymphocytes: clinical presentation, biol-
ogy and prognostic factors in a series of 100 patients.
Groupe Francais d’Hematologie Cellulaire (GFHC).
Br J Haematol, 93, 731–736.

124 Gruszka-Westwood AM, Matutes E, Coignet LJ,
Wotherspoon A and Catovsky D (1999) The inci-

326 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 327

dence of trisomy 3 in splenic lymphoma with villous
lymphocytes: a study by FISH. Br J Haematol, 104,
600–604.

125 Oscier DG, Matutes E, Gardiner A, Glide S, Mould S,
Brito-Babapulle V et al. (1993) Cytogenetic studies in
splenic lymphoma with villous lymphocytes. Br J
Haematol, 85, 487–491.

126 Franco V, Florena AM and Campesi G (1996)
Intrasinusoidal bone marrow infiltration: a possible
hallmark of splenic lymphoma. Histopathology, 29,
571–575.

127 Nathwani BN, Drachenberg MR, Hernandez AM,
Levine AM and Sheibani K (1999) Nodal monocytoid
B-cell lymphoma (nodal marginal-zone B-cell lym-
phoma). Semin Hematol, 36, 128–138.

128 Sheibani K. Monocytoid B cell lymphoma. In: Knowles
DM (ed) Neoplastic Hematopathology. Williams &
Wilkins, Baltimore, 1992.

129 Carbone A, Gloghini A, Pinto A, Attadia V, Zagonel V
and Volpe R (1989) Monocytoid B-cell lymphoma
with bone marrow and peripheral blood involvement
at presentation. Am J Clin Pathol, 92, 228–236.

130 Traweek ST and Sheibani K (1990) Regarding the
article entitled ‘Monocytoid B-cell lymphoma with
bone marrow and peripheral blood involvement at
presentation’ [letter; comment]. Am J Clin Pathol, 94,
117–118.

131 Fend F, Kraus-Huonder B, Müller-Hermelink HK
and Feller AC (1993) Monocytoid B-cell lymphoma:
its relationship to and possible cellular origin from
marginal zone cells. Hum Pathol, 24, 336–339.

132 Henrique R, Achten R, Maes B, Verhoef G and De
Wolf-Peeters C (1999) Guidelines for subtyping small
B-cell lymphomas in bone marrow biopsies. Virchows
Arch, 435, 549–558.

133 Kurtin PJ, Hobday KS, Ziesmer S and Caron BL
(1999) Demonstration of distinct antigenic profiles of
small B-cell lymphomas by paraffin section immuno-
histochemistry. Am J Clin Pathol, 112, 319–329.

134 Yan Y, Chan WC, Weisenburger DD, Anderson JR,
Bast MA, Vose JM et al. (1995) Clinical and prog-
nostic significance of bone marrow involvement 
in patients with diffuse aggressive B-cell lymphoma.
J Clin Oncol, 13, 1336–1342.

135 Hill ME, MacLennan KA, Cunningham DC, Vaughan
Hudson B, Burke M, Clarke P et al. (1996) Prog-
nostic significance of BCL-2 expression and bcl-2
major breakpoint region rearrangement in diffuse
large cell non-Hodgkin’s lymphoma: a British
National Lymphoma Investigation Study. Blood, 88,
1046–1051.

136 Gaidano G (1996) Clinical implications of the mole-
cular pathogenesis of non-Hodgkin’s lymphomas.
Cancer J, 9, 187–191.

137 Gascoyne RD, Adomat SA, Krajewski S, Krajewska
M, Horsman DE, Tolcher AW et al. (1997) Prognostic

significance of Bcl-2 protein expression and Bcl-2
gene rearrangement in diffuse aggressive non-
Hodgkin’s lymphoma. Blood, 90, 244–251.

138 Schlegelberger B, Zwingers T, Harder L, Nowotny H,
Siebert R, Vesely M et al. (1999) Clinicopathogenetic
significance of chromosomal abnormalities in
patients with blastic peripheral B-cell lymphoma.
Kiel-Wien-Lymphoma Study Group. Blood, 94,
3114–3120.

139 Hui PK, Feller AC and Lennert K (1988) High-grade
non-Hodgkin’s lymphoma of B-cell type. I. Histo-
pathology. Histopathology, 12, 127–143.

140 Bain B, Matutes E, Robinson D, Lampert IA, Brito-
Babapulle V, Morilla R and Catovsky D (1991)
Leukaemia as a manifestation of large cell lym-
phoma. Br J Haematol, 77, 301–310.

141 Skinnider BF, Connors JM and Gascoyne RD (1997)
Bone marrow involvement in T-cell-rich B-cell 
lymphoma. Am J Clin Pathol, 108, 570–578.

142 Cazals-Hatem D, Lepage E, Brice P, Ferrant A, d’Agay
MF, Baumelou E et al. (1996) Primary mediastinal
large B-cell lymphoma. A clinicopathologic study of
141 cases compared with 916 nonmediastinal large
B-cell lymphomas, a GELA (‘Groupe d’Etude des
Lymphomes de l’Adulte’) study. Am J Surg Pathol, 20,
877–888.

143 Cesarman E and Knowles DM (1997) Kaposi’s 
sarcoma-associated herpesvirus: a lymphotropic
human herpesvirus associated with Kaposi’s sar-
coma, primary effusion lymphoma, and multicentric
Castleman’s disease [published erratum appears in
Semin Diagn Pathol 1997, May, 14 (2), 161–162.].
Semin Diagn Pathol, 14, 54–66.

144 Parrens M, Dubus P, Agape P, Rizcallah E, Marit G, de
Mascarel A and Merlio JP (2000) Intrasinusoidal
bone marrow infiltration revealing intravascular
lymphomatosis. Leuk Lymphoma, 37, 219–223.

145 Wick MR, Mills SE, Scheithauer BW, Cooper PH,
Davitz MA and Parkinson K (1986) Reassessment 
of malignant ‘angioendotheliomatosis’. Evidence in
favor of its reclassification as ‘intravascular lym-
phomatosis’. Am J Surg Pathol, 10, 112–123.

146 Wright DH and Pike PA (1968) Bone marrow
involvement in Burkitt’s tumour. Br J Haematol, 15,
409–416.

147 Bluming AZ, Ziegler JL and Carbone PP (1972) Bone
marrow involvement in Burkitt’s lymphoma: results
of a prospective study. Br J Haematol, 22, 369–376.

148 Arseneau JC, Canellos GP, Banks PM, Berard CW,
Gralnick HR and DeVita VT Jr (1975) American
Burkitt’s lymphoma: a clinicopathologic study of 30
cases. I. Clinical factors relating to prolonged survival.
Am J Med, 58, 314–321.

149 Banks PM, Arseneau JC, Gralnick HR, Canellos GP,
DeVita VT Jr and Berard CW (1975) American
Burkitt’s lymphoma: a clinicopathologic study of 30



cases. II. Pathologic correlations. Am J Med, 58,
322–329.

150 Levine AM, Pavlova Z, Pockros AW, Parker JW,
Teitelbaum AH, Paganini-Hill A et al. (1983) Small
noncleaved follicular center cell (FCC) lymphoma:
Burkitt and non-Burkitt variants in the United States.
I. Clinical features. Cancer, 52, 1073–1079.

151 Brunning RD, McKenna RW, Bloomfield CD, Coccia
P and Gajl-Peczalska KJ (1977) Bone marrow
involvement in Burkitt’s lymphoma. Cancer, 40,
1771–1779.

152 Nakamura S and Suchi T (1991) A clinicopathologic
study of node-based, low-grade, peripheral T-cell
lymphoma. Angioimmunoblastic lymphoma, T-zone
lymphoma, and lymphoepithelioid lymphoma.
Cancer, 67, 2566–2578.

153 Weiss LM, Bindl JM, Picozzi VJ, Link MP and 
Warnke RA (1986) Lymphoblastic lymphoma: an
immunophenotype study of 26 cases with compa-
rison to T cell acute lymphoblastic leukemia. Blood,
67, 474–478.

154 Matutes E, Garcia Talavera J, O’Brien M and
Catovsky D (1986) The morphological spectrum of 
T-prolymphocytic leukaemia. Br J Haematol, 64,
111–124.

155 Matutes E, Brito-Babapulle V, Swansbury J, Ellis J,
Morilla R, Dearden C et al. (1991) Clinical and labor-
atory features of 78 cases of T-prolymphocytic
leukemia. Blood, 78, 3269–3274.

156 Timonen T, Ortaldo JR and Herberman RB (1981)
Characteristics of human large granular lymphocytes
and relationship to natural killer and K cells. J Exp
Med, 153, 569–582.

157 Loughran TP Jr (1993) Clonal diseases of large granu-
lar lymphocytes. Blood, 82, 1–14.

158 Gentile TC, Uner AH, Hutchison RE, Wright J, Ben-
Ezra J, Russell EC and Loughran TP Jr (1994) CD3+,
CD56+ aggressive variant of large granular lympho-
cyte leukemia. Blood, 84, 2315–2321.

159 Lamy T and Loughran TP Jr (1999) Current concepts:
large granular lymphocyte leukemia. Blood Rev, 13,
230–240.

160 Dhodapkar MV, Li CY, Lust JA, Tefferi A and Phyliky
RL (1994) Clinical spectrum of clonal proliferations
of T-large granular lymphocytes: a T-cell clonopathy
of undetermined significance? Blood, 84, 1620–1627.

161 Pandolfi F, Loughran TP Jr, Starkebaum G, Chisesi 
T, Barbui T, Chan WC et al. (1990) Clinical course 
and prognosis of the lymphoproliferative disease of
granular lymphocytes. A multicenter study. Cancer,
65, 341–348.

162 Reynolds CW and Foon KA (1984) T-γ-
lymphoproliferative disease and related disorders in
humans and experimental animals: a review of the
clinical, cellular, and functional characteristics. Blood,
64, 1146–1158.

163 Loughran TP Jr, Kadin ME, Starkebaum G, Abkowitz
JL, Clark EA, Disteche C et al. (1985) Leukemia of
large granular lymphocytes: association with clonal
chromosomal abnormalities and autoimmune neu-
tropenia, thrombocytopenia, and hemolytic anemia.
Ann Intern Med, 102, 169–175.

164 Brouet JC, Sasportes M, Flandrin G, Preud’Homme
JL and Seligmann M (1975) Chronic lymphocytic
leukaemia of T-cell origin. Immunological and clini-
cal evaluation in eleven patients. Lancet, 2, 890–893.

165 Palutke M, Eisenberg L, Kaplan J, Hussain M, Kithier
K, Tabaczka P et al. (1983) Natural killer and suppres-
sor T-cell chronic lymphocytic leukemia. Blood, 62,
627–634.

166 Agnarsson BA, Loughran TP Jr, Starkebaum G and
Kadin ME (1989) The pathology of large granular
lymphocyte leukemia. Hum Pathol, 20, 643–651.

167 Kouides PA and Rowe JM (1995) Large granular
lymphocyte leukemia presenting with both
amegakaryocytic thrombocytopenic purpura and
pure red cell aplasia: clinical course and response 
to immunosuppressive therapy. Am J Hematol, 49,
232–236.

168 Tefferi A, Li CY, Witzig TE, Dhodapkar MV, Okuno
SH and Phyliky RL (1994) Chronic natural killer cell
lymphocytosis: a descriptive clinical study. Blood, 84,
2721–2725.

169 Kawa-Ha K, Ishihara S, Ninomiya T, Yumura-Yagi K,
Hara J, Murayama F et al. (1989) CD3-negative lym-
phoproliferative disease of granular lymphocytes
containing Epstein–Barr viral DNA. J Clin Invest, 84,
51–55.

170 Chan JK, Sin VC, Wong KF, Ng CS, Tsang WY, Chan
CH et al. (1997) Nonnasal lymphoma expressing the
natural killer cell marker CD56: a clinicopathologic
study of 49 cases of an uncommon aggressive neo-
plasm. Blood, 89, 4501–4513.

171 Imamura N, Kusunoki Y, Kawa-Ha K, Yumura K,
Hara J, Oda K et al. (1990) Aggressive natural killer
cell leukaemia/lymphoma: report of four cases and
review of the literature. Possible existence of a new
clinical entity originating from the third lineage of
lymphoid cells. Br J Haematol, 75, 49–59.

172 Kwong YL, Chan AC and Liang RH (1997) Natural
killer cell lymphoma/leukemia: pathology and treat-
ment. Hematol Oncol, 15, 71–79.

173 Rabbani GR, Phyliky RL and Tefferi A (1999) A long-
term study of patients with chronic natural killer cell
lymphocytosis. Br J Haematol, 106, 960–966.

174 Oshimi K (1996) Lymphoproliferative disorders of
natural killer cells. Int J Hematol, 63, 279–290.

175 Schechter GP, Sausville EA, Fischmann AB,
Soehnlen F, Eddy J, Matthews M et al. (1987)
Evaluation of circulating malignant cells provides prog-
nostic information in cutaneous T cell lymphoma.
Blood, 69, 841–849.

328 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 329

176 Matutes E and Catovsky D (1991) Mature T-cell
leukemias and leukemia/lymphoma syndromes:
review of our experience of 175 cases. Leuk
Lymphoma, 4, 81–91.

177 Karenko L, Hyytinen E, Sarna S and Ranki A (1997)
Chromosomal abnormalities in cutaneous T-cell lym-
phoma and in its premalignant conditions as detected
by G-banding and interphase cytogenetic methods. J
Invest Dermatol, 108, 22–29.

178 Thangavelu M, Finn WG, Yelavarthi KK, Roenigk HH
Jr, Samuelson E, Peterson L et al. (1997) Recurring
structural chromosome abnormalities in peripheral
blood lymphocytes of patients with mycosis fun-
goides/Sézary syndrome. Blood, 89, 3371–3377.

179 Rappaport H and Thomas LB (1974) Mycosis fun-
goides: the pathology of extracutaneous involve-
ment. Cancer, 34, 1198–1229.

180 Salhany KE, Greer JP, Cousar JB and Collins RD
(1989) Marrow involvement in cutaneous T-cell
lymphoma. A clinicopathologic study of 60 cases. Am
J Clin Pathol, 92, 747–754.

181 Graham SJ, Sharpe RW, Steinberg SM, Cotelingam
JD, Sausville EA and Foss FM (1993) Prognostic
implications of a bone marrow histopathologic
classification system in mycosis fungoides and the
Sézary syndrome. Cancer, 72, 726–734.

182 Carbone A, Tirelli U, Volpe R, Sulfaro S and Manconi
R (1986) Assessment of bone marrow histology in
patients with cutaneous T-cell lymphomas (CTCL) at
presentation and during the follow-up [letter]. Br J
Haematol, 62, 789–790.

183 Patsouris E, Noël H and Lennert K (1989) Angio-
immunoblastic lymphadenopathyatype of T-cell
lymphoma with a high content of epithelioid cells.
Histopathology and comparison with lymphoepithe-
lioid cell lymphoma. Am J Surg Pathol, 13, 262–275.

184 Knecht H (1989) Angioimmunoblastic lymphade-
nopathy: ten years’ experience and state of current
knowledge. Semin Hematol, 26, 208–215.

185 Schlegelberger B, Zwingers T, Hohenadel K, Henne-
Bruns D, Schmitz N, Haferlach T et al. (1996)
Significance of cytogenetic findings for the clinical
outcome in patients with T-cell lymphoma of angio-
immunoblastic lymphadenopathy type. J Clin Oncol,
14, 593–599.

186 Schlegelberger B, Zhang Y, Weber-Matthiesen K and
Grote W (1994) Detection of aberrant clones in
nearly all cases of angioimmunoblastic lymphadeno-
pathy with dysproteinemia-type T-cell lymphoma by
combined interphase and metaphase cytogenetics.
Blood, 84, 2640–2648.

187 Smith JL, Hodges E, Quin CT, McCarthy KP and
Wright DH (2000) Frequent T and B cell oligoclones
in histologically and immunophenotypically charac-
terized angioimmunoblastic lymphadenopathy. Am J
Pathol, 156, 661–669.

188 Schnaidt U, Vykoupil KF, Thiele J and Georgii A
(1980) Angioimmunoblastic lymphadenopathy. His-
topathology of bone marrow involvement. Virchows
Arch [Pathol Anat], 389, 369–380.

189 Ghani AM and Krause JR (1985) Bone marrow
biopsy findings in angioimmunoblastic lymphadeno-
pathy. Br J Haematol, 61, 203–213.

190 Uchiyama T, Yodoi J, Sagawa K, Takatsuki K and
Uchino H (1977) Adult T-cell leukemia: clinical and
hematologic features of 16 cases. Blood, 50, 481–492.

191 Jaffe ES, Blattner WA, Blayney DW, Bunn PA Jr,
Cossman J, Robert-Guroff M and Gallo RC (1984) The
pathologic spectrum of adult T-cell leukemia/lymph-
oma in the United States. Human T-cell leukemia/
lymphoma virus-associated lymphoid malignancies.
Am J Surg Pathol, 8, 263–275.

192 Shih LY, Kuo TT, Dunn P and Liaw SJ (1991) Human
T-cell lymphotropic virus type I associated adult 
T-cell leukaemia/lymphoma in Taiwan Chinese. Br
J Haematol, 79, 156–161.

193 Shimoyama M (1991) Diagnostic criteria and classi-
fication of clinical subtypes of adult T-cell leukaemia-
lymphoma. A report from the Lymphoma Study
Group (1984–87). Br J Haematol, 79, 428–437.

194 Bain BJ. Morphology and classification of leu-
kaemias. In: Whittaker JA and Holmes JA (eds)
Leukaemia and Related Disorders. Blackwell Science,
Oxford, 1998.

195 Fujita K, Yamasaki Y, Sawada H, Izumi Y, Fukuhara 
S and Uchino H (1989) Cytogenetic studies on the
adult T-cell leukemia in Japan. Leuk Res, 13,
535–543.

196 Swerdlow SH, Habeshaw JA, Rohatiner AZ, Lister 
TA and Stansfeld AG (1984) Caribbean T-cell 
lymphoma/leukemia. Cancer, 54, 687–696.

197 Cooke CB, Krenacs L, Stetler-Stevenson M, Greiner
TC, Raffeld M, Kingma DW et al. (1996) Hepato-
splenic T-cell lymphoma: a distinct clinicopathologic
entity of cytotoxic gamma delta T-cell origin. Blood,
88, 4265–4274.

198 Lai R, Larratt LM, Etches W, Mortimer ST, Jewell LD,
Dabbagh L and Coupland RW (2000) Hepatosplenic
T-cell lymphoma of alphabeta lineage in a 16-year-
old boy presenting with hemolytic anemia and
thrombocytopenia. Am J Surg Pathol, 24, 459–463.

199 Yao M, Tien HF, Lin MT, Su IJ, Wang CT, Chen YC et
al. (1996) Clinical and hematological characteristics
of hepatosplenic T gamma/delta lymphoma with
isochromosome for long arm of chromosome 7. Leuk
Lymphoma, 22, 495–500.

200 Salhany KE, Feldman M, Kahn MJ, Peritt D,
Schretzenmair RD, Wilson DM et al. (1997)
Hepatosplenic gammadelta T-cell lymphoma: ultra-
structural, immunophenotypic, and functional evi-
dence for cytotoxic T lymphocyte differentiation.
Hum Pathol, 28, 674–685.



201 Falini B, Pileri S, Zinzani PL, Carbone A, Zagonel V,
De Wolf-Peeters C et al. (1999) ALK+ lymphoma:
clinico-pathological findings and outcome. Blood, 93,
2697–2706.

202 Falini B, Pulford K, Pucciarini A, Carbone A, De
Wolf-Peeters C, Cordell J et al. (1999) Lymphomas
expressing ALK fusion protein(s) other than NPM-
ALK. Blood, 94, 3509–3515.

203 Wong KF, Chan JK, Ng CS, Chu YC, Lam PW and
Yuen HL (1991) Anaplastic large cell Ki-1 lymphoma
involving bone marrow: marrow findings and associ-
ation with reactive hemophagocytosis. Am J Hematol,
37, 112–119.

204 Agnarsson BA and Kadin ME (1988) Ki-1 positive
large cell lymphoma. A morphologic and immuno-
logic study of 19 cases. Am J Surg Pathol, 12, 264–274.

205 Downing JR, Shurtleff SA, Zielenska M, Curcio-Brint
AM, Behm FG, Head DR et al. (1995) Molecular
detection of the (2;5) translocation of non-Hodgkin’s
lymphoma by reverse transcriptase-polymerase
chain reaction. Blood, 85, 3416–3422.

206 Kadin ME and Morris SW (1998) The t(2;5) in
human lymphomas. Leuk Lymphoma, 29, 249–256.

207 Wlodarska I, De Wolf-Peeters C, Falini B, Verhoef G,
Morris SW, Hagemeijer A and Van den Berghe H
(1998) The cryptic inv(2)(p23q35) defines a new
molecular genetic subtype of ALK-positive anaplastic
large-cell lymphoma. Blood, 92, 2688–2695.

208 Sainati L, Montaldi A, Stella M, Putti MC, Zanesco L
and Basso G (1990) A novel variant translocation
t(2;13)(p23;q34) in Ki-1 large cell anaplastic lym-
phoma. Br J Haematol, 75, 621–622.

209 Rosenwald A, Ott G, Pulford K, Katzenberger T, 
Kühl J, Kalla J et al. (1999) t(1;2)(q21;p23) and
t(2;3)(p23;q21): two novel variant translocations 
of the t(2;5)(p23;q35) in anaplastic large cell lym-
phoma. Blood, 94, 362–364.

210 Lamant L, Dastugue N, Pulford K, Delsol G and
Mariamé B (1999) A new fusion gene TPM3-ALK
in anaplastic large cell lymphoma created by a
(1;2)(q25;p23) translocation. Blood, 93, 3088–3095.

211 Chott A, Kaserer K, Augustin I, Vesely M, Heinz R,
Oehlinger W et al. (1990) Ki-1-positive large cell lym-
phoma. A clinicopathologic study of 41 cases. Am J
Surg Pathol, 14, 439–448.

212 Fraga M, Brousset P, Schlaifer D, Payen C, Robert A,
Rubie H et al. (1995) Bone marrow involvement in
anaplastic large cell lymphoma. Immunohistochem-
ical detection of minimal disease and its prognostic
significance. Am J Clin Pathol, 103, 82–89.

213 Pulford K, Lamant L, Morris SW, Butler LH, Wood
KM, Stroud D et al. (1997) Detection of anaplastic
lymphoma kinase (ALK) and nucleolar protein
nucleophosmin (NPM)-ALK proteins in normal and
neoplastic cells with the monoclonal antibody ALK1.
Blood, 89, 1394–1404.

214 Benharroch D, Meguerian-Bedoyan Z, Lamant L,
Amin C, Brugières L, Terrier-Lacombe MJ et al.
(1998) ALK-positive lymphoma: a single disease 
with a broad spectrum of morphology. Blood, 91,
2076–2084.

215 Lopez-Guillermo A, Cid J, Salar A, Lopez A,
Montalban C, Castrillo JM et al. (1998) Peripheral 
T-cell lymphomas: initial features, natural history,
and prognostic factors in a series of 174 patients 
diagnosed according to the R.E.A.L. Classification.
Ann Oncol, 9, 849–855.

216 Shimoyama M, Oyama A, Tajima K, Tobinai K,
Minato K, Takenaka T et al. (1993) Differences in
clinicopathological characteristics and major prog-
nostic factors between B-lymphoma and peripheral
T-lymphoma excluding adult T-cell leukemia/
lymphoma. Leuk Lymphoma, 10, 335–342.

217 Jennings CD and Foon KA (1997) Recent advances in
flow cytometry: application to the diagnosis of hem-
atologic malignancy. Blood, 90, 2863–2892.

218 Quintanilla-Martinez L, Preffer F, Rubin D, Ferry 
JA and Harris NL (1994) CD20+ T-cell lymphoma.
Neoplastic transformation of a normal T-cell subset.
Am J Clin Pathol, 102, 483–489.

219 Inwards DJ, Habermann TM, Banks PM, Colgan JP
and Dewald GW (1990) Cytogenetic findings in 21
cases of peripheral T-cell lymphoma. Am J Hematol,
35, 88–95.

220 Montaldi A, Chisesi T, Stracca-Pansa V, Celli P,
Vespignani M and Stella M (1990) Recurrent chro-
mosomal aberrations in peripheral T-cell lymphoma.
Cancer Genet Cytogenet, 48, 39–48.

221 Lakkala-Paranko T, Franssila K, Lappalainen K,
Leskinen R, Knuutila S, de la Chapelle A and
Bloomfield CD (1987) Chromosome abnormalities in
peripheral T-cell lymphoma. Br J Haematol, 66,
451–460.

222 Sanger WG, Weisenburger DD, Armitage JO and
Purtilo DT (1986) Cytogenetic abnormalities in non-
cutaneous peripheral T-cell lymphoma. Cancer Genet
Cytogenet, 23, 53–59.

223 Auger MJ, Nash JR and Mackie MJ (1986) Marrow
involvement with T cell lymphoma initially presenting
as abnormal myelopoiesis. J Clin Pathol, 39, 134–137.

224 Lukes RJ (1971) Criteria for involvement of lymph
node, bone marrow, spleen, and liver in Hodgkin’s
disease. Cancer Res, 31, 1755–1767.

225 Neiman RS, Rosen PJ and Lukes RJ (1973)
Lymphocyte-depletion Hodgkin’s disease. A clinico-
pathological entity. N Engl J Med, 288, 751–755.

226 Bartl R, Frisch B, Burkhardt R, Huhn D and
Pappenberger R (1982) Assessment of bone marrow
histology in Hodgkin’s disease: correlation with clin-
ical factors. Br J Haematol, 51, 345–360.

227 Ellis ME, Diehl LF, Granger E and Elson E (1989)
Trephine needle bone marrow biopsy in the initial

330 CHAPTER SIX



LYMPHOPROLIFERATIVE DISORDERS 331

staging of Hodgkin disease: sensitivity and specificity
of the Ann Arbor staging procedure criteria. Am J
Hematol, 30, 115–120.

228 Macintyre EA, Vaughan Hudson B, Linch DC,
Vaughan Hudson G and Jelliffe AM (1987) The value
of staging bone marrow trephine biopsy in Hodgkin’s
disease. Eur J Haematol, 39, 66–70.

229 Rosenberg SA (1971) Hodgkin’s disease of the bone
marrow. Cancer Res, 31, 1733–1736.

230 Rappaport H, Berard CW, Butler JJ, Dorfman RF,
Lukes RJ and Thomas LB (1971) Report of the 
Committee on Histopathological Criteria Contribut-
ing to Staging of Hodgkin’s Disease. Cancer Res, 31,
1864–1865.

231 Banks PM (1990) The pathology of Hodgkin’s dis-
ease. Semin Oncol, 17, 683–695.

232 O’Carroll DI, McKenna RW and Brunning RD (1976)
Bone marrow manifestations of Hodgkin’s disease.
Cancer, 38, 1717–1728.

233 Myers CE, Chabner BA, De Vita VT and Gralnick HR
(1974) Bone marrow involvement in Hodgkin’s dis-
ease: pathology and response to MOPP chemother-
apy. Blood, 44, 197–204.

234 Kinney MC, Greer JP, Stein RS, Collins RD and
Cousar JB (1986) Lymphocyte-depletion Hodgkin’s
disease. Histopathologic diagnosis of marrow in-
volvement. Am J Surg Pathol, 10, 219–226.

235 Meadows LM, Rosse WR, Moore JO, Crawford J,
Laszlo J and Kaufman RE (1989) Hodgkin’s disease
presenting as myelofibrosis. Cancer, 64, 1720–1726.

236 Jarrett RF and MacKenzie J (1999) Epstein–Barr
virus and other candidate viruses in the pathogenesis
of Hodgkin’s disease. Semin Hematol, 36, 260–269.

237 Cohen JI (1991) Epstein–Barr virus lymphoprolifer-
ative disease associated with acquired immunode-
ficiency. Medicine (Baltimore), 70, 137–160.

238 Hopwood P and Crawford DH (2000) The role of EBV
in post-transplant malignancies: a review. J Clin
Pathol, 53, 248–254.

239 Curtis RE, Travis LB, Rowlings PA, Socie G, Kingma
DW, Banks PM et al. (1999) Risk of lymphoprolifera-
tive disorders after bone marrow transplantation: a
multi-institutional study. Blood, 94, 2208–2216.

240 Shapiro RS, McClain K, Frizzera G, Gajl-Peczalska KJ,
Kersey JH, Blazar BR et al. (1988) Epstein–Barr virus

associated B cell lymphoproliferative disorders fol-
lowing bone marrow transplantation. Blood, 71,
1234–1243.

241 Spiro IJ, Yandell DW, Li C, Saini S, Ferry J, Powelson
J et al. (1993) Brief report: lymphoma of donor origin
occurring in the porta hepatis of a transplanted liver.
N Engl J Med, 329, 27–29.

242 Baumforth KR, Young LS, Flavell KJ, Constandinou
C and Murray PG (1999) The Epstein–Barr virus and
its association with human cancers. Mol Pathol, 52,
307–322.

243 Hanto DW, Sakamoto K, Purtilo DT, Simmons RL
and Najarian JS (1981) The Epstein–Barr virus in the
pathogenesis of posttransplant lymphoproliferative
disorders. Clinical, pathologic, and virologic correla-
tion. Surgery, 90, 204–213.

244 Hanto DW, Gajl-Peczalska KJ, Frizzera G, Arthur DC,
Balfour HH Jr, McClain K et al. (1983) Epstein–Barr
virus (EBV) induced polyclonal and monoclonal 
B-cell lymphoproliferative diseases occurring after
renal transplantation. Clinical, pathologic, and viro-
logic findings and implications for therapy. Ann Surg,
198, 356–369.

245 Craig FE, Gulley ML and Banks PM (1993) Post-
transplantation lymphoproliferative disorders. Am J
Clin Pathol, 99, 265–276.

246 Knowles DM, Cesarman E, Chadburn A, Frizzera G,
Chen J, Rose EA and Michler RE (1995) Correlative
morphologic and molecular genetic analysis demon-
strates three distinct categories of posttransplantation
lymphoproliferative disorders. Blood, 85, 552–565.

247 Cleary ML, Nalesnik MA, Shearer WT and Sklar J
(1988) Clonal analysis of transplant-associated lym-
phoproliferations based on the structure of the
genomic termini of the Epstein–Barr virus. Blood, 72,
349–352.

248 Harris NL, Ferry JA and Swerdlow SH (1997)
Posttransplant lymphoproliferative disorders: sum-
mary of Society for Hematopathology Workshop.
Semin Diagn Pathol, 14, 8–14.

249 Koeppen H, Newell K, Baunoch DA and Vardiman
JW (1998) Morphologic bone marrow changes in
patients with posttransplantation lymphoprolifera-
tive disorders. Am J Surg Pathol, 22, 208–214.



osteosclerosis. The paraprotein secreted is IgG in
about 60% of cases and IgA in about 20%; 
some patients secrete excess monoclonal light 
chain (Bence-Jones protein) in addition to com-
plete Ig and, in about 15–20% of patients, only light
chain is produced (Bence-Jones myeloma). A
minority of patients produce an IgM, IgD or IgE
paraprotein. Occasional patients have two distinct
paraproteins. A small minority of patients have 
no paraprotein in serum or urine (non-secretory
myeloma). Any paraprotein secreted will, since it
arises from a single clone of cells, contain only a 
single light chain type, either κ or λ. Monoclonal 
Ig, being of high molecular weight, are usually
detected only or mainly in the serum whereas,
unless there is co-existing renal failure, the low
molecular weight Bence-Jones protein is detected
only in the urine.

Multiple myeloma can be diagnosed with reason-
able certainty if two of the following three criteria
are met:
1 more than 10% plasma cells in a bone marrow
aspirate;
2 a paraprotein in serum or urine; and
3 osteolytic bone lesions or osteoporosis [1].

The probability of myeloma is high if an IgG 
paraprotein exceeds 30 g/l or if an IgA para-
protein exceeds 10 g/l. It is useful to distinguish
‘smouldering multiple myeloma’ from other cases.
Smouldering multiple myeloma is an appropriate
diagnosis if there are no symptoms, normal serum
calcium concentration and renal function (creati-
nine <170 µmol/l), a relatively low paraprotein
concentration (IgG paraprotein less than 70 g/l or
IgA paraprotein less than 50 g/l), no bone lesions
and no infections.

The median survival in multiple myeloma is 3–4

SEVEN

MULTIPLE MYELOMA AND
RELATED DISORDERS

Multiple myeloma

Multiple myeloma or myelomatosis is a disease
resulting from the proliferation in the bone marrow
of a clone of neoplastic cells that are closely related,
both morphologically and functionally, to plasma
cells. In the great majority of cases, the neoplastic
cells secrete a protein that is either a complete 
immunoglobulin (Ig) or an immunoglobulin light
chain. Clinical features result either directly from the 
effects of the neoplastic proliferation or indirectly
from effects of the protein, often designated a para-
protein, which the myeloma cells produce. The na-
ture of this disease, in which cells of the abnormal
clone are widely, randomly and diffusely dis-
tributed in the red marrow, is better reflected by the
term ‘myelomatosis’ than by the more commonly
used ‘multiple myeloma’. It might be preferable if
the latter term was restricted to those rare cases,
more closely related to solitary myeloma (plasma-
cytoma), in which there are several isolated lesions
but intervening bone marrow is normal. However,
use of the term ‘multiple myeloma’ for the disease
we are describing is so common that we shall re-
tain it.

Multiple myeloma is a disease predominantly of
the middle-aged and elderly. It has an incidence of
2–4/100 000/year. The disease is more common 
in Blacks than in Caucasians and somewhat more
common in men than in women. Characteristic
clinical features are anaemia, bone pain, patholog-
ical fractures, hypercalcaemia and renal failure. 
A minority of patients have hepatomegaly or 
lymphadenopathy. Splenomegaly is occasionally
present. Patients with symptomatic bone lesions
usually have either generalized osteoporosis or dis-
crete osteolytic lesions but occasional patients have
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years. The condition usually terminates in refrac-
tory disease, sometimes with a leukaemic phase. In
some cases there is transformation to immunoblastic
lymphoma. A significant minority of patients
(about 10% of those who survive 5–10 years after
treatment) succumb to a secondary myelodysplastic
syndrome or to acute myeloid leukaemia (AML); it
is likely that these complications result from the
administration of alkylating agents.

Peripheral blood

The great majority of patients have anaemia which
is either normocytic, normochromic or, less often,
macrocytic. In most patients there is increased
rouleaux formation and increased background
basophilic staining due to the presence of the para-
protein in the blood. These features do not occur 
in the minority of patients whose cells secrete 
only Bence-Jones protein or are non-secretory. The
blood film is occasionally leuco-erythroblastic and it
is often possible to find a small number of plasma
cells or plasmacytoid lymphocytes. In patients with
more advanced disease, there may be thrombocy-
topenia and neutropenia. Occasionally, there are
large numbers of circulating neoplastic cells, show-
ing mild to marked atypia, either at presentation or
during the terminal phase of the disease. The desig-
nation plasma cell leukaemia is then used (see 
page 345). Occasional patients have a neutrophilic
leukaemoid reaction.

Bone marrow cytology

The bone marrow features are very variable. Plasma
cells are usually increased, often constituting
between 30 and 90% of bone marrow nucleated
cells. The myeloma cells may be morphologically
fairly normal, showing the eccentric nucleus,
clumped chromatin and Golgi zone typical of a nor-
mal plasma cell, or may be moderately or severely
dysplastic. A common cytological abnormality is
nucleocytoplasmic asynchrony; the cytoplasm is
mature but the nucleus either has a diffuse chro-
matin pattern or contains a prominent nucleolus
(Figs 7.1 and 7.2). Other cytological abnormalities
include: (i) marked pleomorphism; (ii) increased
size of cells; (iii) a high nucleocytoplasmic ratio; 
(iv) multinuclearity (Fig. 7.3); (v) nuclear lobula-
tion (Fig. 7.4); (vi) phagocytosis by myeloma cells
(Fig. 7.3); and (vii) the presence of mitotic figures.
Occasionally, multinuclearity is extreme with up to
40 nuclei per cell [2]. Sometimes there are giant
dysplastic plasma cells. Cytoplasmic abnormalities
include uniform basophilia without a distinct Golgi
zone, cytoplasmic eosinophilia and ‘flaming’
eosinophilic margins (Fig. 7.3). The cytoplasm may
be voluminous or may contain crystals (Fig. 7.5),
vacuoles or dilated sacs of endoplasmic reticulum
(Fig. 7.6). Myeloma cells may have multiple small
vacuoles containing weakly basophilic material
(Fig. 7.7), the term ‘Mott cell’ then being used. They
may have giant spherical inclusions, referred to as

Fig. 7.1 BM aspirate, multiple
myeloma, showing a range of cells
from a plasmablast to mature
plasma cells. MGG ×940.



Fig. 7.2 BM aspirate, multiple
myeloma, showing plasmablasts,
one of which is trinucleated. 
MGG ×940.

Fig. 7.3 BM aspirate, multiple
myeloma, showing bi- and
trinucleated myeloma cells and
myeloma cells with flaming
cytoplasm. MGG ×940.

Fig. 7.4 BM aspirate, multiple
myeloma, showing one myeloma
cell with a bilobed nucleus and
another which has ingested an
erythrocyte. MGG ×940.
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Fig. 7.5 BM aspirate, multiple
myeloma, showing a myeloma 
cell containing crystals of
immunoglobulin. MGG ×940.

Fig. 7.6 BM aspirate, multiple
myeloma, showing myeloma cells,
one of which has gross distension 
of the endoplasmic reticulum by
immunoglobulin. MGG ×940.

Fig. 7.7 BM aspirate, multiple
myeloma, showing a Mott cell.
MGG ×970.
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Russell bodies (Fig. 7.8). Nuclear inclusions may be
present (Fig. 7.9). Rarely the bone marrow aspirate
contains amyloid (see Fig. 7.29).

It is not always possible to make a diagnosis of
multiple myeloma on the basis of bone marrow
morphology alone. Multiple myeloma characterist-
ically affects the bone marrow in a patchy manner
and an aspirate will not necessarily contain a large
number of plasma cells; nor will the morphology of
the myeloma cells necessarily be very abnormal.
Non-diagnostic aspirates are obtained in about 5%
of patients. There is no particular percentage of

plasma cells which reliably separates multiple
myeloma from reactive plasmacytosis or from mon-
oclonal gammopathy of undetermined significance
(see below). It is necessary, in doubtful cases, to
assess not only the bone marrow cytology and 
histology but also the clinical, radiological and 
biochemical features.

The bone marrow aspirate is of value not only in
making a diagnosis of multiple myeloma but also in
determining the prognosis. Both the percentage of
plasma cells in the aspirate [3–5] and their degree of
dysplasia [4,6–8] correlate with prognosis.

Fig. 7.8 BM aspirate, multiple
myeloma, showing numerous
Russell bodies. MGG ×940.

Fig. 7.9 BM aspirate, multiple
myeloma, showing formation of a
Dutcher body by invagination from
the cytoplasm. There are also
‘flame cells’. MGG ×940.
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Flow cytometry and immunocytochemistry

Myeloma cells give negative reactions with most 
B-cell markers but positive reactions are often
obtained with CD79a. In addition, both normal
plasma cells and myeloma cells express CD38 and
CD138 and do not express CD45. Normal plasma
cells usually express CD19 and not CD56, whereas
myeloma cells often over-express CD56 and fail to
express CD19 [9,10]. Other antigens which are not
expressed in normal plasma cells but may show
aberrant expression in myeloma cells include CD20,
CD28 and CD117. SmIg may be expressed whereas
normal plasma cells express only cytoplasmic Ig [9].

Bone marrow histology

Bone marrow biopsy can be of use both in the diag-
nosis of multiple myeloma and in assessing the
prognosis. Non-diagnostic biopsies are obtained in
5–10% of cases, either because of early disease or
because the pattern of infiltration is nodular rather
than diffuse and the biopsy has included only non-
infiltrated marrow [11]. In addition, increased 
reticulin may mean that myeloma cells are not
readily aspirated. Because a larger volume of tissue
is sampled than in an aspirate and since the pattern
of infiltration can be ascertained, a biopsy may con-
firm a diagnosis of multiple myeloma when the
aspirate has not done so. However, on occasions,
more diagnostic information is obtained from the

aspirate than from the trephine biopsy, so the two
investigations should be regarded as complemen-
tary. Three major patterns of infiltration are seen: 
(i) interstitial, with or without paratrabecular seams
of plasma cells; (ii) nodules or broad bands; and (iii) a
packed marrow [11]. When infiltration is interstitial
myeloma cells are dispersed among haemopoietic
and fat cells (Fig. 7.10), whereas in a ‘packed 
marrow’ (Fig. 7.11) the normal architecture of the
marrow is obliterated. In reactive plasmacytosis,
infiltration is interstitial and large accumulations of
plasma cells are not seen. Some histopathologists
have considered that plasma cells sited around 
capillaries are indicative of reactive plasmacytosis
rather than multiple myeloma [11], but others have
observed this feature also in multiple myeloma
[12]. A paratrabecular pattern of infiltration (Fig.
7.12) may occur but is uncommon. Myeloma cells
show varying degrees of dysplasia. In some cases
myeloma cells are morphologically very similar to
normal plasma cells. In others, they are very large,
have nucleoli, are pleomorphic (Fig. 7.13) or are
frankly blastic with a diffuse chromatin pattern and
a prominent nucleolus (Fig. 7.14). Nucleocyto-
plasmic asynchrony is common. Dutcher bodies
(Fig. 7.13), Russell bodies (Fig. 7.15), cytoplasmic
crystals (Fig. 7.16) and Mott cells (Fig. 7.17) may be
apparent.

Additional changes which may be associated with
multiple myeloma include reduced haemopoiesis,
even in the absence of heavy infiltration, increased

Fig. 7.10 BM trephine biopsy
section, multiple myeloma,
showing interstitial infiltration 
of the marrow by plasma cells.
Paraffin-embedded, H&E ×940.



Fig. 7.11 BM trephine biopsy
section, multiple myeloma,
showing diffuse infiltration by
plasma cells (packed marrow).
Paraffin-embedded, H&E ×195.

Fig. 7.12 BM trephine biopsy
section, multiple myeloma,
showing a paratrabecular
myelomatous infiltrate. Paraffin-
embedded, H&E ×188.

Fig. 7.13 BM trephine biopsy
section, multiple myeloma,
showing plasma cells with
moderate nuclear pleomorphism
and numerous eosinophilic
intranuclear (Dutcher) and
intracytoplasmic (Russell) 
inclusion bodies. Paraffin-
embedded, H&E ×970.
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reticulin deposition, lymphoid infiltrates and, occa-
sionally, the presence of granulomas (see Fig. 3.29).
Bone marrow vascularity is increased and is indi-
cative of a worse prognosis [13,14]. Patients with 
a neutrophilic leukaemoid reaction show striking
granulocytic hyperplasia. Occasionally, reticulin 
deposition is markedly increased and there is also 
collagen deposition; this appears to be particularly
associated with IgD myeloma [15,16]. Collagen
deposition is preferentially type II rather than type I
[17], as occurs also in idiopathic myelofibrosis. 
If systematic evaluation is carried out, amyloid

deposition is demonstrated in the bone marrow in
up to 10% of patients [18].

The bone changes usually associated with multi-
ple myeloma are diffuse osteoporosis, with thinning
of all trabeculae, and osteolytic lesions with resorp-
tion of bone by osteoclasts. In multiple myeloma
there is no relationship between osteoclastic and
osteoblastic activity [19]. Diffuse osteoporosis has
been found to be associated with a packed marrow
pattern of infiltration, while osteolytic lesions are
found particularly in those with nodular infiltration
[11]. Osteoclastic activity correlates with the degree

Fig. 7.14 BM trephine biopsy
section, multiple myeloma
(plasmablastic), showing
plasmablasts with marked 
variation in nuclear size and shape
and prominent central nucleoli.
Plastic-embedded, H&E ×940.

Fig. 7.15 BM trephine biopsy
section, multiple myeloma,
showing abundant Russell bodies.
Paraffin-embedded, H&E ×390.
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of plasma cell infiltration. Occasional patients with
multiple myeloma have osteosclerosis (Fig. 7.18).

The prognosis in myeloma can be related to: 
(i) the extent of plasma cell infiltration (histological
stage); (ii) the pattern of infiltration; and (iii) the
cytological features of the cells (histological grade)
[11]. Bartl et al. [11] found that a nodular pattern of
infiltration correlated with more aggressive disease
and with a worse prognosis than was seen when the
pattern of infiltration was interstitial, with or with-
out paratrabecular seams of plasma cells; a packed
marrow indicated a worse prognosis than either of

the other patterns. This has been confirmed by 
Pich et al. [20]. These two groups and a number of
other investigators have been able to relate progno-
sis also to the degree of dysplasia of the myeloma
cells [19–22]. Bartl and Frisch [19] have suggested
a classification that divides myeloma into three
groups: (i) low grade, in which the plasma cells are
mature with minimal dysplasia; (ii) intermediate
grade, in which the plasma cells are dysplastic but
not frankly blastic; and (iii) high grade, comprising
plasmablasts. The three grades have median sur-
vivals of 60, 32 and 10 months, respectively [7,11].

Fig. 7.16 BM trephine biopsy
section, multiple myeloma,
showing a striking deposition 
of crystals of immunoglobulin.
Paraffin-embedded, H&E ×940. (By
courtesy of Dr P Hayes, Chatham.)

Fig. 7.17 BM trephine biopsy
section, multiple myeloma,
showing myeloma cells with
endoplasmic reticulum distended
by immunoglobulin (Mott cells).
Paraffin-embedded, H&E ×940.
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The best prognosis in multiple myeloma is found 
in those with ‘smouldering’ disease. Histologically,
these patients have minimal interstitial infiltration
by mainly mature plasma cells [19]. The minority of
cases of multiple myeloma which show a high
count of mitotic figures (more than one per high
power field) have a shorter survival [23]. The pres-
ence of amyloid deposits in the bone marrow or
elsewhere has been found not to influence prog-
nosis in patients who are treated with intensive
chemotherapy followed by autologous stem cell
transplantation [18].

Response to treatment is associated with a reduc-
tion of plasma cell burden and reduced osteoclastic
activity. Corticosteroid-treated patients may have
aggravation of osteoporosis. Patients treated with
biphosphonates may show new bone formation
with extensive osteoid seams [19].

Immunohistochemistry

Neoplastic cells in the great majority of cases of mul-
tiple myeloma express monotypic immunoglobulin,
i.e. there is expression of κ or λ light chains but not
both. There is usually expression of CD38 and
CD138 and reactions with VS38c are positive [24–
26]. Cells from cases with plasmacytic morphology,
but rarely those with plasmablastic features, express
the CD38 ligand CD31 [27]. Expression of CD79a is
usual but, in a substantial proportion of cases, cells

fail to express this antigen. Cells in a proportion 
of cases express CD45 or CD20 but most do not. A
variety of other antigens, including CD22, CD45RO,
CD30 and non-haemopoietic antigens, such as
epithelial membrane antigen (EMA) and vimentin,
are sometimes expressed [28]. However, in contrast
to normal plasma cells, the expression of CD30 and
EMA is not at all common in multiple myeloma.
Nuclear expression of cyclin D1 is observed in the
majority of patients in whom t(11;14)(q13;q32) is
detected and in a minority of other patients [29].
Expression of CD45RO correlates with a worse
prognosis [30].

Cytogenetics and molecular genetics

Because of the low proliferation rate of myeloma
cells, cytogenetic analysis demonstrates a clonal
abnormality in only 30–50% of cases of multiple
myeloma, whereas fluorescence in situ hybridiza-
tion (FISH) techniques demonstrate an abnormality
in 80–100% of cases. No specific cytogenetic or
molecular genetic abnormalities have been dem-
onstrated but aneuploidy and chromosomal trans-
locations involving the immunoglobulin heavy
chain (IGH) locus at 14q32 are both common. Trans-
locations with a 14q32 breakpoint are demonstrable
by FISH in about 60% of patients [31]. They include
t(4;14)(p16;q32), t(6;14)(p25;q32), t(8;14)(q24;q32),
t(9;14)(p13;q32), t(11;14)(q13;q32) (the 

Fig. 7.18 BM trephine biopsy
section in osteosclerotic multiple
myeloma. Paraffin-embedded, 
H&E ×188.
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commonest translocation demonstrated) and
t(14;16)(q32;q22–23). Other translocations
demonstrated have sometimes had a 22q11 break-
point, e.g. t(8;22)(q24;q11) and t(16;22)(q23;q11).
Frequently demonstrated aneuploidies include
monosomy 13 and trisomies 3, 5, 6, 7, 9, 11, 15, 17
and 19 [31–34]. Common deletions are 13q14,
17p13 and 11q [35]. Hyperdiploidy is seen in more
than 50% of patients with the remainder showing
hypodiploidy, pseudodiploidy and near tetraploidy
[34]. Deletions of 11q, 13q14 and 17p13 have been
found to have a poor prognostic significance [35].

Problems and pitfalls

Problems can occur in distinguishing multiple
myeloma from reactive plasmacytosis and from
other lymphoproliferative disorders with plasma-
cytic differentiation. The diagnosis must therefore
be based on correlation of clinical, biochemical,
radiological, cytological and histological features.

Increased numbers of plasma cells can be seen as
a reactive phenomenon in a wide range of condi-
tions (page 116) and they can comprise more than
10% of bone marrow cells (Fig. 7.19). In assessing
bone marrow aspirates, there is no cut-off point 
that reliably distinguishes multiple myeloma from
reactive conditions. Rarely, as many as 30–50% 
of plasma cells are present as a reactive change.
Cytological features must be assessed as well as

plasma cell number. The presence of plasmablasts
and marked plasma cell dysplasia, e.g. giant forms,
striking nuclear lobulation and prominent nucleoli,
are strongly suggestive of multiple myeloma.

Three trephine biopsy features have been re-
ported to be specific for multiple myeloma: (i) homo-
geneous nodules of plasma cells occupying at least
half a high power field; (ii) monotypic plasma cell
aggregates occupying the space between fat cells;
and (iii) marked diffuse plasmacytosis with mono-
typic light chain expression [23].

Increased numbers of plasma cells are seen in
monoclonal gammopathy of undetermined signifi-
cance (see below) and this condition therefore needs
to be distinguished from multiple myeloma [36,37].
In some cases of multiple myeloma, the neoplastic
cells have the features of lymphoplasmacytoid lym-
phocytes rather than of plasma cells; such cases
need to be distinguished from lymphoplasmacytic
lymphoma.

In the rare cases of multiple myeloma which
show a very marked fibroblastic response, it may be
difficult to recognize distorted plasma cells (Fig.
7.20); immunohistochemistry is useful to confirm
their presence.

In some patients with multiple myeloma, the
neoplastic cells are so immature or atypical that
they are cytologically indistinguishable from large
cell lymphoma or other anaplastic tumours, includ-
ing carcinoma, melanoma and AML. Plasmablastic

Fig. 7.19 BM trephine biopsy
section, showing heavy reactive
plasma cell infiltration in HIV
infection. Paraffin-embedded, 
H&E ×940.
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myeloma and large cell lymphoma with cells having
the features of immunoblasts are particularly likely
to be confused. Myeloma cells sometimes also re-
semble carcinoma cells in forming cohesive masses
[38]. Giant, pleomorphic plasma cells may be con-
fused with megakaryocytes (Figs 7.21 and 7.22).

