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Review article

Bone biopsy in haematological disorders
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Haematology Tel Aviv Medical Center and the Sackler School of Medicine Tel Aviv University, Israel

SUMMARY Bone marrow biopsies are now widely used in the investigation and follow-up of many
diseases. Semi-thin sections of 8216 undecalcified biopsies of patients with haematological disorders
were studied. Observations were made on the cytopenias and the myelodysplastic syndromes, the
acute leukaemias and the myeloproliferative disorders, Hodgkin's disease and the malignant
lymphomas including multiple myeloma, hairy cell leukaemia and angioimmunoblastic lymph-
adenopathy. Bone marrow biopsies are essential for the differential diagnosis of most cytopenias and
for the early recognition of fibrosis which most frequently occurred as a consequence of mega-
karyocytic proliferation in the myeloproliferative disorders. Different patterns of bone marrow
involvement were found in the lymphoproliferative disorders and both their type and extent
constituted factors of prognostic significance. A survey of the literature is given and the conclusion
is drawn that bone marrow biopsies provide indispensible information for the diagnostic evaluation
and the follow-up of patients with haematological disorders.

During the past decade there have been major
advances in the understanding of disorders of the
blood accompanied by increasing recognition of the
complex structural and hormonal interrelations
between the cellular and tissue elements in the bone
and marrow. Consequently, bone and bone marrow
biopsies arenowbeing taken routinely atmany centres
normally together with, but occasionally instead of
bone marrow aspirates.1-8 Improvements in biopsy
technique,4 9-11 as well as technical progress in their
preparation12-'7 have provided additional impetus
to the study of bone marrow as an organ with its
architecture and components intact and in their
natural spatial context. This offers a broader basis
for comprehension of its function in health and
disease.
The indications for biopsy have widened to

include many conditions in haematology, in internal
medicine, and in oncology (Table 1). In haematology,
a bone biopsy is indicated in the differential diagnosis
of cytopenias and for a more precise prognostic
classification of the myelo- and lymphoproliferative
disorders. A bone biopsy is also valuable in the
research into basic problems relating to immunology,
to mesenchymal, vascular, haematopoietic and
osteogenic tissues and their regulatory mechanisms.

Accepted for publication 14 November 1981

Table 1 Diagnostic value of bone marrow biopsy in
patients with unexplained cytopenia: 441 patients

Diagnosis by bone marrow biopsy No of %
patients of total

Refractory anaemia 141 32
Aplastic anaemia 60 14
Malignant lymphomas (non-Hodgkin) 58 13
Acute leukaemia 50 11
Hairy cell leukaemia 45 10
Agnogenic myeloid metaplasia 40 9
Hodgkin's disease 14 3
Multiple myeloma 10 2
Preleukaemia (sequential biopsies) 5 1
Systemic mastocytosis 4 1
Malignant histiocytosis 3 1
Angioimmunoblastic lymphadenopathy 2 1

The purpose of this review is to present a synopsis
of the observations made on 8216 bone marrow
biopsies of patients with haematological disorders,
excluding congenital conditions, together with a
survey of the literature.

Biopsy site

Bone marrow biopsies are taken from the anterior
(with Burkhardt's drill or Bordier's trephine) or the
posterior iliac crests (Jamshidi needle). The former
provide biopsy cores with maximum sizes of
4 mm x 22 mm, and 5-8 mm x 10 mm respectively.
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Both are employed for histomorphometric measure-
ments. The cores may also be halved longitudinally
and one half used for plastic embedding and the
other for histochemistry and electron microscopy.18
Biopsies taken with the Jamshidi needle have
maximum dimensions of 2 x 30 mm but frequently
much shorter ones are obtained. Bone biopsies are
routinely performed under local anaesthesia except
in children when general anaesthesia is preferred.
Special attention must be paid to all increased risks
of bleeding or infection. Bone biopsies should never
be considered in patients suffering from bleeding
disorders of the haemophilic type.

Technical procedures

Plastic embedding is the preferred method for cellular
identification and for quantitative studies. The
undecalcified cores are fixed, dehydrated and
impregnated with synthetic resin. A major advantage
of plastic embedding is greatly reduced overall
shrinkage, with a decrease of only approximately
5% of the volume of the fresh tissue.4 15
The original observations reported here were made

on 3 ,um sections of methyl-methacrylate-embedded
bone marrow biopsies, the majority of which were
taken with the myelotomy drill, the rest with the
Jamshidi needle. The following stains were routinely
employed:4 gallamine blue-Giemsa for cytological
detail, Gomori's stain for reticulin fibres, the PAS
stain for glycoproteins, the Berlin blue stain for iron,
Ladewig's and Goldner's stains for osteoid, calcified
bone and connective tissue. A modification of the
Giemsa stain4 is especially recommended, as it
produces a picture similar to that of stained smears
of aspirates, and enables identification of cells and
comparison between sections and smears. Gomori's
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stain for reticulin is also of particular value in the
assessment of sections of bone marrow biopsies and
for this the best results are obtained with 3 Mtm
plastic sections.