A Giemsa stain can be very useful in highlighting
plasma cell differentiation in an apparently ana-
plastic tumour but immunohistochemistry, using
an appropriate panel of antibodies, is often crucial
in making a correct diagnosis. Large cell lymphoma
can be distinguished from multiple myeloma
immunohistochemically since lymphoma cells are

usually positive for CD45, CD79a and CD20 and do
not express cytoplasmic immunoglobulin. Myeloma
cells are usually negative for CD45 and CD20, vary
in their expression of CD79a and show strong cyto-
plasmic expression of monotypic immunoglobulin.
AIDS-related large cell lymphomas without any
apparent plasmacytic differentiation may fail to
express CD20 but usually express CD45. Anaplastic
large cell lymphoma (see page 306) is among the
large cell lymphomas which can be confused with
anaplastic multiple myeloma; both conditions are
usually negative for B-cell markers and CD45 but
positive for CD30 and both may express EMA.

Fig. 7.20 BM trephine biopsy
section, multiple myeloma,
showing a fibroblastic reaction 
to myelomatous infiltration.
Immunohistochemistry is useful 
for identifying the distorted
neoplastic cells in the fibrous tissue.
Paraffin-embedded, H&E ×376.
(By courtesy of Dr J Jip, Bolton.)

Fig. 7.21 BM aspirate, multiple
myeloma, showing a giant
myeloma cell which could easily 
be confused with a megakaryocyte;
the presence of an intranuclear
inclusion (a Dutcher body) is a clue
to the correct diagnosis. MGG ×940.



Fig. 7.22 BM trephine biopsy
sections (same case as in Fig. 7.21),
showing giant myeloma cells 
which were confused with
megakaryocytes. However, the
giant cells were negative for CD61,
positive for a plasma cell marker
and showed light chain restriction.
Paraffin-embedded. (a) H&E ×188.
(b) Positive reaction with VS38c.
Immunoperoxidase ×376.
(c) Positive reaction with anti-
kappa. Immunoperoxidase ×376.

(a)

(b)

(c)
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Staining for ALK1 can be useful since many 
cases of anaplastic large cell lymphoma are positive
(see page 309). CD45RO, often used as a T-cell
marker, is expressed in some cases of multiple
myeloma [30].

The demonstration of light chain restriction using
labelled oligonucleotide or peptide nucleic acid
probes complementary to κ and λ light chain 
mRNA (see page 80) can be useful in distinguishing
myeloma from large cell lymphoma and from other
tumours. Anaplastic carcinoma cells do not express
CD45 or CD20 and usually express EMA and high
or low molecular weight cytokeratins. However, in
this context, it should be noted that some myeloma
cells also express EMA and, likewise, CD138 may be
expressed by non-lymphoid tumours including
some anaplastic carcinomas. It is usual practice to
apply a broad panel of monoclonal antibodies in 
an attempt to determine the nature of anaplastic
tumours. If reactions are all negative it is important
to consider anaplastic myeloma and carry out im-
munostaining for κ and λ light chains. Immuno-
staining for CD138 and the antigen reactive with
VS38c can also be useful in this context [25,26].

Plasma cell leukaemia

The term plasma cell leukaemia may be used to des-
ignate a de novo leukaemia of neoplastic plasma cells
or the terminal phase of multiple myeloma when

myeloma cells are present in the peripheral blood 
in large numbers. Plasma cell leukaemia has been
defined by the presence in the circulating blood of
at least 2 × 109/l plasma cells which also constitute
at least 20% of circulating cells [39]. Patients with
de novo or primary plasma cell leukaemia show clin-
ical features that are common in multiple myeloma
such as bone pain, lytic lesions, hypercalcaemia 
and renal failure, but they have a higher incidence 
of extramedullary lesions and, in addition, often
have hepatomegaly and splenomegaly. The disease
is more aggressive than multiple myeloma with a
median survival of less than a year. Patients with
established multiple myeloma who develop a sec-
ondary plasma cell leukaemia have advanced dis-
ease which is usually refractory to treatment. Their
prognosis is likewise poor.

Peripheral blood

The blood film shows large numbers of circulating
neoplastic plasma cells (Fig. 7.23), the morphology
of which varies between patients from cells resem-
bling normal plasma cells to primitive, blastic cells
showing only minimal evidence of plasma cell 
differentiation. Anaemia is almost invariable and
neutropenia and thrombocytopenia are common.
Increased rouleaux formation and increased back-
ground staining are usual; in patients with plasma
cell leukaemia as the terminal phase of multiple

Fig. 7.22 (d) Negative 
reaction with anti-lambda.
Immunoperoxidase ×376. (d)
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myeloma these abnormalities are often striking
since the paraprotein level is commonly high.

Bone marrow cytology

The bone marrow is heavily infiltrated with 
neoplastic cells showing the same morphological
features as those in the peripheral blood. Normal
haemopoietic elements are reduced.

Bone marrow histology

There is a diffuse infiltrate of plasma cells which
make up the majority of cells in the marrow [40,41].
In the majority of cases, the cytological features are
similar to those of multiple myeloma; in a minority
of cases the cells are very immature with little mor-
phological evidence of plasma cell differentiation.

Cytogenetics and molecular genetics

Clonal cytogenetic abnormalities are common in
plasma cell leukaemia. Although no consistent
association is recognized, monosomy 13 is common
[32,33] and there are often chromosomal rear-
rangements, such as t(11;14)(q13;q32), with a 14q32
breakpoint. Hypodiploidy is common whereas, in
contrast to multiple myeloma, hyperdiploidy is not
[32–34]. Deletion of the cancer-suppressing RB
gene is common [32,33].

Monoclonal gammopathy of undetermined
significancedbenign monoclonal
gammopathy

Monoclonal gammopathy of undetermined signi-
ficance (MGUS) denotes a condition in which there
is proliferation of a clone of plasma cells with pro-
duction of a paraprotein but without the signs of
disease which are characteristic of multiple myeloma
and related plasma cell disorders. The paraprotein is
usually an immunoglobulin (either IgG, IgA or IgM)
but is occasionally a Bence-Jones protein. The para-
protein concentration is relatively low (in the case
of an IgG paraprotein less than 30 g/l, in the case of
an IgA or IgM paraprotein less than 20 g/l) and is
usually stable. Immune paresis is not a feature.
Since there are no features of disease, the diagnosis
is necessarily made incidentally. Monoclonal gam-
mopathy of uncertain significance is common. 
Paraproteins can be detected in about 1% of adults
under the age of 70 and in about 3% of adults over
this age. It is not always possible to make a distinc-
tion between multiple myeloma and MGUS on the
basis of any single feature. It is necessary to assess
clinical and haematological features, bone marrow
cytology and bone marrow histology in order to
make the distinction. A period of observation may
also be necessary to establish that the concentration
of the paraprotein is stable and no disease features
are appearing. It should be noted that although this

Fig. 7.23 PB film in plasma cell
leukaemia, showing marked
rouleaux formation and two
dysplastic plasma cells, one with an
intranuclear inclusion (Dutcher
body). MGG ×940.
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condition is clinically benign, it does represent a
neoplastic proliferation. If patients are followed for
a prolonged period, a significant proportion eventu-
ally develop overt evidence of multiple myeloma or
a related condition. In one series of patients, over 
a 20-year period of observation, the actuarial risk 
of developing multiple myeloma, Waldenström’s
macroglobulinaemia or primary (AL) amyloidosis
was found to be approximately 30% [42]. In
another small series of patients, followed for up to
31 years, seven of 11 patients developed a plasma
cell neoplasm or non-Hodgkin’s lymphoma (NHL)
[43]. Since progression may occur, but the likeli-
hood of this cannot be predicted currently for 
individual patients, the designation ‘monoclonal
gammopathy of undetermined significance’ is pre-
ferred to ‘benign monoclonal gammopathy’.

Peripheral blood

The peripheral blood film may show increased
rouleaux formation but this is generally less marked
than in multiple myeloma; anaemia does not occur
and circulating plasma cells are not present.

Bone marrow cytology

The bone marrow may appear completely normal
or there may be an increase of plasma cells. Plasma
cells do not usually exceed 5% of nucleated cells 
but may comprise up to 10%. The plasma cells are
usually morphologically fairly normal but minor
dysplastic features may be noted.

Bone marrow histology

Plasma cell infiltration is usually minimal with focal
accumulation around capillaries which is often in-
distinguishable from a reactive plasmacytosis [11].

Immunohistochemistry

Immunohistochemical staining with anti-κ and
anti-λ antisera shows κ:λ or λ:κ ratios of greater
than four in approximately 65% of cases, the
majority having ratios between four and 16. In
comparison, almost all cases of overt myeloma have
κ:λ or λ:κ ratios of greater than 16, the majority
being greater than 100 [44].

Cytogenetics and molecular genetics

Because the neoplastic cells make up a low pro-
portion of bone marrow cells and have a low prolif-
erative rate, it is uncommon for cytogenetic analysis
to demonstrate any clonal abnormality in patients
with MGUS. Nevertheless, FISH techniques show
that translocations with a 14q32 breakpoint, such 
as t(4;14)(p16;q32) and t(11;14)(q13;q32), occur
with a similar frequency to that seen in multiple
myeloma [31]. Various aneuploidies have also been
demonstrated. Monosomy 13, however, has been
found to be much less common than in multiple
myeloma and, when present, is likely to be predic-
tive of disease progression [31].

Problems and pitfalls

It can be difficult to estimate κ:λ ratios when plasma
cells constitute less than 5% of total cells [45]. How-
ever, it should be noted that this is not an essential
investigation if it is known that the patient has 
a paraprotein. The major purpose of the trephine
biopsy in this context is to distinguish between
MGUS and multiple myeloma.

Waldenström’s macroglobulinaemia

The condition described by Waldenström as ‘essen-
tial hyperglobulinaemia’ is a disease characterized
by a lymphoplasmacytic neoplasm with secretion of
large amounts of an IgM paraprotein. It is a variant
of lymphoplasmacytic lymphoma (see page 258)
and is distinguished from other cases of this 
lymphoma on the basis of clinical and biochemical
features rather than by cytological or histological
criteria. Predominant signs and symptoms are
either characteristic of a lymphoma or are caused by
the hyperviscosity of blood consequent on the high
concentration of IgM. Hepatomegaly, splenomegaly
and lymphadenopathy are common. Clinical 
features resulting from the high concentration of
the paraprotein include anaemia (due to a greatly
increased plasma volume), impaired vision, cere-
bral effects, cardiac failure and a bleeding tendency.
In some patients the paraprotein has characteristics
of a cold agglutinin or a cryoglobulin and in others it
is amyloidogenic. Peripheral neuropathy is com-
mon and the paraprotein can sometimes be shown
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to have antibody activity against neural antigens.
The incidence of Waldenström’s macroglobulinae-
mia is about a tenth that of multiple myeloma.

Peripheral blood

There is usually a normocytic normochromic
anaemia, increased rouleaux formation and in-
creased background staining. Some patients have
thrombocytopenia. When the paraprotein has the
characteristics of a cold agglutinin or of a cryoglob-
ulin, either red cell agglutinates or a cryoglobulin
precipitate may be detected in the blood film. The

lymphocyte count may be normal or elevated, with
the lymphocytes usually being mature small lym-
phocytes showing some features of differentiation
to plasma cells.

Bone marrow cytology

The bone marrow is infiltrated by neoplastic cells
which most often have the morphology of small
lymphocytes, with a variable proportion of cells
showing some plasmacytoid features (Figs 7.24 
and 7.25). Plasma cells are usually increased and, in
some patients, plasmacytic differentiation is prom-

Fig. 7.24 BM aspirate,
Waldenström’s macroglobu-
linaemia, showing a mast cell 
and mature small lymphocytes.
MGG ×940.

Fig. 7.25 BM aspirate,
Waldenström’s macroglobu-
linaemia (same case as in Fig. 7.24),
showing mature small lymphocytes
and one plasmacytoid lymphocyte
clustered around a macrophage
(reticulum cell). MGG ×940.
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inent. Intranuclear or intracytoplasmic inclusions,
which are usually periodic acid–Schiff (PAS)-
positive, are sometimes present. Macrophages and
mast cells (Fig. 7.25) are often increased. Lym-
phoplasmacytoid cells may be clustered around
macrophages.

Bone marrow histology

The bone marrow histology is not uniform [46–48].
In some patients, the infiltrating cells are predomi-
nantly lymphocytes, including plasmacytoid lym-
phocytes whereas, in others, there is prominent
plasma cell differentiation. Some patients have an
interstitial infiltrate or well-circumscribed nodules
of lymphoid cells but, in the majority, there is either
diffuse infiltration or a mixed nodular–diffuse pat-
tern. Paratrabecular infiltration may also occur,
often accompanied by increased reticulin deposi-
tion. A variable proportion of cells show features of
plasmacytic differentiation, including Russell bodies
and Dutcher bodies (Fig. 7.26). Mature plasma cells
are usually increased, as are macrophages, mast
cells and, sometimes, eosinophils. Mast cells may be
specifically associated with lymphoid infiltrates.
Overall, about half of the cases show increased reti-
culin deposition. Trephine biopsy sections some-
times show infiltration when the bone marrow
aspirate is normal. Rare observations in Walden-
ström’s macroglobulinaemia include the deposition

of paraprotein in the bone marrow interstitium and
an abnormal staining pattern caused by intrasinu-
soidal paraprotein (Fig. 7.27).

Immunohistochemistry

Immunohistochemical features vary between and
within cases, depending on the degree of plasma-
cytic differentiation shown. There is usually strong
expression of CD79a by most of the cells, while any
neoplastic plasma cells show monotypic cytoplas-
mic immunoglobulin (κ or λ) and react with VS38c.

Other syndromes associated with
secretion of a paraprotein

There are a number of other, relatively uncommon,
syndromes associated with the secretion of a para-
protein. In some of these the features of a lympho-
proliferative disorder are prominent; in others the
clinical and pathological features relate to the char-
acteristics of the paraprotein and only detailed
investigation reveals the presence of an abnormal
clone of plasma cells, plasmacytoid lymphocytes or
lymphocytes. These conditions are summarized in
Table 7.1.

Light chain-associated amyloidosis

Light chain-associated amyloidosis (AL-type of

Fig. 7.26 BM trephine 
biopsy section, Waldenström’s
macroglobulinaemia, showing a
diffuse infiltrate of small lymphoid
cells, some of which show evidence
of plasmacytoid differentiation
(Dutcher bodies, ‘clock-face’
chromatin pattern and/or a 
Golgi zone). Plastic-embedded,
H&E ×377.



Fig. 7.27 Paraffin-embedded
BM trephine biopsy 
sections, Waldenström’s
macroglobulinaemia, showing: 
(a) interstitial deposition of 
IgM paraprotein adjacent to a 
trabecula, PAS stain ×188; and 
(b) intrasinusoidal paraprotein,
PAS stain ×94.

(a)

(b)

Table 7.1 Monoclonal gammopathies (modified from [49]).

Multiple myeloma (including smouldering multiple myeloma)
Solitary plasmacytoma (of bone or extramedullary)
Lymphoplasmacytic lymphoma including Waldenström’s macroglobulinaemia and other types of non-Hodgkin’s

lymphoma with a serum or urinary paraprotein
Monoclonal gammopathy of undetermined significance including idiopathic Bence-Jones proteinuria
Light chain-associated amyloidosis
Light chain or other immunoglobulin deposition disease
Adult acquired Fanconi’s syndrome (renal tubular deposition and excretion of monoclonal light chain)
Essential cryoglobulinaemia (type I and type II cryoglobulinaemia)
Chronic cold haemagglutinin disease
Alpha, gamma and mu (α, γ and µ) heavy chain disease
The POEMS syndrome
Acquired angio-oedema associated with monoclonal gammopathy
Monoclonal gammopathy with peripheral neuropathy
Scleromyxoedema (mucinous deposition in the skin plus serum paraprotein)
Systemic capillary leak syndrome with paraproteinaemia
Acquired C1 inhibitor deficiency with paraproteinaemia
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amyloidosis) is a disease consequent on a plasma
cell disorder in which there is production of an
amyloidogenic light chain [50–54]. The features of
the disease are usually caused by the amyloidosis
rather than by other features of the plasma cell 
proliferation. Heart failure and renal failure are
common manifestations. In a minority of patients,
light chain-associated amyloidosis is associated with
overt multiple myeloma, Waldenström’s macro-
globulinaemia or other forms of lymphoplasmacytic
lymphoma (see page 258) [53]. However, in the
majority of patients, the plasma cell disorder would
be classified as MGUS if it were not for the amy-
loidogenic characteristics of the light chains. In 
a small minority of patients no paraprotein is
detectable in serum or urine but, in this group also,
the disease results from a neoplastic proliferation of
plasma cells, albeit occult. The term primary amy-
loidosis may be used to describe cases without evi-
dence of multiple myeloma or other overt plasma 
cell neoplasm. Amyloid can be formed from either 
κ or λ light chains but, in the majority of patients, 
it is derived from λ light chains.

Peripheral blood

The peripheral blood may be normal or may show
the features usually associated with multiple
myeloma or lymphoplasmacytic lymphoma. Occa-
sionally, features of hyposplenism are present, 
indicating that the spleen is infiltrated by amyloid
and has become hypofunctional. Thrombocytosis,
observed in 9% of cases in one large series, may be
indicative of hyposplenism [54].

Bone marrow cytology

The bone marrow aspirate varies from normal
through increased plasma cells of normal morphol-
ogy to overt multiple myeloma or lymphoplasma-
cytic lymphoma. In a large series of patients, 40%
had at least 10% bone marrow plasma cells [54].
When the bone marrow aspirate is apparently nor-
mal, κ:λ imbalance may indicate the presence of 
an abnormal clone of cells, even though the total
number of plasma cells is not increased. Very rarely,
a bone marrow aspirate from a patient with amy-
loidosis contains either neutrophils which have
ingested amyloid [55] or extracellular amyloid
deposits (Fig. 7. 28).

Bone marrow histology

Bone marrow biopsy sections may be normal 
or may show increased plasma cells. Sometimes,
characteristic features of multiple myeloma or 
lymphoplasmacytic lymphoma are present. In addi-
tion, amyloid may be detected either in the walls 
of small blood vessels (Figs 7.29 and 7.30) or in the
interstitium (Fig. 7.31). Amyloid was detected in
bone marrow sections in 56% of one large series 
of patients [55]. In sections stained with H&E, 
amyloid is homogeneous and pink (Fig. 7.29a)
whereas with a Giemsa stain it is blue (Fig. 7.30). It
stains with Congo red (Fig. 7.29b) and, following
Congo red staining, shows apple-green birefrin-
gence on examination with polarized light (Fig.
7.29c). It stains metachromatically with crystal 
violet and methyl violet and fluoresces after stain-
ing with thioflavine-T [56]. Light chain-associated
(AL) amyloid can be distinguished from amyloid of
AA type by the abolition of Congo red staining 
by prior treatment with potassium permanganate 
in the latter type [56].

Immunohistochemistry

Amyloid can be demonstrated using a monoclonal
antibody that reacts with the P protein common to
light chain-associated and other forms of amyloid.
In the majority of cases of light chain-associated
amyloid, a positive identification can be made 
with type-specific anti-light chain sera. Neoplastic
lymphocytes and plasma cells, when present in
detectable numbers, show the expected patterns 
of reactivity.

Cytogenetics and molecular genetics

Clonal chromosome abnormalities are common in
primary amyloidosis but, because the neoplastic cells
constitute a low percentage of bone marrow cells,
demonstration of these abnormalities requires FISH
techniques [57]. Numerical abnormalities, both mono-
somies and trisomies, are common as are complex
cytogenetic abnormalities. The pattern of abnormal
findings is similar to that observed in MGUS.

Light chain deposition disease [56,58–60]

Light chain deposition disease describes a syndrome
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of organ damage consequent on the systemic 
deposition of free light chains. There is an associ-
ated neoplastic proliferation of plasma cells which 
may be occult or overt. About 70% of patients have
relevant clinical features, most often of multiple
myeloma but occasionally of solitary plasmacy-
toma, lymphoplasmacytic lymphoma or other NHL.
The remaining patients either have features which
would usually be interpreted as MGUS (about 15%
of cases) or have no serum or urinary paraprotein
detectable (also about 15% of cases) [56]. Those
without a detectable paraprotein nevertheless have
an occult plasma cell neoplasm, the neoplastic cells

producing a light chain type which has a propensity
to deposit in and damage tissues. Cases with κ light
chains are over-represented relative to cases with 
λ light chains. In occasional patients, a similar 
syndrome is associated with systemic deposition 
of heavy chains in addition to light chains; the term
‘monoclonal immunoglobulin deposition disease’
has been suggested to include these cases [60,61].
The predominant organ damage is renal, with
glomerular and tubular deposition causing the
nephrotic syndrome, renal failure or both. Occa-
sional patients have presented with clinical features
of hepatic, cardiac or adrenal involvement.

Fig. 7.28 BM aspirate, showing;
(a) a deposit of amyloid, MGG
×940; and (b) amyloid within a BM
fragment, Congo red ×470.

(a)

(b)



Fig. 7.29 BM trephine biopsy
sections, showing amyloid in 
the walls of small blood vessels.
Paraffin-embedded. (a) H&E ×97.
(b) Congo red stain ×390. (c) Congo
red stain viewed under polarized
light ×390.

(a)

(b)

(c)
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Peripheral blood and bone marrow

There are no specific peripheral blood findings
other than those usually associated with renal fail-
ure or with multiple myeloma or other plasma cell
neoplasm.

The bone marrow may appear normal or may
show features usually associated with MGUS, 
multiple myeloma or a related condition. Some
patients who initially have no evidence of multiple
myeloma subsequently develop typical features 
of this disease. In those cases in which the bone
marrow is apparently normal, it may be possible to

demonstrate a monoclonal population of plasma
cells by flow cytometry. Rarely, light chains are
deposited in the bone marrow, either in the intersti-
tium or in the walls of blood vessels [56,59]. Light
chain deposits are morphologically similar to amy-
loid deposits when stained with H&E but they do
not stain with Congo red, or show birefringence
with polarized light, and are negative or react
weakly with thioflavine-T; they are PAS-positive
and stain blue with a Giemsa or Gomori’s trichrome
stain. The nature of light chain deposits can be
confirmed by immunohistochemistry with anti-κ or
anti-λ antiserum.

Fig. 7.30 BM trephine biopsy
section, showing amyloid in the
walls of small blood vessels.
Paraffin-embedded, Giemsa stain
×376.

Fig. 7.31 BM trephine biopsy
section, light chain-associated
amyloidosis (AL type), showing
deposition of amorphous
eosinophilic material in the
interstitium. Paraffin-embedded,
H&E ×94.
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Essential and other paraprotein-associated
cryoglobulinaemia

A plasma cell disorder may lead to cryoglobulin-
aemia, either when there is secretion of a para-
protein with the characteristics of a cryoglobulin
(type I cryoglobulinaemia) or when a paraprotein
has antibody activity against another immuno-
globulin and the immune complex formed is a cryo-
globulin (type II cryoglobulinaemia); in the latter
type, the paraprotein is usually IgM with antibody
activity against polyclonal IgG. In about a quarter 
of patients, cryoglobulinaemia is a manifestation 
of multiple myeloma or of Waldenström’s macro-
globulinaemia. In the other three quarters of
patients, in whom no overt neoplastic prolifera-
tion of plasma cells is present, the term ‘essential
cryoglobulinaemia’ is appropriate; in these cases 
the clone of cells secreting the paraprotein is too
small to produce any pathological manifestations
other than those due to the characteristics of the
cryoglobulin. A significant proportion of cases of
type II cryoglobulinaemia are secondary to hep-
atitis C infection and some of these have an overt
low grade NHL; these cases are not designated
‘essential’ cryoglobulinaemia. The clinical features
of cryoglobulinaemia, e.g. purpura and peripheral
cyanosis, may relate to precipitation of the
immunoglobulin on chilling or, in the case of 
type II cryoglobulinaemia, to immune complex 
formation.

Peripheral blood

In the absence of overt multiple myeloma or lym-
phoplasmacytic lymphoma, the peripheral blood
film is often normal. In a minority of patients, 
a cryoglobulin precipitate is present, usually as
weakly basophilic globular masses, less often as
crystals or a fibrillar deposit. Occasionally, cryoglob-
ulin precipitates have been ingested by neutrophils
or monocytes and are seen as globular, variably
basophilic intracytoplasmic inclusions.

Bone marrow cytology and histology

The bone marrow findings are either normal or are
those of multiple myeloma, a low grade NHL or
MGUS.

Chronic cold haemagglutinin disease

Chronic cold haemagglutinin disease (CHAD) is a
disease characterized by chronic, cold-induced
haemolytic anaemia consequent on a lymphoplas-
macytic neoplasm which may be either occult or
overt. In patients who do not have clinical or patho-
logical features of a lymphoma at presentation,
these may evolve subsequently.

Peripheral blood

Unless it has been prepared from warmed blood, the
blood film shows red cell agglutinates. If there has
been a recent episode of haemolysis a few sphero-
cytes may be present together with polychromatic
macrocytes. Some patients have lymphocytosis,
with the cells either having the morphology of 
normal mature lymphocytes or showing some 
plasmacytic features.

Bone marrow cytology and histology

The bone marrow appearances vary from normal to
those of an overt lymphoplasmacytic lymphoma.
There is usually erythroid hyperplasia.

α heavy chain disease

α heavy chain disease is a lymphoplasmacytic neo-
plasm, usually affecting predominantly the bowel,
associated with the secretion of the heavy chain of
IgA into the serum or into the bowel lumen. Some
cases evolve into large cell lymphoma.

Peripheral blood and bone marrow

The peripheral blood shows no specific abnormal-
ity. The bone marrow is usually normal but may be
infiltrated by plasma cells.

γ heavy chain disease

γ heavy chain disease is a lymphoplasmacytic 
neoplasm characterized by lymphadenopathy, hep-
atomegaly and splenomegaly and by the secretion
of the heavy chain of IgG. Some patients have
developed amyloidosis, indicating that light chain
as well as heavy chain may be secreted.



splenomegaly and lymphadenopathy. The patho-
logical features of the enlarged lymph nodes
approximate to those of the hyaline-vascular type
of Castleman’s disease; there is follicular hyper-
plasia, vascular proliferation and an interfollicu-
lar infiltrate of lymphocytes, plasma cells and
immunoblasts. The ‘endocrinopathy’ may include
primary gonadal failure, hypothyroidism, Addison’s
disease and diabetes mellitus. The ‘monoclonal
gammopathy’, present in about three quarters of
patients, is usually an IgGλ or IgAλ paraprotein.
‘Skin’ manifestations include skin thickening
resembling that of scleroderma, oedema, hypertri-
chosis, hyperpigmentation and Raynaud’s phe-
nomenon. Other features of the syndrome include
pleural effusion, ascites, papilloedema and finger
clubbing.

Peripheral blood and bone marrow

There are no specific peripheral blood features. The
bone marrow findings range from normal to those
of overt lymphoplasmacytic lymphoma or multiple
myeloma. About 60% of patients have a significant
bone marrow plasmacytosis. In those with multiple
myeloma, osteosclerosis is usual but some patients
have osteolytic lesions.

Acquired angio-oedema associated with
plasma cell neoplasia [71–73]

The majority of cases of acquired angio-oedema
described have been associated with a neoplastic
plasma cell proliferation or with other B-lineage
neoplasms, with or without secretion of a para-
protein. Associated conditions have included 
multiple myeloma, lymphoplasmacytic lymphoma,
splenic lymphoma with villous lymphocytes and
other NHL, essential cryoglobulinaemia, MGUS 
and CLL. The mechanism of the acquired angio-
oedema is C1 inhibitor deficiency consequent on
excessive consumption; it is likely that consump-
tion of C1 inhibitor can be due to precipitation 
of a cryoglobulin, to an immunological reaction
involving the paraprotein or to reaction of auto-
antibodies with neoplastic cells. Deficiency of 
C1 inhibitor may precede the development of 
overt lymphoproliferative disease by many years
[74].
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Peripheral blood

Anaemia, leucopenia and thrombocytopenia are
common. In about half of cases there are atypical
lymphoplasmacytoid cells and some plasma cells 
in the peripheral blood. Some patients have
eosinophilia.

Bone marrow cytology

The bone marrow is infiltrated by lymphocytes,
lymphoplasmacytoid cells or plasma cells.

µ heavy chain disease [62–65]

µ heavy chain disease is a lymphoproliferative 
disorder characterized by the secretion of the 
heavy chain of IgM. Most patients described in the
published literature have had the pathological 
features of chronic lymphocytic leukaemia (CLL)
although one recent case has been reported in asso-
ciation with Waldenström’s macroglobulinaemia
[66]. Hepatomegaly and splenomegaly are usual;
abdominal lymphadenopathy is more prominent
than peripheral lymphadenopathy. Light chain
secretion may also occur and may give rise to 
amyloidosis.

Peripheral blood and bone marrow

The majority of patients show features indistin-
guishable from CLL.

The POEMS syndrome [67–70]

The POEMS, or ‘Polyneuropathy, Organomegaly,
Endocrinopathy, M-protein, Skin changes’, syn-
drome describes a curious constellation of patho-
logical manifestations which has been associated
with multiple myeloma (particularly, but not exclu-
sively, osteosclerotic multiple myeloma), solitary
plasmacytoma and lymphoplasmacytic lymphoma.
In addition, POEMS has been described in patients
with bone marrow appearances which, but for the
many associated pathological features, would be
designated MGUS. The syndrome is rare and occurs
at a younger age than is usual in multiple myeloma.
The ‘polyneuropathy’ is both motor and sensory.
The ‘organomegaly’ refers to hepatomegaly,
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Peripheral blood and bone marrow

The peripheral blood and bone marrow findings are
those usually associated with multiple myeloma,
lymphoplasmacytic lymphoma or other lympho-
proliferative disease. In a minority of cases the bone
marrow shows only a slight increase in plasma cells
or is normal.
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Peripheral blood

The peripheral blood shows initially a normocytic,
normochromic anaemia and later, when the
deficiency is more severe, a hypochromic, micro-
cytic anaemia. Red cells also show anisocytosis,
anisochromasia and poikilocytosis, particularly the
presence of elliptocytes. Occasional patients show
thrombocytosis, thrombocytopenia or the presence
of occasional hypersegmented neutrophils.

Bone marrow cytology

Bone marrow cellularity is mildly increased as a
result of a moderate degree of erythroid hyperpla-
sia. Erythropoiesis is micronormoblastic with ery-
throblasts being smaller than normal with scanty or
ragged cytoplasm or with cytoplasmic vacuolation
(Fig. 8.1). There is a minor degree of dyserythro-
poiesis. An iron stain shows siderotic granules to be
severely reduced or absent and there is a complete
or virtual absence of the iron within macrophages
which usually constitutes the body’s iron stores (see
Fig. 2.1). Since iron is irregularly distributed in the
marrow, a number of bone marrow fragments must
be available for the performance of an iron stain
before it can be concluded that storage iron is lack-
ing. In iron deficiency, the bone marrow sometimes
shows occasional giant metamyelocytes but granu-
lopoiesis and thrombopoiesis are otherwise usually
normal. Individuals whose bone marrow lacks 
storage iron but in whom erythropoiesis is normal
should be regarded as iron depleted rather than as
iron deficient; a significant proportion of healthy
women fall into this group.

EIGHT

DISORDERS OF ERYTHROPOIESIS,
GRANULOPOIESIS AND
THROMBOPOIESIS

In this chapter we shall discuss non-neoplastic
haematological disorders, both congenital and
acquired, which affect predominantly a single 
lineageaeither erythroid, granulocytic or mega-
karyocytic. For a more detailed discussion of the
peripheral blood features, the reader is referred to
Blood Cells: A Practical Guide [1]. In the majority of
these conditions diagnosis is based on peripheral
blood and bone marrow aspirate features and on
supplementary tests. In general a trephine biopsy is
of little importance and is not often performed. The
changes consequent on infection have been dis-
cussed in Chapter 3 and will therefore not be dealt
with in this chapter.

Iron deficiency anaemia

Iron deficiency anaemia results from inadequate
iron intake, increased loss of iron from the body or a
combination of the two. Peripheral blood features,
supplemented by biochemical assays, are often
sufficient for a definitive diagnosis. In more com-
plicated cases bone marrow aspiration permits a
definitive diagnosis. Trephine biopsy is of little im-
portance and, if iron is leached out during decalci-
fication, histological sections can be misleading.

Useful biochemical tests in the diagnosis or iron
deficiency include estimations of serum ferritin and
serum iron concentration, the latter only if com-
bined with an estimate of either transferrin concen-
tration or serum total iron binding capacity. Serum
ferritin and serum iron concentrations are reduced,
whereas serum transferrin concentration and total
iron binding capacity are increased. The concentra-
tion of soluble serum transferrin receptors is also
increased but this test is not very specific for iron
deficiency since concentration is also increased if
there is increased erythropoiesis.
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Bone marrow histology

Trephine biopsy sections show mild hypercellular-
ity, erythroid hyperplasia and absent iron stores.
Megakaryocytes are sometimes increased (Fig. 8.2).

Problems and pitfalls

An iron stain performed on a plastic-embedded,
non-decalcified trephine biopsy section permits
reliable assessment of iron stores. However, it
should be noted that the decalcification needed for

paraffin-embedded biopsy specimens leads to
leaching out of some or all of the iron. It is therefore
possible to exclude a diagnosis of iron deficiency if
stainable iron is present but it is not possible to state
that iron stores are absent or reduced. A diagnosis of
iron deficiency therefore cannot be made from a
biopsy specimen that has been decalcified.

Sideroblastic anaemia

Sideroblastic anaemia as a feature of myelodysplas-
tic syndromes (MDS)arefractory anaemia with ring

Fig. 8.1 BM aspirate, iron
deficiency anaemia, showing
erythroblasts with poorly
haemoglobinized vacuolated
cytoplasm. MGG ×940.

Fig. 8.2 BM trephine biopsy
section, iron deficiency anaemia.
Paraffin-embedded, H&E ×376.
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sideroblasts or primary acquired sideroblastic
anaemiaahas been discussed in Chapter 4. Sidero-
blastic anaemia may also be inherited or may be 
secondary to exogenous agents such as alcohol,
chloramphenicol or certain drugs used in the 
treatment of tuberculosis. Congenital (inherited)
sideroblastic anaemia occurs predominantly but 
not exclusively in males, most cases being caused 
by defects in synthesis of 5-amino-laevulinic acid.
Other cases, in either males or females, are a fea-
ture of Pearson’s syndrome (see page 407) or of 
thiamine-responsive megaloblastic anaemia (see
page 371). Sideroblastic anaemia is most readily diag-
nosed from a bone marrow aspirate but diagnosis 
is also possible from sections of plastic-embedded
trephine biopsy specimens.

Peripheral blood

Congenital and secondary sideroblastic anaemias
are associated with microcytosis and hypochromia
(Fig. 8.3), in contrast to the macrocytosis which is
usual when sideroblastic erythropoiesis is a feature
of MDS. In some patients the peripheral blood film
is dimorphic with a mixture of hypochromic micro-
cytes and normochromic normocytes. Congenital
sideroblastic anaemia varies in severity from mod-
erate to severe. Secondary sideroblastic anaemia is
of mild to moderate severity. In families in which
males have sideroblastic anaemia, females may show
a small population of hypochromic microcytes.

Bone marrow cytology

The bone marrow shows mild hypercellularity and
mild erythroid hyperplasia. A proportion of the 
erythroblasts show micronormoblastic maturation
and defective haemoglobinization with ragged or
vacuolated cytoplasm (Fig. 8.4). An iron stain
shows the presence of abnormal sideroblasts includ-
ing frequent ring sideroblasts (Fig. 8.5). Iron stores
are usually increased. Plasma cells may contain
haemosiderin (see Fig. 2.8).

Bone marrow histology

Trephine biopsy sections show some degree of 
erythroid hyperplasia. Increased storage iron and
ring sideroblasts are detectable in plastic-embedded
sections but not in sections of decalcified paraffin-
embedded biopsy specimens. Plasma cells may con-
tain haemosiderin (see Fig. 2.8). A trephine biopsy
is not indicated in the investigation of suspected
congenital sideroblastic anaemia but is useful if
acquired sideroblastic anaemia, particularly as a 
feature of MDS, is suspected.

Problems and pitfalls

Making a distinction between congenital and
acquired sideroblastic anaemias and between prim-
ary and secondary sideroblastic anaemias is not
always possible from the peripheral blood and bone

Fig. 8.3 PB film from a boy with
congenital sideroblastic anaemia,
showing many hypochromic and
microcytic cells; there is moderate
poikilocytosis and one cell
containing multiple Pappenheimer
bodies. MGG ×940.
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marrow features alone. In some cases a family 
history, drug history and supplementary tests are
needed.

A diagnosis of sideroblastic anaemia cannot be
made from decalcified trephine biopsy specimens.

Thalassaemia trait and thalassaemia
intermedia

The various thalassaemic disorders, including tha-
lassaemia trait, are most readily diagnosed from
peripheral blood features but it is necessary for

haematologists and pathologists to be aware of the
bone marrow features to avoid misdiagnosis as other
conditions. Bone marrow aspiration and trephine
biopsy are not of any importance in the diagnosis.

Thalassaemia trait is the term used to describe an
asymptomatic condition usually consequent on
dysfunction of one of the two β genes or lack of one
or two of the four α genes. The term ‘thalassaemia
intermedia’ denotes a symptomatic condition, more
severe than thalassaemia trait, but in which blood
transfusion is not generally necessary; the genetic
basis is diverse.

Fig. 8.4 BM aspirate from a boy
with congenital sideroblastic
anaemia (same case as in Fig. 8.3),
showing granulocyte precursors
and five erythroblasts, one of 
which has a very severe defect in
haemoglobinization. MGG ×940.

Fig. 8.5 BM aspirate from a boy
with congenital sideroblastic
anaemia (same case as in Fig. 8.3),
showing abnormal sideroblasts,
including one ring sideroblast.
Perls’ stain ×940.
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Diagnosis of β thalassaemia trait is based on a 
typical blood count and blood film together with
demonstration of an elevated percentage of
haemoglobin A2. There may or may not be an ele-
vated percentage of haemoglobin F. The diagnosis
of β thalassaemia intermedia is made on the basis of
clinical and haematological features, haemoglobin
electrophoresis and DNA analysis. A presumptive
diagnosis of α thalassaemia trait is made when 
there is microcytosis that is not explained by other
more readily diagnosable conditions such as iron
deficiency anaemia or β thalassaemia trait. A
definitive diagnosis of α thalassaemia trait requires
DNA analysis, most cases being caused by deletion
of one or more of the α genes.

Peripheral blood

In β thalassaemia trait, and in cases of α thalas-
saemia trait in which two of the four α genes are
lacking, the peripheral blood shows microcytosis
and sometimes a degree of hypochromia. Some, but
not all, cases of β thalassaemia trait also have
basophilic stippling and moderate poikilocytosis,
including the presence of target cells. In cases of α
thalassaemia trait in which only one of the four α
genes is lacking, the haematological abnormalities
are much less and the diagnosis may not be sus-
pected. In β thalassaemia intermedia, the haemato-
logical features are intermediate between those of
thalassaemia trait and thalassaemia major.

Bone marrow cytology

In thalassaemia trait, the bone marrow aspirate
shows moderate erythroid hyperplasia. Erythro-
poiesis is micronormoblastic and there is moderate
dyserythropoiesis including nuclear lobulation and
nuclei of irregular shape (Fig. 8.6). An iron stain
shows increased siderotic granulation and occa-
sional ring sideroblasts. Storage iron is commonly
increased. In thalassaemia intermedia, erythroid
hyperplasia and dyserythropoiesis are marked and
storage iron is increased.

Bone marrow histology

Trephine biopsy sections show erythroid hyper-
plasia and dyserythropoiesis.

Problems and pitfalls

Misdiagnosis of β thalassaemia intermedia as MDS
can occur if the possibility of thalassaemia is not
considered and if it is not appreciated that dysplastic
features are confined to the erythroid lineage.

Thalassaemia major

Thalassaemia major indicates a transfusion-depen-
dent thalassaemic condition, usually consequent on
homozygosity or compound heterozygosity for β
thalassaemia.

Fig. 8.6 BM aspirate, β
thalassaemia trait, showing
erythroid hyperplasia and
dyserythropoiesis. There is a 
binucleated early erythroblast 
and the late erythroblasts are small
and have irregular or lobulated
nuclei. MGG ×940.
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Peripheral blood

The peripheral blood shows striking hypochromia,
microcytosis, anisocytosis and poikilocytosis. Baso-
philic stippling, Pappenheimer bodies and dysplas-
tic circulating erythroblasts are also present. If 
the patient has been transfused, the blood film is
dimorphic.

Bone marrow cytology

The bone marrow shows very marked erythroid
hyperplasia, severe erythroid dysplasia and poor
haemoglobinization (Fig. 8.7). Some erythro-
blasts contain cytoplasmic inclusions, seen with 
difficulty in MGG-stained films, which represent 
precipitated α chains. There is an increase in
macrophages which contain degenerating ery-
throblasts, cellular debris and haemosiderin. In
some patients the increased cell turnover leads to
the formation of pseudo-Gaucher cells and sea-
blue histiocytes (see pages 416 and 420). An iron
stain shows numerous abnormal sideroblasts and
small numbers of ring sideroblasts. Storage iron is
considerably increased. Plasma cells may contain
haemosiderin.

Bone marrow histology

Bone marrow sections show marked erythroid
hyperplasia with disappearance of fat spaces.

Dyserythropoiesis is also very marked and iron
stores are increased. Pseudo-Gaucher cells and sea-
blue histiocytes may be present. Plasma cells and
the endothelial cells lining sinusoids may contain
haemosiderin.

Haemoglobin H disease

Haemoglobin H disease is a thalassaemic condition
resulting from the lack of three of the four α genes
or from a functionally similar defect. There is also 
a decreased red cell life span. Diagnosis rests on
peripheral blood features and the results of hae-
moglobin electrophoresis; bone marrow examina-
tion contributes little. Haemoglobin electrophoresis
shows a small percentage of haemoglobin H and
haemoglobin H inclusions are seen within red cells
that have been exposed to a suitable supravital dye.
Occasionally, haemoglobin H disease is an acquired
condition, occurring as a feature of MDS.

Peripheral blood

The peripheral blood shows marked hypochromia,
microcytosis, anisocytosis and poikilocytosis. Be-
cause of the haemolytic component, there is also poly-
chromasia and the reticulocyte count is elevated.

Bone marrow cytology

The bone marrow is hypercellular with marked ery-

Fig. 8.7 BM aspirate, β
thalassaemia major, showing
erythroid hyperplasia and
dyserythropoiesis. Several cells
contain cytoplasmic inclusions,
composed of precipitated α chains.
MGG ×940.
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throid hyperplasia, defective haemoglobinization
and some dyserythropoietic features (Fig. 8.8).

Bone marrow histology

Bone marrow sections show hypercellularity due to
erythroid hyperplasia.

Problems and pitfalls

It is important to distinguish acquired haemoglobin
H disease from the much more common inherited
condition. This is possible by examination of cells of
other haemopoietic lineages.

Haemolytic anaemias

Haemolytic anaemia may be inherited or acquired.
Aetiological factors, pathogenetic mechanisms and
morphological features are very varied [1]. Exam-
ination of the peripheral blood is of great impor-
tance in the diagnosis but examination of the bone
marrow adds little, except in detecting complicating
megaloblastic anaemia or pure red cell aplasia or,
occasionally, an associated lymphoma.

Peripheral blood

Haemolytic anaemias have in common poly-
chromasia and an increased reticulocyte count.
Macrocytosis is usual in those patients in whom
haemolysis is chronic and severe. Other morpho-

logical features are very variable, depending on the
precise nature of the condition [1].

Bone marrow cytology

The bone marrow is hypercellular as a consequence
of erythroid hyperplasia (Fig. 8.9). The degree 
of hyperplasia reflects the extent to which the red
cell life span is shortened. In some patients, fat cells
are totally lost. Haemopoiesis is often macronor-
moblastic, i.e. the erythroblasts are increased in size
but have nuclear and cytoplasmic characteristics
similar to those of normoblasts. Some cases of
haemolytic anaemia have quite marked dysery-
thropoiesis. This may occur transiently in auto-
immune haemolytic anaemia [2] and has also been
observed in haemolytic anaemia associated with 
the familial auto-immune lymphoproliferative dis-
order caused by FAS gene mutations [3]. Dysery-
thropoiesis is often very striking when severe
haemolytic anaemia occurs in a neonate, e.g. in
haemolytic disease of the newborn. A specific
dyserythropoietic feature is associated with hae-
molytic anaemia due to haemoglobin C disease; 
normoblasts have irregular nuclear membranes
(Fig. 8.10). Macronormoblastic erythropoiesis
should be distinguished from mildly megaloblastic
erythropoiesis which may occur in the haemolytic
anaemias when there is complicating folic acid
deficiency. When haemolysis is extravascular, bone
marrow macrophages are increased and contain
cellular debris. Iron stores are commonly increased,

Fig. 8.8 BM aspirate, haemoglobin
H disease, showing marked
erythroid hyperplasia with
micronormoblastic maturation.
MGG ×376.
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except when there is severe intravascular haemo-
lysis with consequent loss of iron from the body.
Siderotic granulation is somewhat increased.

Bone marrow histology

The bone marrow is hypercellular with erythroid
hyperplasia (Fig. 8.11) and a variable degree of
dyserythropoiesis. The number of erythroid islands
is increased and the central macrophage is large and
prominent, often staining a dirty greenish colour
with a Giemsa stain because of the presence of

increased haemosiderin. An iron stain confirms
increased storage iron.

Problems and pitfalls

Misinterpretation of erythroid hyperplasia with a
variable degree of dyserythropoiesis, which is a con-
sequence of haemolytic anaemia, is possible if a
peripheral blood film is not examined as part of the
assessment of a bone marrow aspirate and trephine
biopsy. This may result in a failure to consider
haemolysis as a diagnostic possibility.

Fig. 8.9 BM aspirate, auto-
immune haemolytic anaemia,
showing an erythroid island
composed of erythroblasts clustered
around a debris-laden macrophage.
MGG ×940.

Fig. 8.10 BM aspirate,
haemoglobin C disease, showing
erythroid hyperplasia and an
irregular nuclear outline which is
characteristic of this condition.
MGG ×940.



368 CHAPTER EIGHT

Congenital dyserythropoietic anaemia

The congenital dyserythropoietic anaemias (CDAs)
are a diverse group of inherited conditions [4,5], all
of which are characterized by anaemia resul-
ting from dysplastic and ineffective erythropoiesis.
Splenomegaly and expansion of the bone marrow
cavity are common. Three major types of CDA have
been recognized but a considerable number of cases
not conforming to these categories have also been
described. Both peripheral blood and bone marrow

aspirate features are important in making the diag-
nosis. In type II CDA, demonstration of a positive
acidified serum lysis test, using a number of normal
sera to exclude false-negative results, is required for
confirmation. Trephine biopsy is not important in
diagnosis.

Peripheral blood

Specific morphological features vary, depending on
the category of CDA (Table 8.1). All are character-

Fig. 8.11 BM trephine biopsy
section, auto-immune haemolytic
anaemia, showing erythroid
hyperplasia. Paraffin-embedded,
H&E ×97.

Table 8.1 Genetic, peripheral blood and bone marrow features of the congenital dyserythropoietic anaemias.

Inheritance

Peripheral blood

Bone marrow

* Hereditary erythroid multinuclearity with positive acidified serum test.

Type III

Autosomal dominant

Mild anaemia, macrocytosis,
marked anisocytosis and
poikilocytosis, basophilic
stippling

Hyperplastic, megaloblastic,
giant erythroblasts with
single nuclei or marked 
multinuclearity—up to a
dozen nuclei per cell,
karyorrhexis

Type II (Hempas)*

Autosomal recessive

Mild to severe anaemia,
normocytic red cells, moderate
anisocytosis and poikilocytosis,
including teardrop poikilocytes,
variable anisochromasia,
irregularly contracted cells,
basophilic stippling

Hyperplastic, normoblastic,
marked binuclearity and
multinuclearity

Type I

Autosomal recessive

Mild to moderate anaemia,
macrocytosis, marked anisocytosis
and poikilocytosis including
teardrop poikilocytes, basophilic
stippling

Hyperplastic, megaloblastic,
moderate binuclearity and
internuclear chromatin bridges,
nuclear budding and karyorrhexis
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ized by anisocytosis and by poikilocytosis (Fig. 8.12)
which often includes the presence of fragments and
irregularly contracted cells. Basophilic stippling is
common. In all categories, the reticulocyte count is
not elevated appropriately for the degree of anaemia.

Bone marrow cytology

Bone marrow features characteristic of the different
categories of CDA are summarized in Table 8.1 and
illustrated in Figs 8.13–8.15. In all types there is
erythroid hyperplasia and dyserythropoiesis. In
type II CDA the increase in cell turnover is such that

pseudo-Gaucher cells may be present. Iron stores
are commonly increased. Ultrastructural examina-
tion of bone marrow cells is diagnostically useful,
showing a ‘Swiss cheese’ appearance of the nucleus
in CDA type I, a double membrane parallel to the
cell membrane in CDA type II and a variety of
defects in CDA type III [5].

Bone marrow histology

Examination of trephine biopsy or bone marrow
clot sections confirms erythroid hyperplasia and
dyserythropoiesis (Fig. 8.16).

Fig. 8.12 PB film, congenital
dyserythropoietic anaemia, type I,
showing macrocytosis, marked
anisocytosis and poikilocytosis.
MGG ×940.

Fig. 8.13 BM aspirate, congenital
dyserythropoietic anaemia, type I,
showing erythroid hyperplasia 
and dyserythropoietic features
including two pairs of erythroblasts
joined by cytoplasmic and nuclear
bridges, respectively. The cell 
(top right) with two nuclei joined
together over a considerable
distance is typical of this type 
of CDA. MGG ×940.



Fig. 8.14 BM aspirate, congenital
dyserythropoietic anaemia, 
type II, showing one binucleate
erythroblast and one erythroblast
with a multilobulated nucleus.
MGG ×940.

Fig. 8.15 BM aspirate, congenital
dyserythropoietic anaemia, type III,
showing giant, multinucleated
erythroblasts. MGG ×940.
(By courtesy of Professor SN
Wickramasinghe, London.)

Fig. 8.16 BM clot section,
congenital dyserythropoietic
anaemia, type I, showing marked
erythroid hyperplasia with large
numbers of immature erythroid
precursors and marked
dyserythropoiesis. The chromatin
pattern is very abnormal. Paraffin-
embedded, H&E ×390.
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Problems and pitfalls

Some cases of CDA present quite late in life.
Misdiagnosis as MDS may occur if the possibility 
of CDA is not considered and if due consideration 
is not given to the fact that the abnormalities are
essentially confined to the erythroid lineage.

Megaloblastic anaemia

Megaloblastic anaemia is usually consequent on a
deficiency of vitamin B12 or folic acid. Less often, it
is attributable to administration of a drug that inter-
feres with DNA synthesis or, rarely, to a congenital
metabolic defect. Some patients with acute myeloid
leukaemia (AML) or MDS also have megaloblastic
erythropoiesis. The presence of megaloblastic
anaemia can usually be suspected from examina-
tion of the peripheral blood and, if features are
totally typical, bone marrow aspiration is often not
done. The ready availability of accurate assays for
vitamin B12 and folic acid has lessened the im-
portance of bone marrow examination. However, if
typical peripheral blood features of megaloblastic
erythropoiesis are lacking or if atypical features are
present, bone marrow aspiration should be per-
formed. Further tests indicated in patients with
megaloblastic anaemia are assays of serum vitamin
B12 and red cell folate followed, when appropriate,
by tests for auto-antibodies and a Schilling test. 
If pernicious anaemia is suspected, tests for par-
ietal cell and intrinsic factor antibodies are indi-
cated; the former is more sensitive but less specific
than the latter. If coeliac disease is suspected as a
cause of malabsorption of folic acid or vitamin B12,
tests indicated include those for relevant auto-
antibodies (antireticulin and antiendomysium anti-
bodies), antigliadin antibodies and a small bowel
biopsy.

Peripheral blood

In most cases there is a macrocytic anaemia, with
oval macrocytes being particularly characteristic.
The mildest cases have macrocytosis without
anaemia. Some degree of anisocytosis and poikilo-
cytosis is usual and, when anaemia is severe, there
are striking morphological abnormalities including
the presence of teardrop poikilocytes, fragments,
basophilic stippling and occasional Howell–Jolly

bodies and circulating megaloblasts. Hyperseg-
mented neutrophils are usually present; they are
highly suggestive of megaloblastic erythropoiesis
although not pathognomonic. They persist for a
week or more after commencement of vitamin B12

or folic acid therapy. There may also be increased
numbers of macropolycytes (tetraploid neutrophils)
but this feature is less strongly associated with
megaloblastic erythropoiesis. In severe megaloblas-
tic anaemia, leucopenia and thrombocytopenia also
occur.

Bone marrow cytology

The bone marrow is hypercellular, often markedly
so. Erythropoiesis is hyperplastic and is character-
ized by the presence of megaloblasts (Fig. 8.17).
These are large cells with a chromatin pattern more
primitive than is appropriate for the degree of mat-
uration of the cytoplasm. Late megaloblasts may 
be fully haemoglobinized and lack any cytoplasmic
basophilia. They may therefore be described as
orthochromatic, a term which is not really appro-
priate in describing normal erythropoiesis, in which
the most mature erythroblasts are polychromatic.
Erythropoiesis is ineffective so that early erythroid
cells are over-represented in comparison with
mature cells; macrophages are increased and con-
tain defective red cell precursors and cellular 
debris. An iron stain shows abnormally prominent
siderotic granules and sometimes occasional ring
sideroblasts. Storage iron is usually increased.
Plasma cells may contain iron. The mitotic count is
increased and examination of cells in metaphase
may show that chromosomes are unusually long.

Granulopoiesis is also hyperplastic although less
so than erythropoiesis. Giant metamyelocytes are
usually present (Fig. 8.17). They are twice to three
times the size of a normal metamyelocyte and often
have nuclei of unusual shapes, e.g. E- or Z-shaped
rather than U-shaped. Myelocytes and promyelo-
cytes are also increased in size but this abnormality
is less obvious and less distinctive than the abnor-
mality of metamyelocytes. When megaloblastic fea-
tures in erythroblasts are partly or largely masked
by co-existing iron deficiency, the detection of giant
metamyelocytes is diagnostically important.

Megakaryocytes are hypersegmented and have
more finely stippled chromatin than normal
megakaryocytes.
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Bone marrow histology

There is a variable hypercellularity with loss of fat
cells. In some cases this can be so severe that it may
resemble the ‘packed marrow’ appearance seen in
acute leukaemia on examination at low power.
There is erythroid hyperplasia with predominance
of immature precursors (Figs 8.18 and 8.19). The
early erythroid cells have large, round-to-oval
nuclei with one or more basophilic nucleoli which
often appear to have rather irregular margins and

often abut on the nuclear membrane (Fig. 8.19);
there is usually a moderate amount of intensely
basophilic cytoplasm. Small Golgi zones may be
seen. The later erythroid cells show asynchrony 
of nuclear and cytoplasmic maturation with cells
having immature nuclei but haemoglobinized cyto-
plasm. Granulocytic precursors are increased but
may appear relatively inconspicuous in the presence
of profound erythroid hyperplasia. Giant metamyel-
ocytes are usually easily seen (Fig. 8.19). Megakary-
ocyte numbers may be normal or decreased.

Fig. 8.18 BM trephine biopsy
section, megaloblastic anaemia,
showing marked erythroid
hyperplasia with numerous early,
intermediate and late megaloblasts.
Giant metamyelocytes are also
present. Paraffin-embedded, 
H&E ×390.

Fig. 8.17 BM aspirate,
megaloblastic anaemia, showing
hyperplastic megaloblastic
erythropoiesis and a giant
metamyelocyte. MGG ×940.
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Problems and pitfalls

It is critically important that a bone marrow aspirate
in severe megaloblastic anaemia is not interpreted
as AML. The likelihood of these errors has probably
increased in recent years as haematologists have
had less experience in interpreting bone marrows
from patients with straightforward megaloblastic
anaemia. An appearance of ‘maturation arrest’ and
gross dyserythropoiesis may suggest acute leu-
kaemia but these are also features of severe mega-
loblastosis. Confusion with M6 AML should not
occur since the bone marrow in megaloblastic
anaemia does not have any increase in myeloblasts.
However, confusion may occur with M6 variant
AML in which the primitive cells present are all 
erythroid (see page 154). It is important that the
diagnosis of megaloblastic anaemia is always con-
sidered in any such patient. Hypersegmented neu-
trophils and giant metamyelocytes should be sought
since they are not a feature of AML. If there is 
any real doubt as to the correct diagnosis, a trial of
vitamin B12 and folic acid therapy should be given.

Examination of a trephine biopsy specimen is
rarely useful in the diagnosis of megaloblastic
anaemia but it is important for pathologists to be
able to recognize the typical histological features so
that misdiagnosis, particularly as acute leukaemia,
does not occur. Megaloblastic change in biopsy 

sections may be mistaken for acute leukaemia if the
biopsy is reported without referring to the blood
film and marrow aspirate findings and if the possi-
bility of megaloblastic anaemia is not considered.
Less often, there may have been failure to obtain an
aspirate or the presence of immature cells in the
peripheral blood in a patient with complicating in-
fection may have given rise to the clinical suspicion
of leukaemia; in these circumstances misdiagnosis
of leukaemia is more likely [6].

Erythroid islands composed of early megalo-
blasts are also sometimes mistaken for clusters 
of carcinoma cells or for ‘abnormal localization of
immature precursors’ in MDS (see Fig. 4.41). If
there is any real doubt as to their nature, immuno-
histochemistry can be used.

Anaemia of chronic disease

The anaemia of chronic disease is characterized 
by a normocytic, normochromic anaemia or, 
when more severe, by a hypochromic, microcytic
anaemia. Such anaemia is secondary to infection,
inflammation or malignancy. Diagnosis is usually
based on peripheral blood features and biochemical
assays. Serum iron and transferrin are reduced
whereas serum ferritin is normal or increased.
Serum transferrin receptor concentration tends to
be normal. A bone marrow aspirate is sometimes

Fig. 8.19 BM trephine biopsy
section, megaloblastic anaemia,
showing several early megaloblasts
with prominent, often elongated
nucleoli which frequently abut on
the nuclear membrane. Numerous
late megaloblasts are also seen.
Plastic-embedded, H&E ×970.



necessary to confirm or exclude co-existing iron
deficiency in a patient who has features of anaemia
of chronic disease. A bone marrow biopsy does not
usually give diagnostically useful information.

Peripheral blood

In addition to the possible occurrence of hypo-
chromia and microcytosis, the peripheral blood
usually shows increased rouleaux formation and
sometimes increased background staining due to a
reactive increase in various serum proteins. The
erythrocyte sedimentation rate is increased.

Bone marrow cytology

The bone marrow is usually of normal cellularity.
Erythropoiesis may show no specific abnormality or
may be micronormoblastic with defective haemo-
globinization. An iron stain shows storage iron to 
be increased, often markedly so when the condi-
tion is very chronic. Erythroblasts show reduced 
or absent siderotic granulation. The bone marrow
often shows non-specific inflammatory changes
including increased plasma cells, mast cells and
macrophages.

Bone marrow histology

Sections of bone marrow trephine biopsy cores 
usually show normal cellularity. There may be
increased lymphoid nodules, plasma cells, mast cells
and macrophages. An iron stain shows increased
storage iron.

Problems and pitfalls

An iron stain may be falsely negative if a trephine
biopsy specimen has been decalcified, leading to 
a mistaken assumption that the patient has iron
deficiency anaemia.

Sickle cell anaemia and other 
sickling disorders

Sickle cell anaemia denotes the disease resulting
from homozygosity for the βS genes and the 
consequent replacement of haemoglobin A by
haemoglobin S. Diagnosis of sickle cell anaemia is
dependent on peripheral blood features and

haemoglobin electrophoresis or an equivalent tech-
nique. Haemoglobin S comprises almost all the total
haemoglobin, haemoglobin A being absent. Bone
marrow aspiration is usually only indicated to
detect suspected complications such as megalo-
blastic anaemia, pure red cell aplasia or bone mar-
row necrosis. Trephine biopsy is not often indicated.
The clinical features consequent on sickling of 
red blood cells can also be found in various com-
pound heterozygous states, such as sickle cell/
haemoglobin C disease and sickle cell/β thalas-
saemia trait.

Peripheral blood

The peripheral blood shows anaemia, usually with 
a haemoglobin concentration of 6–10 g/dl. There
are variable numbers of sickle cells and, in addition,
target cells and polychromasia; nucleated red blood
cells may be present. After the age of 6 months, 
features of hyposplenism start to appear, par-
ticularly Howell–Jolly bodies and Pappenheimer
bodies. The neutrophil count may be increased, 
particularly during episodes of sickling. The blood
film in compound heterozygous states is often 
similar to that of sickle cell anaemia, although
patients with sickle cell/haemoglobin C disease may
have occasional cells containing haemoglobin C
crystals and those with sickle cell/β thalassaemia
have microcytosis.

Bone marrow cytology

The bone marrow aspirate shows hypercellularity
due to erythroid hyperplasia. Iron stores are often
increased and sickle cells are usually present. Some-
times they are much more elongated than is usual
for sickle cells in the circulating blood. When there
are complicating conditions, such as megaloblastic
anaemia, pure red cell aplasia or bone marrow
necrosis, the appropriate morphological features
are superimposed on those of the underlying 
disease. Bone marrow macrophages may contain
occasional or numerous sickle cells (Fig. 8.20).
Macrophages and various storage cells are some-
times increased (Figs 8.20 and 8.21) as a con-
sequence of increased cell turnover and episodes 
of bone marrow infarction. In sickle cell/β thalas-
saemia, erythropoiesis is hyperplastic and micro-
normoblastic (Fig. 8.22).
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Fig. 8.20 BM aspirate, sickle 
cell anaemia, showing a foamy
macrophage and a macrophage
containing a sickled cell. MGG
×940. (By courtesy of Professor
Sally Davies, London.)

Fig. 8.21 BM aspirate, sickle cell
anaemia, showing erythroid
hyperplasia, a partially sickled 
cell and a sea-blue histiocyte. 
MGG ×940.

Fig. 8.22 BM aspirate, sickle 
cell/β thalassaemia compound
heterozygosity, showing erythroid
hyperplasia and erythroblasts with
scanty cytoplasm and defective
haemoglobinization; several sickle
cells are present. MGG ×940.
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Bone marrow histology

Trephine biopsy sections show hypercellularity due
to erythroid hyperplasia. During episodes of sick-
ling, sickle cells may be seen within bone marrow
sinusoids (Fig. 8.23). As for bone marrow aspirate
films, sickle cells in bone marrow sections may be
much more elongated than the typical sickle cells
that are seen in blood films (Fig. 8.24). Infarcted
bone and bone marrow may be present in patients
who are experiencing a sickling crisis, and foamy
macrophages and small fibrotic scars may mark the
sites of previous bone marrow infarction.

Problems and pitfalls

It should be noted that at autopsy sickle cells may be
present in histological sections of bone marrow, not
only in patients with sickle cell disease but also in
those with sickle cell trait.

Pure red cell aplasia (including
Blackfan–Diamond syndrome)

Pure red cell aplasia has been defined as severe
anaemia with the reticulocyte count being less than
1% and mature erythroblasts in a normocellular

Fig. 8.23 BM trephine biopsy
section, sickle cell anaemia,
showing sinusoids distended by
irreversibly sickled erythrocytes.
Paraffin-embedded, H&E ×377.

Fig. 8.24 Section of clotted BM
aspirate showing macrophages
stuffed with sickle cells and several
extremely long sickled cells.
Paraffin-embedded, H&E ×940.
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bone marrow being less than 0.5% [7]. Pure red cell
aplasia may be either constitutional or acquired and
either acute or chronic. Constitutional pure red 
cell aplasia, also known as the Blackfan–Diamond
syndrome, is a chronic condition which usually
becomes manifest during the first year of life. It
appears to be a trilineage disorder, consequent on
an inherited stem cell defect, rather than a purely
erythroid disorder. It shows some responsiveness to
corticosteroids. Inheritance is usually autosomal
dominant, with variable penetrance, but some cases
are autosomal recessive or occur sporadically. A
significant proportion of cases are due to a mutation
in the gene encoding ribosomal protein S19 at
19q13 [8]. A small percentage of patients with 
the Blackfan–Diamond syndrome subsequently
develop bone marrow aplasia [9], myelodysplasia
[9] or AML. Infants, usually but not always over 1
year of age, may also suffer from acute pure red cell
aplasia designated transient erythroblastopenia of
childhood [10,11]; in this condition the aplasia,
which is consequent on infection by human her-
pesvirus 6 [12], lasts only a matter of months and
does not require specific treatment. In older chil-
dren and adults, the most commonly recognized
cause of acute aplasia is parvovirus infection; the
aplasia is usually of brief duration and therefore
causes symptomatic anaemia only in subjects with a
pre-existing red cell defect associated with a short-
ened red cell life span. In adults, chronic aplasia is
commonly immunological in origin and may be
associated with a thymoma or with auto-immune
disease. Rare cases are associated with pregnancy
[13]. Pure red cell aplasia can also be a complication
of T-cell granular lymphocytic leukaemia [14]; the
lymphoproliferative disorder may be occult. In one
series, almost 20% of cases of pure red cell aplasia
were attributed to large granular lymphocyte
leukaemia (LGLL) [15]. Chronic parvovirus B19
infection can also cause chronic pure red cell aplasia
particularly, but not exclusively, in patients with
evident causes of immune deficiency such as con-
genital immune deficiency, HIV infection or the
prior administration of immunosuppressive drugs
[16]. Cases have occurred following renal and bone
marrow transplantation, following chemotherapy
for solid tumours [17] and Waldenström’s macro-
globulinaemia [18], and during maintenance treat-
ment for acute lymphoblastic leukaemia (ALL).

Marked erythroid hypoplasia may also be a feature
of protein-calorie deprivation (kwashiorkor), be
induced by hypothermia [19], occur as part of a
hypersensitivity reaction to a drug, or be the dom-
inant feature of MDS.

Peripheral blood

The peripheral blood shows no specific abnormal-
ity. There is a complete absence of polychromatic
cells and the reticulocyte count is zero or virtually
zero. Associated features differ according to the
cause of the red cell aplasia. Macrocytosis is usual in
the Blackfan–Diamond syndrome and the red cells
have some characteristics similar to those of fetal
red cells; occasionally, there is mild neutropenia and
the platelet count may be somewhat elevated [10].
In transient erythroblastopenia of childhood, the 
red cells are of normal size and lack fetal character-
istics; neutropenia, which may be moderately severe,
occurs in about a quarter of cases and thrombocy-
tosis in about a third [10,11]. Since symptomatic
anaemia following parvovirus-induced aplasia is
largely confined to patients with an underlying red
cell defect, the blood film usually shows features of
an associated disease, most often hereditary sphero-
cytosis or sickle cell anaemia. In such cases the
absence of polychromasia, despite marked anaemia,
is diagnostically important and should lead to a
reticulocyte count being performed. Neutrophil and
platelet counts are only occasionally reduced in
patients with parvovirus-induced red cell aplasia.
Patients with red cell aplasia associated with thy-
moma or with auto-immune disease sometimes
also have neutropenia or thrombocytopenia. In
patients with red cell aplasia as the dominant 
feature of MDS it is sometimes possible to detect
dysplastic features in cells of other lineages.

Bone marrow cytology

Bone marrow cellularity is usually somewhat re-
duced. There is a striking reduction of maturing ery-
throid cells. Proerythroblasts are present in normal
numbers and sometimes they may be increased
(Fig. 8.25). Other lineages are usually normal. In
Blackfan–Diamond syndrome (Fig. 8.26) there are
scattered proerythroblasts and sometimes minimal
evidence of maturation; haematogones and lym-



Fig. 8.27 BM aspirate, chronic
pure red cell aplasia caused by
parvovirus B19 infection in an 
HIV-positive child. MGG ×940.

Fig. 8.25 BM aspirate, chronic
idiopathic pure red cell aplasia,
showing increased proerythroblasts
and a lack of maturing
erythroblasts. MGG ×940.

Fig. 8.26 BM aspirate,
Blackfan–Diamond syndrome,
showing a single intermediate
erythroblast but no maturing cells.
MGG ×940. (By courtesy of 
Dr R Brunning, Minneapolis.)
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Fig. 8.28 BM trephine biopsy
section, pure red cell aplasia,
showing absence of erythroblastic
islands and late erythroblasts; only
occasional early and intermediate
erythroblasts are present. Paraffin-
embedded, H&E ×390.

Fig. 8.29 BM trephine biopsy
section, Blackfan–Diamond
syndrome, showing prominent
proerythroblasts and early
erythroblasts but very few
maturing erythroid cells (same 
case as in Fig. 8.26). H&E ×940.
(By courtesy of Dr R Brunning,
Minneapolis.)

phocytes may be increased [20]. In transient ery-
throblastopenia of childhood, granulopoiesis may
be left shifted and there may be an infiltrate of
immature lymphocytes [12]. In parvovirus-induced
aplasia, giant proerythroblasts with prominent
nucleoli are often noted (Fig. 8.27). Iron stores are
commonly increased since the iron normally in 
erythroid cells has been deposited in the stores.

Bone marrow histology

The overall bone marrow cellularity is somewhat
reduced. There is a striking lack of erythroid islands
and of maturing erythroblasts (Figs 8.28 and 8.29).

Large proerythroblasts with strongly basophilic
cytoplasm are readily apparent. Occasionally, there
is a striking increase in proerythroblasts (Fig. 8.30).
In parvovirus infection, the giant proerythroblasts
may show intranuclear eosinophilic degenera-
tion with peripheral condensation of chromatin
(Fig. 8.31). In immunocompetent patients the bone
marrow is hypercellular and megakaryocytes are
increased [20]. Immunohistochemistry can be used
to show parvovirus antigens.

Problems and pitfalls

Since red cell aplasia may be the major manifestation
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of MDS, it is important to examine other lineages
carefully for dysplastic features.

Occasionally, patients with pure red cell aplasia
show a striking increase of proerythroblasts which
can cause diagnostic confusion (see Fig. 8.30).

Congenital neutropenia

Severe congenital neutropenia (Kostmann’s syn-
drome) is a heterogeneous group of disorders with
either autosomal dominant or autosomal recessive
inheritance. Isolated congenital neutropenia may
also be mild with a benign clinical course. Con-

genital neutropenia may be cyclical with variation
over a period of 3 weeks or more from very low 
to normal or above normal levels. Congenital neu-
tropenia also occurs as a feature of other congenital
syndromes.

Peripheral blood

In Kostmann’s syndrome, the peripheral blood
shows severe neutropenia and often monocytosis,
eosinophilia and the effects of chronic or recurrent
infection such as anaemia and increased rouleaux
formation.

Fig. 8.30 BM trephine biopsy
section, chronic pure red cell
aplasia, probably auto-immune in
nature, showing a striking increase
of proerythroblasts. H&E ×940. (By
courtesy of Dr Haley, Vancouver.)

Fig. 8.31 BM trephine biopsy
section in chronic parvovirus 
B19-induced pure red cell aplasia 
in an HIV-positive child (same 
case as in Fig. 8.27), showing
several apoptotic cells and a
proerythroblast with an
eosinophilic intranuclear inclusion.
Paraffin-embedded, H&E ×960.
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Bone marrow cytology and histology

Most cases of Kostmann’s syndrome show an 
arrest at the promyelocyte stage of differentiation
(Fig. 8.32). Haematogones may be increased. Some
cases show a severe reduction of all granulopoietic
cells with residual cells sometimes being mor-
phologically atypical. The latter pattern may be 
predictive of failure of response to granulocyte
colony-stimulating factor (G-CSF) therapy [21]. An
association between Kostmann’s syndrome and
osteoporosis has been observed [22].

In Schwachman’s syndrome (congenital neutro-
penia with exocrine pancreatic insufficiency), the
bone marrow may show apparent maturation arrest
[23]. In cyclical neutropenia there is myeloid hypo-
plasia during the neutropenic phase but, when the
neutrophil count is normal, the bone marrow
appears normal. In neutropenia associated with
Cohen’s syndrome bone marrow examination
shows left-shifted granulopoiesis [24].

Agranulocytosis

Agranulocytosis is an acute, severe, reversible lack
of circulating neutrophils consequent on an idio-
syncratic reaction to a drug or chemical. At least
some cases result from the development of anti-
bodies against the causative drug with destruction
of neutrophils being caused by the interaction of the
antibody and the drug. However, some cases may

result from abnormal metabolism of a drug so that
toxic levels develop when normal doses are admin-
istered. Clinical features are due to sepsis con-
sequent on the neutropenia.

Peripheral blood

The neutrophil count is greatly reduced, usually 
to less than 0.5 × 109/l. Residual neutrophils may 
be morphologically normal but often they show
toxic changes consequent on superimposed sepsis.
During recovery there is an outpouring of imma-
ture granulocytes into the peripheral blood, consti-
tuting a leukaemoid reaction.

Bone marrow cytology

The bone marrow aspirate shows a marked reduc-
tion in mature neutrophils. Sometimes myelocytes
are also greatly reduced. The degree of granulocyte
compartment depletion is predictive of speed of
recovery; if promyelocytes and myelocytes are pres-
ent, recovery usually occurs in 4–7 days, without
administration of growth factors, whereas if pro-
myelocytes and myelocytes are absent recovery
takes 14 days or more [25]. In severe cases with
superimposed sepsis the majority of cells of granu-
locytic lineage may be promyelocytes with very
heavy granulation. This appearance has been con-
fused with hypergranular promyelocytic leukae-
mia. Useful points allowing differentiation of the

Fig. 8.32 BM aspirate in
Kostmann’s syndrome showing
neutrophil maturation apparently
arrested at the promyelocyte stage;
cells of eosinophil lineage are
increased. MGG ×940.
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two conditions are the prominent Golgi zone in the
promyelocytes of agranulocytosis and the absence
of Auer rods and giant granules.

Bone marrow histology

Bone marrow sections show a lack of mature 
granulocytes and, often, superimposed changes due
to infection.

Auto-immune neutropenia

Auto-immune neutropenia may occur as an iso-
lated phenomenon or be one manifestation of an
auto-immune disease such as systemic lupus ery-
thematosus. It may also occur in association with
thymoma and as a complication of T-cell granular
lymphocytic leukaemia (with or without associ-
ated rheumatoid arthritis). Neutropenia associated
with T-cell granular lymphocytic leukaemia may be
cyclical [15].

Peripheral blood

There is a reduction in neutrophils but those pres-
ent are cytologically normal.

Bone marrow cytology

Granulopoiesis appears normal or hyperplastic with

a reduced proportion of mature neutrophils. An
uncommon observation is phagocytosis of neu-
trophils by bone marrow macrophages (Fig. 8.33)
[26]. In agranulocytosis associated with thymoma,
the bone marrow may show either apparent arrest
at the promyelocytic stage or a total absence of
myelopoiesis [27].

Idiopathic hypereosinophilic syndrome

The idiopathic hypereosinophilic syndrome is a
condition of unknown aetiology characterized by
sustained hypereosinophilia and damage to tissues,
usually including the heart and central nervous sys-
tem, by eosinophil products. The clinical features
are due to this tissue damage. The idiopathic hyper-
eosinophilic syndrome has been arbitrarily defined
as requiring the eosinophil count to be greater than
1.5 × 109/l for greater than 6 months and for tissue
damage to have occurred [28]. Diagnosis of the
idiopathic hypereosinophilic syndrome is mainly
dependent on peripheral blood and clinical fea-
tures and on the exclusion of other diagnoses. A
bone marrow aspirate and trephine biopsy are of
importance in excluding eosinophilic leukaemia
and lymphoma, the latter being an important cause 
of reactive eosinophilia. Some cases of idiopathic
hypereosinophilic syndrome represent a myelo-
proliferative disorder (MPD) and subsequently
transform to AML despite initially displaying no

Fig. 8.33 BM aspirate in auto-
immune neutropenia showing
neutrophil shadows within
macrophages. MGG ×940.
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specific evidence of the nature of the underlying
disorder. Some cases of otherwise unexplained
eosinophilia result from cytokine secretion by aber-
rant, sometimes monoclonal, T cells [29].

Peripheral blood

The eosinophil count is considerably elevated and
eosinophils usually show some degree of hypogran-
ularity and cytoplasmic vacuolation; completely
agranular eosinophils are sometimes present.
Eosinophil nuclei may be non-segmented or hyper-
segmented or occasionally ring-shaped. Neutrophils

may show heavy granulation. In contrast to eosino-
philic leukaemia, there are usually only occasional
if any granulocyte precursors in the peripheral
blood. There may be a mild anaemia and thrombo-
cytopenia with red cells showing anisocytosis and
poikilocytosis. Nucleated red cells are sometimes
present.

Bone marrow cytology

The bone marrow shows an increase of eosinophils
and their precursors (Fig. 8.34). Some eosinophil
myelocytes show granules with basophilic staining

Fig. 8.34 BM aspirate, idiopathic
hypereosinophilic syndrome,
showing eosinophil hyperplasia;
note partial degranulation of
eosinophils. MGG ×940.

Fig. 8.35 BM trephine biopsy
specimen, idiopathic
hypereosinophilic syndrome,
showing marked granulocytic
hyperplasia and increased numbers
of immature eosinophil precursors.
Plastic-embedded, H&E ×390.
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Fig. 8.36 Chediak–Higashi
syndrome. (a, b) BM aspirates,
showing giant granules and
vacuolation of granulocyte
precursors: (a) MGG; (b) Sudan
black B ×960.

(a)

(b)

characteristics but this feature is much less striking
than in AML of M4Eo type (see page 150). There is
no increase in blast cells. Macrophages may contain
Charcot–Leyden crystals [30].

Bone marrow histology

Eosinophils and their precursors are increased (Fig.
8.35). It is important to exclude marrow infiltration
by lymphoma since this may be easily overlooked.
However, it should be noted that benign lymphoid
aggregates may be associated with the idiopathic
hypereosinophilic syndrome [31].

Problems and pitfalls

The idiopathic hypereosinophilic syndrome is a
diagnosis of exclusion. The bone marrow aspirate
should be examined for any increase of blast cells,
indicative of a diagnosis of eosinophilic leukaemia.
Bone marrow aspirate films and trephine biopsy
sections should be examined carefully for features
of systemic mastocytosis, which occasionally pre-
sents with striking eosinophilia. Bone marrow cyto-
genetic analysis is indicated since demonstration of
a clonal abnormality means that the condition is not
‘idiopathic’ but represents a chronic eosinophilic



(c)

Fig. 8.36 Chediak–Higashi
syndrome. (c, d) BM trephine
biopsy sections: (c) H&E stain
showing giant granules; (d)
Dominicini stain showing giant
granules and vacuolation. Paraffin-
embedded ×960. (By courtesy of 
Dr CJ McCallum, Kirkaldy.) (d)

leukaemia [32,33]. Immunophenotyping of periph-
eral blood lymphocytes is indicated and, when an
aberrant population is found, T-cell receptor gene
analysis can be used to identify a monoclonal T-cell
proliferation. If such a clonal population is demon-
strated, the eosinophilia should be regarded as sec-
ondary to a T-cell neoplasm rather than idiopathic.

Despite thorough investigation, some patients
with apparently idiopathic hypereosinophilic 
syndrome can be recognized as having chronic
eosinophilic leukaemia only in retrospect when
they subsequently develop a granulocytic sarcoma
or AML.

Chediak–Higashi syndrome

The Chediak–Higashi syndrome is a fatal inherited
condition characterized by a defect in formation of
lysosomes in multiple cell lineages. Patients suffer
from albinism, neurological abnormalities and re-
current infections. Haematological abnormalities
are most apparent in the granulocyte series although
anaemia and thrombocytopenia also occur.

Peripheral blood

All granulocyte lineages show striking abnormalities.

ERYTHROPOIESIS, GRANULOPOIESIS, THROMBOPOIESIS 385



386 CHAPTER EIGHT

Granules are very large and also have abnormal
staining characteristics. Lymphocytes and monocytes
may also have abnormally prominent granules.
With disease progression, there is development of
anaemia, neutropenia and thrombocytopenia.

Bone marrow cytology

Granulocyte precursors as well as mature granulo-
cytes show giant granules with unusual staining
characteristics (Fig. 8.36a,b). Sometimes there is
also vacuolation. A secondary haemophagocytic
syndrome may occur; it is likely to be con-
sequent on immune deficiency and superimposed
infection.

Bone marrow histology

Giant granules may be apparent in granulocyte 
precursors (Fig. 8.36c,d) but, in general, detection 
is easier in bone marrow aspirate films. Marked
haemophagocytosis may be seen during the termi-
nal phase (see page 119).

Congenital thrombocytopenias

Congenital thrombocytopenia may be inherited or
may be secondary to intra-uterine infection, muta-
gen exposure or platelet destruction by maternal
anti-platelet antibodies.

Peripheral blood

Morphological features are dependent on which
specific defect is responsible for thrombocytopenia
[1]. In inherited thrombocytopenia, the platelets
may be of normal size, increased in size as in
Bernard–Soulier syndrome or decreased in size as 
in the Wiskott–Aldrich syndrome. In the grey plate-
let syndrome they are increased in size and lack
normal azurophilic granules. In the May–Hegglin
anomaly, and in several other rare inherited
defects, thrombocytopenia and giant platelets are
associated with weakly basophilic cytoplasmic inclu-
sions in neutrophils. When thrombocytopenia is
secondary to intra-uterine platelet destruction or
damage to megakaryocytes, the platelets are usually
normal in size and morphology.

Other lineages are generally normal but infants
with the thrombocytopenia-absent radii (TAR) syn-
drome have been noted to be prone to leukaemoid
reactions.

Bone marrow cytology

In inherited thrombocytopenia, megakaryocytes
may be present in normal numbers, as in Bernard–
Soulier syndrome, or may be severely reduced in
number, as in constitutional amegakaryocytic throm-
bocytopenia. In the TAR syndrome megakaryocytes
are greatly reduced in number and are small with

Fig. 8.37 BM aspirate, 
auto-immune thrombocytopenic
purpura, showing five
megakaryocytes of varying size 
and ploidy levels. MGG ×377.
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poorly lobulated nuclei; eosinophilia is common. In
the Jacobsen syndrome, associated with a constitu-
tional deletion of the long arm of chromosome 11,
there are increased numbers of micromegakary-
ocytes [34]. In other rare syndromes characterized
by familial thrombocytopenia, megakaryocyte num-
bers are variously increased, normal or decreased
and megakaryocyte size may likewise be increased,
normal or decreased [35].

When thrombocytopenia results from intra-
uterine damage to megakaryocytes, these cells are
usually reduced in number. When platelets have
been destroyed by exposure to maternal anti-
platelet antibodies, megakaryocytes are present in
normal or increased numbers.

Bone marrow histology

A bone marrow biopsy is not often needed in 
determining the cause of congenital thrombocy-
topenia but it can be useful in permitting an 
accurate assessment of megakaryocyte numbers
and morphology. In the grey platelet syndrome
there may be associated myelofibrosis, probably
resulting from intramedullary release by megakary-
ocytes of granular contents capable of stimulating
fibroblasts.

Acquired thrombocytopenias

Isolated acquired thrombocytopenia is commonly
due to peripheral destruction of platelets, caused by
anti-platelet antibodies, drug-dependent antibodies
or immune complexes; the latter may attach to
platelets both in auto-immune diseases and during
or after viral infections, including infection by HIV.
Thrombocytopenia may also be consequent on
platelet consumption, as in thrombotic thrombocy-
topenic purpura or in disseminated intravascular
coagulation. Less often, acquired thrombocytopenia
results from megakaryocytic hypoplasia, such as
that induced by thiazide diuretics, or a failure of
megakaryocytes to produce platelets, as in some
patients with MDS who present with isolated
thrombocytopenia. Antibody-mediated amega-
karyocytic thrombocytopenia is a rare cause [36].
Auto-immune thrombocytopenia and, rarely,
amegakaryocytic thrombocytopenic purpura may
be associated with LGLL [15].

Peripheral blood

When thrombocytopenia is caused by a sustained
increase in the peripheral destruction or consump-
tion of platelets, there is usually an increase in
platelet size with some giant platelets being present.
When thrombocytopenia is due to failure of pro-
duction, as in sepsis or during chemotherapy, the
platelets are small. When thrombocytopenia is con-
sequent on MDS, platelets often show increased
variation in size and hypogranular or agranular
forms may be present.

Bone marrow cytology

When thrombocytopenia resulting from peripheral
destruction or consumption of platelets has devel-
oped acutely, the bone marrow may show no rele-
vant abnormality, megakaryocytes being present in
normal numbers. With sustained thrombocytope-
nia, there is an increase in megakaryocyte numbers
(Fig. 8.37) and a reduction in average size. There is
often very little morphological evidence of platelet
production despite the increased platelet turnover
which can be demonstrated by isotopic studies.

When thrombocytopenia results from ineffective
thrombopoiesis, for example in MDS, megakary-
ocytes may be present in normal or increased 
numbers and may show dysplastic features. In
acquired megakaryocytic hypoplasia, for example
as an adverse drug effect, megakaryocytes are 
usually morphologically normal although reduced
in number. Antibody-mediated amegakaryocytic
thrombocytopenia may be cyclical. In these cases,
megakaryocyte numbers are reduced and mega-
karyocytes are small when the platelet count is
falling. When the count is rising, they are normal 
or increased in number and cytologically normal
[36].

Bone marrow histology

Trephine biopsy is not usually necessary in the in-
vestigation of suspected immune thrombocytopenia
but is useful in confirming megakaryocytic hypo-
plasia and in investigating suspected myelodysplasia.

In idiopathic (auto-immune) thrombocytopenia,
the bone marrow is normocellular with increased
numbers of megakaryocytes (Fig. 8.38). Mean



guidelines, however, do not regard a bone marrow
examination as necessary if there are no atypical
clinical or haematological features.

Familial thrombocytosis

Familial thrombocytosis has been reported in at
least 17 individuals in eight families [39]. Inheri-
tance appears to be autosomal dominant. In some,
but not all, families the cause appears to be a muta-
tion in the thrombopoietin gene. A minority of 
individuals have had splenomegaly.

Peripheral blood

The blood film and count show thrombocytosis as
an isolated abnormality. Platelet morphology has
sometimes been reported as abnormal [39].

Bone marrow cytology and histology

Megakaryocytes are increased in number and have
sometimes been considered to be cytologically
abnormal [39]. Bone marrow cellularity is some-
times increased.

Problems and pitfalls

Use of the term ‘essential thrombocythaemia’ to
describe familial thrombocytosis is not recom-
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megakaryocyte diameter is decreased. There is
increased variation in size so that, although small
megakaryocytes predominate, there are also in-
creased numbers of giant forms. There is no abnor-
mal localization of megakaryocytes and clusters 
are not usually seen [37]. In cyclical, antibody-
mediated amegakaryocytic thrombocytopenia, mega-
karyocyte numbers are reduced when the platelet
count is falling and normal when it is rising [36].

Problems and pitfalls

The differential diagnosis of isolated thrombocy-
topenia in children includes ALL. Leukaemia is
unlikely if the haemoglobin concentration and
white cell count are normal. However, a small but
significant proportion of children in whom a pre-
sumptive diagnosis of auto-immune or post-viral
thrombocytopenia is made turn out to have ALL.
This has led to controversy as to whether a bone
marrow aspirate is required in children with iso-
lated thrombocytopenia [38]. There is concern that
administration of corticosteroids without a pre-
treatment bone marrow examination may lead to
inadvertent suboptimal treatment of undiagnosed
ALL. For this reason, UK guidelines suggest that bone
marrow aspiration should be performed before 
corticosteroid therapy is given, whereas this is not
considered essential prior to high-dose immuno-
globulin therapy or if no treatment is required. USA

Fig. 8.38 BM trephine biopsy
specimen, auto-immune
thrombocytopenic purpura,
showing increased megakaryocytes
which are not clustered and are
normally sited; two are adjacent 
to sinusoids. Paraffin-embedded,
H&E ×375. (By courtesy of 
Dr S Wright, London.)
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mended since the condition clearly differs from the
MPD that is usually intended by this term. MPD is
rare in children with a significant proportion of
cases of primary thrombocythaemia being found to
be familial. Investigation of parents and siblings is
therefore indicated when persistent unexplained
thrombocytosis is found in a child or adolescent.

Reactive thrombocytosis

The platelet count may increase in response to
infection, inflammation and malignant disease. In
reactive thrombocytosis it is uncommon for the
platelet count to exceed 1000 × 109/l.

Peripheral blood

In contrast to MPD, there is no increase in platelet
size when thrombocytosis is reactive. The blood 
film may show other reactive changes including
leucocytosis and neutrophilia but the presence of
basophilia suggests MPD.

Bone marrow cytology

The bone marrow aspirate shows increased num-
bers of megakaryocytes of normal morphology.

Bone marrow histology

Megakaryocyte numbers are increased. The average
megakaryocyte diameter is increased in comparison
with normal and there is increased variation in size.
There is no clustering or abnormality of distribution
[37].

Problems and pitfalls

The differential diagnosis of reactive thrombocyto-
sis includes hyposplenism and essential thrombo-
cythaemia. Changes of hyposplenism should
therefore be sought in the blood film. An increased
basophil count, increased reticulin deposition in the
bone marrow and clustering of megakaryocytes
favour a diagnosis of essential thrombocythaemia.

References
1 Bain BJ. Blood Cells: A Practical Guide,3rd edn. Blackwell

Science, Oxford, 2002.

2 Bodnar A, Rosenthal NS and Yomtovian R (1996)
Severe hemolytic anemia with marrow dyserythro-
poiesis. Am J Clin Pathol, 105, 509.

3 Bader-Meunier B, Rieux-Laucat F, Croisille L, Yvart J,
Mielot F, Dommergues JP et al. (2000) Dyserythro-
poiesis associated with a Fas-deficient condition in
childhood. Br J Haematol, 108, 300–304.

4 Wickramasinghe SNW (1997) Dyserythropoiesis and
congenital dyserythropoietic anaemias. Br J Haematol,
98, 785–797.

5 Wickramasinghe SN (1998) Congenital dyserythropoi-
etic anaemia: clinical features, haematological morpho-
logy and new biochemical data. Blood Rev, 12, 178–200.

6 Dokal IS, Cox TC and Galton DAG (1990) Vitamin B12
and folate deficiency presenting as leukaemia. BMJ,
300, 1263–1264.

7 Maung ZT, Norden J, Middleton PG, Jack FR and
Chandler JE (1994) Pure red cell aplasia: further evi-
dence of a T cell clonal disorder. Br J Haematol, 87,
189–192.

8 Ramenghi U, Garelli E, Valtolina S, Campagnoli 
MF, Timeuus F, Crescenzio N et al. (1999)
Diamond–Blackfan anaemia in the Italian population.
Br J Haematol, 104, 841–848.

9 Giri N, Kang E, Tisdale JF, Follman D, Rivera M,
Schwartz GN et al. (2000) Clinical and laboratory evi-
dence for a trilineage haematopoietic defect in patients
with refractory Diamond-Blackfan anaemia. Br J Hae-
matol, 108, 167–175.

10 Glader BE (1987) Diagnosis and management of red
cell aplasia in children. Hematol Oncol Clin North Am, 1,
431–447.

11 Foot ABM, Potter MN, Ropner JE, Wallington TB and
Oakhill A (1990) Transient erythroblastopenia of
childhood with CD10, TdT, and cytoplasmic µ lympho-
cyte positivity in bone marrow. J Clin Pathol, 43,
857–859.

12 Penchansky L and Jordan JA (1997) Transient ery-
throblastopenia of childhood associated with human
herpesvirus type 6, variant B. Am J Clin Pathol, 108,
127–132.

13 Fleming AF (1999) Pregnancy and aplastic anaemia.
Br J Haematol, 105, 313–320.

14 Kwong YL and Wong KF (1998) Association of pure
red cell aplasia with large granular lymphocyte leu-
kaemia. J Clin Pathol, 51, 672–675.

15 Lamy T and Loughran TP (1999) Current concepts:
large granular lymphocyte leukemia. Blood Rev, 13,
230–240.

16 Frickhofen N, Chen ZJ, Young NS, Cohen BJ, Heimpel
H and Abkowitz JL (1994) Parvovirus B19 as a cause of
acquired chronic pure red cell aplasia. Br J Haematol,
87, 818–824.

17 Shaw PJ, Eden T and Cohen BJ (1993) Parvovirus as a
cause of chronic anemia in rhabdomyosarcoma.
Cancer, 72, 945–949.



29 Simon HU, Plötz SG, Dummer R and Blaser K (1999)
Abnormal clones of interleukin-5-producing T cells 
in idiopathic eosinophilia. N Engl J Med, 341, 1112–
1120.

30 Brunning RD and McKenna RW. Atlas of Tumor
Pathology, 3rd Series, Fascicle 9, Tumors of the bone
marrow. Armed Forces Institute of Pathology,
Washington, 1993.

31 Metz J, McGrath KM, Savoia HF, Begley CG and
Chetty R (1993) T cell lymphoid aggregates in bone
marrow in idiopathic hypereosinophilic syndrome. J
Clin Pathol, 46, 955–958.

32 Bain BJ (1996) Eosinophilic leukaemias and the idio-
pathic hypereosinophilic syndrome. Br J Haematol, 95,
2–9.

33 Bain BJ (1999) Eosinophiliaaidiopathic or not? N Engl
J Med, 341, 1141–1143.

34 Gangarossa S, Schiliró G, Mattina T, Scardilli S, Mollica
F and Cavallari V (1996) Dysmegakaryopoietic throm-
bocytopenia in patients with distal chromosome 11q
deletion. Blood, 87, 4915–4916.

35 Bellucci S (1997) Megakaryocytes and inherited
thrombocytopenias. Baillières Clin Haematol, 10,
149–162.

36 Zent CS, Ratajczak J, Ratajczak MZ, Anastasi J,
Hoffman PC and Gewirtz AM (1999) Relationship
between megakaryocyte mass and serum thrombopoi-
etin levels as revealed by a case of cyclic amegakary-
ocytic thrombocytopenic purpura. Br J Haematol, 105,
452–458.

37 Thiele J and Fischer R (1991) Megakaryocytopoiesis in
haematological disorders: diagnostic features of bone
marrow biopsies. Virchows Arch (A), 418, 87–97.

38 Bolton-Maggs PHB (1998) The management of acute
childhood immune thrombocytopenic purpuraaa
controversy revisited. CME Bull Haematol, 1, 79–81.

39 Dror Y and Blanchette VS (1999) Essential thrombo-
cythaemia in children. Br J Haematol, 107, 691–698.

390 CHAPTER EIGHT

18 Karmochkine M, Oksenhendler E, Leruez-Ville M,
Jaccard A, Morinet F and Herson S (1995) Persistent
parvovirus B19 infection and pure red cell aplasia in
Waldenström’s macroglobulinemia: successful treat-
ment with high dose intravenous immunoglobulin.
Am J Hematol, 50, 227–228.

19 O’Brien H, Amess JAL and Mollin DL (1982) Recur-
rent thrombocytopenia, erythroid hypoplasia and
sideroblastic anaemia associated with hypothermia. Br
J Haematol, 51, 451–456.

20 Koduri PR (1998) Novel cytomorphology of the giant
proerythroblasts of parvovirus B19 infection. Am J
Hematol, 58, 95–99.

21 Ryan M, Will AM, Testa N, Hayworth C and
Darbyshire PJ (1995) Severe congenital neutropenia
unresponsive to G-CSF. Br J Haematol, 91, 43–45.

22 Simon M, Lengfelder E, Reiter S and Hehlmann R
(1996) Osteoporosis in severe congenital neutropenia:
inherent in the disease or a sequel of G-CSF treat-
ment? [letter] Am J Hematol, 52, 127.

23 Van den Tweel JG (1997) Preleukaemic disorders in
children: hereditary disorders and myelodysplastic
syndrome. Current Diagn Pathol, 4, 45–50.

24 Kivitie-Kallio S, Rajantie J, Juvonen E and Norio R
(1997) Granulocytopenia in Cohen syndrome. Br J
Haematol, 98, 308–311.

25 Patton WN (1993) Use of colony stimulating factors for
the treatment of drug-induced agranulocytosis. Br J
Haematol, 84, 182–186.

26 Shimizu H, Sawada K, Katano N, Sasaki K, Kawai S
and Fujimoto T (1990) Intramedullary neutrophil pha-
gocytosis by histiocytes in autoimmune neutropenia of
infancy. Acta Haematol, 84, 201–203.

27 Yip D, Rasko JEJ, Lee C, Kronenberg H and O’Neill B
(1996) Thymoma and agranulocytosis: two case re-
ports and literature review. Br J Haematol, 95, 52–56.

28 Chusid MJ, Dale DC, West BC and Wolff SM (1975)
The hypereosinophilic syndrome. Medicine, 54, 1–27.



hypogranularity or some cells showing the acquired
Pelger–Huët anomaly [1]. Megakaryocytes are
often increased, as are macrophages, plasma cells
and sometimes mast cells. Bone marrow necrosis
may occur. It has been suggested that this may be
mediated by tumour necrosis factor [2].

Bone marrow histology

There may be suppression of erythropoiesis, granu-
locytic hyperplasia and increased megakaryocytes
(Fig. 9.1). Dyserythropoiesis, abnormal localization
of immature granulocytes and dysplastic megakary-
ocytes are sometimes noted [1]. Macrophages,
plasma cells and mast cells are sometimes increased.
Stromal changes can include paratrabecular fibro-
sis, sinusoidal congestion, oedema and bone re-
modelling [1]. In patients with advanced disease,
there may be gelatinous transformation, which is
sometimes extensive. Patients with parathyroid

NINE

MISCELLANEOUS DISORDERS

Non-metastatic effects of cancer

Patients with cancer but without bone marrow
metastases may show a variety of haematological
abnormalities.

Peripheral blood

Anaemia is common. Red cells may be normocytic
and normochromic or microcytic and hypochromic.
Rouleaux formation is often increased. Some
patients have neutrophil leucocytosis, eosinophilia,
monocytosis or thrombocytosis.

Bone marrow cytology

Erythropoiesis often shows the features of the
anaemia of chronic disease. There may also be dys-
erythropoiesis. Granulopoiesis (neutrophil and/or
eosinophil) may be increased and there may also be
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Fig. 9.1 BM trephine biopsy
section from a patient with cancer,
showing granulocytic and
megakaryocyte hyperplasia with an
increase of granulocyte precursors
in a paratrabecular position. The Hb
was 9.7 g/dl. The white cell count
and platelet count were normal.
Paraffin-embedded, H&E ×280.



hormone-secreting tumours may show changes of
hyperparathyroidism. Iron stores may be increased.

Bone marrow dysplasia with 
polyclonal haemopoiesis

It is important to distinguish secondary bone mar-
row dysplasia from the myelodysplastic syndromes
(MDS). The MDS are characterized by dysplastic
and ineffective clonal haemopoiesis. They are neo-
plastic conditions which are potentially preleu-
kaemic. In secondary myelodysplasia, haemopoiesis
is polyclonal. The condition is neither neoplastic
nor preleukaemic and, if the underlying cause can
be removed, it is reversible. The commonest causes
of secondary bone marrow dysplasia are infections
(particularly HIV infection and tuberculosis), crit-
ical illness, often with multi-organ failure [3], ex-
posure to drugs and toxins (particularly alcohol)
and auto-immune diseases (such as systemic lupus
erythematosus and juvenile rheumatoid arthritis).
Dyserythropoiesis, possibly with an auto-immune
basis, has also been reported in the auto-immune
lymphoproliferative syndrome associated with Fas
deficiency [4]. Certain anti-cancer drugs have the
potential to induce MDS but, in addition, many
anti-cancer drugs and related agents (e.g. azathio-
prine, mycophenolate mofetil and zidovudine) cause
reversible dysplastic changes. Dysplastic changes
have been reported following liver and other solid

organ transplantation [5]. Macrocytosis and trilin-
eage myelodysplasia have been reported in a sig-
nificant minority of patients with large granular
lymphocyte leukaemia (see page 290). Dysery-
thropoiesis is common in malaria. Anaemia with
sideroblastic erythropoiesis has been observed in
hypothermia [6]. The characteristic haematological
effects of HIV infection (see page 123), anti-cancer and
immunosuppressive chemotherapy (see page 393),
excess alcohol intake (see page 399) and protein-
calorie malnutrition (see page 413) are dealt with in
detail elsewhere. The general features of secondary
bone marrow dysplasia will be described here.

Peripheral blood

Anaemia is usual and thrombocytopenia is com-
mon. Some patients have leucopenia or pancytope-
nia. Red cells may show anisocytosis, macrocytosis
or poikilocytosis. Neutrophils may show non-
specific abnormalities such as cytoplasmic vacuola-
tion, variable granulation, abnormalities of nuclear
shape, binuclearity and detached nuclear frag-
ments. Agranular neutrophils and the acquired
Pelger–Huët anomaly are uncommon but do occur.

Bone marrow cytology

Dyserythropoiesis is common (Figs 9.2 and 9.3).
Abnormalities seen include cytoplasmic bridging,
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Fig. 9.2 BM aspirate from an
intensive care ward patient with
multi-organ failure, showing a
heavily vacuolated dysplastic
proerythroblast. MGG ×960.
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abnormal nuclear lobulation, binuclearity and 
vacuolation. Erythropoiesis is sometimes mega-
loblastic. This is particularly common in intensive
care ward patients who have been exposed to 
nitric oxide [3]. Ring sideroblasts may be present
although they are usually less frequent than in
MDS. Granulopoiesis may show abnormal chro-
matin clumping, hypolobulation, left shift, vacuo-
lation, hypogranularity or variable granulation and
the presence of giant metamyelocytes. Erythroid
and granulocyte precursors are sometimes vacuo-
lated. Multinucleated or non-lobulated megakary-
ocytes may be present. In contrast to MDS, very
small mononuclear or binuclear megakaryocytes
are uncommon in secondary dysplasia.

Bone marrow histology

The bone marrow may be hypercellular, normocel-
lular or hypocellular. There is often a discrepancy
between a hypercellular or normocellular marrow
and peripheral cytopenia. Erythropoiesis is often
decreased. Reactive changes (e.g. increased macro-
phages with haemophagocytosis, increased lym-
phocytes or increased plasma cells) are often 
present and some patients show gelatinous trans-
formation. Marrow architecture may be disturbed
and reticulin may be increased. A marked increase
in reticulin deposition may be a feature of systemic
lupus erythematosus. A very rare finding in this

condition is that of lupus erythematosus (LE) cells
in the bone marrow biopsy [7].

Problems and pitfalls

It is important not to over-interpret dysplastic fea-
tures in the bone marrows of patients with severe
illness. It is also important to distinguish dysplastic
features that are a direct effect of chemotherapeutic
agents from therapy-induced MDS. The former dis-
appear on cessation of the causative agent whereas
the latter do not.

The haematological effects of anti-cancer and
immunosuppressive chemotherapy

The majority of anti-cancer and immunosuppres-
sive chemotherapeutic agents are damaging to the
bone marrow. Most cause hypoplasia, some cause
megaloblastosis and some have other, more specific
effects. The nature of the bone marrow damage
depends on dose and duration of therapy. A drug
may, for example, cause erythroid hyperplasia and
megaloblastic erythropoiesis at a low dose and
severe hypoplasia at a higher dose.

Peripheral blood

The most prominent effect of anti-cancer chemo-
therapy is pancytopenia. This is usual with all of the

Fig. 9.3 BM aspirate from a patient
with tuberculosis, showing marked
dyserythropoiesis. MGG ×960.



commonly employed agents, the exceptions be-
ing vincristine and bleomycin. Neutropenia and 
thrombocytopenia are apparent well in advance of
anaemia. Some degree of anisocytosis and poikilo-
cytosis, together with basophilic stippling and
Howell–Jolly bodies, occurs as a consequence of the
dyserythropoiesis induced by chemotherapeutic
agents. When megaloblastic change is induced, 
formation of Howell–Jolly bodies is more marked
and macrocytosis is common. Dysplastic changes,
including abnormalities of nuclear shape and
nuclear inclusions within the cytoplasm, may also
be apparent in neutrophils. A reversible acquired
Pelger–Huët anomaly has been observed with a
number of drugs including chlorambucil and
mycophenolate mofetil (Fig. 9.4).

Platelets are small but do not show any spe-
cific morphological abnormality. Vincristine is 
unusual in occasionally causing thrombocytosis,
although not when it is given in combination 
with other drugs which are highly toxic to the bone
marrow.

Occasionally chemotherapy is followed by the
development of micro-angiopathic haemolytic
anaemia. This appears to be particularly a feature of
therapy with mitomycin C.

Bone marrow cytology

The bone marrow aspirate shows a variable degree
of hypoplasia. If bone marrow aspiration is per-

formed after an episode of severe hypoplasia, early
regeneration may produce appearances misinter-
preted as ‘maturation arrest’ (Fig. 9.5). Erythro-
poiesis is dysplastic, often strikingly so. Drugs that
cause megaloblastosis include methotrexate, cyclo-
phosphamide, daunorubicin, adriamycin, cytosine
arabinoside, hydroxycarbamide (hydroxyurea),
azathioprine and zidovudine. The megaloblastosis
induced by anti-cancer chemotherapeutic agents,
with the exception of folate antagonists, differs
from that due to vitamin B12 or folate deficiency in
that dyserythropoiesis is very striking and hyper-
segmented neutrophils and giant metamyelocytes
are not usually a feature. Depending on drug dose,
megaloblastosis may be associated with erythroid
hyperplasia (Fig. 9.6) or hypoplasia. Other drugs
cause dysplastic features without megaloblastosis.
Erythroid dysplasia may be striking, both with mega-
loblastic and with normoblastic erythropoiesis.
Vincristine and other spindle poisons cause mitotic
arrest in quite a high proportion of erythroblasts;
this is detected if a bone marrow aspirate is per-
formed 1–2 days after the administration of one of
these drugs (Fig. 9.7). Bone marrow aspirates taken
shortly after the administration of chemothera-
peutic agents may show increased apoptosis and
increased numbers of macrophages containing cel-
lular debris.

When mycophenolate mofetil causes the
acquired Pelger–Huët anomaly, abnormal chro-
matin clumping and detached nuclear fragments
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Fig. 9.4 PB film from a patient
taking mycophenolate mofetil
showing a reversible acquired
Pelger–Huët anomaly. MGG ×940.
(By courtesy of Dr Ozay Halil,
London.)



Fig. 9.5 BM aspirate from a patient
with severe methotrexate toxicity,
showing ‘maturation arrest’; 
two promyelocytes and one
proerythroblast are seen but
maturing cells are severely
diminished. MGG ×940.

Fig. 9.6 BM aspirate from a 
patient taking hydroxycarbamide
for psoriasis, showing erythroid
hyperplasia, mild megaloblastosis
and one dyserythropoietic cell.
MGG ×940.

Fig. 9.7 BM aspirate, performed
about 24 h after administration of
vincristine, showing a binucleate
erythroblast and four erythroblasts
arrested in mitosis. MGG ×940.
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can be seen in granulocyte precursors in the bone
marrow as well as in peripheral blood cells (Fig. 9.8).

Bone marrow histology

Cells exposed to chemotherapeutic agents show
apoptosis. Dead cells degenerate to granular
eosinophilic debris. With intensive chemotherapy,
depletion of haemopoietic cells is severe and stro-
mal elements become prominent. There are dilated
sinusoids containing red cells and fibrin [8], and
sometimes residual lymphocytes and plasma cells,
the latter particularly along small blood vessels. Red
cells may be extravasated from dilated sinusoids. In
the acute phase of bone marrow damage there may
be interstitial oedema; at this stage stains for stromal
mucin are negative. Subsequently, typical features
of gelatinous transformation may develop.

In the majority of patients treated with intensive
chemotherapy for acute leukaemia [8,9], the mar-
row is almost completely emptied of haemopoietic
cells, particularly when therapy is of the type used
in acute myeloid leukaemia (AML). Varying
degrees of stromal damage occur, including stromal
necrosis. Subsequently, there may be collagen de-
position, increased osteoblastic activity and focal
appositional or intertrabecular bone formation [8].
Prominent residual plasma cells (Fig. 9.9) are more
a feature of AML than of acute lymphoblastic
leukaemia (ALL) [9]. Cellular depletion persists for

3–4 weeks, to be followed by regeneration of fat
cells, which are initially multivesicular, then by
regeneration of haemopoietic cells. Erythroid and
megakaryocytic regeneration often occurs before
granulocytic regeneration but this is variable. In the
early stages of regeneration, clusters of haemopoi-
etic precursors made up of cells from a single lineage
(Fig. 9.10) are often seen. Topography may be
abnormal with erythroid islands adjacent to trabe-
culae, abnormal localization of immature precursors
(ALIP) and megakaryocyte clustering. Extensive
bone remodelling may be seen following intensive
chemotherapy.

Problems and pitfalls

Megakaryocyte clustering and ALIP are common
features during recovery from intensive chemo-
therapy and may persist for many months. In this
context these abnormalities should not be inter-
preted as evidence of MDS. It is important to know
if chemotherapeutic regimens include growth 
factors such as granulocyte colony-stimulating 
factor (G-CSF), since this will complicate the inter-
pretation of increased numbers of myeloblasts 
and promyelocytes. Following cessation of chemo-
therapy, particularly in children, there may be 
a rebound increase in immature lymphoid cells.
This should not be confused with relapse of
leukaemia.
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Fig. 9.8 BM aspirate from a patient
taking mycophenolate mofetil,
showing a myelocyte with
abnormal chromatin clumping and
a detached nuclear fragment (same
case as in Fig. 9.4). MGG ×940. (By
courtesy of Dr Ozay Halil, London.)
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The haematological effects of other drugs 
and chemicals

Anti-cancer and related drugs have predictable
haematological toxicity. Other drugs more often
cause idiosyncratic reactions with an immunolog-
ical mechanism such as agranulocytosis (see page
381), immune haemolytic anaemia and aplastic
anaemia (see page 401). There is also a small group
of other drugs with predictable toxicity. Oxidant
drugs and chemicals can cause haemolytic anaemia.
Chloramphenicol, as well as causing severe idiosyn-

cratic reactions, regularly causes mild bone marrow
suppression with ring sideroblasts and vacuolation
of erythroid and granulocyte precursors. A number
of drugs including isoniazid cause sideroblastic ery-
thropoiesis. Lead poisoning can cause basophilic
stippling of erythrocytes, hypochromic microcytic
anaemia, haemolytic anaemia and sideroblastic 
erythropoiesis. Arsenic can cause pancytopenia
with dysplastic erythropoiesis including basophilic
stippling and the presence of ring sideroblasts
[10,11] (Fig. 9.11). Zinc toxicity can lead to copper
deficiency with consequent anaemia, neutropenia

Fig. 9.10 BM trephine 
biopsy section, regeneration 
post-chemotherapy, showing
decreased cellularity, oedema and 
a cluster of immature regenerating
megakaryocytes. Plastic-embedded,
H&E ×195.

Fig. 9.9 BM aspirate, post-
chemotherapy (for AML), showing
plasma cells surrounding a capillary
in a severely hypoplastic bone
marrow. MGG ×377.



Fig. 9.11 BM aspirate, showing
dyserythropoiesis induced by
arsenic. MGG ×960. (By courtesy 
of Professor A Newlands, London.)

Fig. 9.12 BM aspirate from a
patient with copper deficiency
caused by chelation therapy 
for Wilson’s disease showing: 
(a) hypocellularity; (b) vacuolation
of granulocyte precursors. MGG
×188 and ×940. (By courtesy of 
Dr A Grigg, Melbourne.)

(a)

(b)
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sideroblastic erythropoiesis and vacuolation of 
erythroid and myeloid precursors [12]. Similar fea-
tures are seen with copper-depleting drugs such as
penicillamine, trientine and ammonium tetra-
thiomolybdate used in the treatment of Wilson’s
disease [13] (Figs 9.12 and 9.13).

The effect of irradiation on the bone marrow

Irradiation of a significant proportion of the bone
marrow causes a fall in the neutrophil and platelet
counts. Extensive irradiation causes pancytopenia.
Monitoring of blood counts is therefore carried out
during radiotherapy.

Peripheral blood

The blood film may show neutropenia, thrombocy-
topenia and the features of anaemia.

Bone marrow cytology

The initial change in irradiated bone marrow is pyk-
nosis and karyorrhexis of haemopoietic cells followed
by disappearance of haemopoietic and fat cells and
replacement by areas of gelatinous transformation.
Subsequently, at the site of irradiation, hypoplastic
marrow is found, with haemopoietic cells being
replaced by fat. Extensive high-dose irradiation of
the bone marrow is followed by aplastic anaemia.

Bone marrow histology

Initially, there may be necrosis of the bone marrow
within the field that has received high-dose radia-
tion. Cell loss is initially greatest adjacent to trabe-
culae as more mature cells are more radio-resistant.
There is endothelial cell swelling, sinusoidal dila-
tion, interstitial haemorrhage and sometimes 
stromal necrosis. Haemosiderin-laden macrophages
appear on a background of eosinophilic debris. Sub-
sequently, gelatinous transformation may occur.
Bone necrosis may occur during the acute phase
and may be followed by bone remodelling and radi-
ation-induced osteodysplasia (Fig. 9.14). Later,
there is permanent replacement of haemopoietic
marrow by fat or, less often, fibrous tissue.

The haematological effects of alcohol

Excess intake of ethanol is often complicated by diet-
ary deficiency and liver disease. However, ethanol
itself has well-defined haematological toxicity.

Peripheral blood

There is a normocytic or macrocytic anaemia with
red cells being normochromic. Macrocytes differ
from those of megaloblastic anaemia in that they
are usually round rather than oval (Fig. 9.15).
Stomatocytes are common and target cells are

Fig. 9.13 Section of BM trephine
biopsy specimen from a patient
with copper deficiency caused by
chelation therapy for Wilson’s
disease (same case as in Fig. 9.12),
showing hypocellularity and
vacuolation of granulocyte
precursors. MGG ×940.
(By courtesy of Dr A Grigg,
Melbourne.)



sometimes present. A dimorphic blood film has
been reported but is not common. Heavy alcohol
intake and acute alcoholic liver disease have been
associated with haemolytic anaemia with hyper-
lipidaemia and with the blood film showing 
spherocytes or irregularly contracted cells; this is
designated Zieve’s syndrome. The neutrophil count
is usually normal but the capacity of the bone mar-
row to mount a neutrophil response to infection is
reduced and infection may lead to neutropenia. The
lymphocyte count may be reduced. Thrombocy-
topenia is common. If alcohol intake is suddenly
stopped, a rebound thrombocytosis can occur.

Bone marrow cytology

Erythropoiesis is normoblastic, macronormoblastic
or mildly megaloblastic. Siderotic granules are
prominent and there may be ring sideroblasts;
sometimes these are numerous. There are other
dyserythropoietic features such as erythroid multi-
nuclearity. Erythroid and granulocyte precursors
are sometimes vacuolated (Fig. 9.16). Iron stores
may be increased; sometimes haemosiderin inclu-
sions are present in plasma cells [14] and in
endothelial cells lining sinusoids [15]. The latter
phenomenon may be noted in the absence of any
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Fig. 9.14 Section of BM trephine
biopsy specimen, showing stromal
damage and radiation-induced
osteodysplasia. H&E ×96.
(By courtesy of Dr Ruth Langholm,
Oslo.)

Fig. 9.15 PB film, showing
macrocytosis with some
stomatocytes, consequent on
excess alcohol intake. MGG ×960.
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increase in macrophage iron [15]. In Zieve’s syn-
drome there may be an excess of iron-laden foamy
macrophages (Fig. 9.17). Megakaryocytes are often
increased [15]. Alcohol-induced reversible bone
marrow hypoplasia has been reported [16].

Bone marrow histology

Trephine biopsy sections show dyserythropoiesis.
There may be increased iron in macrophages and
iron in plasma cells and endothelial cells.

Problems and pitfalls

It is important to be aware of the likelihood of
excess alcohol intake in interpreting cytopenias and
dysplastic features. Otherwise there may be a misdi-
agnosis of MDS.

Aplastic anaemia

Aplastic anaemia is a heterogeneous disorder char-
acterized by pancytopenia and a hypocellular mar-
row without any apparent underlying neoplastic
process. The name, although well established, is
somewhat misleading since all haemopoietic lin-
eages are involved. Aplastic anaemia is rare. In
Europe and North America the incidence is of the
order of 5–10/1 000 000/year but in various other
parts of the world, for example in Asia, the disease is

considerably more common. Although some cases
of aplastic anaemia result from an inherited dis-
order and develop in infancy or childhood, the 
incidence, in general, increases with age.

The commonest inherited form of aplastic
anaemia is Fanconi’s anaemia. This is an autosomal
recessive condition in which sufferers have defec-
tive DNA repair mechanisms. The pancytopenia
usually develops between the ages of 5 and 10
years. Without bone marrow transplantation many
patients die from infection or bleeding but approx-
imately 20% develop AML [17]. Other inherited
disorders which may progress to aplastic anaemia
include dyskeratosis congenita, the Hoyeraal–
Hreidarsson syndrome (a severe variant of dysker-
atosis congenita) [18], the Schwachman–Diamond
syndrome and amegakaryocytic thrombocytopenia
without physical defects [19]. In the Schwachman–
Diamond syndrome, neutropenia often develops
first; pancytopenia follows, resulting from aplastic
anaemia.

Known causes of acquired aplastic anaemia in-
clude viral hepatitis, irradiation, auto-immune dis-
ease, drugs (such as chloramphenicol) and chemicals
(such as benzene). Aplastic anaemia may be the ini-
tial presentation of systemic lupus erythematosus
[20]. Pregnancy appears to be a rare cause of aplas-
tic anaemia [21]. In many cases the cause is not
apparent and the designation ‘idiopathic aplastic
anaemia’ is then used.

Fig. 9.16 BM aspirate, showing
macronormoblastic erythropoiesis
and erythroblast vacuolation
caused by excess alcohol intake
(same case as in Fig. 9.15). 
MGG ×960.



The diagnosis of aplastic anaemia may be sus-
pected from peripheral blood and bone marrow
aspirate findings but a trephine biopsy is essential
for diagnosis. This is because of the frequent dif-
ficulty in obtaining an adequate aspirate and the
variable degree of hypoplasia in different areas of
the marrow. If bone marrow examination does not
confirm a strong clinical suspicion of aplastic
anaemia, repeat examination at another site is indi-
cated since the bone marrow may be affected in an
uneven manner.

Aplastic anaemia has been categorized on the
basis of peripheral blood and bone marrow features

as severe, very severe or non-severe. Patients with
severe aplastic anaemia have a platelet count less
than 20 × 109/l, a granulocyte count less than 0.5 ×
109/l and bone marrow cellularity less than 25%
[22]. Patients with very severe aplastic anaemia
have a granulocyte count less than 0.2 × 109/l.
Other cases are categorized as non-severe.

Prior to the development of stem cell transplanta-
tion and immunosuppressive therapy, the progno-
sis of aplastic anaemia was poor with severe cases
having a median survival of less than a year. With
immunosuppressive therapy (anti-lymphocyte
globulin plus cyclosporin) or stem cell transplanta-
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Fig. 9.17 BM aspirate from a
patient with Zieve’s syndrome
showing: (a) foamy macrophages,
MGG ×960; (b) an iron-laden
foamy macrophage, Perls’ stain
×960. (By courtesy of Dr Sue
Fairhead, London.)

(a)

(b)
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tion from a histocompatible sibling, 5-year survivals
of the order of 50–70% can be anticipated. Bone
marrow or other stem cell transplantation may cure
aplastic anaemia whereas, following immunosup-
pressive therapy, defective stem cells persist giving
the possibility of evolution into paroxysmal noctur-
nal haemoglobinuria (PNH), MDS or AML.

Peripheral blood

Severe cases are characterized by pancytopenia and
a low reticulocyte count. The lymphocyte count 
is also low. The anaemia may be normocytic or
macrocytic and poikilocytes may be present.
Neutrophils often have dark red granules and high
alkaline phosphatase activity, even in the absence
of any apparent infection. Platelets are of normal
size, in contrast to the large platelets which are
common when thrombocytopenia is the result of
increased platelet destruction. Macrocytosis and
borderline cytopenias may persist following remis-
sion induced by immunosuppressive therapy.

Bone marrow cytology

The bone marrow may be difficult to aspirate 
with the result being a ‘dry tap’ or ‘blood tap’. In 
the majority of patients a hypocellular aspirate 
is obtained with the fragments being composed
largely of fat (Fig. 9.18). The cell trails are also

hypocellular. Different lineages are affected to 
a variable extent so that the M:E ratio may be
increased, normal or decreased. Dyserythropoiesis
may be seen. Ring sideroblasts are not a feature but,
otherwise, the changes seen can be similar to those
observed in MDS [23,24]. Dysplastic changes in
granulocytes are less common and pseudo-Pelger
neutrophils are not a feature. There is no dispro-
portionate increase in immature granulocyte pre-
cursors. Megakaryocytes are often so infrequent 
in the aspirate that it is difficult to assess their 
morphology.

In a minority of patients the aspirate is normocel-
lular or even hypercellular [23,24]. Examination of
trephine biopsy specimens from such patients
shows that such ‘hot spots’ co-exist with extensive
areas of hypoplastic marrow.

The bone marrow aspirate shows at least a rel-
ative increase in lymphocytes and sometimes an
absolute increase. There may also be increased
numbers of plasma cells, macrophages and mast
cells. Foamy macrophages are sometimes present
and macrophage iron is increased.

Bone marrow histology

Trephine biopsy is crucial in the diagnosis of aplastic
anaemia. The bone marrow is usually hypocellu-
lar with a marked reduction of haemopoietic cells
(Figs 9.19–9.21). Myeloid cells are mainly replaced

Fig. 9.18 BM aspirate, aplastic
anaemia, showing a severely
hypoplastic fragment. MGG ×94.



Fig. 9.19 BM trephine biopsy
section, aplastic anaemia, showing
marked hypocellularity. Plastic-
embedded, H&E ×39.

Fig. 9.20 BM trephine biopsy
section, aplastic anaemia, 
showing a marked reduction in
haemopoietic precursors; many of
the remaining cells are plasma cells.
Plastic-embedded, H&E ×390.

Fig. 9.21 BM trephine biopsy
section, Fanconi’s anaemia,
showing large, poorly formed
erythroblastic islands containing
increased numbers of early
erythroblasts. Plastic-embedded,
H&E ×188.
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by fat but there is a variable inflammatory infiltrate
composed of lymphocytes, plasma cells, macro-
phages, mast cells and sometimes eosinophils [25]
(Fig. 9.20). Lymphocytes, which are CD3-positive
and either CD4- or CD8-positive, are preferentially
increased in areas of residual haemopoiesis [26]. Re-
active lymphoid aggregates are also increased.
Necrotic cells and cellular debris may be present.
Walls of sinusoids may be disrupted and there may
be oedema and haemorrhage. In some patients the
inflammatory infiltrate is so heavy that the marked
reduction of haemopoietic cells is not immediately
apparent. Sinusoids are reduced but arterioles and
capillaries are normal or increased [27]. Residual
erythroid cells show dysplastic features [25].
Macrophage iron is increased. A distinctive appear-
ance has been observed in aplastic anaemia induced
by acetazolamide. In many of these patients there is
depletion of haemopoietic cells leaving abnormal
stroma, lymphocytes and plasma cells but without
replacement by fat.

A minority of cases have some areas of normal or
increased cellularity. Such cellular areas are com-
monly adjacent to sinusoids [27] and are composed
of erythroid cells, all at the same stage of develop-
ment and showing dysplastic features [24]. This
finding is more common in Fanconi’s anaemia 
(Fig. 9.21). In this condition the marrow is initially
normocellular but becomes hypocellular. Megakary-
ocytes are often the first lineage to show reduction,
followed by granulocytes and then erythroid cells.

Reticulin shows little if any increase. Various
abnormalities of bone have been reported. Some
studies have found osteoporosis and others in-
creased osteoblastic and osteoclastic activity with
irregular remodelling of bone [25].

When aplastic anaemia remits, for example follow-
ing therapy with anti-thymocyte or anti-lymphocyte
globulin, dysplastic features are very evident
[28,29] and the inflammatory infiltrate often per-
sists [29].

The presence of trilineage dysplasia and increased
reticulin deposition is indicative of a worse prog-
nosis (see below). Otherwise, there is little relation-
ship between histological features and prognosis.
Assessment of cellularity has not been found 
particularly useful in this regard. Prior to the de-
velopment of modern treatment, an intense inflam-
matory infiltrate was shown to correlate with a

worse prognosis [25,30] but this was not so in three
large series of patients treated either with anti-
thymocyte globulin or by bone marrow transplan-
tation [29,31].

Cytogenetics and molecular genetics

At presentation, a significant proportion of patients
with acquired aplastic anaemia are found to have a
clonal cytogenetic abnormality, most often trisomy
6 or 8 or anomalies of chromosomes 5 or 7.
Although this is indicative of the presence of a neo-
plastic clone, it is not predictive of progression to
MDS or AML [32]. The abnormal clone may disap-
pear following immunosuppressive therapy [32].

Clonal cytogenetic abnormalities appearing fol-
lowing a response to immunosuppressive therapy
are of more significance. They are often present at
the time of evolution to MDS or AML. Abnormal-
ities observed have included monosomy 6 and
monosomy or deletion of chromosome 7.

The molecular genetic abnormalities underlying
some types of inherited aplastic anaemia have been
defined. Dyskeratosis congenita is caused by muta-
tion or deletion of the DKC gene at Xq28. Fanconi’s
anaemia is associated with chromosomal fragility
and cytogenetic analysis following exposure to clas-
togenic agents is diagnostically useful.

Problems and pitfalls

A diagnosis of aplastic anaemia should not be based
on a bone marrow aspirate alone. A trephine biopsy
is essential in order both to assess cellularity of an
adequate sample of marrow and to assess the cyto-
logical features of residual cells. A trephine biopsy is
particularly important in distinguishing aplastic
anaemia from hypoplastic MDS and AML and from
conditions in which bone marrow fibrosis leads to a
hypocellular uninformative aspirate. Abnormal
cells such as blast cells or hairy cells may be present
in the trephine biopsy although not detectable in a
hypocellular aspirate.

An adequate clinical history is important in order
to avoid performing a bone marrow biopsy at the
site of previous radiotherapy; the bone marrow at
such sites is hypocellular and histological features
may be indistinguishable from those of aplastic
anaemia (Fig. 9.22). It should be noted that subcor-



tical bone marrow is hypocellular (Fig. 9.23) so that
a diagnosis of aplastic anaemia should never be
based on an inadequate biopsy composed mainly of
cortical bone and subcortical bone marrow.

The relationship of aplastic anaemia to hypocel-
lular MDS is problematical since neoplastic clones
arise in some cases of aplastic anaemia and may be
predictive of subsequent MDS and AML. However,
it should be noted that, although the detection of 
a clonal cytogenetic abnormality in a hypoplastic
bone marrow is indicative of the presence of a neo-
plastic clone, it is not necessarily predictive of dis-
ease progression. Such clones sometimes disappear

spontaneously. It may be that hypocellular MDS
represents an intermediate stage of evolution of
typical aplastic anaemia to MDS [19] or to AML.
Aplastic anaemia can also progress through typical
hypercellular MDS to AML [33]. Of the long-term
survivors of aplastic anaemia, the number who
develop MDS and AML may be as high as 10% [34].
In the differential diagnosis of hypoplastic MDS and
aplastic anaemia the most important feature is the
presence of clusters of blasts which are indicative of
the former diagnosis. Other features which have
been found, to some extent, to be predictive of 
progression to AML and which can therefore be
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Fig. 9.22 Section of BM trephine
biopsy specimen inadvertently
taken from the site of previous
radiotherapy, showing marked
hypocellularity. H&E ×96.

Fig. 9.23 Section of a BM 
trephine specimen from a patient
with essential thrombocythaemia,
showing very hypocellular
subcortical bone marrow;
elsewhere marrow was of normal
cellularity with increased
megakaryocytes. H&E ×96.
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considered to favour a diagnosis of hypocellular
MDS are: (i) trilineage atypia, particularly megakaryo-
cyte atypia; (ii) increased numbers or clustering of
megakaryocytes; and (iii) reticulin fibrosis [33]. In
Fanconi’s anaemia the development of trilineage
dysplasia and reticulin fibrosis may herald transfor-
mation to AML.

The relationship of aplastic anaemia to PNH is 
discussed below.

It should be noted that, in children, apparent
aplastic anaemia may represent an aplastic presen-
tation of ALL. Spontaneous recovery of haemo-
poiesis occurs, to be followed within a few months
by frank ALL; increased reticulin is common in pre-
ALL aplasia and a proportion of patients also have
prominent bone marrow lymphocytes [35]. DNA
analysis has shown that leukaemic cells are present
in significant numbers in the hypoplastic stage [36].

Other causes of bone marrow aplasia 
and hypoplasia

Reversible aplasia follows intensive cytotoxic chemo-
therapy. In subjects unable to mount a normal
immune response to the EBV, primary infection by
the virus may cause bone marrow aplasia. Hypo-
plasia can also be a feature of CMV infection. Other
infections, including toxoplasmosis, sometimes cause
bone marrow aplasia [37]. Bone marrow aplasia is
also one of the features of graft-versus-host disease
(GVHD) (see below).

Other causes of bone marrow hypoplasia include
starvation, anorexia nervosa (Fig. 9.24), severe
hypothyroidism, copper deficiency (see Fig. 9.13)
and arsenic toxicity.

Pearson’s syndrome and other 
mitochondrial cytopathies

Several congenital syndromes with mitochondrial
inheritance cause anaemia and cytopenia with an
onset during childhood [38]. There may be associ-
ated pancreatic dysfunction, metabolic disorder or
developmental delay.

Peripheral blood

Normocytic normochromic anaemia, neutro-
penia and thrombocytopenia occur in variable 
combinations.

Bone marrow cytology

There is dyserythropoiesis with numerous ring
sideroblasts and vacuolation of erythroid and gran-
ulocytic precursors (Fig. 9.25).

Other constitutional abnormalities associated
with abnormal haemopoiesis

Down’s syndrome may be associated, in the 
neonatal period, with otherwise unexplained 

Fig. 9.24 BM trephine biopsy
section in anorexia nervosa,
showing marked hypocellularity.
H&E ×192.



polycythaemia or with transient abnormal
myelopoiesis, which probably represents transient
leukaemia [39]. Subsequently, there may be trilin-
eage myelodysplasia. The incidence of AML,
specifically acute megakaryoblastic leukaemia, is
greatly increased.

Griscelli syndrome is a rare fatal disorder with
abnormal pigmentation and variable cellular
immune deficiency [40]. Pancytopenia is charac-
teristic. The bone marrow may appear normal or
there may be lymphohistiocytic infiltration with
haemophagocytosis.

Thiamine-responsive anaemia is an autosomal
recessive condition that can cause not only mega-
loblastic anaemia but also pancytopenia with trilin-
eage myelodysplasia. Features include small and
hypolobulated megakaryocytes, multinucleated
megakaryocytes and hypolobulated neutrophils [41].

Paroxysmal nocturnal haemoglobinuria

PNH is a heterogeneous disease, the essential fea-
ture of which is abnormal complement sensitivity of
red cells. PNH is a clonal disorder resulting from a
somatic mutation in a multipotent myeloid stem
cell. In the majority of cases, cells of the abnormal
clone co-exist with normal polyclonal haemopoietic
cells; in a minority the PNH clone constitutes vir-
tually all haemopoietic tissue [42]. The causative
mutation occurs in an X-linked gene, PIG-A, that

encodes a protein essential for the biosynthesis 
of glycosyl phosphatidylinositol (GPI). GPI is an
important component of the red cell membrane,
providing an anchor for many proteins. GPI-
anchored proteins include CD55 (a complement-
regulatory protein) and CD59. The defect in the red
cell membrane leads, in vitro, to lysis of cells when
serum is acidified and, in vivo, to intravascular
haemolysis which is often nocturnal.

About a quarter of cases of PNH evolve to aplastic
anaemia [19]. Conversely, 5–10% of patients with
aplastic anaemia acquire a PNH clone during the
course of their illness, often with associated clinical
improvement [19,42]. In a small percentage of cases
of PNH there is evolution to AML. The specific PNH
defect of red cells leading to a positive acid lysis test
has also been observed, occasionally, in patients
with other clonal disorders of haemopoiesis in-
cluding MDS (sideroblastic anaemia and refractory
anaemia with excess of blasts) and myeloprolifera-
tive disorders (MPD) (myelofibrosis and unclassi-
fied MPD). Recovery of PNH can occur with the
abnormal clone disappearing and being replaced by
normal polyclonal haemopoietic cells.

The diagnosis of PNH is confirmed by an acid lysis
(Ham) test or sugar–water test showing comple-
ment sensitivity of red cells. Alternatively, the diag-
nosis can be confirmed by flow cytometry, using
monoclonal antibodies to demonstrate a deficiency
of GPI-linked proteins such as CD59.
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Fig. 9.25 BM aspirate from a
patient with probable Pearson’s
syndrome, showing vacuolation 
of haemopoietic precursors. MGG
×960. (By courtesy of Dr S Jan,
Pakistan.)
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Peripheral blood

PNH is characterized by some degree of chronic
haemolysis with episodes of more severe haemo-
lysis. Red cells do not show any morphological
abnormalities other than polychromasia associated
with an elevated reticulocyte count. Some pati-
ents have neutropenia, thrombocytopenia or both.
Neutrophil alkaline phosphatase activity is typically
low or absent.

Bone marrow cytology

The most characteristic bone marrow abnormality is
hypercellularity due, at least in part, to erythroid
hyperplasia (Fig. 9.26); there is often also granulo-
cytic and megakaryocytic hyperplasia. However, in
some patients the specific red cell abnormality of
PNH occurs when there is bone marrow hypoplasia.
Mast cells may be increased.

Bone marrow histology

Trephine biopsy sections may show erythroid
hyperplasia or generalized hypoplasia.

Bone marrow and other haemopoietic stem
cell transplantation

Allogeneic haemopoietic stem cells suitable for
transplantation may be obtained by bone marrow

aspiration from volunteer donors. Alternatively,
they may be obtained from cord blood or may be
harvested from peripheral blood, following stimula-
tion by growth factors such as G-CSF. Since stem
cell transplantation necessitates prior immunosup-
pression, and often also ablative chemotherapy, the
haematological features of bone marrow aplasia
precede the signs of stem cell engraftment. Stem cell
transplantation may be complicated by a variety 
of pathological processes [43] including sepsis, re-
jection and GVHD. Infection with CMV [44] and
human herpesvirus 6 [45] post-transplant can
cause bone marrow hypoplasia leading to pancy-
topenia. EBV-triggered lymphoproliferative disease
(see page 319) occurs but is uncommon, in com-
parison with the incidence following solid organ
transplantation; it occurs in about 1% of stem cell
transplant recipients. Chronic parvovirus B19-
induced red cell aplasia may develop as a con-
sequence of post-transplant immune deficiency. 
In the early post-transplant period there is hypo-
splenism. Post-transplant there is also an increased
incidence of auto-immune thrombocytopenic 
purpura (often associated with chronic GVHD),
auto-immune neutropenia, auto-immune haemo-
lytic anaemia and Evans syndrome [46]. Micro-
angiopathic haemolytic anaemia is also observed in
some patients, occurring as a result of endothelial
damage caused by cyclosporin A or other agents.

Autologous stem cell transplantation may lead to
some of the same pathological processes that follow

Fig. 9.26 BM aspirate, PNH,
showing erythroid hyperplasia and
a somewhat abnormal chromatin
pattern. MGG ×940.



allogeneic stem cell transplantation, since there is 
a period of bone marrow aplasia and immune
deficiency, but GVHD does not occur.

Post-transplantation, a bone marrow biopsy is
generally more informative than the peripheral
blood film or bone marrow aspirate.

Peripheral blood

Initially, there is a period of 2–3 weeks of severe
pancytopenia, followed by a gradual rise of white
cell and platelet counts as engraftment occurs. If
there is failure of engraftment or if rejection occurs,
there is a failure of counts to rise or a subsequent
fall. Features of hyposplenism may be present.
Those who develop auto-immune complications or
micro-angiopathic haemolytic anaemia show the
expected peripheral blood features. If patients
develop EBV-triggered lymphoproliferative disease
following transplantation, the peripheral blood 
film may be leuco-erythroblastic and show atypical
immature lymphoid cells.

Bone marrow cytology

The bone marrow aspirate is initially severely
hypoplastic. Subsequently, haemopoietic cells 
gradually reappear. Dysplastic features may be 
present. In the months following transplantation 
an appreciable increase may occur in haemato-
gones, lymphoid cells which morphologically and
immunophenotypically resemble lymphoblasts of
L1 ALL [47]; with prolonged follow-up these are no
longer apparent. If rejection occurs the abnormali-
ties noted include lymphocytosis, plasmacytosis, in-
creased macrophages and increased iron stores [43].
If chronic parvovirus infection occurs, the bone
marrow aspirate shows a lack of erythroid cells
beyond the proerythroblast stage. EBV-triggered
lymphoproliferative disease is associated with bone
marrow infiltration by highly atypical immature
lymphoid cells including bizarre plasmacytoid 
lymphocytes. Patients with failure to engraft, 
particularly but not exclusively those treated 
with granulocyte–macrophage colony-stimulating
factor (GM-CSF), may have an increase of foamy
histiocytes in a hypocellular marrow [48]. When 
auto-immune complications occur, the expected
erythroid or megakaryocytic hyperplasia may be

seen but this is dependent on adequate haemopoi-
etic reconstitution.

Bone marrow histology [43,49–51]

The speed of haemopoietic regeneration depends
on the type of transplantation; engraftment is much
more rapid after transplantation of autologous
peripheral blood stem cells, least rapid after allo-
grafting from unrelated donors and intermediate
with allografts from related donors. In general, 
during the first 2 weeks cellularity is very low.
Thereafter, clusters of proliferating cells appear at a
variable rate (Fig. 9.27). In the early stages of
engraftment, foci of regenerating cells commonly
contain cells of only one lineage and cells may be all
at the same stage of development. The topography
may be abnormal, with foci of granulocyte precur-
sors present in the central intertrabecular area
rather than in a paratrabecular position. Mega-
karyocytes are often clustered. Haemopoietic cells
may be dysplastic. Often there are stromal changes
such as oedema, the presence of foamy macro-
phages, formation of small granulomas, sinusoidal
ectasia and extravasation of red cells into the inter-
stitium; these abnormalities are probably a result of
damage caused by the ablative therapy employed
prior to grafting and are more marked in patients
transplanted for leukaemia. There may also be lym-
phoid foci, sometimes with associated eosinophils.
Plasma cells may be increased in patients who have
had a stem cell transplant for acute leukaemia. In
patients with increased reticulin or collagen, there
is gradual stromal remodelling with a return to nor-
mal or near normal appearances. If rejection occurs,
the trephine biopsy may show oedema and fat
necrosis, in addition to the features apparent in the
aspirate, which have been mentioned above. There
may be small foci of lymphoblast-like cells. A hypo-
plastic bone marrow biopsy post-transplant may
result from failure of engraftment, infection by her-
pesviruses or stromal damage resulting from GVHD.
Selective loss of maturing red cells is seen in par-
vovirus B19-induced chronic pure red cell aplasia.

Problems and pitfalls

Patients who have had an autologous stem cell
transplant show an increased incidence of MDS as a

410 CHAPTER NINE



MISCELLANEOUS DISORDERS 411

result of damage to stem cells by preceding chemo-
therapy. However, the diagnosis of MDS should be
made with circumspection since disturbed archi-
tecture and dysplastic features are common in 
the early post-transplant period. Cytogenetic and
molecular genetic analysis can be useful in making
the distinction.

In patients transplanted for ALL, a post-transplant
excess of haematogones must be distinguished from
relapse. Immunophenotyping and cytogenetic and
molecular genetic analysis can be useful in making
the distinction.

In patients transplanted for multiple myeloma,
increased monoclonal plasma cells are often pres-
ent in the first 1–2 months after transplantation.
These represent residual myeloma cells rather than
relapse and are not predictive of disease progression
[52].

Graft-versus-host disease (including the
effects of donor-lymphocyte infusion)

GVHD occurs not only in the setting of stem cell
transplantation but also when viable, immunocom-
petent, histo-incompatible lymphocytes have been
transferred to an immuno-incompetent host. This
may occur in utero, when there is transfer of mater-
nal lymphocytes to a fetus with severe combined
immune deficiency. Following birth, it can occur
following blood transfusion in congenital and cer-
tain acquired immune deficiency states. It has been

recognized in patients being treated for Hodgkin’s
disease and in patients with low grade lymphopro-
liferative disorders who have received treatment
with nucleoside analogues such as fludarabine.

GVHD can also occur in immunologically normal
hosts when blood for transfusion was derived from
a donor who was homozygous for a human leuco-
cyte antigen (HLA) haplotype identical to one of 
the host’s haplotypes; the host is then unable to 
recognize the recipient’s lymphocytes as foreign
and so cannot destroy them, whereas the transfused
lymphocytes are capable of recognizing and attack-
ing host tissues. GVHD in immunologically normal
hosts has most often resulted from transfusions
from closely related family members.

Donor-lymphocyte transfusion, increasingly
practised for post-transplant relapse of chronic
granulocytic leukaemia (CGL) or other haemopoi-
etic neoplasms, can also be complicated by GVHD.

GVHD has resulted from inadvertent transfer of
donor lymphocytes following solid organ transplan-
tation [53].

The bone marrow features of GVHD differ
depending on whether bone marrow has been
transplanted or not. When viable lymphocytes only
have been transferred, the host’s bone marrow will
be among the tissues which come under immuno-
logical attack and bone marrow aplasia results. In
patients who have received donor bone marrow
containing viable lymphocytes, other tissues are
attacked but, since the bone marrow is donor in 

Fig. 9.27 BM trephine biopsy
section, showing regeneration
following bone marrow
transplantation; note cluster of
megakaryocytes. Plastic-embedded,
H&E ×195.



origin, it will not be recognized as foreign by donor
lymphocytes. The haemopoietic marrow may, how-
ever, be indirectly damaged by the immunological
reaction between donor cells and host cells includ-
ing the bone marrow stroma.

It was previously suggested that Omenn’s syn-
drome, a condition of infants characterized by 
combined immunodeficiency and signs suggestive
of GVHD, may represent GVHD consequent on
transplacental passage of lymphocytes [54], but this
condition is now known to be an inherited disorder
resulting from a mutation in one of the recombina-
tion activating genes, RAG1 and RAG2 [55].

Peripheral blood

In patients who have received histo-incompatible
donor lymphocytes the consequent bone marrow
hypoplasia is reflected in peripheral blood pancy-
topenia. In bone marrow transplant recipients there
are no specific peripheral blood features that indi-
cate the occurrence of GVHD but there is a delay in
the appearance of signs of engraftment.

Bone marrow cytology

The bone marrow aspirate is usually hypocellular.

Bone marrow histology

When donor lymphocytes have been transferred
without donor bone marrow, histological sections
of trephine biopsies show aplasia. In GVHD in the
setting of bone marrow transplantation, histological
abnormalities include a decrease in haemopoietic
cells, increased macrophages, erythrophagocytosis,
oedema and perivenous lymphoid infiltrates [49].

Effects of haemopoietic growth factors and
other cytokines

An increasing number of haemopoietic growth fac-
tors and other cytokines are being administered to
patients. Haematological effects are often profound.

Peripheral blood

G-CSF and GM-CSF cause neutrophilia and mono-
cytosis with a marked left shift, ‘toxic’ granulation,

neutrophil vacuolation and a variety of dysplastic
changes in neutrophils including abnormal neu-
trophil lobulation and the presence of macropoly-
cytes. Blast cells may appear in the blood following
G-CSF therapy [56]. GM-CSF causes more marked
monocytosis than G-CSF and can also cause eo-
sinophilia. In patients with MDS, the administration
of G-CSF can be associated with the appearance of
significant numbers of myeloblasts in the peripheral
blood [57]. Neutrophilia is induced by various
interleukins (IL1, IL2, IL3 and IL6) and by stem 
cell factor [58]. Eosinophilia is induced by IL2, IL3
and IL5. Lymphocytosis is induced by IL2, IL3, IL6,
IL11 and thrombopoietin [59]. Thrombocytosis is
induced by IL1, IL3, IL6 and thrombopoietin. The
administration of IL2 leads to anaemia and throm-
bocytopenia and IL6 and IL11 [60] also cause
anaemia. Erythropoietin administration raises the
haemoglobin concentration and leads to erythroid
hyperplasia.

Bone marrow cytology

Administration of G-CSF and GM-CSF causes a
marked left shift of granulopoiesis. This is particu-
larly prominent when these cytokines are adminis-
tered to patients with suppressed bone marrow
function. Myeloblasts may reach 20–40% and
promyelocytes 12–60% leading to possible confu-
sion with M2 and M3 categories of AML [61]. In
haematologically normal subjects, G-CSF causes a
marked increase in cellularity and an increase of 
all cells of neutrophil lineage [62]; the greatest
increase is in promyelocytes and myelocytes.
Morphological alterations include increased granu-
larity, particularly of early cells, and an increased
prevalence of ring neutrophils [62]. GM-CSF can
cause a marked increase in macrophage numbers
and its administration has been associated with
development of a haemophagocytic syndrome [63].
The administration of IL5 causes an increase in
bone marrow eosinophils. Stem cell factor causes
some increase in cellularity with increased promye-
locytes and, in some cases, increased basophils and
mast cells [58]. Administration of thrombopoietin
(in the form of pegylated recombinant human
thrombopoietin) leads to increased numbers of
megakaryocytes of increased size and nuclear lobu-
larity [59].
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Bone marrow histology

The bone marrow following administration of G-
CSF and GM-CSF may be hypocellular, normocel-
lular or hypercellular, depending on the underlying
disease and prior therapy. There is granulocytic
hyperplasia, left-shifted granulopoiesis and ex-
pansion of the paratrabecular zone of neutrophil
precursors (Fig. 9.28). There may be aggregates 
of granulocyte precursors [61] resembling ALIP
seen in MDS. Administration of thrombopoietin
increases megakaryocyte numbers, size and nuclear
lobularity [59] and leads to megakaryocyte cluster-
ing with increased reticulin deposition (Fig. 9.29).

Problems and pitfalls

When blast cells appear in the peripheral blood in
response to G-CSF therapy, there are usually other
granulocyte precursors present and maturing cells
show ‘toxic’ changes such as heavy granulation.
These blast cells also show some immunopheno-
typic differences from leukaemic myeloblasts [56].
They express CD34 but not terminal deoxynu-
cleotidyl transferase, co-express CD19, and express
CD13 and CD33 weakly [56].

In patients receiving G-CSF following induction
therapy for AML, an increased blast cell percentage
may be misinterpreted as persisting leukaemia [64].
G-CSF can also increase the blast cell percentage in
MDS so that AML is simulated [57,65].

An adequate clinical history should prevent 
ALIP resulting from G-CSF therapy leading to a 
misdiagnosis of MDS and, similarly, should pre-
vent the changes induced by thrombopoietin from
being misinterpreted as an MPD.

Protein-calorie malnutrition and calorie
deficiency

Peripheral blood

Protein-calorie malnutrition (kwashiorkor or
marasmus) is not usually associated with deficiency
of specific haematinics such as iron, vitamin B12 or
folate but, nevertheless, anaemia occurs. Red cells
are normocytic and normochromic. The white cell
and platelet counts may also be reduced. Severely
reduced calorie intake, as in anorexia nervosa, is
associated with mild anaemia, lymphopenia, neu-
tropenia and thrombocytopenia; the blood film may
show small numbers of acanthocytes.

Bone marrow cytology

The bone marrow in protein-calorie malnutri-
tion usually shows reduced cellularity with 
normoblastic but dyserythropoietic haemopoiesis
(Fig. 9.30). Giant metamyelocytes (Fig. 9.31) are
common, even in the majority of cases which 
have normoblastic erythropoiesis. There is vacuo-
lation of erythroid and granulocyte precursors.

Fig. 9.28 BM trephine biopsy
specimen from a patient receiving
G-CSF, showing an expanded
paratrabecular seam of neutrophil
precursors. H&E ×384.



Fig. 9.29 BM trephine biopsy
specimen from a patient receiving
thrombopoietin, showing: 
(a) a marked increase in
megakaryocytes which are
pleomorphic and forming clusters;
(b) increased reticulin deposition;
both abnormalities reversed on
cessation of therapy. H&E and
reticulin stain ×192.

(a)

(b)

Fig. 9.30 Bone marrow aspirate,
showing dyserythropoiesis in
protein-calorie malnutrition. MGG
×960. (By courtesy of Professor SN
Wickramasinghe, London.)
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Dysmegakaryopoiesis is uncommon. Iron stores are
normal or increased. There may be abnormal sider-
oblasts including ring sideroblasts. In anorexia ner-
vosa, the bone marrow is hypocellular and may
show gelatinous transformation.

Storage diseases and storage cells in
the bone marrow [66–70]

In various inherited diseases the deficiency of an
enzyme leads to accumulation of a metabolite in
body cells, often in macrophages. The morpholog-
ically abnormal bone marrow macrophages, contain-
ing an excess of the relevant metabolite, are referred
to as storage cells. Storage cells may also result from
an abnormal load of a metabolite such that the
enzymes of normal cells are unable to cope. Both
bone marrow aspiration and trephine biopsy are use-
ful in the detection of storage diseases. Peripheral
blood cells may show related abnormalities [66,71].

Gaucher’s disease

Gaucher’s disease (hereditary glucosyl ceramide
lipidosis) is an inherited condition in which gluco-
cerebrosides accumulate in macrophages including
those in the liver, spleen and bone marrow. Al-
though Gaucher’s disease can be diagnosed readily
by bone marrow aspiration and by trephine biopsy,
it has been pointed out that this is unnecessary

when assays for the relevant enzyme, β-glucocere-
brosidase, are available [72]. Gaucher’s disease can
be transferred to graft recipients by bone marrow
transplantation [73].

Peripheral blood

There are usually no specific peripheral blood fea-
tures although very occasionally Gaucher cells may
be seen in the peripheral blood, particularly after
splenectomy. Pancytopenia develops slowly, as a
consequence of hypersplenism. The monocytes of
patients with Gaucher’s disease are positive for 
tartrate-resistant acid phosphatase (TRAP) activity,
whereas normal monocytes are not [70].

Bone marrow cytology

Gaucher cells are large, round or oval cells with a
small, usually eccentric nucleus and voluminous
weakly basophilic cytoplasm with a wrinkled, fibril-
lar or ‘onion-skin’ pattern (Fig. 9.32). The cells stain
with Sudan black B (SBB) and periodic acid–Schiff
(PAS). They are non-specific esterase- and TRAP-
positive and may be positive for iron, particularly in
older children and adults. Patients with Gaucher’s
disease may also have an increase in foamy macro-
phages and in cells which resemble typical Gaucher
cells but also contain more strongly basophilic 
granules.

Fig. 9.31 Bone marrow aspirate,
showing a giant metamyelocyte 
in a patient with protein-calorie
malnutrition. MGG ×960.
(By courtesy of Professor SN
Wickramasinghe, London.)



Bone marrow histology

Gaucher cells may be isolated or appear in clumps
or sheets, sometimes replacing large areas of the
marrow (Fig. 9.33). The cells have abundant pale-
staining cytoplasm with a texture that has been
likened to watered silk or crumpled tissue paper.
The fibrillar pattern is accentuated by PAS staining.
There may be an increase in reticulin and collagen
deposition [70]. In advanced disease, osteolytic lesions
occur [74]. Gaucher cells are strongly positive with
an immunohistochemical stain for TRAP [74].

Pseudo-Gaucher cells

Cells resembling Gaucher cells, but not identical to
them on ultrastructural examination [67], are seen
in the bone marrow in a variety of haematological
conditions [68,69] in which they result from an
abnormal load of glucocerebroside presented to
macrophages. They are seen in chronic granulocytic
leukaemia (Fig. 9.34), acute leukaemia, occasional
cases of MDS [75], thalassaemia major and congen-
ital dyserythropoietic anaemia (particularly type II).
They have also been recognized in occasional
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Fig. 9.32 BM aspirate, Gaucher’s
disease, showing two Gaucher cells.
MGG ×377.

Fig. 9.33 BM trephine biopsy
section, Gaucher’s disease, showing
a sheet of large macrophages with
characteristic ‘watered silk’ texture
to their cytoplasm. Plastic-
embedded, H&E ×390.
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patients with Hodgkin’s disease, non-Hodgkin’s
lymphoma and a variety of other conditions
[68,76]. They have been reported as a consequence
of repeated platelet transfusions [77].

Problems and pitfalls

If there is any difficulty distinguishing pseudo-
Gaucher cells from Gaucher cells, it is possible to
assay β-glucosidase in peripheral blood leucocytes.

Cells resembling Gaucher cells have been seen in
multiple myeloma and in lymphoplasmacytic lym-
phoma but the macrophages in these cases may

contain material derived from immunoglobulin
rather than glucocerebroside [76]. Cells considered
to resemble Gaucher cells have also been reported
in the bone marrow of a patient with atypical
mycobacterial infection complicating AIDS [78]; in
this case it appears that the abnormal morphology
was consequent on large numbers of mycobacteria
packing the macrophage cytoplasm rather than on
storage of a breakdown product. Similar appear-
ances have been reported in an immunosuppressed
patient who had received a renal transplant [79].
The distinction is easily made with a stain for acid-
fast bacilli.

Fig. 9.34 BM trephine biopsy
section in CGL, showing pseudo-
Gaucher cells: (a) H&E; (b) Giemsa
stain. Paraffin-embedded ×960.

(a)

(b)



Niemann–Pick disease

Niemann–Pick disease is an inherited condition
(sphingomyelin lipidosis) caused by reduced sphin-
gomyelinase activity (type I), or a related ill-defined
defect of cholesterol esterification (type II). It is char-
acterized by the presence of foamy lipid-containing
macrophages in the bone marrow and other tissues.

Peripheral blood

Lipid-containing monocytes and lymphocytes may
be present in the peripheral blood. Anaemia and

various cytopenias may occur as a consequence of
hypersplenism.

Bone marrow cytology

The foamy macrophages of Niemann–Pick disease
are large cells (exceeding 50 µm in diameter) with a
nucleus which is usually central. They stain pale
blue with Romanowsky stains (Fig. 9.35) and vari-
ably with PAS and lipid stains. There are also
increased numbers of sea-blue histiocytes (see
below), possibly reflecting slow conversion of sphin-
gomyelin to ceroid [68].
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Fig. 9.35 BM aspirate,
Niemann–Pick disease, showing
foamy macrophages. MGG ×375.
(By courtesy of Dr SG Davis,
Birmingham.)

Fig. 9.36 BM trephine biopsy
section in Niemann–Pick disease,
showing foamy macrophages.
Paraffin-embedded, H&E ×960.
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Bone marrow histology

Foamy macrophages may appear yellow–green
when stained with Giemsa and are light brown or
pink in H&E-stained sections (Fig. 9.36); they are
PAS-positive and may be positive for iron [70].

Other causes of foamy macrophages [69]

Other metabolic defects which can lead to the pres-
ence of increased numbers of foamy macrophages
in the bone marrow include hypercholesterolaemia

(e.g. Zieve’s syndromeasee Fig. 9.17), hyperchy-
lomicronaemia, Wolman’s disease (Fig. 9.37), late-
onset cholesteryl ester storage disease, Fabry’s
disease, neuronal lipofuchsinosis (Batten’s disease)
and Tangier disease. In Fabry’s disease the storage
cells have small globular inclusions which appear
weakly basophilic with Romanowsky stains and
lightly eosinophilic with H&E; they are PAS-
negative and SBB-positive [80].

Foamy cells are also increased as a result of damage
to fat cells (Fig. 9.38) including trauma, fat necrosis,
bone marrow infarction, infection, pancreatitis and

Fig. 9.37 BM trephine biopsy
section in Wolman’s disease,
showing foamy macrophages.
Paraffin-embedded, H&E ×960.

Fig. 9.38 BM aspirate, sickle 
cell anaemia, showing a foamy
macrophage and a sea-blue
histiocyte containing a clump 
of red cells. MGG ×940.



recent performance of a bone marrow biopsy 
at the same site [81]. Acquired diseases which 
have been associated with an increase of foamy
macrophages include Langerhans cell histiocytosis
(Hand–Schüller–Christian disease, Letterer–Siwe
disease and eosinophilic granuloma), bone mar-
row metastases (Fig. 9.39), sickle cell disease (see
Fig. 9.38) and a variety of other conditions [68].
Foamy cells have been noted in subjects who 
have, in the past, received polyvinyl pyrrolidine as 
a plasma expander; they contain amorphous 
grey–blue material and are PAS-, mucicarmine- and
Congo red-positive [82–84]. In trephine biopsy sec-
tions, reticulin is increased [84]. Occasionally, the
foamy cell infiltration is so heavy that bone mar-
row failure occurs [84]. Foamy ceroid-containing
macrophages (see below) are seen in patients re-
ceiving prolonged intravenous nutrition with lipid
emulsions [85].

Macrophages containing cholesterol crystals

Bone marrow macrophages may contain choles-
terol crystals in various hyperlipidaemic conditions,
both congenital and acquired. Such conditions
include alpha-lipoprotein deficiency, hyperbeta-
lipoproteinaemia, poorly controlled diabetes melli-
tus and hypothyroidism [86]. The cholesterol
crystals are soluble and thus give rise to unstained
needle-like clefts within the macrophages.

Sea-blue histiocytosis

The terms ‘sea-blue histiocytosis’ [87] and ‘ceroid
lipofuchsinosis’ [88] encompass an inherited group
of conditions characterized by the presence of ‘sea-
blue histiocytes’adistinctive macrophages contain-
ing ceroid or lipofuchsinain the bone marrow, liver,
spleen and other organs. The designation of the dis-
ease derives from the staining characteristics of the
storage cells with Romanowsky stains. In unstained
films, ceroid is brown. The inherited conditions
causing increased numbers of sea-blue histiocytes
include the Hermansky–Pudlak syndrome (oculo-
cutaneous albinism with a bleeding diathesis).

Bone marrow cytology

Sea-blue histiocytes stain blue or blue–green with
Romanowsky stains. They are SBB-, PAS- and oil-
red-λ-positive, and are sometimes positive for iron.
With ultraviolet illumination they exhibit yellow–
green autofluorescence.

Bone marrow histology

Sea-blue histiocytes are brownish-yellow in H&E-
stained sections and blue with a Giemsa stain. They
are PAS-positive and may be positive for iron. Their 
cytoplasmic contents are acid-fast and exhibit
autofluorescence.
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Fig. 9.39 BM aspirate, carcinoma
of prostate, showing a clump of
carcinoma cells, dispersed
carcinoma cells, two osteoblasts
and two foamy macrophages. 
MGG ×377.
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Other causes of sea-blue histiocytes

Increased numbers of sea-blue histiocytes are seen
in the bone marrow in a great variety of conditions
[87] including many of the same disorders in 
which pseudo-Gaucher cells are present or foamy
macrophages are increased (Figs 9.38, 9.40 and
9.41). Most of these conditions are characterized by
increased turnover of bone marrow cells. Less often
there is an exogenous cause, as in prolonged intra-
venous nutrition with fat emulsions [85].

Cystinosis

Peripheral blood

There are no specific abnormalities in the peripheral
blood.

Bone marrow cytology

Bone marrow histiocytes are packed with almost
colourless, refractile crystals of various shapes. They

Fig. 9.40 BM aspirate from a
patient with AML, showing a 
sea-blue histiocyte. MGG ×960.

Fig. 9.41 BM trephine biopsy
section from a patient with MDS,
showing sea-blue histiocytes.
Paraffin-embedded, Giemsa 
stain ×360.



are best seen under polarized light when they are
birefringent but are also readily apparent with 
normal illumination (Fig. 9.42). Bone marrow 
aspiration has sometimes confirmed a provisional
diagnosis of cystinosis when other diagnostic mea-
sures were negative [89].

Bone marrow histology

Crystals dissolve out of histological sections leaving
a negative image.

Hyperoxaluria [90–92]

Hyperoxaluria or oxalosis is a metabolic disorder in
which oxalate is deposited in various tissues includ-
ing the bone, bone marrow, liver, spleen and kid-
neys. Renal deposition leads to renal failure. The
introduction of haemodialysis has prolonged life in
these patients and has permitted advanced bone
marrow lesions to become apparent.

Peripheral blood

There is anaemia as a consequence of renal failure.
Hypersplenism also contributes to anaemia and
may cause pancytopenia. Deposition of oxalate in
the bone marrow further aggravates anaemia and

other cytopenias and causes a leuco-erythroblastic
blood film.

Bone marrow biopsy

Central areas of intertrabecular bone marrow are
extensively replaced by needle-like crystals
arranged in a radial pattern (Fig. 9.43). There are
variable numbers of epithelioid cells and multinu-
cleated cells, including foreign body giant cells, pres-
ent at the periphery of the crystalline deposits and
engulfing crystals. The surrounding paratrabecular
bone marrow shows mild fibrosis.

Mucopolysaccharidoses

The mucopolysaccharidoses are inherited diseases
characterized by the storage of various mucopoly-
saccharides [66]. They are consequent on a defici-
ency of one of the lysosomal enzymes needed to
degrade mucopolysaccharide.

Peripheral blood

Peripheral blood neutrophils may show the
Alder–Reilly anomaly [66,71]. Lymphocytes may
either be vacuolated or contain abnormal granules
which stain metachromatically with toluidine blue.
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Fig. 9.42 BM aspirate from a
patient with cystinosis, showing
two macrophages containing
colourless cystine crystals. MGG
×960. (By courtesy of Dr J Yin,
Manchester.)
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Bone marrow cytology

Bone marrow granulocytes may contain inclusions
similar to those observed in the peripheral blood.
Similar inclusions have been observed in plasma
cells. Bone marrow macrophages also contain
abnormal metachromatic granules (Fig. 9.44) [66].

Bone marrow histology

In histological preparations, macrophages appear
foamy since mucopolysaccharides are water-

soluble. Abnormal histiocytes may be scattered
between haemopoietic cells or in small clusters.

Deposition of foreign substances

Foreign substances may be deposited in the bone
marrow, principally in bone marrow macrophages.
Such substances may be apparent in bone marrow
aspirates and in trephine biopsy sections. There 
are not usually any associated peripheral blood
abnormalities.

In anthracosis there is widespread deposition of

Fig. 9.43 BM trephine biopsy
sections in oxalosis: (a) H&E; 
(b) with polarized light. (By courtesy 
of Dr MJ Walter and Dr CV Dang,
Johns Hopkins University School of
Medicine, Baltimore.)

(a)

(b)



anthracotic pigment in body macrophages includ-
ing those of the bone marrow. Large aggregates of
dense black particles are apparent [93]. Silica and
anthracotic pigment are often co-deposited. Silica
crystals are detected by their birefringence. There
may be consequent granuloma formation.

Occasional patients are still seen who have, in the
past, been exposed to Thorotrast (thorium dioxide)
as a radiographic medium. Thorotrast within macro-
phages appears as a pale grey refractile material (see
Fig. 10.28). Bone marrow abnormalities associated
with the presence of Thorotrast include hypoplasia,
hyperplasia, fibrosis and the development of MDS,
acute leukaemia and haemangioendothelioma [94].
The peripheral blood film may be bizarre because of
the combined effects of bone marrow fibrosis and
Thorotrast-induced splenic atrophy.

Vascular and intravascular lesions [69,95]

The bone marrow vasculature may be altered as a
consequence of bone marrow diseases but, in addi-
tion, the blood vessels within the marrow, particu-
larly arterioles and capillaries, may be involved in a
variety of generalized diseases. The peripheral blood
film may show related abnormalities but in general
the bone marrow aspirate does not give relevant
information and a trephine biopsy is necessary to
show the lesion.

Peripheral blood

The peripheral blood shows red cell fragments 
in patients with thrombotic thrombocytopenic 
purpura or with micro-angiopathic haemolytic
anaemia as a consequence of disseminated malig-
nancy. Eosinophilia may be a feature of some types
of vasculitis and also of cholesterol embolism which
may involve the marrow as well as other tissues.
Leucocytosis and an elevated erythrocyte sedi-
mentation rate have also been associated with
cholesterol embolism. The peripheral blood film
may show pancytopenia and leuco-erythroblastic
features in patients with bone marrow necrosis as a
consequence of vascular occlusion.

Bone marrow cytology

There are no specific abnormalities in the bone mar-
row aspirate in patients with vascular lesions.

Bone marrow histology

In patients with generalized atherosclerosis the
bone marrow arterioles may show atherosclerotic
changes. Embolism of atheromatous material to
bone marrow vessels may occur; the embolus may
be acellular or composed of hyaline material or
cholesterol crystals (Fig. 9.45) [96,97]. Bone marrow
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Fig. 9.44 BM aspirate, San Filippo
syndrome, showing cells containing
abnormal granules. MGG ×940.
(By courtesy of Dr R Brunning,
Minneapolis.)
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emboli are present at autopsy in about 10% of
patients with generalized cholesterol embolism
[96]. Vessels are partly or totally occluded by this
material and by the granulomatous tissue which
develops as a reaction to it. Any cholesterol crystals
appear as empty clefts. There may be foreign body
giant cells in addition to proliferating histiocytes,
together with fibrosis and new bone formation sim-
ulating bone marrow metastases [98]. Vasculitic
lesions are seen in polyarteritis nodosa, with
fibrinoid necrosis being a feature. In patients with
hypersensitivity reactions to drugs, a granulomatous
vasculitis may occur. Patients with vasculitis may

show granulocytic hyperplasia with both neutro-
phils and eosinophils being increased. Intravascular
and subendothelial hyaline deposits may be seen 
in bone marrow capillaries in thrombotic throm-
bocytopenic purpura. In patients with micro-
angiopathic haemolytic anaemia as a consequence
of disseminated carcinoma, the bone marrow capil-
laries, like other capillaries, may contain tumour
thrombi. Thrombi may also be seen in patients with
thrombophilia, e.g. in patients with anti-cardiolipin
antibodies (Fig. 9.46). In patients with sickle cell
disease, sickle cells are usually present in sinusoids.
During sickling crises there may also be thrombotic

Fig. 9.45 Trephine biopsy section
showing a cholesterol embolus;
cholesterol crystals are seen as
negative images. Paraffin-
embedded, H&E ×192.

Fig. 9.46 Trephine biopsy section
from a patient with an anti-
cardiolipin antibody showing
thrombi in bone marrow vessels.
Paraffin-embedded, H&E ×192.



lesions and associated areas of bone marrow necro-
sis. Sickle cells may also be present in autopsy spe-
cimens from patients with sickle cell trait; their
presence does not have any particular significance.
Thrombi may also be noted in vessels in other
patients with bone marrow necrosis. In amyloido-
sis, there may be deposition of amyloid in bone
marrow vessels (see Fig. 7.29). Abnormal vessels
encircled by mast cells may be seen in systemic mas-
tocytosis (see Fig. 5.41).

References

1 Castello A, Coci A and Magrini U (1992) Para-
neoplastic marrow alterations in patients with cancer.
Haematologica, 77, 392–397.

2 Knupp C, Pekala PH and Cornelius P (1988) Extensive
bone marrow necrosis in patients with cancer and
tumor necrosis factor in plasma. Am J Hematol, 29,
215–221.

3 Amos RJ, Deane M, Ferguson G, Jeffries G, Hinds CJ
and Amess JAL (1990) Observations of the haemo-
poietic response to critical illness. J Clin Pathol, 43,
850–856.

4 Bader-Meunier B, Rieux-Laucat F, Croisille L, Yvart J,
Mielot F, Dommergues JP et al. (2000) Dysery-
thropoiesis associated with a Fas-deficient condition 
in childhood. Br J Haematol, 108, 300–304.

5 Clatch RJ, Krigman HR, Peters MG and Zutter MM
(1994) Dysplastic haemopoiesis following orthoptic
liver transplantation: comparison with similar changes
in HIV infection and primary myelodysplasia. Br J
Haematol, 88, 685–692.

6 O’Brien H, Amess JAL and Mollin DL (1982) Re-
current thrombocytopenia, erythroid hypoplasia and
sideroblastic anaemia associated with hypothermia. Br
J Haematol, 51, 451–456.

7 Schleicher E. Bone Marrow Morphology and Mechanics of
Biopsy. Charles C Thomas, Springfield, 1973.

8 Wittels B (1980) Bone marrow biopsy changes fol-
lowing chemotherapy for acute leukemia. Am J Surg
Pathol, 4, 135–142.

9 Brody JP, Krause JR and Penchansky L (1985) Bone
marrow response to chemotherapy in acute lympho-
cytic and acute non-lymphocytic leukaemia. Scand J
Haematol, 35, 240–245.

10 Resuke WN, Anderson C, Pastuszak WT, Conway SR
and Firshein SI (1991) Arsenic intoxication present-
ing as a myelodysplastic syndrome. Am J Hematol, 36,
291–293.

11 Pye A, Kelsey SM, House IM and Newland AC (1992)
Severe dyserythropoiesis and autoimmune thrombo-
cytopenia associated with ingestion of kelp supple-
ments. Lancet, 339, 1540.

12 Phatak PD, Janas J-AS, Kouides PA, Sham RL and
Marder VJ (1997) Unusual anemias. Am J Hematol, 54,
249–252.

13 Karunajeewa H, Wall A, Metz J and Grigg A (1998)
Cytopenias secondary to copper depletion compli-
cating ammonium tetrathomolybdate therapy for
Wilson’s disease. Aust N Z J Med, 28, 215–216.

14 Michot F and Gut J (1987) Alcohol-induced bone 
marrow damage. A bone marrow study in alcohol
dependent individuals. Acta Haematol, 78, 252–257.

15 Wulfhekel U and Düllmann J (1999) Storage of iron in
bone marrow plasma cells: ultrastructural characteri-
zation, mobilization, and diagnostic significance. Acta
Haematol, 101, 7–15.

16 Ballard HS (1980) Alcohol-associated pancytopenia
with hypocellular bone marrow. Am J Clin Pathol, 73,
830–834.

17 Gordon-Smith EC and Rutherford T (1989) Fanconi’s
anaemiaaconstitutional, familial aplastic anaemia.
Baillières Clin Haematol, 2, 139–152.

18 Knight S, Heiss N, Vuillamy T, Aalfs C, McMahon C,
Jones A et al. (1999) Hoyeraal–Hreidarsson syndrome
of progressive pancytopenia, immunodeficiency,
growth retardation, and cerebellar hypoplasia is due to
mutations in the dyskeratosis congenita gene. Br J
Haematol, 105 (Suppl. 1), 66.

19 Marsh JCW and Geary CG (1991) Is aplastic anaemia a
pre-leukaemic disorder? Br J Haematol, 77, 447–452.

20 Chute JP, Hofmeister K, Cotelingam J, Davis TA,
Frame JN and Jamieson T (1996) Aplastic anaemia as
the sole presentation of systemic lupus erythematosus.
Am J Haematol, 51, 237–239.

21 Fleming AF (1999) Pregnancy and aplastic anaemia.
Br J Haematol, 105, 313–320.

22 Camitta BM and Thomas ED (1978) Severe aplastic
anaemia: a prospective study of the effect of androgens
on haematological recovery and survival. Clin Hae-
matol, 7, 587–595.

23 Frisch B and Lewis SM (1974) The bone marrow in
aplastic anaemia: diagnostic and prognostic features. J
Clin Pathol, 27, 231–241.

24 Kansu E and Erslev AJ (1976) Aplastic anaemia with
‘hot pockets’. Scand J Haematol, 17, 326–334.

25 te Velde J and Haak HL (1977) Aplastic anaemia: histo-
logical investigation of methacrylate embedded bone
marrow biopsy specimens: correlation with survival
after conventional treatment in 15 adult patients. Br J
Haematol, 35, 61–69.

26 Melenhorst JJ, van Krieken JHM, Dreef E, Landegent
JE, Willemze R and Fibbe WE (1997) T cells selectively
infiltrate bone marrow areas with residual haem-
opoiesis of patients with acquired aplastic anaemia. Br
J Haematol, 99, 517–519.

27 Burkhardt R, Frisch B and Bartl B (1982) Bone biopsy
in haematological disorders. J Clin Pathol, 35, 257–
284.

426 CHAPTER NINE



MISCELLANEOUS DISORDERS 427

28 Tichelli A, Gratwohl A, Würsh A, Nissen C and Speck B
(1988) Late haematological complications in severe
aplastic anaemia. Br J Haematol, 69, 413–418.

29 de Planque MM, Van Krieken JHJM, Kluin-Nelemans
HC, Colla LPJM, van der Burgh F, Brand A and Kluin
PM (1989) Bone marrow histopathology of patients
with severe aplastic anaemia before treatment and at
follow-up. Br J Haematol, 72, 439–444.

30 Heimpel H (2000) Aplastic anemia before bone mar-
row transplantation and antilymphocyte globulin. Acta
Haematol, 103, 11–15.

31 Sale GE, Rajantie J, Doney K, Appelbaum FR, Storb R
and Thomas ED (1987) Does histologic grading of
inflammation in bone marrow predict the response of
aplastic anaemia patients to antithymocyte globulin
therapy? Br J Haematol, 67, 261–266.

32 Geary CG, Harrison CJ, Philpott NJ, Hows JM,
Gordon-Smith EC and Marsh JC (1999) Abnormal
cytogenetic clones in patients with aplastic anaemia:
response to immunosuppressive therapy. Br J
Haematol, 104, 271–274.

33 Fohlmeister I, Fischer R, Mödder B, Rister M and
Schaefer H-E (1985) Aplastic anaemia and the
hypocellular myelodysplastic syndrome: histomor-
phological, diagnostic, and prognostic features. J Clin
Pathol, 38, 1218–1224.

34 de Planque MM, Kluin-Nelemans HC, Van Krieken
HJM, Kluin PM, Brand A, Beverstock GC et al. (1988)
Evolution of acquired severe aplastic anaemia to
myelodysplasia and subsequent leukaemia. Br J
Haematol, 70, 55–62.

35 Reid MM and Summerfield GP (1992) Distinction
between aleukaemic prodrome of childhood acute
lymphoblastic leukaemia and aplastic anaemia. J Clin
Pathol, 45, 697–700.

36 Morley AA, Brisco MJ, Rice M, Snell L, Peng L-M,
Hughes E et al. (1997) Leukaemia presenting as mar-
row hypoplasia: molecular detection of the leukaemic
clone. Br J Haematol, 98, 940–944.

37 Beyan C, Ural AU, Çetin T, Omay SB, Doğanci L and
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when skeletal radiology and isotopic bone scans
[8,11] are normal.

Considering the small volume of tissue sampled,
both bone marrow aspiration and trephine biopsy
are relatively sensitive techniques for detecting
bone marrow infiltration by metastatic tumours. In
two autopsy studies which simulated biopsy pro-
cedures, it was estimated that, when osseous metas-
tases were present, a bone marrow aspirate would
give positive results in 28% of cases [12] and a sin-
gle trephine biopsy in 35–45% [13]. Trephine
biopsy is more sensitive than bone marrow aspira-
tion and sensitivity is increased by performing bilat-
eral biopsies or by obtaining a single large biopsy.
The sensitivity of aspiration is increased if large
numbers of films are examined and if a clot section
is also examined. It is common for tumour cells to
be detectable in trephine biopsy sections when
none are demonstrable in films of an aspirate
[8,14]. Overall, about three quarters of metastases
detected by a trephine biopsy are also detected by
simultaneous bone marrow aspirate. Discrepancy
between biopsy and aspirate findings usually results
from a desmoplastic stromal reaction to the tumour
which renders neoplastic cells more difficult to 
aspirate than residual haemopoietic cells. It is also,
to some degree, a consequence of the different vol-
umes of tissue sampled. Because of its greater sensi-
tivity, trephine biopsy should always be performed
when metastatic malignancy is suspected. How-
ever, tumour cells are seen occasionally in aspirate
films when trephine biopsy sections appear normal
[2,8,14] and the two procedures should therefore
be regarded as complementary.

Increasingly, bone marrow aspiration and
trephine biopsy are being performed as staging pro-
cedures at the time of diagnosis in a number of solid
tumours, principally neuroblastoma in children and

TEN

METASTATIC TUMOURS

The bone marrow is one of the more common
organs to be involved by tumours that metastasize
via the bloodstream. In adults the tumours most
often seen are carcinomas of the prostate gland,
breast and lung, although any tumour that gives
rise to blood-borne metastases may infiltrate the
marrow [1,2]. In children neuroblastoma, rhab-
domyosarcoma, Ewing’s sarcoma, other primitive
neuro-ectodermal tumours (PNET) and retinoblas-
toma account for the majority of metastases [3,4].
Bone marrow metastases from squamous cell carci-
noma, other than that of the lung, and from soft 
tissue tumours of adults are uncommon [1]. Intra-
cranial tumours rarely metastasize outside the 
cranial vault. Of those cases reported with bone
marrow involvement, glioblastoma multiforme has
been the most frequent [5]; examples of metastatic
medulloblastoma [6] and oligodendroglioma [7]
have also been recorded.

Infiltration of the marrow may be suspected on
the basis of: (i) bone pain; (ii) pathological fractures,
lytic lesions or sclerotic lesions demonstrated radio-
logically; (iii) unexplained ‘hot spots’ on isotopic
bone scans; (iv) hypercalcaemia or elevated serum
alkaline phosphatase activity; or (v) unexplained
haematological abnormalities. The haematological
abnormality most suggestive of marrow infiltration,
though not specific for it, is leuco-erythroblastic
anaemia (see below). Metastases are also demon-
strated occasionally when bone marrow examina-
tion is carried out for staging purposes in the
absence of any features suggestive of bone marrow
infiltration. Overall, the presence of leuco-ery-
throblastic anaemia is a relatively insensitive indica-
tion of infiltration since it is observed in less than
half of patients in whom bone marrow metastases
can be demonstrated by biopsy [8–10]. Aspirates
and trephine biopsies are occasionally positive even
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carcinomas of the breast and lung in adults. Such
investigations are indicated when there is a sig-
nificant probability of bone marrow metastases and
when knowledge of their presence would affect the
choice of primary treatment. Biopsy may be indi-
cated, for example, when radical surgery or radio-
therapy with curative intent is to be undertaken or
when intensive chemotherapy with autologous
bone marrow transplantation is being considered.

It can be important to suggest the likely primary
site of metastatic lesions detected in the bone mar-
row. This is particularly so in the case of adenocar-
cinoma since, although many such tumours are 
relatively resistant to therapy, those originating in
the breast and prostate gland may respond to hor-
monal therapy. Identification of metastatic thyroid
carcinoma is likewise important although, in prac-
tice, this tumour is rarely found unexpectedly in
bone marrow biopsy samples since malignant thy-
roid tumours generally manifest themselves clearly
at their primary site. Investigation for an unknown
primary tumour is therefore rarely necessary in this
context and radio-isotope imaging is the preferred
staging technique for known thyroid malignancies.

The main areas of difficulty in the diagnosis of
metastatic tumour in bone marrow are: 
1 distinguishing metastatic tumour cells from
tumours of haemopoietic cellsafor example, mar-
row involvement by high grade non-Hodgkin’s lym-
phoma (NHL) or M7 AML (WHO categories of acute
megakaryocytic leukaemia and acute panmyelosis
with myelofibrosis); 
2 determining the site of origin of metastatic
tumour when the primary is unknown; 
3 detecting small foci of metastatic tumour in biop-
sies performed as part of tumour staging; and
4 identifying scanty metastatic malignant cells in
severely sclerotic deposits.

Immunohistochemistry is very useful in the
identification of metastatic tumours in the bone
marrow (Table 10.1).

Peripheral blood

Normocytic normochromic anaemia is commonly
present when there is infiltration of the bone 
marrow by malignant cells; other cytopenias are
less common. In a third to a half of patients with
bone marrow infiltration there are nucleated red

cells and neutrophil precursors in the blooda
designated leuco-erythroblastic anaemia when 
the patient is also anaemic. The presence of a leuco-
erythroblastic anaemia correlates with the degree 
of reactive bone marrow fibrosis rather than with 
the extent of malignant infiltration [9]; it is most 
commonly seen in association with carcinoma of
the breast, stomach, prostate gland and lung.
Sometimes bone marrow infiltration is identified in
the absence of anaemia or any other abnormality in
the peripheral blood.

Significant numbers of circulating malignant cells
are rare but may occur in the small cell tumours 
of childhood, particularly neuroblastoma, rhab-
domyosarcoma and medulloblastoma. Circulating
neoplastic cells may also be seen in adult patients
with carcinoma but this is a very rare occurrence.

Patients with metastatic malignant cells in the
bone marrow may show peripheral blood abnor-
malities which are caused by the underlying 
malignant disease but are not directly due to 
bone marrow infiltration. Such abnormalities 
can include: (i) iron deficiency anaemia; (ii) the
anaemia of chronic disease; (iii) micro-angiopathic
haemolytic anaemia; (iv) neutrophilia; (v) eosino-
philia; (vi) thrombocytopenia; (vii) thrombocytosis;
and (viii) increased rouleaux formation.

Bone marrow cytology

When bone marrow infiltration has led to reactive
myelofibrosis, attempts at aspiration may result in a
‘dry tap’ or a ‘blood tap’, or a small amount of mar-
row containing haemopoietic cells, tumour cells or
both may be aspirated with difficulty. When there is
an associated increase in bone turnover, the aspirate
may contain a mixture of tumour cells, osteoblasts
and osteoclasts (Fig. 10.1). Sometimes the aspirate
is wholly or partly necrotic and this observation
should lead to the suspicion of malignant infiltra-
tion. When a satisfactory aspirate is obtained, it may
contain large numbers of tumour cells mixed with a
variable number of residual haemopoietic cells, or
tumour cells may be scanty and found only after a
prolonged search. Examination of the tail and edges
of the film and examination of many films are 
important if scanty tumour cells are to be detected.
The detection of scattered neoplastic cells in films 
of bone marrow aspirates is enhanced by the use of



Table 10.1 Antigens expressed by non-haemopoietic cells, useful for demonstration of metastatic tumours by
immunohistochemistry in fixed, decalcified bone marrow trephine biopsy specimens.

Comments

Cells in occasional cases of
anaplastic large cell lymphoma
are also positive

Cells in occasional cases of
anaplastic large cell lymphoma
are also positive

Anaplastic large cell lymphomas
and non-neoplastic plasma cells
are also positive

Metamyelocytes and mature
neutrophils are also positive

Of limited diagnostic value in
metastases from an unknown
primary source but may assist in
prognostication in breast
carcinoma

Of limited diagnostic value in
metastases from an unknown
primary source but may assist in
prognostication in breast
carcinoma

Of limited diagnostic value in
metastases from an unknown
primary source but may assist in
prognostication in breast
carcinoma

Perineurial cells, a subset of
macrophages, cells of Langerhans
cell histiocytosis and 20% of
breast cancers are positive

Varying proportions of cells are
negative in many tumours

Newly produced reticulin,
chondrocytes and late
granulocyte precursors may be
positive

Extensive background nuclear
staining occurs with some fixation
protocols

Endothelial cells and some adult
malignant epithelial tumours may
also be positive

Specificity

Epithelial cells (cytoplasmic
expression)

Epithelial cells (cytoplasmic
expression)

Epithelial cells (membrane
expression)

Epithelial cells (membrane
expression, often apical or
periluminal distribution)

Prostatic epithelial cells
(cytoplasmic expression)

Prostatic epithelial cells
(preferential apical/periluminal
distribution)

Thyroid epithelial cells
(cytoplasmic expression)

Thyroid medullary C-cells
(cytoplasmic expression)

Oestrogen-sensitive cells,
including those of breast, 
ovary and endometrium 
(nuclear expression)

Oestrogen-sensitive cells,
including those of breast, 
ovary and endometrium 
(nuclear expression)

Tumours of diverse origins with
excessive wild-type P53 or
mutant P53 (nuclear
expression)

Malignant melanoma (nuclear
and cytoplasmic expression)

Malignant melanoma
(cytoplasmic expression)

Malignant melanoma
(cytoplasmic expression)

Neuro-ectodermal tumours
(especially neuroblastoma) and
small cell carcinomas from lung
and other sources (nuclear and
cytoplasmic staining)

Primitive neuro-ectodermal
tumours, especially neuro-
blastoma (cytoplasmic
expression)

Primitive neuro-ectodermal
tumours, especially neuro-
blastoma (cytoplasmic
expression)

Antibody

CAM5.2, AE1,
MNF116

AE3

E29

Polyclonal antisera
and 85A12

ER-PR8, PSA 28/A4

PASE/4LJ

DAK-Tg6 1D4

Polyclonal antisera
and CAL-3-F5

1D5

1A6

D07

Polyclonal antisera

HMB-45

Melan A

Polyclonal antisera

NB84

NeuN

Antigen

Low molecular weight
cytokeratins

High molecular weight
cytokeratins

Epithelial membrane
antigen

Carcino-embryonic
antigen (epitopes
include CD66)

Prostate-specific
antigen

Prostatic acid
phosphatase

Thyroglobulin

Calcitonin

Oestrogen receptor

Progesterone receptor

P53

S100 protein

Melanosome matrix
protein gp100-cl

Melanoma-associated
MART-1 gene
product

Protein gene product
9.5 (PGP9.5)a
ubiquitin related

Uncharacterized

Uncharacterized
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Table 10.1 (cont’d)

Antigen Antibody Specificity Comments

Some normal T lymphocytes and
cells in many cases of ALL are also
positive

Cytoplasmic staining is found in
most neuroblastomas and
occasional cases of Ewing’s
sarcoma/PNET. Consistent good
performance with the currently
available McAb is difficult to
achieve in fixed tissue

Megakaryocytes are also positive

Some non-endothelial spindle cell
tumours, normal and neoplastic
early haemopoietic cells are also
positive

Macrophages, monocytes,
megakaryocytes and plasma cells
are also positive

Megakaryocytes, erythroid cells and
some epithelial cell types are also
positive

Primitive neuro-ectodermal
tumours, especially Ewing’s
sarcoma (membrane
expression)

Rhabdomyosarcoma (cytoplasmic
expression)

Rhabdomyosarcoma (nuclear
expression)

Rhabdomyosarcoma (nuclear
expression)

Rhabdomyosarcoma (cytoplasmic
expression)

Endothelium and tumours of
endothelial origin (cytoplasmic
expression)

Endothelium and tumours of
endothelial origin (cytoplasmic
expression)

Endothelium and tumours of
endothelial origin (cytoplasmic
expression)

Endothelium and tumours of
endothelial origin (cytoplasmic
expression)

12E7, HO36-1.1

D33

5.8A

F5D

MG-1 and
polyclonal
antisera

F8/86 and
polyclonal
antisera

QBEnd10

JC70a

Ulex europaeus
agglutinin-1
(the lectin is used
as an antibody
equivalent)

CD99 (MIC2)

Desmin

MyoD1

Myogenin

Myoglobin

von Willebrand factor
(previously known as
Factor VIII-related
antigen)

CD34

CD31

a-L-fucosyl residues,
including those
expressed on blood
group H core
glycoprotein

Fig. 10.1 BM aspirate, carcinoma
of prostate, showing carcinoma
cells and an osteoclast. MGG ×377.
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appropriate monoclonal antibodies such as those
reactive with cytokeratins, carcino-embryonic anti-
gen, human milk-fat globulin and epithelial mem-
brane antigen (EMA) [15,16]. Positive reactions
with such antibodies allow single neoplastic cells to
be identified with more confidence.

Malignant cells are usually considerably larger
than any haemopoietic cells other than megakary-
ocytes. However, in the small cell tumours of child-
hood, malignant cells may be similar in size to blast
cells and acute leukaemia then enters into the dif-
ferential diagnosis. Malignant cells are commonly
cohesive and therefore occur as tight clumps with or
without dispersed cells. Sometimes only irregularly
distributed, dispersed cells are present. Neoplastic
cells are usually pleomorphic with regard to size,
shape and nuclear characteristics. Cell outlines may
be indistinct or cells may appear smudged. Some
cells may be multinucleated. The nuclei are often
hyperchromatic and may contain nucleoli. Mitotic
figures may be numerous. Carcinoma cells usually
have moderately abundant cytoplasm which shows
a variable degree of basophilia and may contain 
vacuoles; they are sometimes phagocytic. In the
small cell tumours of childhood, cytoplasm may 
be scanty, thus increasing the resemblance to
leukaemic blast cells, and sometimes, because of
their marked fragility, the cells are represented only
by single or clustered bare nuclei. It should also 
be noted that neuroblastoma cells are positive for 
α-naphthyl acetate esterase activity [17]. However,

they do not resemble cells of the monocyte lineage
cytologically and they lack α-naphthyl butyrate
esterase activity.

It is not usually possible to predict the tissue of
origin from the cytological features of neoplastic
cells in films of bone marrow aspirates. In view of
this, it is important also to examine histological sec-
tions of marrow particles, particularly if a trephine
biopsy has not been performed. Sections may show
features, such as gland formation, which are helpful
in suggesting the tissue of origin. In a small percent-
age of cases, cytological features in aspirate films
may suggest the tissue of origin. Melanoma cells
may be recognized by the presence of pigment 
(Fig. 10.2), the nature of which can be confirmed by
specific stains (see below). Such stains may be posi-
tive even when no pigment is detected in routinely
stained films but otherwise the cells of amelanotic
melanoma cannot be distinguished from other 
neoplastic cells. Melanin may also be present in
macrophages. Clear cell carcinomas are distinctive
and suggest a renal primary; the cells have a rel-
atively small nucleus and abundant, very weakly
basophilic cytoplasm (Fig. 10.3). Cells of metastatic
carcinoid tumour also have a relatively small nucleus
and moderately abundant cytoplasm (Fig. 10.4). In
children, neuroblastoma (Fig. 10.5) may sometimes
be identified by the presence of extracellular blue–
grey fibrillar material or by the presence of cells
with irregular ‘tails’; rosettes of tumour cells are 
distinctive and are found in up to two thirds of
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Fig. 10.2 BM aspirate, malignant
melanoma, showing melanoma
cells containing melanin. MGG
×940. (By courtesy of Dr J Luckit,
London.)



Fig. 10.3 BM aspirate, carcinoma
of kidney, showing ‘clear cells’ 
with voluminous pale cytoplasm.
MGG ×377. (By courtesy of 
Dr D Gill, Brisbane.)

Fig. 10.4 BM aspirate, carcinoid
tumour, showing cells with
relatively small nuclei and a
variable amount of cytoplasm.
MGG ×377.

Fig. 10.5 BM aspirate,
neuroblastoma, showing neoplastic
cells which are relatively small and
have a high nucleocytoplasmic
ratio and a diffuse chromatin
pattern. Neurofibrillary bundles are
apparent. MGG ×376.
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patients [18]. Rosettes are uncommon in other
small cell tumours of childhood but small numbers
may be seen in Ewing’s sarcoma [18] and other
PNET. In metastatic rhabdomyosarcoma there may
be multinucleated giant cells or spindle-shaped 
binucleated rhabdomyoblasts [4]. The cytoplasm 
is often vacuolated and large vacuoles may coalesce
to form lakes [19] (Fig. 10.6). Such cells are periodic
acid–Schiff (PAS)-positive. In some cases, some 
of the tumour cells are phagocytic. Less specific
changes, such as foamy or vacuolated cytoplasm or
displacement of nuclei by cytoplasmic mucin, may

be noted in metastatic adenocarcinoma originating
from various primary sites (Fig. 10.7). In squamous
cell carcinoma, metastatic tumour cells have some-
times been noted, with Romanowsky stains, to have
a reddish cytoplasmic margin; the cytoplasm adja-
cent to the nucleus is more basophilic [20]. In small
cell carcinoma of the lung, the neoplastic cells are
usually smaller than those of most carcinomas but
are nevertheless still larger than haemopoietic
blasts. They have scanty, weakly basophilic cyto-
plasm and nuclei with coarse chromatin and incon-
spicuous nucleoli. The nuclei may appear to be bare
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Fig. 10.6 BM aspirate,
rhabdomyosarcoma, showing
coalescing vacuoles. MGG ×940.

Fig. 10.7 BM aspirate, carcinoma
of breast, showing adenocarcinoma
cells with secretory globules. 
MGG ×377.
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and ‘moulded’ by the nuclei of adjacent tumour
cells (Fig. 10.8).

Non-haemopoietic neoplastic cells in a bone mar-
row aspirate must be distinguished from lymphoma
cells, blast cells of acute leukaemia and the neoplas-
tic cells of Langerhans cell histiocytosis or systemic
mastocytosis. Other cells which are sometimes con-
fused with malignant cells include: (i) osteoblasts;
(ii) osteoclasts; (iii) stromal fibroblasts; (iv) endo-
thelial cells; (v) atypical megakaryocytes; and (vi)
crushed erythroblasts.

When the bone marrow is infiltrated by malig-
nant cells there may be associated reactive changes
including increased plasma cells or mast cells, granu-
locytic or megakaryocytic hyperplasia, increased
macrophages and increased storage iron. Gelatinous
degeneration is rare but may be seen in severely
cachectic patients.

Immunocytochemistry

Immunocytochemistry can be useful both to
confirm the presence of carcinoma cells in a bone
marrow aspirate and to detect infrequent cells 
(Fig. 10.9). A number of studies have been under-
taken to assess the value and reliability of immuno-
cytochemistry for epithelial antigens as a means of
assessing the extent of bone marrow involvement
by metastatic carcinoma (see page 455).

Cytogenetics and molecular genetics

Cytogenetic analysis may be useful in suggesting
the non-haemopoietic nature of malignant cells
infiltrating bone marrow and in confirming the
specific diagnosis in small cell tumours of child-
hood. For example, t(2;13)(q35;q14) can be demon-
strated in many cases of rhabdomyosarcoma [21]
and the variant translocation, t(1;13)(p36;q14)
[22], in a minority. In neuroblastoma, +7 and 
17q+ are typical, the latter often resulting from an
unbalanced translocation with chromosome 1 in
which 1p is lost [23]. Ewing’s sarcoma and other
PNET may be associated with t(11;22)(q24;q12);
examples of Ewing’s sarcoma have also been found
with t(7;22)(p22;q12) and t(21;22)(q22;q12). Re-
current cytogenetic abnormalities have also been
reported in several types of adult sarcomas but we
have not yet seen examples of these involving bone
marrow.

Molecular genetic analysis in Ewing’s sarcoma
shows rearrangement of the EWS gene at 22q12. In
alveolar rhabdomyosarcoma, the PAX3 and PAX7
genes at 2q25 and 1p36, respectively, are rear-
ranged resulting in formation of PAX3-FKHR and
PAX7-FKHR fusion genes [22]. Neuroblastoma may
be associated with N-MYC oncogene amplification;
when present, such amplification is associated with
an adverse prognosis.

Fig. 10.8 BM aspirate, small cell
carcinoma of lung, showing
carcinoma cells with scanty
cytoplasm and ‘moulding’ of cells
by adjacent cells. MGG ×940.



Bone marrow histology

Marrow infiltration by metastatic tumour may be
focal or diffuse. Reticulin and collagen fibrosis are
commonly present. Marked fibrosis is most fre-
quent in carcinomas of the breast and prostate
gland but is also found relatively commonly in
metastases from cancers of the stomach and lung
[9,24,25]. The proportion of tumour cells to stroma
is variable and, in cases with severe myelofibrosis,
there may be associated osteosclerosis (Figs 10.10
and 10.11). Failure to recognize tumour cells within
the fibrous stroma can result in a mistaken diag-
nosis of idiopathic myelofibrosis. The degree of 

differentiation of metastatic tumour is very variable 
and it is often impossible to be certain of the site 
of the primary tumour on purely morphological
grounds. Frequently, metastases are undifferentiated
and the differential diagnosis includes poorly differ-
entiated carcinoma, high grade NHL and malignant
melanoma (Figs 10.12–10.14); immunohistochem-
istry is invaluable (see below) [26]. In undifferenti-
ated or poorly differentiated carcinomas it is not
usually possible to determine the site of origin of the
tumour. In tumours showing differentiation it may
be possible to determine the type of carcinoma 
and suggest the likely site of originafor example, in
metastatic squamous carcinoma, lung is the most
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Fig. 10.9 BM aspirate, metastatic
carcinoma of breast. (a) MGG ×940.
(b) Immunoperoxidase with anti-
cytokeratin antibody ×940.

(a)

(b)



Fig. 10.10 BM trephine biopsy
section, carcinoma of the breast,
showing osteosclerosis and
replacement of the marrow by
dense fibrous tissue containing
tumour cells. Paraffin-embedded,
H&E ×39.

Fig. 10.11 BM trephine biopsy
section, carcinoma of the breast
(same case as in Fig. 10.10),
showing a group of tumour cells
with hyperchromatic nuclei and
vacuolated cytoplasm. Paraffin-
embedded, H&E ×390.

Fig. 10.12 BM trephine biopsy
section, poorly differentiated
prostatic carcinoma, showing
osteosclerosis and replacement of
the marrow by dense fibrous tissue
containing tumour cells. Paraffin-
embedded, H&E ×97.
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Fig. 10.13 BM trephine biopsy
section, poorly differentiated
prostatic carcinoma, showing
expression of cytokeratin by
tumour cells (same case as in 
Fig. 10.12). Paraffin-embedded,
peroxidase–antiperoxidase, anti-
cytokeratin monoclonal antibody
×97.

Fig. 10.14 BM trephine biopsy
section (as for Fig. 10.13), ×390.

likely primary site. Squamous differentiation is 
recognized by the formation of keratin and the pres-
ence of intercellular bridges. A mixed pattern of dif-
ferentiation, with squamous cell carcinoma, small
cell carcinoma and adenocarcinoma in any combi-
nation, is highly suggestive of origin from the lung.

Metastatic adenocarcinoma (Fig. 10.15) can be
diagnosed on the basis of the formation of glands,
the presence of signet ring cells and/or the presence
of mucin (best detected using a combined diastase-
treated PAS–alcian blue stain). A mucin stain facil-
itates the detection of small numbers of carcinoma

cells which may be difficult to detect when they 
are present as an interstitial infiltrate (Fig. 10.16).
Some adenocarcinomas produce large amounts of
extracellular mucin, also detectable with a mucin
stain (Fig. 10.17). It should be noted that, very
rarely, signet ring cells occur in lymphomas [27].
Metastatic adenocarcinoma may arise from primary
tumours in the gastro-intestinal tract, breast,
prostate gland, ovary, endometrium, pancreas and
many other sites. The two primary sites whose
identification is most important because of their
sensitivity to hormonal therapy are breast and



Fig. 10.15 BM trephine biopsy
section, well-differentiated
prostatic carcinoma, showing a
tumour composed of small, well-
defined glandular structures.
Plastic-embedded, H&E ×97.

Fig. 10.16 BM trephine biopsy
sections, adenocarcinoma, showing
interstitial infiltrate. (a) H&E ×370.
(b) Alcian blue stain ×370. (By
courtesy of Dr S Wright, London.)

(a)

(b)
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Fig. 10.17 BM trephine biopsy
sections, adenocarcinoma, showing
intracellular mucin and abundant
extracellular mucin. (a) H&E ×370.
(b) PAS stain ×370.

(a)

(b)

Fig. 10.18 BM trephine biopsy
section, prostatic adenocarcinoma,
showing microglandular pattern
with extensive new bone
formation. Paraffin-embedded,
H&E ×188.
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prostate gland. Prostatic origin is suggested by a
cribriform, microglandular pattern associated with
fibrosis and new bone formation (Fig. 10.18).
Occasionally, a macroglandular pattern is present
(Fig. 10.19), also usually accompanied by fibrosis
and neo-osteogenesis. Identification of breast carci-
noma is usually based on its morphological resem-
blance to primary breast cancer, including duct
formation and, particularly in lobular carcinoma,
the presence of cell columns forming ‘Indian file’
patterns (Fig. 10.20). Intracytoplasmic lumina are
sometimes visible within individual breast carci-
noma cells and these can be highlighted by com-

bined alcian blue–PAS staining (Fig. 10.21). Most,
but not all, bone marrow metastases from breast
cancer are associated with fibrosis and new bone
formation. Immunohistochemical staining is not
usually helpful in confirming the primary site of
suspected metastatic breast carcinoma. Because
metastatic lobular carcinoma of the breast can pro-
duce an interstitial infiltrate with little cellular reac-
tion, its detection can be difficult. Routine use of
immunohistochemistry when a biopsy is carried out
for staging purposes has therefore been advised [28].
Adenocarcinoma composed predominantly of rib-
bons or villous formations of columnar epithelium

Fig. 10.19 BM trephine biopsy
section, macroglandular pattern of
prostatic adenocarcinoma. Paraffin-
embedded, H&E ×188.

Fig. 10.20 BM trephine biopsy
section, carcinoma of the breast,
showing tumour cells with
hyperchromatic nuclei arranged in
cords and strands in a dense fibrous
(desmoplastic) stroma. Paraffin-
embedded, H&E ×390.



with intracellular mucin (goblet cells) is usually of
large bowel origin (Fig. 10.22). Clear cell carcino-
mas have large amounts of pale cytoplasm due to
the presence of abundant glycogen or lipid; mucin
stains are negative. Likely primary sites of meta-
static clear cell carcinoma include kidney, ovary and
lung. In rare cases when metastatic follicular 
carcinoma of the thyroid gland is present, it may be
suspected on morphological grounds if follicles con-
taining colloid are seen.

Metastatic small cell carcinoma of the lung com-
monly involves the bone marrow (see below). The

cells are usually small with intensely hyperchro-
matic, round or oval nuclei and scant cytoplasm
(Fig. 10.23). Necrosis is common and there is often
smearing of nuclei which can render interpreta-
tion difficult. Morphological variants of small cell
carcinoma also occur, in which the cells are 
slightly larger and have either a fusiform or poly-
gonal shape. The principal differential diagnosis 
of metastatic small cell carcinoma is that of NHL.
Metastases from other tumours with neuro-
endocrine differentiation, such as malignant carci-
noid tumours, may also occasionally spread to bone
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Fig. 10.21 BM trephine biopsy
section, lobular carcinoma of
breast, showing intracytoplasmic
lumen formation. Alcian blue-
positive material is present at the
periphery of what appears to be 
a cytoplasmic vacuole and PAS-
positive material is present within
the centre. Electron microscopy 
has shown that these structures in
lobular breast carcinoma represent
true lumina, formed within
individual cells, rather than simple
secretory vacuoles. Paraffin-
embedded, combined alcian 
blue–PAS stain ×960.

Fig. 10.22 BM trephine biopsy
section, metastatic adenocarcinoma
from a colonic primary tumour,
showing a glandular and villous
pattern. Paraffin-embedded, 
H&E ×376.
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marrow; these may have distinctive morphology,
with nests and ribbons of monomorphic cells hav-
ing nuclei with dense, evenly distributed chromatin
(Fig. 10.24).

Malignant melanoma is found in the bone 
marrow in approximately 5% of patients with 
disseminated disease [29]. If melanin is present in
the tumour cells (Fig. 10.25) or associated macro-
phages, the diagnosis is relatively easy although, 
if the patient is not already known to have
melanoma, the nature of any pigment present
should be confirmed by either a Masson–Fontana or

a Schmorl stain for melanin. However, not infre-
quently, metastatic malignant melanoma is ame-
lanotic (Fig. 10.26) and immunohistochemistry
should then be considered for confirmation.
Malignant melanoma should be suspected if
metastatic tumour is composed of polygonal or
spindle cells with prominent nucleoli.

The differential diagnosis of metastatic spindle
cell tumour within the marrow includes carcinoma
showing spindle cell differentiation, malignant
melanoma and various sarcomas. Sarcomas rarely
metastasize to the marrow and, when they do, the

Fig. 10.23 BM trephine biopsy
section, small cell carcinoma of the
bronchus, showing a sheet of small
cells with hyperchromatic ovoid
nuclei and scanty cytoplasm; in
places there is nuclear ‘moulding’.
Plastic-embedded, H&E ×390.

Fig. 10.24 BM trephine biopsy
section, carcinoid tumour
(unknown primary site), showing
relatively uniform cells with ovoid
hyperchromatic nuclei and
eosinophilic cytoplasm; in some
areas the cells are arranged in
trabeculae. Plastic-embedded, 
H&E ×390.



primary tumour is usually readily apparent.
Occasionally, Kaposi’s sarcoma and other angiosar-
comas may present in the bone marrow or may be
sampled when bone marrow is investigated for rea-
sons other than staging in patients (e.g. individuals
with AIDS) who have known primary tumours
elsewhere. Bone marrow involvement by Kaposi’s
sarcoma is rare but has been observed both in AIDS
[30] and in occasional HIV-negative patients [31].
Genomic sequences of the human herpesvirus 8
(HHV8) have been demonstrated in many cases of
Kaposi’s sarcoma and this virus is believed to be

involved in the pathogenesis of the neoplasm 
[32]. The bone marrow may be extensively replaced
by abnormal tissue composed of slit-like vascular
channels lined by spindle-shaped endothelial cells
(Fig. 10.27). Large, plump nuclei of neoplastic
endothelial cells protrude into the abnormal vascu-
lar channels, some of which are engorged with 
erythrocytes. Haemosiderin-laden macrophages are
increased. Angiosarcomas, including Kaposi’s sar-
coma, show widely varying degrees of vascular dif-
ferentiation and may form reticular or solid spindle
cell areas (Fig. 10.28). Immunohistochemistry to
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Fig. 10.25 BM trephine biopsy
section, malignant melanoma,
showing a focal tumour infiltrate
composed of cells containing large
amounts of melanin; the tumour
cells have hyperchromatic nuclei,
and some have prominent nucleoli.
(It should be noted that it is
unusual to see large amounts of
melanin in metastatic malignant
melanoma.) Paraffin-embedded,
H&E ×390.

Fig. 10.26 BM trephine biopsy
section, amelanotic melanoma,
composed of fairly bland epithelioid
cells. Immunohistochemistry was
required to confirm the true nature
of this tumour; cells expressed S100
protein and the antigen recognized
by HMB-45. Paraffin-embedded,
H&E ×376.
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demonstrate expression of endothelial antigens
may be helpful in cases lacking obvious vessel for-
mation. However, it should be noted that one case
of Kaposi’s sarcoma has been reported which lacked
expression of von Willebrand factor although there
was positive staining with Ulex europaeus lectin [31].

Many of the malignant tumours that occur in
childhood are composed of small cells with rela-
tively uniform round nuclei. The differential diag-
nosis of bone marrow infiltration by such cells in 
a child includes NHL (usually lymphoblastic or
Burkitt’s lymphoma), metastatic neuroblastoma,
rhabdomyosarcoma, Ewing’s sarcoma, other PNET

and retinoblastoma. In order to make a specific
diagnosis, the clinical features, morphological
findings and histochemical and immunohistochem-
ical staining characteristics all need to be consid-
ered. The marrow findings in lymphoblastic and
Burkitt’s lymphoma are described on pages 239 and
282; both express CD45 and B-cell immunopheno-
typic markers. Neuroblastoma is the most common
malignant solid tumour in children and often
metastasizes to the bone marrow. The majority of
cases occur in children under 4 years of age. The
neoplastic cells are slightly larger than small lym-
phocytes with regular, round hyperchromatic nuclei

Fig. 10.27 BM trephine biopsy
sections, showing Kaposi’s sarcoma
in a patient who did not have AIDS.
Paraffin-embedded, H&E. (a) ×240.
(b) ×960. (By courtesy of Dr RM
Conran and Dr VB Reddy, Aurora,
Colorado.)

(a)

(b)



Fig. 10.28 BM trephine biopsy
sections, metastatic Thorotrast-
induced angiosarcoma, showing
refractile Thorotrast. Paraffin-
embedded, H&E: (a) ×97; (b) ×390;
(c) ×960.

(a)

(b)

(c)
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and little cytoplasm [33] (Fig. 10.29). Rosettes are
present in a minority of cases, consisting of tumour
cells arranged around central fibrillary material
which is pink in H&E-stained sections (Fig. 10.30).
The cells of neuroblastoma may show focal PAS
positivity but this is usually less marked than that
seen in rhabdomyosarcoma and Ewing’s sarcoma.
In all of these neoplasms, PAS positivity is difficult
to detect in fixed tissue sections; it should be sought
by staining of aspirate films, as described above.

In one series, rhabdomyosarcoma was found 
to have metastasized to the bone marrow in 16% 

of cases [1]. Several histological variants are 
recognized:
1 embryonal, which may be further subdivided
into myxoid, spindle cell or round cell patterns [34],
with the round cell subtype being represented most
commonly in bone marrow metastases; 
2 alveolar, characterized by a pattern of irregular
spaces lined by tumour cells [35]; and 
3 pleomorphic, which is very rare and not usually
seen in children.

In any of these subtypes there may be a few mul-
tinucleated rhabdoid cells with peripheral nuclei. A

Fig. 10.29 BM trephine biopsy
section, neuroblastoma, showing
extensive, diffuse infiltration by
small cells with scanty cytoplasm.
Paraffin-embedded, H&E ×376.

Fig. 10.30 BM trephine biopsy
section, neuroblastoma, with
rosette formation. Note the
collections of pink material around
which neuroblastoma cells are
clustered. Paraffin-embedded, H&E
×376.



pseudo-alveolar pattern may be produced by cells
adhering to the margins of vascular channels [19].
Erythrophagocytosis may be seen [36]. Diagnosis
depends on the recognition of skeletal muscle dif-
ferentiation. Rhabdomyoblasts may be oval, spin-
dle, tadpole or strap-shaped. They have abundant
pink granular cytoplasm which may show cross-
striations (Fig. 10.31). The number of rhabdomy-
oblasts present is highly variable; in many patients
the majority of cells are undifferentiated round or
spindle cells. Ewing’s sarcoma and related PNET are
malignant tumours that may arise in bone or soft
tissue. Most patients are in the second decade of life

and approximately 35% of cases develop bone mar-
row metastases [1]. The tumour cells are approxi-
mately twice the size of small lymphocytes and have
round to oval vesicular nuclei (Fig. 10.32). They
may show PAS-positive cytoplasmic staining for
glycogen, either finely dispersed or forming large
blocks of positively stained material (Fig. 10.33).
Haemophagocytosis by malignant cells has been
reported in rhabdomyosarcoma but is not a specific
feature; it also occurs rarely in other neoplasms,
including small cell carcinoma, medulloblastoma,
breast carcinoma and haemangio-endothelioma
[37,38].

450 CHAPTER TEN

Fig. 10.31 BM trephine biopsy
section, rhabdomyosarcoma,
showing elongated cells with
plentiful eosinophilic cytoplasm
(rhabdomyoblasts). Plastic-
embedded, H&E ×390.

Fig. 10.32 BM trephine biopsy
section, Ewing’s sarcoma, showing
irregular groups of cells in a fibrous
stroma; the cells have ovoid nuclei
with indistinct nucleoli and scanty
cytoplasm. Plastic-embedded, 
H&E ×390.
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Immunohistochemistry

In bone marrow trephine biopsies containing
metastatic poorly differentiated tumours, immuno-
histochemistry with a small panel of antibodies is
useful to demonstrate lymphoid antigens (CD45,
CD20 and CD3), epithelial markers (cytokeratins
and EMA) and melanoma-associated antigens
(S100 protein and the antigens recognized by anti-
bodies HMB-45 and Melan A) [15,26,39,40].

The prostatic origin of a metastatic adenocarci-
noma may be confirmed by immunohistochemical
staining with antibodies that react with prostate-
specific antigen [41]. Since these antibodies may
also react with some colonic tumours [42], the use
of parallel immunostaining for prostate-specific acid
phosphatase is recommended. Use of both antibod-
ies considerably improves sensitivity and specificity
in confirming the prostatic origin of metastatic can-
cer. Unfortunately, there are no antigens with
equivalent tissue specificity for breast carcinoma. 
Of the markers available, α-lactalbumin (which is
expressed in most primary breast cancers) has been
claimed to be relatively specific [43] but is not widely
used. Nuclear expression of oestrogen and proges-
terone receptors may be demonstrated immunohis-
tochemically (Fig. 10.34) but these antigens are also
expressed in a variety of other adenocarcinomas,
particularly those arising in the uterus or ovary. It
should be noted that human milk-fat globulin,

despite its name, is another antigen that is expressed
by many adenocarcinomas and has no specificity 
for those of breast origin. Immunohistochemical
staining for thyroglobulin is useful in confirming
the thyroid origin of metastatic tumour cells.

Small cell carcinoma reacts positively with anti-
bodies directed against protein gene product 9.5
(PGP9.5), an antigen expressed by neuro-
ectodermal cells, but it should be noted that poly-
clonal anti-PGP9.5 antisera cross-react with some
lymphomas [44]. Small cell carcinomas also often
express various sizes of cytokeratin filaments that
can be detected by their distinctive intracytoplasmic
dot-like or perinuclear ring patterns of immunohis-
tochemical staining. Other tumours showing neuro-
endocrine differentiation, such as carcinoid tumours
and medullary carcinoma of the thyroid gland, may
metastasize to the bone marrow; immunohisto-
chemical staining for chromogranin or for PGP9.5
identifies neuro-endocrine differentiation in these
tumours [45,46]. In addition, medullary carcino-
mas of the thyroid may express calcitonin.

In cases of metastatic melanoma, immuno-
histochemical staining for S100 protein is usually
positive [26]. Newer antibodies such as HMB-45
and Melan A also react well with metastatic malig-
nant melanoma in bone marrow trephine biopsy
sections. Spindle cell carcinomas and melanomas
express cytokeratins and S100 protein (or other
melanoma-associated antigens), respectively. Use

Fig. 10.33 BM trephine biopsy
section, Ewing’s sarcoma, showing
large granules of glycogen in the
cytoplasm. Plastic-embedded, 
PAS ×390.



of vimentin to distinguish such spindle cell tumours
from true sarcomas is unreliable, since many non-
sarcomatous tumours with spindle cell morphology
express vimentin; apart from variants of angiosar-
coma, however, metastatic sarcomas are exception-
ally rarely seen in bone marrow biopsies. In difficult
cases of angiosarcoma or Kaposi’s sarcoma, the
endothelial origin of malignant cells can be demon-
strated by immunohistochemical staining for von
Willebrand factor, CD31 and CD34. The Ulex euro-
paeus lectin can also be used to stain endothelium.

Neuroblastoma cells usually express neurone-
specific enolase and PGP9.5; less consistently, chro-
mogranin (Fig. 10.35) and the antigens detected by

antibodies NB84 and NeuN are expressed. In rhab-
domyosarcomas, immunohistochemical staining
for desmin, myogenin and MyoD is usually posi-
tive [47] although staining for myoglobin, which is
said to be more specific, is variable [34]. Ewing’s
sarcomas with t(11;22)(q24;q12) express the MIC2
gene product, CD99 [48,49], but so do some ALL.

The role of bone marrow examination in the
staging of solid tumours

Examination of the bone marrow by aspiration and
trephine biopsy is an established part of the staging
of neuroblastoma in children in most large centres.

452 CHAPTER TEN

Fig. 10.34 BM trephine biopsy
sections, interstitial infiltration 
by oestrogen receptor-positive
breast carcinoma. (a) H&E; 
(b) immunostained to show
nuclear expression of oestrogen
receptors. Paraffin embedded,
×390.

(a)

(b)
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The bone marrow biopsy is positive at the time of
initial diagnosis in approximately half of all pati-
ents, most of whom have evidence of metastatic
spread at other sites [50]. Discordance between
marrow aspirate and trephine biopsy findings is
common. In one reported series, the trephine
biopsy alone was positive in 20% of cases whereas
neoplastic cells were seen in the aspirate films 
when trephine biopsy sections appeared normal in
7%. Taking bilateral bone marrow aspirates and
trephine biopsies from the iliac crests increases the
sensitivity of the staging procedure by approxi-
mately 10%. Particularly careful examination of aspi-
rate films and trephine biopsy sections is necessary
because infiltration is often extremely focal [51,52].
In cases in which the marrow appearances are 
suspicious but not diagnostic of infiltration, im-
munocytochemical staining of aspirate films using
antibodies reactive with neuro-ectodermal anti-
gens (UJ13A and UJ127.11) may be of value in 
confirming marrow involvement [53,54]. Immu-
nohistochemical staining of paraffin-embedded 
sections of trephine biopsies for neurone-specific
enolase has not been found to increase the sensi-
tivity of marrow biopsy as a means of detecting
tumour cells [46]. Detection of PGP9.5 expression 
is considerably more reliable and should be per-
formed in all cases; its use permits demonstration of
tiny clusters and even single cells in patients with
minimal bone marrow involvement (Fig. 10.36).

The additional utility of immunohistochemical
staining with newer antibodies, such as NB84
[55,56] and NeuN [57], has yet to be established.
Assessment of marrow infiltration by neuroblas-
toma is more difficult in patients who have been
treated with chemotherapy; it is essential that
trephine biopsies are of adequate size and quality
[58–60]. It has been suggested that the appearances
in post-treatment marrow trephine biopsy sections
should be divided into four grades: 
1 grade 1, normal (or hypocellular) marrow;
2 grade 2, marrow with reticulin fibrosis as the only
abnormality;
3 grade 3, distorted architecture with collagen
fibrosis; and
4 grade 4, marrow with obvious tumour cells, with
or without other abnormalities [33]. 

Grades 2–4 were all considered by Reid and
Hamilton [33] to be compatible with continued
bone marrow involvement by tumour, even when
individual neoplastic cells could not be identified
with certainty. It remains unclear whether this is
really true for grades 2 and 3 [61] and whether the
different grades correlate with differences in clinical
outcome. An important additional feature to recog-
nize in follow-up bone marrow samples obtained
during treatment of neuroblastoma is differentia-
tion of the primitive small cells to produce large,
ganglion-like cells and areas of pink, fibrillary tissue
resembling neuropil (Fig. 10.37). Ganglion-like

Fig. 10.35 Bone marrow trephine
biopsy section, neuroblastoma.
Immunoperoxidase for
chromogranin ×390. (By courtesy
of Professor D Evans, London.)



cells may show superficial resemblance to mega-
karyocytes and the neuropil-like tissue requires dif-
ferentiation from fibrous tissue. Immunostaining
for PGP9.5 is positive in both components of differ-
entiated neuroblastoma tissue and is very helpful in
confirming their true nature.

In adults, examination of the bone marrow is not
a routine staging procedure for most solid tumours
and, although it has been advocated for small cell
lung carcinoma and breast cancer, it is by no means
practised universally, even for these tumours. In
small cell carcinoma of the lung, bone marrow
trephine biopsy is positive in 25–30% of cases
[10,62,63]; the aspirate is only slightly less sensitive
for detecting marrow involvement. It has been 

suggested that bone marrow examination is indi-
cated in patients with small cell lung carcinoma in
order to identify patients who may be suitable for
attempted curative therapy [64]. However, some
studies have shown no difference in survival be-
tween patients with and without marrow in-
volvement [10,64], and the value of routine bone
marrow examination has therefore been ques-
tioned [10]. Imaging techniques such as magnetic
resonance imaging have been proposed as more
sensitive alternative staging procedures [65].

Several studies have evaluated the use of marrow
aspiration and trephine biopsy in the staging of
breast cancer. Detection of subclinical metastatic
disease may be useful in identifying patients with

454 CHAPTER TEN

Fig. 10.36 BM trephine biopsy
sections, minimal infiltration by
neuroblastoma shown using 
(a) H&E and (b) immuno-
histochemistry for PGP9.5. 
Paraffin-embedded, ×376.

(a)

(b)
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apparently localized disease who might benefit
from adjuvant chemotherapy. Bone marrow biopsy
is positive in 25–55% of patients with positive
radio-isotope bone imaging, but only 4–10% of
patients with negative radio-isotopic imaging have
tumours detected by bone marrow biopsy [8,66]. In
one reported series, 23% of all breast cancer pati-
ents had positive bone marrow biopsies at the time
of first recurrence [66]. In an attempt to increase
the sensitivity of bone marrow examination as a
staging procedure, some studies have used im-
munocytochemical staining to identify micrometas-
tases that would not be detected by conventional
techniques. The method used has involved aspirat-
ing bone marrow from multiple (up to eight) sites
under general anaesthesia at the time of initial
surgery, pooling the material and preparing several
films. Tumour cells are then detected by immuno-
staining with antibodies reactive with EMA [67,68],
cytokeratins [69] or a cocktail of antibodies recog-
nizing these antigens [70]. Using this approach,
micrometastases have been found in 27–35% of
cases at the time of diagnosis and correlation has
been shown between their presence and the size 
of the primary tumour [67,68]. The presence of
bone marrow micrometastases is a predictor of early
relapse in bone. Despite these findings, application
of immunocytochemistry to detect micrometastases
in bone marrow aspirates performed for staging of
breast cancer has not yet become standard prac-
tice. A similar approach has been suggested for: 

(i) detection of oral, oesophageal and gastric cancers
[71–74]; (ii) pancreatic cancer [75,76]; (iii) non-
small cell lung cancer [77]; (iv) urological cancers
[78]; and (v) malignant melanoma [79]. Use of
reverse transcriptase polymerase chain reaction
(RT-PCR) directed at carcino-embryonic antigen
mRNA to detect occult involvement of aspirated
bone marrow by carcinomas arising from breast or
colon [80,81], and directed at cytokeratin mRNA 
in cases of breast cancer [82], has also proved suc-
cessful in initial studies. The clinical value of detect-
ing occult bone marrow micrometastases in such
tumours by these techniques remains unproven
[83]. In all cases, including breast carcinoma detec-
tion, technical problems with the immunocyto-
chemical approach, including false-positive results
due to skin contamination or non-specific haemo-
poietic cell reactivity, limit its applicability in rou-
tine practice [84,85].

Problems and pitfalls

Normal components of bone marrow may be 
mistaken for malignant non-haemopoietic cells in
aspirate films and biopsy sections. These include
megakaryocytes, crushed erythroid cells, osteo-
blasts (Fig. 10.38), osteoclasts, stromal macro-
phages, endothelium and fibroblasts. Awareness of
the appearances of stromal components in aspirate
films is particularly important in avoiding confusion
with malignant cells.

Fig. 10.37 BM trephine biopsy
section, post-treatment follow-up
for neuroblastoma. Cellular
‘fibrous’ tissue remains and the
cytoplasm of at least one large
ganglion-like cell can be seen.
Paraffin-embedded, H&E ×376.



Artefactual inclusions of extraneous tissue in
trephine biopsy specimens (e.g. skin, sweat glands,
hair follicles or skeletal muscle) may mimic malig-
nant non-haemopoietic cells (Fig. 10.39 and see
also Figs 1.64, 1.66 and 1.67). Care should be taken
to avoid such inclusions by making a small skin in-
cision prior to insertion of the biopsy needle and
using disposable needles to ensure a sharp cutting
edge. Carry-over from other specimens into the
paraffin block during tissue processing should be
avoided by good laboratory practice with regard to
preparation of small or friable biopsy specimens;
such specimens should be wrapped in tissue paper
or sponge, or placed in a wire mesh insert, before

processing. If carry-over is suspected, it can be
confirmed by molecular analysis of major histocom-
patibility antigen genes to demonstrate the different
patient origins of separate tissue fragments in a 
single wax-embedded block [86]. However, formic
acid decalcification limits the quality of DNA
obtainable from trephine biopsy samples and this
approach may therefore be unsuccessful in speci-
mens decalcified in this way. Extraneous tissue may
also appear to be present in histological sections 
due to contamination by a ‘floater’ from another 
tissue block as sections are cut, floated on a water-
bath and picked up on individual glass slides (see
Fig. 1.70). Good laboratory practice will ensure that
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Fig. 10.38 BM aspirate, showing a
cluster of osteoblasts mimicking
carcinoma cells. MGG ×970.

Fig. 10.39 BM trephine biopsy
section, sweat gland interposition
mimicking adenocarcinoma.
Paraffin-embedded, H&E ×376.
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fragments of previous sections are not allowed to
contaminate the water-bath between cases. If such
contamination is suspected, examination of the
complete set of stained trephine biopsy sections
should show that other sections are free of extrane-
ous material. If doubt persists, new sections cut
from the trephine biopsy specimen will be free of
contamination.

Other pathological components in trephine
biopsy samples may occasionally be mistaken for
malignant non-haemopoietic cells. These include
macrophages (present singly or within granulomas),
lymphoid cells in some types of NHL, Reed–
Sternberg cells in Hodgkin’s disease, neoplastic mast
cells in systemic mastocytosis and the cells of

Langerhans cell histiocytosis. Immunohistochem-
istry will establish the nature of each of these types
of cell. Macrophages are best demonstrated by the
CD68 antibody PGM1 and lymphoid cells by their
expression of CD3 (T cells) or CD20 (B cells).
Reed–Sternberg cells express CD30, mast cell
tryptase can be demonstrated with the monoclonal
antibody AA1 and cells in Langerhans cell histiocy-
tosis express CD1a.

Malignant cells may be confused with normal
bone marrow constituents or with haemopoietic
malignancies. Examples include undifferentiated
carcinomas that may infiltrate bone marrow with-
out any stromal reaction, clear cell carcinoma,
signet ring carcinoma (Fig. 10.40), malignant

Fig. 10.40 BM trephine biopsy
section, signet ring carcinoma of
unknown primary origin. (a) In
H&E-stained sections, malignant
cells are indistinct and resemble
macrophages. (b) Immunostaining
for low molecular weight
cytokeratins confirms their
epithelial nature. Paraffin-
embedded, both ×376.

(a)

(b)



melanoma and the small cell solid tumours of child-
hood. Deposits of metastatic carcinoma eliciting 
a fibrotic response may also be confused with
myelofibrosis, Hodgkin’s disease or NHL. Among
the NHL, those of T-cell lineage are most likely to
produce significant stromal fibrosis. Immunohis-
tochemistry will assist in making a correct diagnosis.
Expression of low and high molecular weight
cytokeratins is present in almost all carcinomas,
S100 protein in melanomas and CD45 (plus CD3 
or CD20) in T- or B-cell lymphomas, respectively.
Neoplastic plasma cells frequently lack CD45 and
CD20 expression but their nature can be confirmed
by p63 expression (detected using monoclonal anti-
body VS38c) in the absence of expression of cyto-
keratins; CD79a is expressed in many cases, but not
all, and a negative result can therefore be mislead-
ing. The diagnosis of most solid small cell tumours of
childhood can be confirmed on the basis of expres-
sion of PGP9.5 (neuroblastoma), CD99 (Ewing’s
sarcoma) or desmin (rhabdomyosarcoma).

Detection of malignant non-haemopoietic cells in
necrotic deposits can be very difficult. Reticulin
staining may demonstrate a preserved pattern of
nested cells or gland formation despite loss of cellu-
lar detail. Immunohistochemistry is often unhelpful
in necrotic tissue and can be misleading due to non-
specific false-positive results, as well as loss of anti-
gen expression by dead or dying cells [87].
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Morphometry of bone

Morphometric methods are commonly used in the
diagnosis of diseases of bone. These may be divided
into static and dynamic measurements. Static mea-
surements include: (i) the proportion of trabecular
surface which is resting, resorbing or covered by
osteoid (by a perimeter intersect technique); (ii) the
thickness of osteoid seams; and (iii) the proportion
of the section occupied by mineralized bone,
osteoid, woven bone, lamellar bone or fibrous tissue
(by a point-counting technique or by computerized
image analysis). Dynamic studies may be performed
using a tetracycline labelling method. When a single
dose of tetracycline is administered, it becomes
incorporated at the mineralization front; this can be
visualized as a single line in undecalcified sections
examined under ultraviolet light. By giving two
doses of tetracycline at a known interval and mea-
suring the distance between the two lines of incor-
poration, it is possible to measure the mean rate of
mineralization.

Osteoporosis

Osteoporosis is defined as a decreased amount of
bone per unit volume. There is no decrease in the
external dimensions of the bone, which is histologi-
cally normal, but there is a reduction in the amount
of trabecular bone per unit volume of cancellous
bone and there may also be thinning of the cortex
(Fig. 11.1). Fragility of the bone may lead to spicules
being fractured during the biopsy procedure [4].
Histomorphometry shows that approximately 60%
of patients have reduced numbers of osteoblasts 
[5]. The disorder is common in the elderly, in whom 
it causes considerable morbidity as a result of
increased susceptibility to fractures. Osteoporosis is

ELEVEN

DISEASES OF BONE

Trephine biopsies, particularly transcortical biopsies,
are useful in assessing bone pathology. Diseases of
bone are also not infrequently encountered when
examining bone marrow trephine biopsies taken for
the investigation of haematological disease. The
normal structure of bone is described in Chapter 1
(pages 1–3). Before discussing the more important
diseases of bone that can be diagnosed by trephine
biopsy, it is necessary to consider briefly some
aspects of normal bone physiology [1]. Advances 
in the understanding of the molecular processes
involved in normal bone turnover also provide new
clues to the pathogenesis of bone disease [2].

Bone is in a constant state of turnover in adult
life, by a process of remodelling during which
resorption and formation are balanced in order to
maintain the total skeletal mass [1]. Microscopic
portions of the trabecular and cortical bone surface
are resorbed by osteoclasts which form small
resorption bays (Howship’s lacunae). Bone forma-
tion starts soon after resorption ceases, with the
deposition of unmineralized matrix (osteoid) in 
layers (lamellae) by osteoblasts. After a time lag 
of 10–15 days (the osteoid maturation time), the
osteoid becomes mineralized along an advancing
front (the mineralization front), starting at the 
base of the previous resorption bay (the cement
line) [3].

For the study of metabolic bone disease, unde-
calcified sections of bone are essential. Osteoid
seams, i.e. layers of non-calcified bone on the sur-
face of trabeculae, are a feature of normal bone. In
H&E-stained sections they appear paler and pinker
than calcified bone but they can be recognized more
easily in sections stained for calcium with alizarin
red or von Kossa’s silver stain. The mineralization
front appears as a metachromatic granular line in
toluidine blue-stained sections.
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more common in women and its frequency in-
creases progressively after the menopause; severe
osteoporosis has also been reported in men [6] and
in children [7]. The cause is not known but genetic
factors have been implicated [8]. The mechanism is
thought to be increased osteoclastic resorption in
conjunction with a reduced rate of bone formation
[9]. In a minority of cases, osteoporosis is secondary
to other diseases such as Cushing’s syndrome, 
thyrotoxicosis, hypopituitarism, malnutrition, mal-
absorption and chronic heparin or corticosteroid
administration. Diffuse osteoporosis is also some-
times associated with multiple myeloma, aplastic
anaemia, chronic granulocytic leukaemia, systemic
mastocytosis and polycythaemia rubra vera. Local-
ized osteoporosis can occur following immobiliza-
tion of a limb.

Plain radiographs of the vertebral column are
usually only abnormal in advanced disease and are
an unreliable means of diagnosing osteoporosis. An
assessment of the severity of osteoporosis can be
made using biopsies from the iliac crest [10]. The
trabeculae are thinned and are reduced to slender
strands, often with complete transection, but they
are otherwise normal and there is no increase in 
the width of osteoid seams. Rather, osteoid seams
and the number of osteoblasts tend to be reduced.
Accurate assessment of the severity of osteoporosis
requires the use of static morphometric measure-
ments. Iliac trabecular bone normally occupies

approximately 23% (SD ± 3%) of the measured
area in adults under 50 years of age, but this falls to
16% (SD ± 6%) in elderly individuals [11]. When
the amount of trabecular bone falls below 11% (SD
± 3%), vertebral fractures tend to occur [3].

Recently, reliable non-invasive techniques for
the measurement of bone mass at the sites most
prone to fracture have become available; these
include dual proton absorptiometry, quantitative
computerized tomography (CT) and dual-energy 
X-ray absorptiometry [12]. It seems likely that these
techniques will render iliac crest biopsy unneces-
sary for the diagnosis of osteoporosis.

The peripheral blood is normal in osteoporosis;
the bone marrow is essentially normal, although
increased numbers of mast cells have been reported
[13]. There may, however, be an appearance of
hypocellularity since the loss of bone leads to an
increased percentage of the marrow cavity being
occupied by fat cells.

Osteomalacia

Osteomalacia literally means softening of the bones.
It is a consequence of failure of mineralization of
bone matrix, resulting in abnormally wide osteoid
seams around the bone trabeculae (Fig. 11.2).
Numerous causes of osteomalacia have been de-
scribed but the majority of cases result from
deficiency of vitamin D due, in turn, to: (i) reduced

Fig. 11.1 BM trephine biopsy
section, osteoporosis, showing a
decrease in the total amount of
bone with thinning of trabeculae.
Paraffin-embedded (non-
decalcified), Tripp and MacKay
stain ×39.
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intake; (ii) inadequate exposure to sunlight; or (iii)
abnormalities of absorption or metabolism of the
vitamin (as in renal disease). Rarely, osteomalacia is
caused by a hereditary end-organ resistance to vita-
min D and its metabolites. In adults, severe osteo-
malacia predisposes to fractures. In children, in
whom the epiphyses have not yet closed, the clin-
ical picture is that of rickets, with its characteristic
skeletal deformities.

In normal adults, approximately 0.5% of the
whole bone area (that is, bone plus marrow) is
made up of osteoid, which covers 13% (SD ± 7%) of
the trabecular bone surface. A mineralization front
is seen in more than 60% of the surface osteoid.
Under polarized light, normal osteoid seams are
seen to be composed of between one and four
lamellae [3]. In osteomalacia there is an increase in
both total osteoid and the area of trabecular surface
covered by osteoid; the osteoid seams are greater
than five lamellae in thickness and the mineraliza-
tion front is decreased. Double tetracycline labelling
shows a reduction in the mineralization rate (nor-
mal mean value 0.7 µm per day). The bone marrow
is usually normal.

The peripheral blood and bone marrow aspirate
are usually normal in osteomalacia. However, chil-
dren with severe vitamin D deficiency have been
reported to develop a hypocellular bone marrow
with fibrosis, thrombocytopenia and a leuco-ery-
throblastic anaemia associated with extramedullary
erythropoiesis [14].

Hyperparathyroidism

Skeletal changes occur in both primary and sec-
ondary hyperparathyroidism [15–18]. The extent of
these changes depends on the severity and duration
of the underlying disease. Primary hyperparathy-
roidism is usually the result of a parathyroid ade-
noma; primary hyperplasia is a less common cause.
Very rarely, there is an underlying parathyroid car-
cinoma. Secondary hyperparathyroidism is usually
a consequence of renal disease; less commonly the
underlying cause is intestinal malabsorption and
rare cases have been reported following gastric
bypass surgery for treatment of severe obesity [19].
In one reported case, high levels of secretion of
parathyroid hormone-related protein, by cells of an
HTLV-I-positive adult T-cell leukaemia, produced
bone disease indistinguishable from osteitis fibrosa
cystica [20]. Parathyroid hormone and related
molecules increase osteoclast generation and func-
tion, resulting in increased bone resorption; more
recently, parathyroid hormone has also been
shown to increase bone formation [21].

Skeletal changes in hyperparathyroidism follow 
a predictable sequence. The earliest change is the
presence of excess osteoid seams around the bone
trabeculae, an appearance that closely resembles
osteomalacia. Later, osteoclasts are activated and
there is increased bone resorption. Howship’s lacu-
nae and osteoclasts are prominent and there is
fibrosis of the paratrabecular marrow (Fig. 11.3).

Fig. 11.2 BM trephine biopsy
section, osteomalacia, showing
wide osteoid seams on the surface
of the bone trabecula. Plastic-
embedded, H&E ×97.
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This appearance is known as osteitis fibrosa. The
Howship’s lacunae may be filled by large osteoclasts
and, as the lacunae enlarge, trabeculae may be tran-
sected. Fibrosis increases and fibrous tissue eventu-
ally fills some intertrabecular spaces completely.
There is a moderate increase in the vascularity of
the marrow. At this stage, macroscopic cysts may 
be visible. Haemosiderin-laden macrophages are
frequently seen within the fibrous tissue, resulting
from microhaemorrhages; foreign body-type giant
cells may also be present. This final stage is some-
times referred to as osteitis fibrosa cystica.

Only a minority of patients with hyperparathy-
roidism have significant bone disease and, with ear-
lier diagnosis and treatment, severe manifestations
(osteitis fibrosa cystica) are rarely seen nowadays.
The features are important to remember, however,
since bone marrow biopsy is occasionally performed
to investigate either hypercalcaemia or radiographic
lesions suspicious of metastatic carcinoma in
patients with unsuspected severe hyperparathy-
roidism [22–24].

There are no specific peripheral blood or bone
marrow aspirate abnormalities associated with pri-
mary hyperparathyroidism although mild anaemia
may occur [25].

Renal osteodystrophy

The majority of patients with chronic renal failure
have some abnormality of bone structure [17,18].

The manifestations are complex [26] and include
combinations of bone disease due to secondary
hyperparathyroidism (80–90% of cases), osteoma-
lacia (20–40% of cases) and osteosclerosis (around
30% of cases) [3,27]. The most severe changes are
seen in those patients with chronic renal failure
who are maintained on dialysis. There is marked
geographical variation in the nature of renal osteo-
dystrophy, with hyperparathyroid bone disease
predominating in the United States and osteomala-
cia in the United Kingdom. In adults, the symptoms
are rarely severe. Secondary hyperparathyroidism
in renal failure is consequent on hypocalcaemia
which is, in turn, caused by a combination of
reduced hydroxylation of vitamin D and phosphate
retention by the kidney [28]. The major cause of
renal osteomalacia is the toxic action of aluminium
derived from dialysate; geographical variations in
the incidence are related to the concentration of
aluminium in water used for dialysis [28,29]. The
use of de-ionized water for dialysis has resulted in a
fall in the incidence of renal osteomalacia in some
centres [3].

The histological changes are identical to those pre-
viously described in hyperparathyroidism (osteitis
fibrosa), often combined with those of osteomalacia
(Fig. 11.4). Bone trabeculae may have tunnels ex-
cavated within them by osteoclasts (Fig. 11.5) but
the most severe changes of osteitis fibrosa cystica
are seen only rarely. Osteosclerosis, due to increased
formation of woven bone, may be widespread

Fig. 11.3 BM trephine 
biopsy section, primary
hyperparathyroidism,
showing paratrabecular fibrosis.
Paraffin-embedded, H&E ×188.
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throughout the skeleton. With advanced renal
osteodystrophy, the bone marrow may be hypocel-
lular and extensively fibrosed with proliferation 
of vessels, particularly arterioles. Patients with 
renal osteodystrophy have been noted to have
mononuclear cells within the haemopoietic mar-
row which are positive for tartrate-resistant acid
phosphatase; these cells are probably osteoclast pre-
cursors [30,31].

There may also be abnormal deposition of alu-
minium or iron. Aluminium deposition occurs at
the junction between osteoid and mineralized bone.

It is detected as a red/purple line in an Irwin stain
using an undecalcified biopsy [32] and provides 
evidence of exposure to an excessive aluminium
concentration in the dialysate. Aluminium may also
be detected inside bone marrow cells, possibly
macrophages [33]. In dialysis patients who are 
iron-overloaded, iron may also be deposited at the
mineralization front [34]; iron deposition may be
aetiologically related to osteomalacia.

Renal osteodystrophy may contribute to the
anaemia of chronic renal failure and may also cause
leucopenia or thrombocytopenia [35]. There are no

Fig. 11.4 BM trephine biopsy
section, renal osteodystrophy,
showing irregular bone trabeculae
with prominent resorption bays
(Howship’s lacunae) and
replacement of haemopoietic
marrow by fibrous tissue. 
Paraffin-embedded, H&E ×97.

Fig. 11.5 BM trephine biopsy
section, renal osteodystrophy,
showing prominent tunnelling into
a trabecula by fibrous tissue.
Paraffin-embedded, H&E ×97.
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specific associated morphological abnormalities in
the peripheral blood or bone marrow aspirate
although a ‘dry tap’ may occur. Response to ery-
thropoietin therapy is worse in those patients who
have more severe secondary hyperparathyroidism
[36] and iron overload [37].

Paget’s disease of bone

Paget’s disease of bone is a disease of unknown 
aetiology, characterized by increased osteoclastic
resorption of bone followed by unco-ordinated 
formation of disordered reactive bone. Infection 
by a virus of the paramyxovirus group (including
measles virus, respiratory syncytial virus and canine
distemper virus) has been investigated extensively
as a possible cause but the findings have been
inconclusive [38,39]. In one series of patients,
molecular genetic analysis has failed to find evi-
dence of paramyxovirus RNA sequences in tissue
from pagetic bone [40]. Paget’s disease of bone
occurs with familial clustering in some instances
[39,41] and genetic linkage to chromosome
18q21–22 has been established in some, but not all,
families [41–43]. Occupational exposure to lead
has also been proposed as a possible contributory
factor in development of the disease [44,45]. Paget’s
disease is uncommon before the age of 40 years and
becomes progressively more common with increas-

ing age. In approximately 15% of cases, the disease
is confined to a single bone (monostotic). In the
majority of cases, several bones are involved, most
commonly the vertebral column, pelvis, femur,
skull and sacrum. The clinical features are pain, due
to microfractures, and neurological symptoms con-
sequent on damage to nerves as they pass through
the foramina of the skull and vertebrae. Rarely,
there is high-output cardiac failure as a result of 
the highly vascular lesions acting as arteriovenous
shunts. The development of osteosarcoma is an
uncommon, but well-established, complication of
Paget’s disease.

In the initial stages of the disease, increased bone
resorption is the dominant feature. Trabeculae have
a scalloped appearance due to increased numbers of
resorption bays containing very large osteoclasts
with numerous nuclei (Fig. 11.6). The increased
resorption of bone is followed by deposition of 
disordered woven bone. Osteoblasts are increased.
At this stage, the marrow cavity is partly occupied
by loose connective tissue; there is increased vascu-
larity with arterioles and capillaries being particu-
larly increased. Eventually, new bone formation
becomes the dominant feature and lamellar bone is
laid down causing thickening of the bone trabecu-
lae. However, the lamellar bone is laid down in an
unco-ordinated and haphazard fashion. The irregu-
lar cement lines, which appear more basophilic

Fig. 11.6 BM trephine biopsy
section, Paget’s disease of bone,
showing thickening of bone
trabeculae, numerous resorption
bays (Howship’s lacunae)
containing large osteoclasts and
replacement of marrow by vascular
connective tissue. Paraffin-
embedded, H&E ×39.
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than the surrounding bone, form a characteristic
mosaic or tessellated (‘tile-like’) pattern that is a
hallmark of Paget’s disease (Fig. 11.7). Each of the
cement lines represents a surface where bone
resorption has been followed by bone deposition.
The trabeculae eventually become massively thick-
ened and encroach upon the marrow cavity.

Severe Paget’s disease may have an associated
mild anaemia. The bone marrow aspirate does not
show any specific abnormality but increased osteo-
blasts and osteoclasts are sometimes seen.

It should be noted that prolonged bleeding, con-
sequent on the greatly increased vascularity, has
been reported following trephine biopsy in a patient
with Paget’s disease [46].

Osteosclerosis

Osteosclerosis is the term used to describe a group of
conditions in which there is an increase in the
amount of bone per unit volume, usually resulting
from increased bone formation. Osteosclerosis is
most often seen in conjunction with severe bone
marrow fibrosis, either in a myeloproliferative dis-
order or in metastatic carcinoma. It has been
reported in patients with systemic mastocytosis [47]
although the more usual finding in this disease is
diffuse osteoporosis. Osteosclerosis occasionally
occurs in multiple myeloma but osteolytic lesions

are much more characteristic. It is also associated
with plasma cell neoplasia in the polyneuropathy,
organomegaly, endocrinopathy, M-protein, skin
changes (POEMS) syndrome (see page 356) and has
been reported in patients with hairy cell leukaemia,
in whom it has regressed or stabilized with treat-
ment of the underlying lymphoproliferative disease
[48,49]. Osteosclerosis may occur without primary
bone marrow disease in the congenital condition
designated osteopetrosis (see below) and also, rarely,
in adults in the absence of any associated disease
(Fig. 11.8). The cause of isolated osteosclerosis 
in adults is unknown; some reported cases have
suggested an association with intravenous drug
abuse [50].

In the myeloproliferative disorders (see Fig. 5.21),
the term osteomyelosclerosis [51,52] is sometimes
used. The new bone may be either bone formed on
the endosteal surface of trabeculae, leading to
marked trabecular thickening or, less commonly,
irregular spicules of metaplastic woven bone within
the fibrous tissue. The strands of woven bone may
form an irregular network in the intertrabecular
spaces and, in severe cases, the medullary cavity is
almost completely obliterated. Some conversion of
woven bone to mature bone occurs.

Metastases from various types of carcinoma may
cause dense bone marrow fibrosis and osteosclerosis
but these changes are most commonly associated

Fig. 11.7 BM trephine biopsy
section, Paget’s disease of bone
(same case as in Fig. 11.6), showing
thickening of bone trabeculae with
a typical mosaic pattern of cement
lines and large osteoclasts. Paraffin-
embedded, Giemsa ×97.
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with carcinomas of the breast and prostate (see Figs
10.10 and 10.12, page 439). When osteosclerosis 
is due to metastatic carcinoma, malignant cells can 
be detected within the fibrous tissue. The bone
changes do not differ from those associated with the
myeloproliferative diseases.

In idiopathic osteosclerosis, the bone trabeculae
are increased in thickness by mature lamellar bone.

Peripheral blood and bone marrow changes in
osteomyelosclerosis are those of the underlying 
disease. In osteosclerosis associated with metastatic
carcinoma, a leuco-erythroblastic anaemia is usual
and there is sometimes also thrombocytopenia or
leucopenia; bone marrow aspiration may be impos-
sible or the aspirate may contain tumour cells or
increased osteoblasts and osteoclasts. In idiopathic
osteosclerosis, the peripheral blood and the bone
marrow aspirate are normal.

The bone may be so hard in osteosclerosis that
penetration is impossible or needles bend or break.
Open biopsy may then be necessary for diagnosis.

Thyroid disease [53,54]

Thyrotoxicosis has been found to be associated with
osteoporosis, an increased percentage of osteoid and
a marked increase in osteoclasts. Hypothyroidism is
associated with osteosclerosis, normal or decreased
osteoid percentage and reduced osteoclasts.

Bone necrosis and repair

Conditions causing bone marrow necrosis (see page
128) also cause necrosis of trabecular bone in many
instances. In the acute phase, necrotic bone is rec-
ognized by the absence of osteocytes from lacunae.
It should be noted that occasional lacunae may
appear empty in normal bone if the plane of section
does not pass through an osteocyte nucleus.

Repair occurs by appositional new bone forma-
tion. Woven bone is deposited on the surface of the
dead lamellar bone (Fig. 11.9). This is followed by
the normal processes of bone remodelling in which
the woven bone is replaced by lamellar bone.

Osteopetrosis (Albers-Schoenberg disease)

Osteopetrosis, also known as marble bone disease
or Albers-Schoenberg disease, is a hereditary meta-
bolic disease consequent on a defect in osteoclast
function [55,56]. Osteoclasts may be increased 
(Fig. 11.10), decreased (Fig. 11.11) or present in
normal numbers but are always qualitatively
abnormal [57,58]. The result is osteosclerosis with
gradual obliteration of the marrow cavity by 
both bony encroachment and associated fibrosis.
Although the bone density is increased, the bone is
more fragile than normal. Osteopetrosis occurs in
an autosomal recessive form, which manifests itself

Fig. 11.8 BM trephine biopsy
section, idiopathic osteosclerosis,
showing marked thickening of
bone trabeculae by mature lamellar
bone. The intervening marrow 
is normal. Paraffin-embedded, 
H&E ×39.



Fig. 11.10 BM trephine biopsy
section from a child with
osteopetrosis, showing marked
increase in osteoclast numbers and
bone marrow fibrosis. H&E ×188.
(By courtesy of Adrienne Flanagan,
London.)

Fig. 11.11 BM trephine biopsy
section from a child with
osteopetrosis, showing abnormal
bone structure and no detectable
osteoclasts. H&E ×188. (By courtesy
of Adrienne Flanagan, London.)

Fig. 11.9 BM trephine biopsy
section. Newly deposited woven
bone on the surface of a necrotic
trabecula. Paraffin-embedded, 
H&E ×188.
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either in utero or during infancy, and as an auto-
somal dominant form in adults. The autosomal
recessive form is a severe disease with symptoms of
marrow failure due to obliteration of the marrow
cavity; the autosomal dominant form has much
milder clinical manifestations with an increased
predisposition to fractures. Histologically, the tra-
beculae appear thickened due to increased amounts
of mature lamellar bone and osteoclasts are pro-
minent in some cases [57]. Masses of irregularly
mineralized osteoid surrounding unresorbed carti-
laginous cores have also been described [59].

In the severe infantile form of osteopetrosis there
is increasingly severe leuco-erythroblastic anaemia
and thrombocytopenia associated with extramedul-
lary haemopoiesis. Occasionally, the white cell count
is increased and immature granulocytes are present
in the blood [60]. In the milder adult form of the
disease there is only a minor degree of anaemia.

Osteogenesis imperfecta

Osteogenesis imperfecta comprises a group of
related hereditary diseases due to abnormalities in
the synthesis of type I collagen [61,62]. Several dif-
ferent biochemical defects have been identified, all
of which are associated with increased fragility of
the skeleton and a tendency to fractures. Other
manifestations include blue sclerae, laxity of joints
and abnormalities of dentition. The most severe
variant (type II) has an autosomal recessive inher-
itance and is fatal in the perinatal period. Several
other variants have been described that are compat-
ible with survival into adult life; these usually have
an autosomal dominant pattern of inheritance.
Histologically, thinning of the cortex and trabeculae
is seen [7]. In some cases there is loss of the normal
lamellar structure of the bone [63].

The peripheral blood and bone marrow aspirate
findings are normal.

Problems and pitfalls

Damage caused by torsion or crushing of the tre-
phine biopsy core may generate fragments of bone
that mimic Paget’s disease or bone necrosis. The
artefactual changes are usually limited to the inner
end of the biopsy core and trabecular bone in areas
with well-preserved architecture will be normal.

Incomplete decalcification may lead to basophilic
staining of bone with H&E, particularly affecting
central areas within trabeculae, which may suggest
abnormal bone growth. If sections are examined
from several levels through the biopsy specimen, it
is usually clear that the incomplete decalcification is
more extensive towards the centre of the core.
When the sections are studied carefully, a normal
pattern of lamellae and lacunae can be seen, even in
partly calcified areas. If poor decalcification causes
difficulty with cutting or staining of sections, sur-
face decalcification of the wax block can be used but
the routine laboratory protocol for decalcification
should also be reviewed.

Trabeculae of bone may become detached from
trephine biopsy sections during staining (see 
Fig. 1.62, page 44) and, in particular, during pro-
teolysis or wet-heat exposure for antigen retrieval 
in immunohistochemical techniques. The spaces
remaining may mimic dilated sinusoids but careful
attention to their contours and comparison of their
position relative to any preserved trabeculae usu-
ally makes their true nature obvious.

Regenerating bone post-chemotherapy may mimic
hyperparathyroid bone disease or renal osteodys-
trophy but does not show the tunnelling of trabecu-
lae by fibrous tissue that is such a prominent feature
of the latter conditions.

Newly made woven bone has large lacunae and
the resident osteocytes may not all be apparent in a
particular section. The bone may therefore appear
to lack osteocytes and may be mistaken for necrotic
bone. However, only a few lacunae, at most, will
appear acellular and the lack of lamellar struc-
ture (confirmed, if necessary, with a reticulin or
trichrome stain) will confirm that woven bone is
present.

The irregular bone of severe Paget’s disease may
mimic osteomyelosclerosis due to idiopathic myelo-
fibrosis or metastatic malignancy. The diagnosis of
Paget’s disease is confirmed by the presence of giant
osteoclasts and the distinctive tessellated pattern 
of irregular bony plates with scalloped edges that
make up individual trabeculae.

Reactivities of some monoclonal antibodies with
normal bone components should not be mistaken
for reactions with abnormal cells (see Tables 2.6 and
2.7): VS38c and (less consistently) CD30 react with
osteoblasts, while antibodies of the CD68 cluster



react with osteoclasts, the latter being of macro-
phage origin.
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Other fixatives, such as Bouin’s fixative and 
the mercury-based fixatives, Zenker’s and B5, are
also used with trephine biopsy specimens. These
fixatives give excellent preservation of cytological
detail but are less practical in laboratories processing
a wide range of tissues, in which the majority of
other specimens will be fixed in formol-saline. The
reactivity of antibodies used for immunohistochem-
ical staining may also be affected by the choice of
fixative and Zenker’s fixative can destroy chloro-
acetate esterase activity. If Zenker’s fixative is used,
the biopsy core should be fixed for a minimum of 4 h
but longer periods of fixation are perfectly accept-
able. Fixation in Bouin’s fixative should be for 4–12 h.
If B5 fixative is used, the duration of fixation is
more criticala4 h is optimal; if fixation lasts for
more than 6 h, hardening of the tissue can make it
difficult to cut sections. Recently, an alternative
fixative has been adopted for trephine biopsy spe-
cimens in one of our laboratories, with excellent
results and no impairment of tinctorial or immuno-
histochemical staining. This fixative is a combined
aceto-zinc formalin solution; conditions for its use
are essentially identical to those employed with
standard formol-saline.

Decalcification

The method of decalcification used depends on how
the biopsy is to be processed. If the biopsy is to be
embedded in plastic, it may not be necessary to use
any decalcification at all, although better results are
often obtained by decalcifying the specimen using
the chelating agent ethylene diamine tetra-acetic
acid (EDTA).

If the biopsy is to be embedded in paraffin wax,
decalcification using EDTA, formic or acetic acid is
required, as described in Chapter 1. Decalcification

APPENDIX

Many readers of the previous editions of this book
have given helpful comments that have been incor-
porated into this edition. One of the most common
requests has been for methods used for processing
and staining of bone marrow biopsies. This Ap-
pendix gives details of various methods, including
the stains most commonly used for bone marrow
trephine biopsy sections in the laboratories in which
the authors work. We find these give good results.
However, it cannot be stressed too strongly that the
key to obtaining high quality sections and stains is
close co-operation between pathologists and labo-
ratory scientists. A more detailed discussion of the
various techniques described may be found in the
references at the end of this Appendix.

Technical methods applicable to
trephine biopsy specimens

Fixation

Adequate fixation of a trephine biopsy core is essen-
tial if one is to prepare sections that preserve the
fine cytological detail needed for interpretation 
of haematological disorders. In most laboratories,
10% neutral buffered formol-saline is used as a 
general purpose fixative for all specimens and 
this gives satisfactory results with bone marrow
trephine biopsies. It is important to ensure that the
formol-saline is not left for long periods at high tem-
perature before being used because formic acid and
formalin pigment may be produced. Use of stale
fixative is one of the more common causes of poor
quality sections. Trephine biopsy cores should be
fixed in formol-saline for a minimum of 18 h but
fixation for longer periods does not affect sub-
sequent processing or morphology and is desirable
for large samples.
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using inorganic acids, such as hydrochloric or nitric
acid, should be avoided as this affects morphological
preservation adversely and impairs metachromatic
staining of sections, e.g. with Giemsa or toluidine
blue. Decalcification using EDTA may require longer
incubation than methods using organic acids; speed
may be increased by agitation and/or warming to
37°C. Decalcification of paraffin-embedded biopsy
specimens using formic or acetic acid destroys
chloro-acetate esterase activity but use of EDTA
preserves this. Both acid and chelation methods
remove variable amounts of iron from the tissue,
rendering assessment of iron stores unreliable in
decalcified specimens.

Whichever method is preferred locally, it is essen-
tial to achieve good fixation before exposure of the
tissue to any decalcifying agent. The use of pro-
prietary combined decalcifying fixative solutions
should be avoided unless absolutely necessary to
obtain rapid haematoxylin and eosin (H&E)-stained
sections in an exceptionally urgent situation. If 
they must be used, it must be recognized that many
other staining techniques will be unsuccessful
although reticulin is generally well preserved.

Processing

Paraffin-embedding

One of the major advantages of this technique is
that it can be used in virtually any diagnostic
histopathology department using the automated
processors used routinely for other histopathology
specimens. The cytological detail is not as good as
that seen in high quality plastic-embedded sections
but, with care, excellent results can be obtained.
The key to obtaining good results is co-operation
between the pathologist interpreting the biopsy and
the laboratory staff processing the sample, ensuring
that careful attention is paid to the various steps
involved in preparing histological sections. If sec-
tions are unsatisfactory, in most cases the problem
lies in the fixation, decalcification, cutting or stain-
ing rather than in the processing itself.

Sections should be cut at no more than 3–4 µm
thickness. If a focal lesion is suspected clinically, sec-
tions should be cut at multiple levels. H&E staining
and a stain for reticulin (Gomori or Gordon and
Sweet’s stains) are usually performed on all speci-

mens. We also perform a Romanowsky stain (Giemsa
or one of its variants) on all specimens. Although
many pathologists do not use this routinely, it can
be helpful in the identification of early erythroid
precursors, plasma cells and mast cells and in dis-
tinguishing neutrophil and eosinophil granules.
Almost all of the stains used routinely with other
paraffin-embedded tissues may be employed with
trephine biopsy specimens but, as mentioned previ-
ously, most enzyme histochemistry is unsuccessful
because of irreversible denaturation of the enzymes
during decalcification and processing. One excep-
tion is acid phosphatase activity which is sometimes
retained. When hairy cell leukaemia is suspected,
demonstration of tartrate-resistant acid phosphatase
(TRAP) activity may be useful, although the re-
cent introduction of monoclonal antibodies for the
immunohistochemical detection of this enzyme in
fixed tissues may offer a simpler technical alterna-
tive for many laboratories.

Plastic (resin)-embedding

Glycol methacrylate and methyl methacrylate are
the most commonly used resins for embedding
trephine biopsies. Both allow sections to be cut with-
out decalcification, with preservation of excellent
cellular detail and without the shrinkage artefacts
that are prominent in most decalcified specimens.
Resin-embedding allows staining by many enzyme
histochemical techniques. All of the routine stains
used with paraffin-embedded sections can be em-
ployed with resin sections although many require
some modification of the method to optimize results.
Because resins continue to polymerize over long
periods of time, antigen retrieval techniques for
immunohistochemistry need to be modified for
older specimens. In general, progressively longer
proteolysis or wet-heat exposure is needed as the
resin becomes more highly polymerized.

Methods

Fixation, decalcification and 
paraffin-embedding

1 The trephine biopsy core should be expelled from
the needle and placed directly into fixative solution.
If touch preparations are needed, the core should be



transferred into fixative as quickly as possible after
they have been prepared.
2 Leave the biopsy to fix in 10% neutral-buffered
(pH 7.6) formol-saline for 24 h.
3 Decalcify overnight in 5% formic acid or 5%
EDTA solution. Large cores may require up to 48 h,
particularly if EDTA is used.
4 Wash in 70% alcohol.
5 Place back into formol-saline until required for
processing.
6 Process routinely in an automated tissue pro-
cessor with other histological samples.
7 Embed specimen in paraffin wax. Use of a high
melting point (hard) wax, if feasible within the lab-
oratory routine, may assist section cutting.
8 Cut sections at no more than 3–4 µm.

Aceto-zinc fixative method

Fixative solution

• Zinc chloridea12.5 g
• Formaldehyde (concentrated)a150 ml
• Distilled watera1000 ml
• Glacial acetic acida7.5 ml
This can be prepared in advance and aliquotted into
universal containers with appropriate hazard label-
ling. It is used in an identical manner to formol-
saline, following the schedule described above.

Aceto-zinc fixative solution has a weak decal-
cifying action but the presence of zinc ions seems 
to stabilize nucleic acids and provides protection
against the adverse effects on morphological pre-
servation seen with some proprietary combined
fixative–decalcifier solutions. Trephine biopsy cores
still require further decalcification with organic acid
or EDTA after fixation in aceto-zinc.

Resin-embedding (glycol methacrylate)

Materials

1 Monomer.
2-hydroxyl ethyl methacrylatea80 ml
2-butoxyethanola8 ml
benzoxyl peroxidasea1 g

2 Activator.
Polyethylene glycol 400a15 parts
N-N-dimethylanilinea1 part

3 Embedding mixture.
Monomera42 ml
Activatora0.1 ml

Procedure

1 70% alcoholatwo changes of 15 min each.
2 95% alcoholatwo changes of 15 min each.
3 Absolute alcoholatwo changes of 15 min each.
4 Glycol methacrylate monomer for 2 h.
5 Glycol methacrylate monomer second changea
leave overnight.
6 Embed in embedding mixture and leave for 
several hours to polymerize.

Histochemical staining for paraffin-
embedded sections

Haematoxylin and eosin

Solutions

1 Eosin 1% aqueous solution.
Eosina10 g
Distilled watera1 litre

2 Harris’s haematoxylin solution.
Haematoxylina5 g
Ethyl alcohola50 ml
Ammonium or potassium aluma100 g
Distilled watera1 litre
Mercuric oxide reda2.5 g

Dissolve the alum in the distilled water, over heat,
stirring frequently. Dissolve the haematoxylin in
the alcohol and add to the alum solution. Bring to
the boil while stirring. Remove from the heat and
add the mercuric oxide. Mix and allow to cool.
Filter into a glass stain bottle and the solution is
ready for use. It is advisable to filter the solution at
regular intervals of a few days, to avoid precipitates
developing, and to prepare fresh solution on a
weekly or fortnightly basis, depending on fre-
quency of use.
3 Scott’s tap water.

Sodium hydrogen carbonatea3.5 g
Magnesium sulphatea20 g
Distilled watera1 litre

4 Acid alcohol.
0.5% hydrochloric acid in 70% alcohol
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0.5% aqueous potassium permanganatea95 ml
3% sulphuric acida5 ml

2 2% aqueous oxalic acid.
3 5% aqueous ferric ammonium sulphate (iron
alum).
4 5% aqueous sodium thiosulphate.
5 0.1% aqueous gold chloride.
6 Nuclear fast red.

0.1 g nuclear fast red in 100 ml 5% aluminium
sulphate

7 Ammoniacal silver solution.
To 5 ml of 10% silver nitrate add concentrated
ammonia drop by drop, mixing continuously, until
the formed precipitate just redissolves. Add 5 ml of
3% sodium hydroxide, mix, and a black precipitate
will form. Add concentrated ammonia, as described
previously, until the precipitate just redissolves.
Make the solution up to 50 ml with distilled water.

Procedure

1 De-wax sections with two changes of xylene.
2 Rehydrate sections with two changes of absolute

alcohol, 95% alcohol and wash in distilled water.
3 Treat with potassium permanganate solution for

5 min.
4 Rinse in distilled water.
5 Bleach sections in 2% oxalic acid solution for 

1 min.
6 Wash well in distilled water.
7 Treat sections with iron alum for 20 min.
8 Wash well in several changes of distilled water.
9 Treat with ammoniacal silver solution for

approximately 10 s.
10 Wash well in distilled water.
11 Treat with 10% formalin for 1–2 min.
12 Wash well in distilled water.
13 Tone in gold chloride solution for up to 1 min.
14 Wash well in distilled water.
15 Treat with sodium thiosulphate solution for 
2 min.
16 Wash well in distilled water.
17 Stain nuclei with nuclear fast red for 2–3 min.
18 Wash in distilled water.
19 Dehydrate, clear and mount sections.

Results

Reticulin fibresablack.

Procedure

Many laboratories use automated staining machines
for bulk staining histological sections with H&E.
Bone marrow biopsy sections stained in this way
can give perfectly acceptable results. However, some
laboratories prefer manual staining as this allows
the timing of individual steps to be optimized for
marrow sections.
1 De-wax sections with two changes of xylene.
2 Rehydrate sections using two changes of abso-

lute alcohol, followed by 95% alcohol and wash
briefly in running tap water.
3 Stain with haematoxylin solution for up to 5 min.
4 Wash in running tap water.
5 Differentiate in acid alcohol for approximately 5 s.
6 Wash in running tap water.
7 ‘Blue’ in Scott’s tap water for a few seconds.
8 Wash in running tap water.
9 Stain with eosin for approximately 5 min.

10 Wash in running tap water.
11 Dehydrate, clear and mount sections.

Giemsa

Solutions

1 1% aqueous acetic acid.
2 10% solution of Giemsa stain, freshly prepared in
distilled water.

Procedure

1 De-wax sections with two changes of xylene.
2 Rehydrate sections with two changes of absolute
alcohol, 95% alcohol and wash in running water.
3 Stain sections with Giemsa solution for 20 min.
4 Rinse in distilled water.
5 Dip sections quickly into 1% acetic acid.
6 Wash with distilled water.
7 Check the staining microscopically and if re-
quired restain.
8 Dehydrate, clear and mount sections.

Gordon and Sweet’s technique for reticulin staining

Solutions

1 Acidified potassium permanganate solution.



Collagenayellow–brown (if sections are untoned;
black, if toned).
Nucleiared.

Note

Microscopic examination of sections at stage 10 is
important since the staining can vary from section
to section. If the fibres are not adequately stained,
steps 7–10 can be repeated if the sections have not
been toned. If non-specific silver deposition is a per-
sistent problem, which appears to be the case in
some laboratories, toning will give a cleaner result
at the expense of losing differentiation between
reticulin and collagen. Since alternative stains for
collagen can be employed in individual cases when
needed, this approach can be greatly preferable to
everyday poor quality reticulin staining.

Periodic acid–Schiff stain

Solutions

1 1% solution of periodic acid in distilled water.
2 Schiff’s reagent.

Pararosaniline C.I.a1 g
Distilled watera200 ml
Potassium metabisulphitea2 g
Concentrated hydrochloric acida2 ml
Activated charcoala2 g

Boil the distilled water, remove from the heat 
and add the pararosaniline. Allow to cool to 50°C
and add the potassium metabisulphite. Mix and
allow to cool to room temperature. Add the 
hydrochloric acid and activated charcoal, mix and 
leave overnight. Filter. The resulting liquid will be
clear or straw-coloured. Store in a dark container 
at 4°C.

Procedure

1 De-wax sections with two changes of xylene.
2 Rehydrate sections with two changes of absolute
alcohol, 95% alcohol and wash in distilled water.
3 Treat sections with periodic acid solution for 
5 min.
4 Wash well in distilled water.
5 Treat with Schiff’s reagent for 15 min.
6 Wash sections in running tap water for 10 min.

7 Counterstain the nuclei lightly with Mayer’s
haematoxylin (approximately 60 s).
8 Wash in tap water to ‘blue’ the haematoxylin 
(10 min).
9 Dehydrate, clear and mount sections.

Results

Periodic acid–Schiff (PAS)-positive material (neu-
tral mucins and glycogen)amagenta.
Nucleiapale blue.

Note

In histological sections of bone marrow, the follow-
ing can be generally expected to be PAS-positive: 
(i) granulocytes (neutrophil series); (ii) megakary-
ocytes; and (iii) Russell bodies (in plasma cells).

Pre-treatment with diastase (see below) removes
glycogen from the sections. Following diastase treat-
ment neutrophils and megakaryocytes are no longer
PAS-positive. The lack of neutrophil staining makes
screening a section for small PAS-positive fungi
such as Histoplasma much easier, and we generally
prefer pre-treatment with diastase when using PAS
to demonstrate such organisms.

Perls’ reaction for iron

Solutions

1 Nuclear fast red.
0.1 g nuclear fast red in 100 ml 5% aluminium
sulphate

2 Incubating solution.
Potassium ferrocyanide 2%a25 ml
Hydrochloric acid 2%a25 ml

Procedure

1 De-wax sections with two changes of xylene.
2 Rehydrate sections with two changes of absolute
alcohol, 95% alcohol and wash in distilled water.
3 Treat sections with incubating solution for 
30 min.
4 Wash well with several changes of distilled water.
5 Counterstain nuclei with nuclear fast red for 
2 min.
6 Dehydrate, clear and mount sections.
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Results

Ferric iron saltsablue.
Nucleiared.

Note

Decalcification, whether by acid or EDTA, results in
variable loss of stainable iron from tissue sections.

Histochemical staining for resin-embedded
sections

Haematoxylin and eosin

Solutions

Mayer’s Haem-alum.
Haematoxylina1 g
Distilled watera1 litre
Ammonium or potassium aluma50 g
Sodium iodatea0.2 g
Citric acida1 g
Chloral hydratea50 g

Dissolve the alum, haematoxylin and sodium iodate
in the distilled water by standing overnight at room
temperature. Add the chloral hydrate and citric
acid, mix and boil for 5 min. Mix and allow to cool.
Filter into a glass stain bottle and the solution is
ready for use.

All other solutions are prepared as described in
the method for paraffin-embedded sections.

Procedure

1 Stain with Mayer’s Haem-alum for up to 5 min.
2 Wash in running tap water.
3 Differentiate in acid alcohol for approximately 
5 s.
4 Wash in running tap water.
5 ‘Blue’ in Scott’s tap water for a few seconds.
6 Wash in running tap water.
7 Stain with eosin for approximately 5 min.
8 Wash in running tap water.
9 Dehydrate, clear and mount sections.

Reticulin stain

Solutions

1 Silver solution.
10% silver nitratea20 ml
10% potassium hydroxidea4 ml
Concentrated ammonia

Mix the silver nitrate and potassium hydroxide
solutions together and a brown flocculant precipi-
tate will appear. Add concentrated ammonia drop 
by drop until the precipitate disappears. Add silver
nitrate solution drop by drop until the solution 
just discolours to a pale yellow–brown colour. Add 
six drops of ammonia. Filter into a Coplin jar. Add
approximately 25 ml of distilled water.
2 1% aqueous potassium permanganate.
3 1% aqueous oxalic acid.
4 4% aqueous ferric ammonium sulphate (iron
alum).
5 5% aqueous sodium thiosulphate.
6 Nuclear fast red.

0.1 g nuclear fast red in 100 ml 5% aluminium
sulphate

Procedure

1 Treat sections with potassium permanganate
solution for 10 min.
2 Rinse in distilled water.
3 Bleach sections in 1% oxalic acid solution for 

1 min.
4 Wash well in distilled water.
5 Treat sections with iron alum for 10 min.
6 Wash well in several changes of distilled water.
7 Treat with silver solution for approximately 

10 min.
8 Wash well in distilled water.
9 Treat with 10% formalin for 1–2 min.

10 Wash well in distilled water.
11 Treat with sodium thiosulphate solution for 
2 min.
12 Wash well in distilled water.
13 Stain nuclei with nuclear fast red for 2–3 min.
14 Wash in distilled water.
15 Dehydrate, clear and mount sections.



Giemsa staining

We have found great difficulty in obtaining satisfac-
tory Giemsa staining of resin-embedded sections.
However, prior microwaving of the section pro-
duces excellent results.

Solutions

1 Staining solution.
Giemsa staina1 ml
Phosphate buffera2 ml
Distilled watera47 ml

2 Phosphate buffer.
To 20 ml of 0.1 M sodium hydrogen orthophosphate
add 0.1 M disodium orthophosphate drop by drop
until the pH reaches 5.1. The buffer should be
freshly prepared.

Procedure

1 Place slides in water then transfer to Giemsa
staining solution and microwave at 500 watts for 
45 s. Do not boil.
2 Remove slide container from microwave and
place in a preheated oven at 55°C for 15 min.
3 Rinse slides briefly in a solution of four drops of
acetic acid in 100 ml of distilled water.
4 Rinse slides in clean absolute alcohol.
5 Clear and mount sections.

Immunohistochemical staining of paraffin-
embedded sections (which have been fixed 
in 10% neutral buffered formol saline)

Streptavidin–biotin–peroxidase method

Solutions

1 Antibody diluent.
0.01 M phosphate-buffered saline (PBS) or Tris-
buffered saline (TBS) pH 7.4–7.6, prepared with
ultra-pure or distilled water. If necessary, this 
may be modified by the addition of 0.1% bovine
serum albumin and 0.1% sodium azide to reduce
background staining. However, peroxidase-linked
reagents should be diluted in PBS/TBS which does
not contain azide, since azide inhibits peroxidase
activity.

2 Peroxidase development solution (freshly made
immediately before use).
0.05% diaminobenzidine tetrachloride (DAB) in
PBS with 0.1% (w/v) hydrogen peroxide. (Note:
DAB is a possible carcinogen; for convenience and
to minimize handling, it can be purchased ready-
prepared with peroxidase in stabilized solution or
tablet form.)

Procedure

1 Mount paraffin-embedded sections on slides pre-
coated with poly L-lysine or other adhesive. If wet-
heat pre-treatment is to be used, silanized slides are
recommended. Negatively charged glass slides may
also be used but do not provide reliable adhesion
with wet-heat antigen retrieval techniques.
2 De-wax paraffin-embedded sections in xylene

and rehydrate through graded alcohols.
3 Block endogenous peroxidase activity by incu-

bation at room temperature, in a humidified stain-
ing tray, with two changes of freshly prepared 0.3%
(w/v) H2O2 in methanol, for 15 min each. It is
important to make up fresh peroxidase-blocking
solution immediately before each incubation, as
H2O2 activity is lost rapidly.
4 Pre-treat sections (antigen retrieval) with pro-

tease or wet-heat, as required for the antigen under
investigation*. Proteolysis may be conducted at
37°C with freshly prepared trypsin solution (in
PBS/TBS, pH 7.6, with added CaCl2) or, more con-
veniently, at room temperature using a commerci-
ally prepared solution of Pronase (Dako, Ely, U.K.).
Wet-heat methods generally employ a microwave
oven at medium setting for approximately 25 min
or a pressure cooker brought to full pressure for
approximately 2 min; citrate solution at pH 6.0 or
EDTA solution at pH 8.0 are used, depending on the
particular antigen of interest. Precise conditions
need to be established in each laboratory. It is
important to note that decalcified bone marrow
trephine biopsy sections, in general, require less
intensive antigen retrieval than sections from non-
decalcified tissues; it is usually most convenient to
modify the various techniques by shortening the
exposure time of sections.
5 Block possible non-specific background staining

with 10% bovine serum albumin in PBS/TBS or
non-immune serum from the species that is to pro-
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vide the second antiserum (e.g. normal goat serum
if the second antiserum is raised in a goat). Non-
immune serum is usually diluted 1 in 20 (5%) in
the standard antibody diluent. Sections should be
incubated with blocking solution, in the humidified
staining tray, at room temperature for 10–20 min.
6 Drain off the blocking serum solution but do not

wash the sections. Apply the primary monoclonal
antibody or polyclonal antiserum* at its optimal
dilution (determined by prior titration) and incu-
bate sections in the humidified staining tray for 
a predetermined standard time. The latter may vary
from 30 min to overnight (e.g. 2 h at room temper-
ature or overnight at 4°C).* Polyclonal antibodies
are generally effective with relatively short incuba-
tions at room temperature; many monoclonal anti-
bodies, when used with manual immunostaining
techniques, require overnight incubation. Overnight
incubation should always be carried out at refriger-
ator temperature (4°C) to minimize non-specific
background staining. Protocols for automated im-
munostaining equipment often permit considerably
shorter incubations with primary antibodies.
7 Allow sections to re-warm to room tempera-

ture, if necessary, and then rinse in three changes 
of PBS/TBS (5 min each). Remove excess buffer but
keep the sections moist.
8 Dilute the appropriate second layer (biotinylated)

antiserum in the antibody diluent. The second layer
antiserum is chosen according to the species from
which the primary antibody is derived, e.g. biotiny-
lated goat anti-mouse Ig (when the primary anti-
body is a murine monoclonal antibody) or swine
anti-rabbit Ig (when the primary antibody is a poly-
clonal rabbit antiserum).
9 Apply the diluted second layer antiserum to the

sections and incubate at room temperature in a
humidified staining tray for a period which is norm-
ally between 30 min and 1 h.* At this time, prepare
streptavidin–biotin solution as described below in
step 11, so that complexes have at least 30 min to
form.
10 Rinse the sections in three changes of PBS/TBS
(5 min each).
11 Add solutions of streptavidin and biotinylated
peroxidase together in PBS/TBS at predetermined
concentrations and leave the prepared solution to
stand at room temperature for 30 min for complexes
to form. Apply this solution to the sections for a

standard time (30 min to 1 h) in the humidified
staining tray. New third layer reagents are now
available that potentially offer even greater sensitiv-
ity than streptavidin–biotin complexes. Although
these are not yet used routinely by most laborato-
ries, tyramide catalysed biotinylation and mirror-
image immune complex techniques may be of
considerable value for demonstration of antigens
expressed at very low concentrations by cells of
interest.
12 Rinse sections in three changes of PBS/TBS 
(5 min each).
13 Develop the final coloured product by incuba-
tion of sections with the peroxidase development
solution for 10 min at room temperature. The end-
product of the reaction is an insoluble, dark brown
precipitate.
14 Rinse sections in running tap water. Counter-
stain lightly with haematoxylin (30 s to 1 min) and
allow to ‘blue’ in running tap water (5–10 min).
15 Dehydrate, clear and mount.

* Precise details of the use and duration of heat or protease pre-
treatment, and of the appropriate antibody dilutions and duration
for which they are applied, are not given in the above general
method since these are variable. For example, there is considerable
variation in the optimal dilution between antibodies supplied by
different manufacturers and even between different batches of one
antibody from a single source. We recommend that the manu-
facturer’s directions be consulted but that, for any new batch of
antibody, the optimal conditions are determined before diagnostic
use. Empirically, it has been found that pre-treatment by either
protease digestion or heating of sections may expose antigenic sites
and permit immunohistochemical staining. The choice of pre-
treatment method, the duration of exposure needed and the 
antigens requiring this treatment must be determined by experi-
ment. Useful sources of additional reference are given in the 
list below. However, there is continuing rapid expansion in the
range of antibodies available for immunohistochemistry and no
published work in this field can be fully comprehensive. Current
product catalogues from major commercial suppliers generally
provide substantial technical guidance concerning techniques for
use of their antibodies for immunohistochemistry in fixed tissue
sections.
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Page numbers in italics refer to
figures; those in bold refer to tables
or boxes.

ABL oncogene 192
abnormal localization of immature

precursors (ALIP) 173, 175,
182, 373, 413

ABO blood group H glycoprotein 67
acetazolamide 405
acetic acid 474–5
aceto-zinc formalin solution 474,

476
fixation method 476

actinomycosis 99
acute basophilic leukaemia 161–2
acute eosinophilic leukaemia 160–1,

162
acute erythroleukaemia (M6 AML)

142, 154–6
immunohistochemistry 71
variant 154
vs megaloblastic anaemia 166, 373

acute leukaemia
cytochemical stains 53
cytogenetic analysis 74, 75
immunophenotyping 62, 63
pseudo-Gaucher cells 416
reticulin fibrosis 132
see also specific types

acute lymphoblastic leukaemia (ALL)
aplastic presentation 241, 407
classification 236
common 238
cortical T 287
histiocytosis in 118–19
L1 236–7
L2 236, 237
L3 236, 239, 281–2
mature B-cell see Burkitt’s

lymphoma
mature T 287
molecular genetic analysis 85
post-treatment flow cytometry 62
pre-B 238
precursor B-cell 236–41
precursor T-cell 285–7
pre-T 286

pro-B 238
pro-T 286
stem cell transplantation 411
vs AML 143, 159, 166
vs other causes of

thrombocytopenia 388
acute mast cell leukaemia 162–3,

221, 222, 225
acute megakaryoblastic leukaemia

(M7 AML) 142, 156–8
acute myelofibrosis 143, 157, 158
diagnostic problems 166–7

acute monoblastic leukaemia (M5a
AML) 142, 152–3, 154

vs large cell non-Hodgkin’s
lymphoma 168

acute monocytic leukaemia (M5b
AML) 119, 142, 152–3, 154

acute monocytic/monoblastic
leukaemia (M5 AML) 152–3

acute myeloblastic leukaemia (M1
and M2 AML) 142, 144–7,
166

basophilic (M2Baso) 161
eosinophilic (M2Eo) 160

acute myelofibrosis see myelofibrosis,
acute

acute myeloid leukaemia (AML)
141–68

acute myelofibrosis 203
aplastic anaemia evolving to 401,

405, 406, 407
chemotherapy 396, 397
clinical features 143
cytochemistry 164
cytogenetic analysis 74, 166
de novo-type 166
in Down’s syndrome 157, 158, 408
electron microscopy 86
essential thrombocythaemia

transforming to 211
FAB classification 141, 142
G-CSF therapy 413
granulomas 113
hypoplastic 163–4, 165, 167–8,

177–8
idiopathic hypereosinophilic

syndrome and 382–3

immunocytochemistry and flow
cytometry 164–5

immunohistochemistry 165–6
M0 142, 158–9, 166
M1 and M2 see acute myeloblastic

leukaemia
M3 see acute promyelocytic

leukaemia
M4 see acute myelomonocytic

leukaemia
M5a see acute monoblastic

leukaemia
M5b see acute monocytic

leukaemia
M6 see acute erythroleukaemia
M7 see acute megakaryoblastic

leukaemia
megaloblastic erythropoiesis 371
MIC classification 141, 166
MIC-M classification 141, 166,

167
with minimal evidence of myeloid

differentiation (M0) 142,
158–9, 166

molecular genetic techniques 83,
166

multiple myeloma following 333
myelofibrosis transformation to

202
polycythaemia rubra transforming

to 209
problems and pitfalls 143, 166–8
reticulin fibrosis 132
systemic mastocytosis

transforming to 221
vs leukaemoid reactions 94
vs myelodysplastic syndromes

169
vs precursor B-ALL 240
WHO classification 141–2, 143

acute myelomonocytic leukaemia
(M4 AML) 142, 149–51

basophilic (M4Baso) 149, 151,
161

eosinophilic (M4Eo) 149, 150,
151, 160

acute panmyelosis with myelofibrosis
159–60, 166–7

INDEX
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acute promyelocytic leukaemia 62,
142, 147–9

hypergranular (M3 AML) 142,
147–9

hypogranular (M3 variant AML)
142, 147, 148, 149

adenocarcinoma, metastatic 431,
436, 440–4, 451

adenovirus infections 95, 96
adriamycin 394
adult T-cell leukaemia/lymphoma

(ATLL) 285, 300–5, 464
acute 301
chronic 301
lymphoma-type 301
smouldering 301

adventitial cells 5
Afipia felis infection 127
age

marrow cellular composition and
33, 34–5

marrow cellularity and 9, 10
aggressive natural killer (NK)-cell

leukaemia 290, 292, 293–4
agranulocytosis 382, 397
AIDS see HIV infection/AIDS
Albers–Schoenberg disease

(osteopetrosis) 468, 469–71
alcian blue 59
alcohol intake, excess 117, 399–401
Alder–Reilly anomaly 422
ALIP see abnormal localization of

immature precursors
alkaline phosphatase

endogenous 65, 73
neutrophil 193

alkaline phosphatase–anti-alkaline
phosphatase detection system
73

ALK protein 70, 306–7, 309–10, 345
alkylating agents 209, 333
ALL see acute lymphoblastic

leukaemia
all-trans retinoic acid (ATRA) 148–9
alpha-1–antitrypsin 66
α-heavy chain disease 355
alpha-lipoprotein deficiency 420
aluminium deposition 465, 466
ε-aminocaproate 53, 225
5–amino-laevulinic acid synthesis

362
AML see acute myeloid leukaemia
AML1-ETO fusion gene 147
ammonium tetrathiomolybdate 399
amplification, oncogene 78
amyloidosis 426

AA-type 351
in idiopathic myelofibrosis 207
light-chain–associated (AL-type)

349–51, 352, 353–4
in lymphoplasmacytic lymphoma

262, 351
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in multiple myeloma 336, 339,
341, 351

primary 351
anaemia

aplastic see aplastic anaemia
of chronic disease 373–4
in chronic infections 91
of chronic renal failure 466–7
congenital dyserythropoietic see

congenital dyserythropoietic
anaemia

Fanconi’s 401, 404, 405, 407
haemolytic see haemolytic anaemia
iron deficiency 360–1
leuco-erythroblastic 430, 431
megaloblastic see megaloblastic

anaemia
pernicious 371
in reactive plasmacytosis 116
refractory see refractory anaemia
sickle cell see sickle cell anaemia
sideroblastic 180, 361–3
in T-cell granular lymphocytic

leukaemia 290, 291
thiamine-responsive 177, 362,

408
anagrelide 207, 212
anaplastic large cell lymphoma

(ALCL)
B-cell 280, 306
null-cell type 306
T-cell 306–10
vs multiple myeloma 342–5

anaplastic lymphoma-associated
kinase see ALK protein

angiocentric T-cell lymphoma 294
angio-immunoblastic

lymphadenopathy 116, 228
with dysproteinaemia (AILD)

297–8
angio-immunoblastic lymphoma

297–300
angiomatosis

bacillary 127
epithelioid 127

angio-oedema, acquired 259, 356–7
angiosarcoma 446–7, 448, 452
anisocytosis 369, 371
anorexia nervosa 130, 407, 413, 415
anthracosis 423–4
antibodies

in AML 165
cross-reactivity between cell types

70–3
flow cytometry and

immunocytochemistry 63–4
immunohistochemistry 66–7,

68–70
monoclonal see monoclonal

antibodies
non-specific binding 65, 73
polyclonal 60

anti-cancer chemotherapy 392,
393–6, 397, 407

anti-cardiolipin antibodies 425
anti-lymphocyte globulin 402–3,

405
anti-phospholipid antibodies 127
anti-thymocyte globulin 405
aplasia, bone marrow 407
aplastic anaemia 397, 401–7

acquired causes 401
bone marrow cytology 403
bone marrow histology 403–5
cytogenetics and molecular

genetics 405
differential diagnosis 167–8, 178
idiopathic 401
inherited causes 401
paroxysmal nocturnal

haemoglobinuria 408
peripheral blood 403
problems and pitfalls 241, 257,

405–7
radiation-induced 399

arsenic toxicity 397, 398, 407
artefacts 38–48

cytology 38–40
histology 40–8
mimicking bone disease 471
mimicking metastatic tumours

456
shrinkage 15–16, 41–3

arterial thromboses 208, 211
arteries 4
arterioles 4
Aspergillus ( fumigatus) 99, 103
aspirates, bone marrow

artefacts 38–40
cellular composition 32–3
cytochemical stains 51–4
examination 35–6
flow cytometry 60, 61–2
guidelines and audit 38
immunocytochemistry 62
interpretation 34–8
reporting 36
routine stains 51
special diagnostic techniques

51–89
aspiration biopsy 5–6

complications 6, 7
in lymphoproliferative disorders

231, 235
metastatic tumours 430–1
at site of trephine biopsy 47–8
vs trephine biopsy 7

atherosclerosis, generalized 424–5
ATLL see adult T-cell

leukaemia/lymphoma
audit, bone marrow examination 38
Auer rods

detection 53
in M2 AML 144, 145
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in M3 AML 147
in M4 AML 141, 150
in M6 AML 155
in myelodysplastic syndromes

168, 170, 173, 182, 183
auto-immune disease

aplastic anaemia 401
bone marrow dysplasia 392
neutropenia 382
pure red cell aplasia 377
in stem cell transplantation 409,

410
auto-immune lymphoproliferative

disorder, with Fas deficiency
366, 392

autopsy specimens 7
avidin–biotin detection system 65,

73
azathioprine 392, 394

B5 solution 474
babesiosis 103
bacillary angiomatosis 127
bacterial infection 90–4

bone marrow cytology 92
bone marrow histology 93–4
haemophagocytic syndromes 92,

93, 120
peripheral blood 90–2
problems and pitfalls 94

band forms (band cells) 17
normal counts 34–5, 36–7

basophilic leukaemia, acute 161–2
basophils

normal counts 34–5, 36–7
precursors 17, 18–19

Batten’s disease 419
B-cell lymphocytosis, polyclonal

116, 249
B-cell lymphoproliferative diseases

241–84
bone marrow infiltration 233–5
classification 232
post-transplant 320, 321

B cells see B lymphocytes
BCL1 gene 268, 269

in diffuse large B-cell lymphoma
275

in follicular lymphoma 264, 
267

BCL2 protein 69, 236
detection problems 72, 73–4

BCL6 gene 275
BCL6 protein 275, 276
BCR-ABL fusion gene 83, 192, 197
Bence-Jones protein 332, 346
benign monoclonal gammopathy

(monoclonal gammopathy of
undetermined significance)
342, 346–7

benzene 401
Bernard–Soulier syndrome 386

biopsy, bone marrow
open 7
scar of previous 40, 48, 49
at site of previous 47–8
at site of previous radiotherapy

40, 405, 406
for tumour staging 430–1, 452–5
see also aspiration biopsy; trephine

biopsy
biotin, endogenous 65, 73
Birbeck granules 86, 187
bisphosphonates 341
Blackfan–Diamond syndrome 377,

378, 379
blasts

in M0 AML 158–9
in myelodysplastic syndromes 170

bleeding tendency 143
bleomycin 394
blood supply, bone marrow 4–5
‘blood tap’ 204, 403, 431
blood transfusion 411
blood viscosity, increased 208, 209
B lymphocytes 30

determination of clonality 75,
82–3, 85–6

EBV immortalization 319
immunohistochemistry 68–70, 72
large polylobated (L and H cells)

317, 318
bone 1–3

cancellous (trabecular) 1
compact 1
cortical 1
diseases 462–73
formation, new 128–30, 442, 443,

467
see also osteosclerosis

lamellar 1, 2, 3
lesions

in aplastic anaemia 405
in multiple myeloma 332,

339–40
mass, measurement 463
medullary 1
morphometry 462
necrosis 128, 399, 469, 470
problems and pitfalls 471
remodelling 2, 318, 462
repair 469
resorption, in ATLL 304
woven 1, 2, 3

newly deposited 469, 470, 471
bone marrow

blood supply 4–5
cellular composition 5, 32–4,

34–5, 36–7
cellularity 7–10
distribution of haemopoietic 1
examination 5–7
normal 1–50
organization 1–5

bone marrow transplantation
409–11

histiocytosis 118
lymphoid aggregates 116
short-term culture for 86–8

Borrelia infections 91
Bouin’s solution 59–60, 474
bovine serum albumin 73
breast carcinoma 430, 431

bone marrow histology 438, 439,
440–4

immunohistochemistry 451
osteosclerosis 469
staging 431, 454–5

brucellosis 91, 92, 109
Burkitt-like lymphoma 281, 283–4,

321
Burkitt’s lymphoma 281–4

AIDS-related 124, 127, 281, 282,
283, 284

classification 236, 238, 281
EBV-related 319
endemic 281
leukaemic (L3 ALL) 236, 239,

281–2
post-transplant 321
sporadic 281
vs precursor B-lymphoblastic

lymphoma 240
burst-forming unit, erythroid 

(BFU-E) 87–8
busulphan 196

C1 esterase inhibitor deficiency 259,
356

cachexia 130
calcitonin 432, 451
calgranulin (calprotectin) 67, 143
calorie deficiency 413–15
calprotectin 67, 143
cancer

bone marrow biopsy for staging
430–1, 452–5

metastatic see metastatic tumours
non-metastatic effects 391–2
see also carcinoma; specific types

Candida albicans 99, 101
capillaries 4–5
carcino-embryonic antigen 432, 455
carcinoid tumours 434, 435, 444–5,

451
carcinoma 430

myelofibrosis secondary to 207–8,
438, 439

vs Hodgkin’s disease 319
vs multiple myeloma 342–3, 345
vs myelodysplastic syndromes 177
see also metastatic tumours; specific

types
cartilage 3, 4

extraneous 43, 44
Castleman’s disease 114, 127



cat scratch disease, disseminated 127
CD (cluster of differentiation)

antigens 60
CD1a 67, 187
CD2 69
CD3 64, 69, 72
CD4 69, 72

in angio-immunoblastic
lymphoma 298

detection problems 73
in peripheral T-cell lymphoma

311
in prolymphocytic leukaemia

288–9
CD5 69

in CLL 244–5, 248
detection problems 72, 73
in mantle cell lymphoma 271

CD8 69, 288–9, 290
CD10 68

in ALL 238, 240, 241
in follicular lymphoma 264

CD14 66
CD15 66, 70, 318
CD19 241, 245, 275
CD20 68, 72, 240

in CLL 244, 248, 249
in diffuse large B-cell lymphoma

275, 276
in hairy cell leukaemia 257

CD22 244
CD23 68, 248
CD30 70, 72

in anaplastic large cell lymphoma
309, 310

in Hodgkin’s disease 318
CD31 433, 452
CD34 66, 73, 175–6, 433, 452
CD38 68, 337, 341
CD42b 67
CD43 69, 72, 248
CD45 66, 68, 72, 240, 309
CD45RA 68, 72
CD45RO 69, 72, 341, 345
CD55 408
CD56 69, 337
CD57 69
CD59 408
CD61 67, 71
CD66e 66
CD68 66, 225, 227
CD79a 64, 68, 72, 240, 458

in CLL 248, 249
in diffuse large B-cell lymphoma

275, 276
in hairy cell leukaemia 257
in multiple myeloma 337, 341
in Waldenström’s

macroglobulinaemia 349
CD79b 64
CD99 433, 452, 458
CD117 67
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CD138 68, 337, 341, 345
CD163 66
CDw75 68
cell counts, differential 33, 35
cells

extraneous non-haemopoietic 39,
40

haemopoietic see haemopoietic
cells

cellular composition, bone marrow
5, 32–4, 34–5, 36–7

cellularity, bone marrow 7–10
age-related changes 9, 10
assessment methods 8–9
variability 9–10

central arteries 4
central venous sinusoid 5
centroblastic lymphoma, diffuse

275, 276–7
centroblasts 263, 264, 266, 276
centrocytes 263, 264, 265–6, 267
centrocytic lymphoma see mantle cell

lymphoma
centromeric probes 76, 77, 78
cerebriform cells 295, 302
ceroid lipofuchsinosis 420
CGL see chronic granulocytic

leukaemia
Charcot–Leyden crystals 160, 161,

384
Chédiak–Higashi syndrome 123, 384,

385–6
chemicals, haematological toxicity

397–9, 401
chemotherapy

anti-cancer 392, 393–6, 397, 407
bone regeneration after 471
immunosuppressive 393–6

children
aspiration biopsy 6
bone appearances 3, 4
cellular composition of marrow

33, 34, 34–5
haematogones 31
metastatic tumours 430, 431, 434,

447–50
chlorambucil 394
chloramphenicol 397, 401
chloro-acetate esterase stain (Leder’s

stain) 53, 59, 60
in AML 145, 153, 155
decalcification and 6–7, 60
mast cells 26
neutrophil haemopoiesis 19
in systemic mastocytosis 224–5

cholesterol
crystals 420, 425
embolism 424–5

cholesteryl ester storage disease 419
chromogranin 451, 452, 453
chromosomal abnormalities,

detection 74–5, 76–8

chromosome paints, whole 76, 78,
81

chromosome rearrangements,
detection 76–7, 78, 81

chronic disease, anaemia of 373–4
chronic eosinophilic leukaemia 160,

199–202, 383, 384–5
chronic granulocytic leukaemia

(CGL) 192–8
accelerated phase 192, 197, 

198
acute transformation 191, 192,

193–4
bone marrow cytology 193–4
bone marrow histology 194–7
cytogenetics and molecular

genetics 197
myelofibrosis 196, 197, 202
neutrophilic variant 199
peripheral blood 192–3
problems and pitfalls 198, 212–13
pseudo-Gaucher cells 195–6, 416,

417
vs atypical CML 217, 218
vs systemic mastocytosis 222

chronic lymphocytic leukaemia
(CLL) 241–50

bone marrow cytology 244
bone marrow histology 245–8
classification 242
cytogenetics and molecular

genetics 245
immunocytochemistry and flow

cytometry 244–5
immunohistochemistry 73, 245,

248–9
mixed cell type 243, 246–8, 249,

251, 271
molecular genetic analysis 75
µ-heavy chain disease 356
nodular partial remission 248
peripheral blood 242–4
problems and pitfalls 240, 249–50,

263, 267, 274
prognostic indicators 246–8
prolymphocytoid transformation

242, 243, 244, 248
Richter’s (large cell)

transformation 242, 243, 244,
248, 249

T cell 284, 289
chronic megakaryocytic granulocytic

myelosis 195, 202
chronic myeloid leukaemia (CML)

with eosinophilic component 199,
201

juvenile (juvenile myelomonocytic
leukaemia) 218–21

Ph-negative atypical (aCML) 192,
215, 216–18

Ph-positive 192
vs systemic mastocytosis 222
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chronic myelomonocytic leukaemia
(CMML) 215–16

classification 169, 191, 215
with eosinophilic component 201
vs atypical CML 215, 218
vs leukaemoid reactions 94

chronic natural killer (NK)
lymphocytosis 113, 293, 294

chronic neutrophilic leukaemia
198–9

clear cell carcinoma 434, 435, 444
CLL see chronic lymphocytic

leukaemia
clonality, determination of 75, 82–3,

85–6, 235
Clostridium welchii infections 91
cluster of differentiation (CD)

antigens 60
CML see chronic myeloid leukaemia
coccidioidomycosis 99
coeliac disease 130, 371
cold haemagglutinin disease (CHAD)

259, 260, 355
collagen

fibrosis 131, 133–4
in ALL 239, 240
in idiopathic myelofibrosis 205,

206, 207
in metastatic carcinoma 438
in multiple myeloma 339

grading 54–6
problems and pitfalls 59
stains 57–9, 133

colonic carcinoma 444, 455
colony-forming units

erythroid (CFU-E) 88
granulocyte/monocyte (CFU-GM)

87
megakaryocyte (CFU-Meg) 88
mixed (CFU-mix) 87

comparative genomic hybridization
(CGH) 84

congenital dyserythropoietic
anaemia (CDA) 86, 368–71,
416

type I 368, 369, 370
type II (Hempas) 368, 369, 370
type III 368, 369, 370

Congo red stain 59, 351, 353
connective tissue 3–5
copper deficiency 177, 397–9, 407
core biopsy see trephine biopsy
corticosteroid therapy 463
Coxiella burnetti 94
Coxsackie virus infections 96
critical illness 392, 393
cryoglobulinaemia

idiopathic/essential 259, 355
mixed 96, 259
paraprotein-associated 355
type I 355
type II 355

Cryptococcus neoformans 99, 100, 101,
110–12

crystals
cholesterol 420, 425
cystine 421–2
glove powder 39, 40
immunoglobulin 333, 335, 337,

340
oxalate 422, 423
silica 424

culture, bone marrow 86–8
in fungal infections 102
long-term 88
for micro-organisms 88, 92
short-term 86–8

Cushing’s syndrome 463
cutaneous T-cell lymphoma 295–7
cyclin D1 69

detection problems 73
in mantle cell lymphoma 270, 271
in multiple myeloma 341

cyclophosphamide 394
cyclosporin (A) 402–3, 409
cystinosis 421–2
cytocentrifuge preparations 62, 79
cytochemical stains 51–4, 59
cytogenetic analysis 6, 74–5
cytokeratins 432, 438, 440, 451, 455,

458
cytokines 412–13
cytomegalovirus (CMV) infections

97, 98, 98
bone marrow aplasia 407
granulomas 110
peripheral blood 95, 96
in transplant recipients 409

cytosine arabinoside 394
cytotoxic T cells 289

daunorubicin 394
DBA44 257, 274
deafness, sensorineural 177
decalcification 6–7, 474–5

histochemical staining and 6–7,
60

immunohistochemistry and 65, 73
incomplete 471
iron staining and 54, 56, 361
methods 475–6
polymerase chain reaction and 82

deletions, chromosomal 78
deoxycoformycin 256
desmin 433, 452, 458
diabetes mellitus 177, 420
dialysis, chronic 465, 466
diffuse large B-cell lymphoma 259,

275–80
anaplastic variant 280
centroblastic variant 275, 276–7
cytogenetics and molecular

genetics 275–6
EBV-related 278, 319

immunoblastic variant 275, 276,
277–8, 279

immunocytochemistry and flow
cytometry 275, 276

immunohistochemistry 72, 276
intravascular variant 280, 281
mediastinal (thymic) variant 280
post-transplant 321
primary effusion variant 280
T-cell/histiocyte-rich 278–9, 280,

313
vs Burkitt’s lymphoma 284
vs follicular lymphoma 267
vs Hodgkin’s disease 319

disseminated intravascular
coagulation 387

DNA
degradation 83
quantification 64
sequencing 84
synthesis-inhibiting drugs 177

Döhle bodies 90
donor-lymphocyte infusion 411–12
double esterase stain 151
Down’s syndrome (trisomy 21) 157,

158, 219, 407–8
drugs

haematological effects 392, 393–9,
401

hypersensitivity reactions 114,
118, 377, 425

‘dry tap’ 6, 204, 403, 431
Dutcher bodies 117

in lymphoplasmacytic lymphoma
261

in multiple myeloma 336, 337, 338
in Waldenström’s

macroglobulinaemia 349
dyserythropoiesis

chemotherapy-associated 394
differential diagnosis 176–7
in haemolytic anaemia 366
in HIV infection/AIDS 125
with polyclonal haemopoiesis

392–3
dyserythropoietic anaemia,

congenital see congenital
dyserythropoietic anaemia

dyskeratosis congenita 401, 405
dysplasia, bone marrow

secondary 182–3, 392–3
see also myelodysplastic syndromes

EBV see Epstein–Barr virus
EDTA (ethylene diamine tetra-acetic

acid) 6, 474, 475
ehrlichiosis 94, 95

canine granulocytic 91
human granulocytic 92
human monocytic 91, 92

elastase, neutrophil 66, 70
electron microscopy 86, 87



EMA see epithelial membrane
antigen

embolism, cholesterol 424–5
emperipolesis 22, 23, 24, 25
endocarditis, bacterial 92
endochondrial ossification 3, 4
endogenous enzymes 65, 73
endoplasmic reticulum, dilated 333,

335, 340
endothelial cells 5, 39
enzymes, endogenous 65, 73
eosinophil count

in idiopathic hypereosinophilic
syndrome 382, 383

normal 34–5, 36–7
eosinophilia

differential diagnosis 384–5
reactive 199

eosinophilic fibrohistiocytic lesions
118

eosinophilic granuloma 420
eosinophilic leukaemia

acute 160–1, 162
chronic 160, 199–202, 383, 384–5

eosinophil major basic protein 67
eosinophils

in acute eosinophilic leukaemia
160, 161, 162

in M4 AML 150
precursors 17, 18
in systemic mastocytosis 223, 225

epithelial cells 39, 40
epithelial membrane antigen (EMA)

70, 432
in anaplastic large cell lymphoma

309
in breast carcinoma 455
in multiple myeloma 341, 345

Epstein–Barr early RNA (EBER) 80,
293, 298, 319

Epstein–Barr virus (EBV) 319
bone marrow aplasia 407
bone marrow histology 97, 98
DNA amplification 82–3
haemophagocytosis 122
infection see infectious

mononucleosis
latent proteins (LMP-1 and EBNA-

2) 319
-related lymphoproliferative

disorders 96, 319–21
aggressive NK-cell leukaemia

293
classification 319
diffuse large B-cell lymphoma

278, 319
extranodal NK/T-cell

lymphoma, nasal type 294,
295

Hodgkin’s disease 315–16, 319
post-transplant 319–20, 409,

410

488 INDEX

erythroblastic islands 12–14, 15, 16
absence 379
in myelodysplastic syndromes

173
erythroblasts 11–12

early 12, 13, 14–15
identification 15–16
intermediate 12, 13
iron content 51–3
late 12, 13
in M6 AML 155, 156
orthochromatic 12, 371
polychromatophilic 12
shrinkage artefacts 15–16, 41–3

erythrocytosis, idiopathic 211
erythroderma, generalized 295
erythroid burst-forming unit (BFU-

E) assay 87–8
erythroid cells

in AML 154, 155–6
examination 38
identification 15–16
in infants 33, 34
normal counts 34–5, 36–7
see also myeloid:erythroid (M:E)

ratio
erythroid colony-forming unit 

(CFU-E) 88
erythroid hyperplasia 210

in congenital dyserythropoietic
anaemia 368, 370

in haemolytic anaemia 366, 367,
368

erythroleukaemia, acute see acute
erythroleukaemia

erythrophagocytosis 119
erythropoiesis 11–16

cytology 11–12
disorders of 360–80
histology 12–16

erythropoietin 87, 412, 467
Escherichia coli infections 91
essential thrombocythaemia see

thrombocythaemia, essential
ethanol (alcohol) intake, excess 117,

399–401
ethylene diamine tetra-acetic acid

(EDTA) 6, 474, 475
Evans syndrome 409
Ewing’s sarcoma

bone marrow cytology 436, 437
bone marrow histology 447, 450,

451
immunohistochemistry 452

EWS gene 437
extraneous cells 39, 40
extraneous tissue 43–7, 456–7
extranodal marginal zone B-cell

lymphoma of MALT-type
271–2

extranodal natural killer (NK)/T-cell
lymphoma, nasal type 294–5

Fabry’s disease 419
factor VIII-related antigen (von

Willebrand factor) 67, 433,
452

faggot cells 147, 148
familial haemophagocytic

lymphohistiocytosis 119, 120,
121, 122, 123–4

Fanconi’s anaemia 401, 404, 405, 407
Fas deficiency, auto-immune

lymphoproliferative disorder
with 366, 392

fat cells 4, 29–30
atrophy 130–1
in chronic granulocytic leukaemia

194–5
cytology 29, 31
damage to 419–20
histology 30

fat content, marrow 5
Felty’s syndrome 290
ferritin, serum 360, 373
fibrinoid necrosis 425
fibroblasts, in idiopathic

myelofibrosis 205
fibrosis, bone marrow 131–4

bone marrow cytology 133
bone marrow histology 133–4
causes 132
grading 57, 133
nomenclature 59, 133
peripheral blood 133
problems and pitfalls 134
see also collagen, fibrosis;

myelofibrosis; reticulin,
fibrosis

filariasis 103, 104, 105
films, wedge-spread 33, 35–6
FISH see fluorescence in situ

hybridization
5q- syndrome 171, 183
fixation

artefacts 39, 41, 42
histochemical staining and 59–60
immunohistochemistry and 73
methods 475–6
trephine biopsy specimens 474

flaming cells 116, 333, 334, 336
flow cytometry 60–2, 64

antibodies 63–4
gating techniques 62–3
problems and pitfalls 61–2
vs immunocytochemistry 62–3

fludarabine 411
fluorescence in situ hybridization

(FISH) 76–81
double fusion (D-FISH) 77, 78
problems and pitfalls 80–1
triple colour 77, 79

fluorescent immunophenotyping
and interphase cytogenetics
(FICTION) 78
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FMC7 251–2, 253, 264, 273
focal lesions, detection of 10
folic acid deficiency 177, 371, 394
follicle centre cells 263

small see centrocytes
follicular lymphoma 263–7

bone marrow cytology 264
bone marrow histology 264–6
cytogenetics and molecular

genetics 83, 264, 265
diffuse 263
granulomas 113, 266
immunocytochemistry and flow

cytometry 264, 265
immunohistochemistry 265,

266–7
large cell transformation 264, 

276
peripheral blood 263–4
problems and pitfalls 263, 267,

271
foreign body-type giant cells 107
foreign substances, deposition of

423–4
formalin

fixation 60, 83
pigment 41, 42

formic acid 474–5
formol-saline, neutral buffered 474
fractures, healing 48
frozen sections 6
a-L-fucosyl residues 433
fungal infections 99–103

bone marrow cytology 99–101
bone marrow histology 101–2
granulomas 110–12
peripheral blood 99
problems and pitfalls 102–3
vs protozoal pathogens 101

fusion genes
detection 86
in normal people 84

γδ T-cell lymphoma, hepatosplenic
305, 307

γ-heavy chain disease 355–6
gastric cancer 431, 438, 455
Gaucher cells 415, 416

see also pseudo-Gaucher cells
Gaucher’s disease 415–16
G-CSF 409, 412, 413
gelatinous transformation 125,

130–1
gender differences, chronic

granulocytic leukaemia 192
giant cells 107

foreign body type 107
Langhans’ 107, 108, 109

Giemsa stain 15, 26, 51, 60
amyloid 351, 354
in multiple myeloma 343
techniques 477, 480

glioblastoma multiforme 430
glove powder crystals 39, 40
glycogen 450, 451
glycol methacrylate 7, 475, 476
glycophorin A 67
glycophorin C 67, 71
glycosyl phosphatidylinositol (GPI)

408
GM-CSF see

granulocyte–macrophage
colony-stimulating factor

goblet cells 444
Gomori’s reticulin stain 57, 58, 133
Gordon and Sweet stain 58, 477–8
gouty tophus 43, 47
graft-versus-host disease (GVHD)

407, 409, 411–12
granulocyte colony-stimulating

factor (G-CSF) 409, 412, 
413

granulocyte–macrophage colony-
stimulating factor (GM-CSF)

bone marrow culture 87
therapy 118, 396, 410, 412–13

granulocyte/monocyte colony-
forming unit (CFU-GM) assay
87

granulocytes
examination 38
in infections 92, 93
left shift 90, 93
polymorphonuclear 17, 19

granulomas 107–14
aetiology 107
bone marrow cytology 108
bone marrow histology 108–14
doughnut-type 109–10
eosinophilic 420
epithelioid 109, 112
in follicular lymphoma 113, 266
in HIV infection/AIDS 107, 125–7
in Hodgkin’s disease 110, 112–13,

318
lethal midline 294
lipid 108–9
in multiple myeloma 112, 113,

339
in mycobacterial infections 93,

108, 109, 110–11
in parasitic diseases 105–6, 112
peripheral blood 107
in rickettsial infections 94
in viral infections 97, 110

granulopoiesis 11, 16–19
cytology 16–17
histology 18–19
in megaloblastic anaemia 371

grape cells 116
grey platelet syndrome 386, 387
Griscelli syndrome 408
Grocott’s methenamine silver stain

(GMS) 59, 107

growth factors, haemopoietic 396,
412–13

guidelines, bone marrow
examination 38

haematogones 31, 62, 241
haematoxylin and eosin (H&E) stain

51, 475
techniques 476–7, 479

haemoglobin A 67
haemoglobin C disease 366, 367
haemoglobin F 219, 220, 221, 364
haemoglobin H disease 169, 365–6
haemoglobinuria

paroxysmal cold 96
paroxysmal nocturnal 408–9

haemolytic anaemia 366–7
auto-immune 366, 367, 368, 409

in angio-immunoblastic
lymphoma 298

in CLL 243, 244
drug-induced 397

in bone marrow transplantation
409, 410

cold-induced 355
in infections 91, 96, 97
micro-angiopathic 394, 409, 410,

424, 425
haemophagocytic

lymphohistiocytosis, familial
119, 120, 121, 122, 123–4

haemophagocytic syndromes
119–24

in anaplastic large cell lymphoma
308

in bacterial infections 92, 93, 120
in Chediak–Higashi syndrome 123,

386
conditions associated with 120
in HIV infection/AIDS 119, 121,

123, 124
in malaria 105
in malignant histiocytosis 119,

122–3, 185, 186
in metastatic malignancy 450
in viral infections 96, 97, 99, 120

haemopoiesis
distribution 1
extramedullary 202
in hairy cell leukaemia 255
ineffective 141, 191

haemopoietic cells 5, 11–27
streaming 205, 206

haemopoietic progenitor cells,
assessment of numbers 86–8

haemorrhage, complicating biopsy
7

haemosiderin 14
in plasma cells 53, 54, 56, 117, 362
staining 51–3, 54–6

haemozoin 105
hair follicles, extraneous 43, 45



hairy cell leukaemia 252–7
bone marrow cytology 253
bone marrow histology 253–6,

475
granulomas 113
immunocytochemistry and flow

cytometry 253, 254
immunohistochemistry 254, 257
large cell transformation 253, 254,

256, 257
osteosclerosis 468
peripheral blood 253
problems and pitfalls 228, 257,

274
reticulin fibrosis 132, 255–6

hairy cell variant leukaemia 257–8
Hand–Schüller–Christian disease

186, 420
α-heavy chain disease 355
γ-heavy chain disease 355–6
µ-heavy chain disease 356
heavy chains, immunoglobulin 68,

80
genes see IGH genes

helminth infections 103
heparin, chronic use 463
hepatitis, viral 96, 401
hepatitis A 95
hepatitis B 97
hepatitis C 96, 97–9, 259, 355
hepatomegaly 143, 202, 211
hepatosplenic γδ T-cell lymphoma

305, 307
Hermansky–Pudlak syndrome 420
herpes simplex infections 98
herpesvirus infections 97, 219–21
histiocyte-rich B-cell lymphoma

279, 280
histiocytes 20

cystine crystals 421–2
sea-blue 196, 365, 418, 420–1
see also macrophages

histiocytic lymphoma, true 186
histiocytic medullary reticulosis 184
histiocytosis 118–24, 184

haemophagocytic syndromes
119–24

Langerhans’ cell 86, 186–8, 420,
457

malignant see malignant
histiocytosis

sea-blue 420
X 186

histochemical stains 54–60, 476–80
histological sections 6
histoplasmosis (Histoplasma

capsulatum) 99, 102–3
granulomas 110
histological features 101, 101

HIV infection/AIDS 124–7
biopsy methods 7
bone marrow cytology 124
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bone marrow histology 125–7
Burkitt’s lymphoma see Burkitt’s

lymphoma, AIDS-related
diffuse large B-cell lymphoma

277–8, 279, 280
flow cytometry 64
fungal infections 99, 100, 101,

102, 103
gelatinous transformation 125,

130
granuloma formation 107, 125–7
haemophagocytic syndromes 119,

121, 123, 124
Hodgkin’s disease 125, 127, 316
Kaposi’s sarcoma 128, 446
mycobacterial infections 110–11,

124, 127, 417
peripheral blood 95, 96, 124
polymorphous lymphoid

aggregates 116, 125, 126
reactive plasmacytosis 342
reticulin fibrosis 132

Hodgkin’s cells, mononuclear 314,
315, 316, 317–18

Hodgkin’s disease 313–19
in AIDS/HIV infection 125, 127,

316
bone marrow cytology 314–15
bone marrow histology 316–18
classical 314
CLL transformation to 242
cytogenetics and molecular

genetics 315–16
EBV-related 315–16, 319
graft-versus-host disease 411
granulomas 110, 112–13, 318
immunocytochemistry and flow

cytometry 315
immunohistochemistry 315,

318
lymphocyte-depleted 318
mixed cellularity 315–16
myelofibrosis secondary to 208
nodular lymphocyte-predominant

314, 316, 317, 318
nodular sclerosing 315–16, 317,

318
peripheral blood 314
problems and pitfalls 300, 313,

319
pseudo-Gaucher cells 417
WHO classification 234, 314

Howell–Jolly bodies 374, 394
Howship’s lacunae 2, 29, 30, 462

in hyperparathyroidism 464–5
in renal osteodystrophy 466

Hoyeraal–Hreidarsson syndrome
401

HTLV-I 284, 301
proviral DNA 81

human herpesvirus 6 (HHV6) 97,
377, 409

human herpesvirus 8 (HHV8) 127,
280, 446

human immunodeficiency virus
infection see HIV
infection/AIDS

human serum 73
human T-cell lymphotropic virus I see

HTLV-I
hydrochloric acid 475
hydroxyurea (hydroxycarbamide)

196, 394, 395
hyperbetalipoproteinaemia 420
hypercholesterolaemia 419
hyperchylomicronaemia 419
hyperdiploidy 238, 342
hypereosinophilic syndrome,

idiopathic 201–2, 382–5
hyperoxaluria (oxalosis) 422, 423
hyperparathyroidism 464–5

primary 134, 464
secondary 464, 465

hyperplasia, bone marrow 10
hypochromia 362
hypopituitarism 463
hypoplasia, bone marrow 10, 393,

407
see also aplastic anaemia

hypoplastic acute myeloid leukaemia
(AML) 163–4, 165, 167–8,
177–8

hypoplastic myelodysplastic
syndromes (MDS) 167–8,
178, 257, 406–7

hyposplenism
in bone marrow transplantation

410
in essential thrombocythaemia

211, 212
in sickle cell anaemia 374
vs reactive thrombocytosis 389

hypothermia 377, 392
hypothyroidism 130, 407, 420, 469

IGH genes
clonal rearrangements

detection 85, 235
in lymphoma 282, 315

somatic hypermutation 75, 85
iliac crest

aspiration biopsy 5–6
marrow cellularity 9, 10
trephine biopsy 6

immunoblastic lymphadenopathy
298

immunoblastic lymphoma 275, 276,
277–8, 279

multiple myeloma transformation
to 333

immunoblasts 244, 278, 279, 312
immunocompromised patients

Burkitt’s lymphoma 281
cytomegalovirus infection 96
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diffuse large B-cell lymphoma
277–8

EBV-related lymphoproliferative
disorders 319–21

fungal infections 99, 101, 110
parvovirus B19 infections 377

immunocytochemistry 62
antibodies 63–4
problems and pitfalls 62
vs flow cytometry 62–3

immunodeficiency, congenital 116
immunofluorescence flow cytometry

see flow cytometry
immunoglobulin

affinity maturation 75
crystals 333, 335, 337, 340
heavy chains see heavy chains,

immunoglobulin
light chains see light chains,

immunoglobulin
monoclonal see monoclonal

immunoglobulins
surface membrane see surface

membrane immunoglobulin
immunohistochemistry 38, 64–74

antigens and antibodies 66–7,
68–70

interpretation 73–4
in lymphoproliferative disorders

235
non-specific staining 65
problems and pitfalls 70–4
techniques 480–1

immunophenotyping 6, 60–74
immunosuppressive therapy 393–6,

402–3, 405
infections 90–107

bone marrow aplasia 407
bone marrow dysplasia 392
opportunistic, in HIV

infection/AIDS 125–7
infectious mononucleosis 97, 319

granulomas 110, 112
peripheral blood 95, 96

in situ hybridization (ISH) 76–81
intensive care patients 393
interferon therapy 196, 253, 256
interleukins 412
intracranial tumours, metastatic

430
intravascular large B-cell lymphoma

280, 281
intravascular lesions 424–6
intravenous drug abuse 468
intravenous nutrition, with lipid

emulsions 420
inv(16)(p13q22) 149, 150, 151
inversions, chromosome 78, 79
iron

deficiency 210–11, 214
deficiency anaemia 360–1
deposition in bone 466

-laden macrophages 401, 402
overload 117
serum 360, 373
stain

in myelodysplastic syndromes
168, 171, 180

in thalassaemia 364
see also Perls’ stain

stores
assessment 35–6, 51–3, 54–6
deficient 360, 361
in excess alcohol intake 400–1
grading 51, 52
in megaloblastic anaemia 371
problems and pitfalls 53, 56
in sideroblastic anaemia 362

irradiation see radiation therapy
isochromosomes 78, 79
isoniazid 397

Jacobsen syndrome 387
juvenile myelomonocytic leukaemia

(JMML) 218–21

Kaposi’s sarcoma 127, 446–7, 452
karyogram 74
karyotype 74
keratin 440
Ki67 antigen 70, 249

in Burkitt’s lymphoma 283
in diffuse large B-cell lymphoma

276
kinetoplast 106
c-KIT mutations 226
Kleihauer test 219, 220
knife

blunt 43
transfer of foreign tissue 43–7

kwashiorkor 377, 413–15

alpha-lactalbumin 451
Langerhans’ cell histiocytosis 86,

186–8, 420, 457
Langerhans’ cells 186–7, 188
Langhans’ giant cells 107, 108, 109
large B-cell lymphoma

diffuse see diffuse large B-cell
lymphoma

follicular lymphoma
transformation to 264, 287

hairy cell leukaemia
transformation to 253, 254,
256, 257

large bowel carcinoma 444
large cell lymphoma

CLL transformation to see Richter’s
syndrome

vs M5a AML 168
vs multiple myeloma 342–5
see also large B-cell lymphoma

large granular lymphocyte (LGL)
leukaemia 284–5, 289–93

bone marrow cytology 290
bone marrow dysplasia 392
bone marrow histology 291, 292
cytogenetics and molecular

genetics 291
immunocytochemistry and flow

cytometry 291
immunohistochemistry 291
peripheral blood 290
problems and pitfalls 291–3
pure red cell aplasia 290, 377
thrombocytopenia 290, 291, 387

lateral cutaneous nerve of thigh 7
lead poisoning 397
Leder’s stain see chloro-acetate

esterase stain
leishmaniasis (Leishmania donovani)

101, 103, 104
granulomas 105–6, 112

leprosy (Mycobacterium leprae) 92, 94,
109

lethal midline granuloma 294
Letterer–Siwe disease 186, 420
leuco-erythroblastic anaemia 430,

431
leuco-erythroblastosis 91, 203, 204
leukaemia

bone marrow necrosis 128
molecular genetic techniques

84–6
see also acute leukaemia; specific

types of leukaemia
leukaemoid reactions 93, 94

neutrophilic 199, 200
vs atypical CML 218
vs chronic granulocytic leukaemia

194–5
vs juvenile myelomonocytic

leukaemia 219–21
levamisole 73
L and H cells 317, 318
light chain–associated amyloidosis

349–51, 352, 353–4
light chain deposition disease 351–4
light chains, immunoglobulin 68, 80

in multiple myeloma 332, 341,
345

lipid granulomas 108–9
long-term culture-initiating cell

(LTC-IC) assay 88
lung carcinoma 430, 438–40

small cell 436–7, 444, 445, 451,
454

staging 431
lupus erythematosus, systemic 382,

393, 401
lupus erythematosus (LE) cells 393
lymphadenopathy 143, 242, 314

angio-immunoblastic see angio-
immunoblastic
lymphadenopathy

immunoblastic 298



lymph nodes
in angio-immunoblastic

lymphoma 298, 299
discordant, in lymphoma 235

lymphoblasts
in ALL 236–7, 239
in precursor T-lymphoblastic

leukaemia/lymphoma 286,
287

lymphocytes 30–1
atypical, in viral infections 95–6,

97, 99, 124
in CLL 242, 244
cytology 30–1
donor 411–12
histology 31
large granular (LGL) 289, 290,

291–3
in mantle cell lymphoma 268, 270
normal counts 34–5, 36–7
plasmacytoid 259–60, 261, 262,

333
small 245, 246
small cleft 263, 264, 265–6, 267
in splenic marginal zone

lymphoma 272–3
in systemic mastocytosis 223–4
villous 273
see also B lymphocytes; 

T lymphocytes
lympho-epithelioid lymphoma

310–11
lymphogranulomatosis X 298
lymphohistiocytosis, familial

haemophagocytic 119, 120,
121, 122, 123–4

lymphoid aggregates, reactive
(benign) 114–16

in HIV infection/AIDS 116, 125,
126

in myelodysplastic syndromes 178
lymphoid cells 11

examination 38
immunohistochemistry 68–70,

72–3
vs malignant non-haemopoietic

cells 457
lymphoid follicles 31
lymphoid hyperplasia,

polymorphous 114–16, 312
lymphoid nodules, reactive 235–6
lymphoma

in AIDS 124, 127
bone marrow necrosis 128, 129
classification 231, 232, 233
discordant 235
haemophagocytosis 119, 122
molecular genetics 75, 84–6, 235
myelofibrosis secondary to 207–8
see also Hodgkin’s disease; non-

Hodgkin’s lymphoma; specific
types
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lymphoplasmacytic lymphoma
258–63, 347

amyloid deposition 262, 351
bone marrow cytology 260
bone marrow histology 261–2
cytogenetics and molecular

genetics 260, 261
Gaucher-like cells 417
immunocytochemistry and flow

cytometry 260–1
immunohistochemistry 260,

262–3
peripheral blood 259–60
POEMS syndrome 356
problems and pitfalls 228, 263,

267, 342
lymphopoiesis 30–2
lymphoproliferative disorders

231–331
antibodies for

immunophenotyping 64
bone marrow infiltration patterns

231–6
diffuse 231–2
focal 231
interstitial 231
mixed 232
nodular and patchy 231
paratrabecular 231
problems and pitfalls 235–6
random 231

classification 231, 232, 233
cytochemistry 54
EBV-related see Epstein–Barr virus

(EBV), -related
lymphoproliferative disorders

familial auto-immune, with Fas
deficiency 366, 392

molecular genetics 75, 84–6, 235
post-transplant 319–21, 409

lysozyme 66

macrocytosis
alcohol-induced 399, 400
refractory 183

macrophages 4, 19, 20
cholesterol crystals within 420
deposits of foreign substances

423–4
in erythroblastic islands 11–12, 14
examination 38
foamy 109, 111, 418, 419–20
fungi within 99, 101
granuloma formation 107
increased numbers see histiocytosis
iron-laden 401, 402
Leishmania donovani within 104,

106
in mycobacterial infections 94
network of dendritic 20, 21
sickle cells within 374, 375, 376
in storage diseases 415

tingible body 282–3
vs malignant non-haemopoietic

cells 457
see also monocytes

macropolycytes 371
major basic protein, eosinophil 67
malabsorption 463
malaria 103, 104, 105, 392
malignant histiocytosis 184–6

differential diagnosis 99, 122–3,
186, 308

haemophagocytosis 119, 122–3,
185, 186

malnutrition 463
protein-calorie 377, 413–15

MALT-type lymphoma 271–2
mantle cell lymphoma 267–71

blastoid variant 268, 284
cytogenetics and molecular

genetics 74, 83, 268–9
differential diagnosis 241, 250,

267, 271
immunohistochemistry 73, 269,

271
marasmus 413
marble bone disease (osteopetrosis)

468, 469–71
marginal zone (B-cell) lymphoma

271
extranodal MALT-type 271–2
nodal 271, 274–5
splenic 263, 267, 272–4

Martius Scarlet Blue stain 57, 59,
133

mast cell diseases
systemic see mastocytosis, systemic
WHO classification 221

mast cell leukaemia, acute 162–3,
221, 222, 225

mast cells 25–7, 117–19
cytology 25–6
histology 26–7
increased numbers 117–19, 222
in lymphoplasmacytic lymphoma

262
in systemic mastocytosis 222–3,

224, 225
mast cell tryptase 67, 73, 162, 225,

457
mastocytosis

cutaneous 221, 228
malignant 221
systemic 118, 221–8

acute transformation 191, 221
bone marrow cytology 222–3
bone marrow histology 223–6
classification 192, 221
cytogenetics and molecular

genetics 226
and myelodysplastic/

myeloproliferative disease
221
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osteosclerosis 224, 225, 468
peripheral blood 214, 221–2
problems and pitfalls 226–8
prognostic groups 226
vascular lesions 426
vs angio-immunoblastic

lymphoma 300
vs hairy cell leukaemia 228, 

257
vs idiopathic hypereosinophilic

syndrome 384
‘maturation arrest’ 94, 394, 395
mature (peripheral) T cell lymphoma

285
May–Grünwald–Giemsa (MGG) stain

31, 51, 145, 315
May–Hegglin anomaly 386
MDS see myelodysplastic syndromes
measles 96
mediastinal (thymic) B-cell

lymphoma 280
medulloblastoma 431
megakaryoblasts 157–8
megakaryocyte colony-forming unit

(CFU-Meg) 88
megakaryocytes 20–2

artefacts 43
assessment of numbers 21–2,

24–5
bare nuclei 21, 22, 23–4
‘budding’ 21
in CGL 193, 194, 195, 196
clusters 24, 125, 396
emperipolesis 22, 23, 24, 25
in essential thrombocythaemia

212
examination 38
in familial thrombocytosis 388
hypoplasia 387
in idiopathic myelofibrosis 204,

205, 207
in infections 93
in megaloblastic anaemia 371
in myelodysplastic syndromes

171, 173–4, 175
in polycythaemia rubra vera 210
precursors 20
stages of maturation 20–1
in thrombocytopenia 387, 388
vs Hodgkin’s cells 319
vs myeloma cells 343, 344

megakaryocytic granulocytic
myelosis, chronic 195, 202

megakaryopoiesis 20–5
cytology 20–2
histology 23–5

megaloblastic anaemia 371–3
thiamine-responsive 362
vs M6 AML 166, 373

megaloblastic erythropoiesis 177,
371, 394, 395

melanin 434, 445, 446

melanoma 455
amelanotic 445, 446
associated antigens 432, 451
bone marrow cytology 434
bone marrow histology 445, 446
immunohistochemistry 451, 458

men, cellular composition of marrow
33, 36–7

messenger RNA (mRNA)
in situ hybridization 80
in RT-PCR 83

metamyelocytes 17, 19
giant 124, 371, 372
normal counts 34–5, 36–7

metaphase spreads 74
metastatic tumours 420, 430–61

bone marrow biopsy for detection
452–5

bone marrow cytology 431–7
bone marrow histology 438–50
cytogenetics and molecular

genetics 437
immunocytochemistry 437
immunohistochemistry 432–3,

451–2
osteosclerosis 438, 439, 468–9
peripheral blood 431
problems and pitfalls 455–8
see also carcinoma; specific tumours

methanolic hydrogen peroxide 73
methotrexate 394, 395
methyl methacrylate 7, 475
micro-abscesses 295
Micrococcus lysodeikticus suspension

153
microfilariae 103, 104, 105
micromegakaryocytes

in myelodysplastic syndromes 170,
171, 174, 175

in polycythaemia rubra vera 210
micro-organisms, bone marrow

culture for 88, 92
microsporidiosis 106
milk-fat globulin, human 451
minimal residual disease, detection of

83, 84
mitochondrial cytopathies 177, 407
mitomycin C 394
mixed colony-forming unit (CFU-

mix) 87
MLL gene 151, 153
molecular genetic analysis 75–86

in lymphoproliferative disorders
75, 84–6, 235

monoblasts 19
in AML 149, 151, 152–3, 154
in malignant histiocytosis 184–5

monoclonal antibodies 60
in AML 165
reactions with bone components

471
monoclonal gammopathies 350

monoclonal gammopathy of
undetermined significance
(MGUS) 342, 346–7

monoclonal immunoglobulin
deposition disease 352

monoclonal immunoglobulins
in lymphoplasmacytic lymphoma

259
in monoclonal gammopathy of

undetermined significance
346, 347

in multiple myeloma 332, 341,
345

see also paraproteins
monocytes 19, 20

in AML 152, 153
in atypical chronic myeloid

leukaemia 217, 218
in chronic myelomonocytic

leukaemia 215
normal counts 34–5, 36–7
see also macrophages

monocytic sarcoma 184
monocytoid B-cell lymphoma 274–5
monocytopoiesis 19–20

cytology 19–20
histology 20

mononuclear cells, atypical 95, 96
monosomies, detection 76, 77, 81
monosomy 7 syndrome, infantile

219
morphometry, bone 462
morular cells 116
Mott cells 116, 118

in multiple myeloma 333, 335,
337, 340

MPD see myeloproliferative disorders
MPO see myeloperoxidase
mRNA see messenger RNA
mucin 440, 442, 444
mucopolysaccharidoses 422–3, 424
mucosa-associated lymphoid tissue

(MALT) lymphoma 271–2
µ-heavy chain disease 356
multiple myeloma 332–45

amyloid deposition 336, 339, 341,
351

bone marrow cytology 333–6
bone marrow histology 337–41
cryoglobulinaemia 355
cytogenetics and molecular

genetics 341–2
diagnostic criteria 332
Gaucher-like cells 417
granulomas 112, 113, 339
immunocytochemistry and flow

cytometry 337
immunohistochemistry 341
neutrophilic leukaemoid reaction

199, 200
non-secretory 332
osteosclerosis 340, 341, 468



multiple myeloma (cont.)
peripheral blood 333
POEMS syndrome 356
problems and pitfalls 342–5, 347
prognostic grading 340–1
reticulin fibrosis 132, 339
smouldering 332, 341
stem cell transplantation 411
transformation to immunoblastic

lymphoma 333
multiple organ failure 392
muramidase (lysozyme) 66
muscle, extraneous 43, 45
c-MYC gene 282
mycobacterial infections 93–4

granulomas 93, 108, 109, 110–11
in HIV infection/AIDS 110–11,

124, 127, 417
Mycobacterium avium intracellulare,

disseminated 109, 110–11
Mycobacterium leprae infection

(leprosy) 92, 94, 109
mycophenolate mofetil 392, 394–6
mycoplasma infections 91
mycosis fungoides 295–7
myeloblasts 16, 17, 18

in AML 144, 145, 149
in M6 AML 155, 156
normal counts 34–5, 36–7

myelocytes 16–17, 18–19
normal counts 34–5, 36–7

myelodysplasia, secondary 183–4,
392–3

myelodysplastic/myeloproliferative
disorders 191, 215–21

other 221
of childhood 219
unclassified 221, 227

WHO classification 191–2
myelodysplastic syndromes (MDS)

141, 168–88
bone marrow cytology 171
bone marrow histology 172–5
clinical features 168
cytochemistry 53, 171–2
cytogenetics and molecular

genetics 75, 176
FAB classification 168, 169
G-CSF therapy 412
haemoglobin H disease 169, 365
hypoplastic, differential diagnosis

167–8, 178, 257, 406–7
identified subtypes 179–88
immunocytochemistry and flow

cytometry 175
immunohistochemistry 70, 71,

175–6
M6 AML and 155
megaloblastic erythropoiesis 371
multiple myeloma transformation

to 333
peripheral blood 169–71
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post-transplant 410–11
problems and pitfalls 176–8
pseudo-Gaucher cells 416
pure red cell aplasia 377, 380
reticulin fibrosis 132, 174, 183
sea-blue histiocytes 421
systemic mastocytosis

transforming to 221
thrombocytopenia 178, 387
vs congenital dyserythropoietic

anaemia 371
vs myeloproliferative disorders

191
vs secondary myelodysplasia

392
vs thalassaemia 364
WHO classification 168–9

myelofibrosis
acute 202–3, 207

in M7 AML 143, 157, 158
acute panmyelosis with 159–60,

166–7
in CGL 196, 197, 202
chronic idiopathic 191, 202–8

acute transformation 202, 207
bone marrow cytology 204
bone marrow histology 204–7
cytogenetics and molecular

genetics 207
peripheral blood 203–4
problems and pitfalls 166–7,

207–8, 213–14
vs hairy cell leukaemia 257
vs Hodgkin’s disease 319
vs systemic mastocytosis 227

focal 132
generalized 132
with myeloid metaplasia 202
nomenclature 59, 133
primary 133, 202
secondary

to carcinoma 207–8, 438, 439
to lymphoma 207–8
to other MPD 202, 207, 210,

211
vs metastatic tumours 458
see also fibrosis, bone marrow

myeloid:erythroid (M:E) ratio 33, 
34

in CGL 193
normal values 34–5, 36–7

myeloid cells 11, 33
immunohistochemistry 66–7, 72

myeloid metaplasia
agnogenic 202
myelofibrosis with 202

myelomatosis see multiple myeloma
myeloperoxidase (MPO) 53, 64, 66

in AML 145, 151, 153, 155, 164
in myelodysplastic syndromes

168, 172
sensitivity 166

myeloproliferative disorders (MPD)
191, 192–215

idiopathic hypereosinophilic
syndrome and 201–2, 382–3

myelofibrosis secondary to 132,
134, 202, 207

osteosclerosis 468
other 221–8
‘transitional’ 214–15
unclassifiable 214–15, 227
‘undifferentiated chronic’ 215
vs idiopathic myelofibrosis 208
WHO classification 191–2

myelosclerosis 59
MyoD1 antigen 433, 452
myogenin 433, 452
myoglobin 433, 452

naphthol AS-D chloroacetate
esterase see chloro-acetate
esterase

α-naphthyl acetate esterase 53
in AML 155, 157–8, 164
in neuroblastoma 434

α-naphthyl butyrate esterase 53,
157–8

nasal type extranodal natural killer
(NK)/T-cell lymphoma 294–5

nasopharyngeal T-cell and NK-cell
lymphomas 319

natural killer (NK)-cell leukaemia,
aggressive 290, 292, 293–4

natural killer (NK) cell
lymphoproliferative diseases
233, 284–313

natural killer (NK) cells 289
immunohistochemistry 68–70

natural killer (NK) lymphocytosis,
chronic 113, 293, 294

natural killer (NK)/T-cell lymphoma,
extranodal, nasal type 294–5

necrosis
bone 128, 399, 469, 470
bone marrow 127–30

causes 128
in metastatic tumours 458
radiation-induced 399
vascular lesions 426

needle biopsy see trephine biopsy
neonates

aspiration biopsy 5, 6
cellular composition of marrow

33, 34
marrow cellularity 9

neuroblastoma 431, 434–6, 437
bone marrow histology 447–9
immunohistochemistry 435, 452,

453
staging 430–1, 452–4, 455

neurofibromatosis 219
neuronal lipofuchsinosis 419
neurone-specific enolase 452, 453
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neutropenia 90
auto-immune 382, 409
refractory 180
in T-cell granular lymphocytic

leukaemia 290, 291, 382
neutrophilia, in infections 90, 91
neutrophilic leukaemia, chronic

198–9
neutrophils

in chronic myelomonocytic
leukaemia 215

hypersegmented 371
left shift 90
in myelodysplastic syndromes

169–70
normal counts 34–5, 36–7
precursors 17, 18–19
toxic changes 90, 92, 94

NF1 gene 219
NHL see non-Hodgkin’s lymphoma
Niemann–Pick disease 418
nitric acid 475
nitric oxide 393
N-MYC gene 437
nodal marginal zone B-cell

lymphoma 271, 274–5
non-Hodgkin’s lymphoma (NHL)

bone marrow infiltration 235
granulomas 112–13
in HIV infection/AIDS 127
pseudo-Gaucher cells 417
vs metastatic tumours 458
vs myelodysplastic syndromes 178
see also specific types

non-specific antibody binding 65, 73
non-specific esterases 53

in AML 153, 164
in myelodysplastic syndromes 171

normoblast 11
northern blot analysis 84
NPM-ALK fusion gene 309
nutrient artery 4

oesophageal cancer 455
oestrogen receptor 432, 451
Omenn’s syndrome 412
opportunistic infections, in HIV

infection/AIDS 125–7
oral cancer 455
osteitis fibrosa 464, 465

cystica 465
osteoblasts 1, 2, 27–9, 462

cytology 27–8
histology 28–9, 30
vs carcinoma cells 456

osteoclasts 1, 2, 27–9, 462
in ATLL 304
cytology 27–8
histology 28–9
in hyperparathyroidism 464
in osteopetrosis 469, 470
in Paget’s disease 467, 468

osteocytes 1, 2, 28, 29
osteodysplasia, radiation-induced

399, 400
osteogenesis imperfecta 471
osteoid 2, 462, 464

in hyperparathyroidism 464
seams 462, 464

osteolytic lesions, in multiple
myeloma 332, 339–40

osteomalacia 463–4
osteomyelosclerosis 207, 468
osteopetrosis 468, 469–71
osteoporosis 462–3

in multiple myeloma 332,
339–40, 341

in systemic mastocytosis 224
osteoprogenitor cells 2
osteosarcoma 467
osteosclerosis 7, 468–9

in bone marrow fibrosis 131
idiopathic 468, 469
in idiopathic myelofibrosis 206
in metastatic carcinoma 438, 439,

468–9
in multiple myeloma 340, 341,

468
in renal osteodystrophy 465–6
in systemic mastocytosis 224, 225,

468
oxalosis 422, 423

p53 protein 62, 432
‘packed marrow’ (diffuse infiltration)

231–2
in megaloblastic anaemia 372
in multiple myeloma 337, 338, 340

Paget’s disease of bone 134, 467–8,
471

pancreatic cancer 455
pancreatitis 419–20
pancytopenia

in AML 143
chemotherapy-induced 393–4

Pappenheimer bodies 169, 180, 374
paraffin-embedded sections 6–7,

475–6
artefacts 41–3
decalcification 474–5
histochemical staining 476–9
immunohistochemical staining

480–1
iron staining 56

para-immunoblasts 245–6, 248
paramyxoviruses 467
paraproteins

cryoglobulin 355
in lymphoplasmacytic lymphoma

259, 262
in monoclonal gammopathy of

undetermined significance
346

in multiple myeloma 332

other syndromes associated with
349–57

in Waldenström’s macro-
globulinaemia 347, 349, 350

parasitic diseases 103–7
parathyroid hormone-related protein

464
parathyroid hormone-secreting

tumours 391–2, 464
paratyphoid 90
‘paroxysmal’ cold haemoglobinuria

96
paroxysmal nocturnal

haemoglobinuria 408–9
parvovirus (B19) infections 96, 97

bone marrow histology 97, 98
pure red cell aplasia 377

bone marrow cytology 97, 378,
379

bone marrow histology 97, 379,
380

post-transplant 409, 410
Pautrier’s abscesses 295
PAX3 and PAX7 genes 437
PCR see polymerase chain reaction
peanut agglutinin 187
Pearson’s syndrome 362, 407, 408
Pelger–Huët anomaly, acquired 170,

173, 394
penicillamine 399
Penicillium marneffei 99, 100, 101, 103
periodic acid-Schiff (PAS) 53, 59
peripheral T-cell lymphoma 285

not otherwise characterized 285,
310–13

unspecified 285, 311
vs Hodgkin’s disease 313, 319

Perls’ stain 14, 478–9
aspirates 51–3, 54, 56
trephine biopsy sections 54–6

pernicious anaemia 371
peroxidase, endogenous 65, 73
phagocytic reticulum cells 4
phenytoin therapy 116
Philadelphia (Ph) chromosome

(t(9;22)(q34;q11))
in ALL 239
in chronic granulocytic leukaemia

192, 197
-positive essential thrombo-

cythaemia 211, 212, 214
phosphorus-32 (32P) 209
PIG-A gene 408
plasmablasts 334, 339, 342
plasma cell leukaemia 333, 345–6

de novo or primary 345
secondary to multiple myeloma

345
plasma cell neoplasia

acquired angio-oedema with 259,
356–7

in AIDS 127



plasma cells 31–2
around capillaries 337
cytological abnormalities 116–17
cytology 31
haemosiderin in 53, 54, 56, 117,

362
histology 32
immunohistochemistry 71
in light chain-associated

amyloidosis 351
in light chain deposition disease

352
in lymphoplasmacytic lymphoma

261
in monoclonal gammopathy of

undetermined significance
346

in multiple myeloma 332, 333,
336, 342

normal counts 34–5, 36–7
in plasma cell leukaemia 345, 346
vs metastatic tumours 458
vs osteoblasts 27
in Waldenström’s macro-

globulinaemia 348–9
plasmacytic satellitism 93, 117
plasmacytoid lymphocytes 259–60,

261, 262, 333
plasmacytoma, solitary 356
plasmacytosis

in infections 93
reactive 116–17, 337, 342

plastic (resin)-embedded sections 7,
475

decalcification 474
histochemical staining 479–80
iron stain 54
methodology 476

platelets
formation 21, 23
in myelodysplastic syndromes

171
pleomorphic medium-sized T-cell

lymphoma 310–11
pleomorphic small T-cell lymphoma

310–11
ploidy, megakaryocytes 20
PML protein 62
Pneumocystis carinii 105, 107
pneumothorax 7
POEMS syndrome 356, 468
poikilocytes, teardrop 203, 204
poikilocytosis 203, 369, 371
polyarteritis nodosa 425
polyclonal antibodies 60
polyclonal B-cell lymphocytosis 116,

249
polycythaemia

primary proliferative see
polycythaemia rubra vera

pseudo- or relative 209, 210
secondary 208–9, 210–11
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polycythaemia rubra vera (PRV)
191, 208–11

acute transformation 209
bone marrow cultures 88
‘burnt out’ or ‘spent phase’ 209
myelofibrosis secondary to 202,

203, 210
problems and pitfalls 210–11,

213–14
‘transitional state’ 209

polymerase chain reaction (PCR) 75,
81–3

detection of clonality 85–6
detection of fusion genes 86
genomic or DNA-PCR 82
in situ 82
long and accurate (LA-PCR) 84
long-range 84
in lymphoproliferative disorders

235, 236
modifications 83, 84
multiplex 83, 84
nested 84
problems and pitfalls 83
real-time (RQ-PCR) 83, 84
reverse transcriptase see reverse

transcriptase polymerase
chain reaction

polymorphonuclear granulocyte 17,
19

polymorphous lymphoid hyperplasia
114–16, 312

polyvinyl pyrrolidine 420
popcorn (L and H) cells 317, 318
post-transplant lymphoproliferative

disorders 319–21, 409
classification 320
monomorphic 320, 321
polymorphic 321

precursor B-lymphoblastic
leukaemia/lymphoma
236–41

bone marrow cytology 236–7
bone marrow histology 239–40
cytogenetics and molecular

genetics 238–9
immunocytochemistry and flow

cytometry 237–8
immunohistochemistry 238,

240
peripheral blood 236
problems and pitfalls 240–1
see also acute lymphoblastic

leukaemia
precursor T-lymphoblastic

leukaemia/lymphoma 285–7
pregnancy 401
primary effusion lymphoma 280
primitive neuro-ectodermal tumours

(PNET) 436, 437, 447, 450
probes 76

centromeric 76, 77, 78

processing
artefacts 41–3
trephine biopsies 6–7, 475–6

pro-eosinophilic granules 17
proerythroblasts 12, 13

in pure red cell aplasia 377, 378,
379, 380

vs myeloblasts 16
progenitor cells, haemopoietic,

assessment of numbers 86–8
progesterone receptor 432, 451
prolymphocytes

in B-cell prolymphocytic
leukaemia 251

in CLL 243, 244, 245–6, 248
prolymphocytic leukaemia (PLL)

B-cell (B-PLL) 250–2, 271, 288
classification 242, 250
T-cell (T-PLL) 252, 287–9

promonocytes 19
promyelocytes 16, 17, 18

in acute promyelocytic leukaemia
147, 148

normal counts 34–5, 36–7
prostate carcinoma 430, 431, 433,

438
bone marrow histology 439, 440,

441, 442, 443
immunohistochemistry 451
osteosclerosis 469

prostate-specific antigen 432, 451
prostatic acid phosphatase 432, 451
protein-calorie malnutrition 377,

413–15
protein gene product 9.5 (PGP9.5)

432, 451, 452, 454, 458
proteins, non-specific antibody

binding 73
protozoal pathogens, vs fungal

infections 101
Prussian blue stain see Perls’ stain
pseudo-Gaucher cells 416–17

in CGL 195–6, 416, 417
in congenital dyserythropoietic

anaemia 369
in thalassaemia 365

pseudo-Pelger–Huët anomaly 170,
173, 394

pseudophagocytosis (emperipolesis)
22, 23, 24, 25

pure red cell aplasia see red cell
aplasia, pure

Q fever 94, 109–10

5′-RACE (rapid amplification of
cDNA ends) 84

radiation therapy (irradiation) 399,
400, 401

biopsy at site of previous 40, 405,
406

RAS mutations 219
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reactive lymphoid aggregates
114–16

reactive nodular hyperplasia 235–6
red cell agglutination 260
red cell aplasia, pure 376–80

in CLL 243, 244
constitutional (Blackfan–Diamond

syndrome) 377, 378, 379
in parvovirus infections see

parvovirus (B19) infections,
pure red cell aplasia

in T-cell granular lymphocytic
leukaemia 290, 377

red marrow 1
Reed–Sternberg cells 314–15,

316–17, 318
cells resembling 248, 249, 279
variant forms 317
vs malignant non-haemopoietic

cells 457
refractory anaemia (RA) 169, 179

with excess of blasts (RAEB) 169,
181–2

with excess of blasts in
transformation (RAEB-T)
169, 182–3

with ringed sideroblasts (RARS)
169, 172, 177, 180–1

refractory cytopenia 169, 179–80
relapsing fever 91
renal failure, chronic 130, 464, 465

anaemia of 466–7
renal osteodystrophy 134, 465–7
resin-embedded sections see plastic

(resin)-embedded sections
restriction endonucleases 81
reticulin 5

fibrosis 59, 131–4
in ALL 239
in CGL 196
in hairy cell leukaemia 132,

255–6
in HIV infection/AIDS 125, 126
in Hodgkin’s disease 318
in idiopathic myelofibrosis

204–5
immunophenotyping 61, 65
in lymphoma 235
in metastatic carcinoma 438
in multiple myeloma 132, 339
in myelodysplastic syndromes

132, 174, 183
in polycythaemia rubra vera

210
in systemic mastocytosis 225

grading 54–6
problems and pitfalls 59
stains 38, 51, 57–9, 475

techniques 477–8, 479
reticulocytes 12
reticulum (reticular) cells 4, 184–5

atypical 317–18

retinoblastoma 430, 447
all-trans retinoic acid (ATRA) 148–9
reverse transcriptase-polymerase

chain reaction (RT-PCR) 82,
83

detection of fusion genes 86
modifications 83, 84
problems and pitfalls 83–4

rhabdomyosarcoma 431, 436, 437
bone marrow histology 447,

449–50
immunohistochemistry 452

rheumatoid arthritis 115, 116, 290,
293

Richter’s syndrome (large cell
transformation) 242, 243,
244, 248, 249

rickets 464
rickettsial infections 92, 94
ring sideroblasts 52, 54, 171–2

in excess alcohol intake 400
in refractory anaemia 179
in refractory anaemia with ringed

sideroblasts 172, 180, 181
refractory anaemia with see

refractory anaemia (RA), with
ringed sideroblasts

in secondary myelodysplasia 393
in sideroblastic anaemia 362, 363

Rochalimaea infection 127
Rocky Mountain spotted fever 94
Romanowsky stain 51, 475
rosettes, tumour cell 434–6, 449
rough endoplasmic reticulum-

associated antigen 68
rubella 96
Russell bodies 116, 117

in lymphoplasmacytic lymphoma
261

in multiple myeloma 336, 337,
338, 339

in Waldenström’s
macroglobulinaemia 349

S100 protein 187, 432, 451
San Filippo syndrome 424
sarcoidosis 113–14
sarcoma 445–7, 452
scars, previous biopsy 40, 48, 49
Schwachman–Diamond syndrome

401
sea-blue histiocytes 196, 365, 418,

420–1
sea-blue histiocytosis 420
sections, trephine biopsy see trephine

biopsy, sections
serous (gelatinous) degeneration

(atrophy) 125, 130–1
severe combined immunodeficiency

411
Sézary cell leukaemia 295
Sézary cells 86, 87, 295, 296

Sézary’s syndrome 295–7
Shigella infections 91
shrinkage artefact 15–16, 41–3
α-sialoglycoprotein 67
β-sialoglycoprotein 67
sickle cell anaemia 374–6, 425–6

foamy macrophages 419, 420
peripheral blood 374, 377

sickle cell/β thalassaemia 374, 375
sickle cell/haemoglobin C disease

374
sickle cells 374, 375, 376, 425–6
sideroblastic anaemia 361–3

congenital (inherited) 362, 363
primary acquired 180
secondary 362

sideroblastic erythropoiesis 169, 
171

drug-induced 397
refractory 183
and thrombocytosis 221

sideroblasts 52, 53
abnormal 52, 54–6, 171–2, 362,

363
ring see ring sideroblasts

signet ring carcinoma 457–8
signet ring cells 261–2, 440
silica crystals 424
silver-impregnation technique 57
sinusoids 5

in bone marrow fibrosis 133
in idiopathic myelofibrosis 204,

205–6
megakaryocytes and 23
in polycythaemia rubra vera 210

skin
extraneous 43, 44, 456
mastocytosis 221, 228

small cell carcinoma of lung 436–7,
444, 445, 451, 454

small cell tumours of childhood 431,
434, 447–50, 458

small lymphocytic lymphoma
241–50

bone marrow cytology 244
bone marrow histology 248
classification 242
peripheral blood 244
see also chronic lymphocytic

leukaemia
smear cells 242, 243
smudge (smear) cells 242, 243
sodium azide 73
soft tissue tumours 430
Southern blot analysis 75, 81, 82

detection of clonality 85–6
spectral karyotyping (SKY) 78–9
spectrin 67
spherocytosis, hereditary 377
spindle cell tumours 445–7, 451–2
splenic lymphoma with villous

lymphocytes (SLVL) 272–4



splenic marginal zone lymphoma
263, 267, 272–4

splenomegaly 143, 202, 211
squamous cell carcinoma 430, 436,

438–40
squashed bone marrow fragments

33, 36
staging, solid tumour 430–1, 452–5
staining techniques

cytochemical 51–4, 59
histochemical 54–60
routine 51

‘starry sky’ appearance 282–4
starvation 407, 413–15
stem cell factor 412
stem cells

long-term culture 88
myeloid 11

stem cell transplantation 402–3,
409–11

allogeneic 409
autologous 409–11
flow cytometry 64
rejection 409, 410
short-term culture for 86–8

sternum
aspiration biopsy 5
marrow cellularity 9, 10

stomach cancer 431, 438, 455
stomatocytes 399–400
storage cells 415–24
storage diseases 415–24
streptavidin–biotin detection system

65, 73
streptavidin–biotin–peroxidase

method 480–1
stroma, bone marrow 3–4, 38
Sudan black B (SBB) 53

in AML 145, 151, 153, 155
in myelodysplastic syndromes

168, 172
surface membrane immunoglobulin

(SmIg) 62
in B-cell lymphoproliferative

disorders 244, 251, 253, 264,
268

in multiple myeloma 337
sweat glands 43, 45, 46, 456
syndecan (CD138) 68, 337, 341, 

345
synovium 43, 46
systemic lupus erythematosus 382,

393, 401

t(1;19)(q23;p13) 238–9
t(1;22)(p13;q13) 158
t(2;5)(p23;q35) 306, 309
t(6;9)(p23;q34)

M1 and M2 AML 144, 145, 147
M4 AML 149, 151

t(8;16)(p11;p13) 153
t(8;21)(q22;q22) 144, 145, 146–7
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t(9;22)(q34;q11) see Philadelphia
chromosome

t(11;14)(q13;q32) 268
t(11;18)(q21;q21) 271
t(11;22)(q13;q11) 269
t(12;21)(q12;q22) 239
t(14;18)(q32;q21) 263, 264
t(15;17)(q22;q21) 149
t(16;16)(p13;q22) 149, 150, 151
tachyzoites 106
Tangier disease 419
target cells 399–400
tartrate-resistant acid phosphatase

(TRAP) 54, 68
in Gaucher’s disease 415, 416
in hairy cell leukaemia 252, 253,

257, 475
in Langerhans’ cell histiocytosis

187
osteoclasts 29

T-cell granular lymphocytic
leukaemia 289–93, 294

neutropenia 290, 291, 382
pure red cell aplasia 290, 377
see also large granular lymphocyte

(LGL) leukaemia
T-cell/histiocyte-rich B-cell

lymphoma 278–9, 280, 313
T-cell lymphoproliferative diseases

284–313
bone marrow infiltration 233–5,

285
classification 233, 284–5
differential diagnosis 184, 285
post-transplant 320, 321

T-cell receptor (TCR)
β chain 69
γδ 305
genes see TCR genes

T cells see T lymphocytes
T-chronic lymphocytic leukaemia

284
TCR genes

clonal rearrangements
in angio-immunoblastic

lymphoma 298
detection 85, 235
in hepatosplenic γδ T-cell

lymphoma 305
in precursor T-lymphoblastic

leukaemia/lymphoma 287
in T-cell granular lymphocytic

leukaemia 291
somatic hypermutation 75, 85

terminal deoxynucleotidyl
transferase (TdT) 68, 237,
240, 241

tetracycline labelling 462, 464
thalassaemia

intermedia 363–4
major 364–5, 416
trait 363–4

thesaurocytes 116
thiamine-responsive anaemia 177,

362, 408
thiazide diuretics 387
Thorotrast (thorium dioxide) 424,

448
thrombi 425, 426
thrombocythaemia, essential (ET)

191, 211–14
bone marrow cultures 88
myelofibrosis 202, 211
Ph-positive 211, 212, 214
vs CGL 198
vs familial thrombocytosis 388–9
vs idiopathic myelofibrosis 208
vs reactive thrombocytosis 389

thrombocytopenia
acquired 387–8
amegakaryocytic

antibody-mediated 387, 388
constitutional 386, 401

auto-immune 387–8
in CLL 243, 244

congenital 386–7
in HIV infection 124
inherited 386–7
in myelodysplastic syndromes

178, 387
secondary to intra-uterine damage

386, 387
in T-cell granular lymphocytic

leukaemia 290, 291
in viral infections 96, 97

thrombocytopenia-absent radii
(TAR) syndrome 386–7

thrombocytopenic purpura
auto-immune 386, 409
thrombotic 387, 424, 425

thrombocytosis
in essential thrombocythaemia

211
familial 388–9
reactive 212–13, 389
and sideroblastic erythropoiesis

221
in systemic mastocytosis 214

thrombophilia 425
thrombopoiesis 20–5

cytology 20–2
disorders of 386–9
histology 23–5

thrombopoietin 412, 413, 414
thromboses 208, 211
thymic (mediastinal) B-cell

lymphoma 280
thymoma 116, 377, 382
thyroglobulin 432, 451
thyroid carcinoma 431, 444, 451
thyroid disease 469

see also hypothyroidism
thyrotoxicosis 463, 469
tibia, aspiration biopsy 5, 6
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T-immunoblastic lymphoma 310–11
tissue, extraneous 43–7, 456–7
T lymphocytes 30, 31

determination of clonality 75,
82–3, 85–6

immunohistochemistry 68–70,
72

toluidine blue 53, 59
in AML 145, 151, 162
in systemic mastocytosis 224, 226

topoisomerase-II-interactive drugs
166

torsion artefact 41, 42
touch preparation 6
Toxoplasma gondii (toxoplasmosis)

101, 103
bone marrow aplasia 407
bone marrow cytology 105
granulomas 106, 112
in HIV infection/AIDS 125–7

trabeculae, bony 1, 3
artefacts 43, 44, 471

transferrin, serum 360, 373
transient erythroblastopenia of

childhood 377, 379
translocations

detection 76–7, 78, 81, 86
see also specific translocations

transplantation
bone marrow dysplasia after 392
see also bone marrow trans-

plantation; post-transplant
lymphoproliferative disorders;
stem cell transplantation

TRAP see tartrate-resistant acid
phosphatase

trephine biopsy 5, 6–7
aspiration biopsy at site of 47–8
in bone disease 462
complications 7
in lymphoproliferative disorders

231, 235

metastatic tumours 430–1
scars of previous 48, 49
sections

artefacts 40–8
in bone pathology 462
cellular composition 334
decalcification see decalcification
examination 37–8
fixation 474
guidelines and audit 38
histochemical stains 54–60
immunohistochemistry 64–74
interpretation 34–8
methods 475–81
molecular genetic techniques

79–80, 82
processing 6–7, 475–6
reporting 38
routine stains 51
special diagnostic techniques

51–89
technical methods 474–5

vs aspiration biopsy 7
trichrome stain 57
trientine 399
trisomies, detection 76, 77, 81
trisomy 21 (Down’s syndrome) 157,

158, 219, 407–8
trypanosomes 103, 104
tryptase, mast cell see mast cell

tryptase
tuberculosis 91–2, 94

granulomas 108, 109
haemophagocytosis 121, 122

tularaemia 90
tumour necrosis factor 127, 391
typhoid fever 90, 92, 109
T-zone lymphoma 310–11

Ulex europaeus agglutinin-1 433, 452
ultrastructural examination 86, 87
unclustered antigen 68

urological cancer 455
urticaria pigmentosa 221, 228

vascular lesions 424–6
vasculitis 424, 425
venous thromboses 208, 211
vertebrae, marrow cellularity 9
vimentin 187, 452
vincristine 394, 395
viral infections 95–9

granulomas 97, 110
haemophagocytic syndromes 96,

97, 99, 120
molecular genetic techniques 75,

80, 96
vitamin B12 deficiency 177, 371, 

394
vitamin D deficiency 463–4
von Willebrand factor 67, 433, 452

Waldenström’s macroglobulinaemia
259, 347–9, 350, 351

cryoglobulinaemia 355
µ-heavy chain disease 356

western blot analysis 84
Whipple’s disease 92
white cell counts 143, 192, 204
whooping cough 91
Wilson’s disease 398, 399
Wiskott–Aldrich syndrome 386
Wolman’s disease 419
women, cellular composition of

marrow 33, 36–7
Wright–Giemsa stain 51

yellow marrow 1, 5

Zenker’s solution 59–60, 474
zidovudine 124, 125, 177, 392, 394
Ziehl–Neelsen stain (ZN) 59
Zieve’s syndrome 400, 401, 402, 419
zinc toxicity 397–9
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