Normal bone and bone marrow

The normal distribution of bone and bone marrow
components is shown in Table 2 and illustrated in
Fig. 1. The structure of the ileal cortical and
cancellous bones is taken as representative of that of
the axial skeleton,19 though there are differences: the
cortices of the vertebral bodies are narrower and the
trabeculae are somewhat thinner than the cor-
responding structures in the ilium. In adult life,
remodelling occurs primarily on the subcortical
endosteal trabecular surfaces, which are covered by
a continuous layer of endosteal lining cells, including
the osteoblasts and osteoclasts.20 There is also a close
relation between the endothelia of the trabecular
sinuses and osteogenic precursor cells which requires
further investigation. A layer of osteoid of varying
thickness covers the trabecular surface except at
points of resorption2' though with in vivo tetra-
cycline studies about 27% coverage is taken as
normal.20 Osteoid is also susceptible to resorption
by osteoclasts.
The pelvic bones enclose red haematopoietic

marrow and alterations in haematopoiesis are usually
reflected in this site. The significance of unusual and
selective changes in this region needs clarification.22-24
The existence of an inductive haematopoietic micro-
environment is no longer disputed.27 This includes
the concept of specific anatomical areas and cells
which direct a stem cell to a particular line of
differentiation. It has been shown that marrow
sinusoids have a unique structure,28 and that the

Table 2 Histomorphometry ofnormal bone and bone marrow from 158 biopsies of normal healthy individuals

Dimension and units

Hematopoietic tissue
Fatty tissue
Trabecular bone
Osteoid
Sinuses
Edema

Megakaryocytes
Mast cells
Plasma cells

Volume (%)

number/100 mm2
bone marrow area

mm/100 mm
trabecular circumference
/100 mm trabecular circumference

number/l00 mm2
bone marrow area

Mean ± SD

Osteoblastic index
Osteoclastic index

Arteries
Arterioles
Capiliaries
Sinuses

40 ± 9
28 + 8
26 ± 5
03 ± 0-2
4-5 ± 2-1
0-2 + 0-8

759 ± 73
160 ± 53

2114 ± 1812

5 ± 5
4 ± 3

3 ±2
26 ± 21
101 ± 58

1700 ± 980
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Bone biopsy in haematological disorders

Fig. 1 *Normal bone m2rrow; (a) normal distributions of trabecular bone, haematopoietic andfatty marrow
( e 52 yr) x 10; (b) distribution and localisation of the three haematopoietic cell lines x 100; (c) from bottom to
top: endosteal surface (En), immature granulocytes, sinusoids, mature granulocytes, erythroblasts and
megakaryocytes; note arterial capillary with plasma cells (P) and promyelocytes x 250; (d) sinusoidal capillary
(S) with neutrophilic granulocytes (N), and erythroblasts (E) x 960.
*AIl figures in this and the following illustrations were taken from 3 ilm sections stained with gallamine blue-Giemsa, if
not stated otherwise.

2*
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marrow fibroblasts exert an influence on self-
maintenance and differentiation of the stem cell
compartment. Moreover, marrow fat cells support
haematopoietic reconstitution and regeneration
after therapeutic destruction.19-31 Topographically,
erythropoiesis and megakaryocytes are associated
with the marrow sinusoids. Early myeloid precursors

are situated close to the trabeculae and arterioles,
while more mature granulocytes have a central inter-
trabecular location (Fig. 1). There are also differences
in the vasculature between the haematopoietic and
fatty marrow: vascular volume is greater in the
former.25 26
The origin of osteoblasts and osteoclasts is

controversial but experimental and clinical results
indicate that osteoblasts originate from mesenchymal
cells while osteoclasts develop from the mononuclear
phagocyte system.32-34 There is no proof for a

common cell line that gives rise to both.35-38 Bone
marrow biopsies also show evidence indicating a

general mesenchymal activation during early periods
of life as well as during hormonal and neoplastic
stimulation.39 Unequivocal morphological identi-
fication of the stem cells has not yet been achieved.40
The profound influence which haematological
diseases will have on these spatially orientated
functions is evident and helps to account for the
extreme sensitivity of haematopoietic tissues to
structurally disruptive processes. The close inter-
relation and interdependence of haematopoietic and
osseous tissues have recently gained increasing
recognition.41

Cytopenias

ANAEMIAS
Non-defective marrow can respond to stimuli by an

expansion of its reserve to several times normal.
Anaemia does not readily occur when all required
factors are available unless drastic red cell loss or

haemolysis has occurred.
Bone marrow biopsies reveal quantitative alter-

ations in erythropoiesis as well as qualitative changes.
Hyperplasia is seen in all conditions with increased
or ineffective haematopoiesis, with and without
haemolysis, including iron deficiency. Hypoplasia
indicates a defect in haematopoiesis-intrinsic or

extrinsic. Though local structural changes as well as

age-related alterations must be taken into
account,232442 a decrease in the erythropoietic
compartment in iliac crest biopsies is a sign of a

decreased marrow reserve.
Qualitative changes include the cytological features

of the particular anaemia as well as dyserythropoiesis
and erythrophagocytosis by histiocytes, increase in
mast cells and megakaryocytes. Many of these
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features, especially the occurrence of erythroblasts
in the sinusoids and lymphocytic infiltration, are
characteristic of haemolytic anaemias with an
immunological pathogenesis. Bone marrow sections
stained for iron depict accurately and reproducibly
overload, depletion or normal storage.43 There is
generally a good correlation between serum ferritin
concentrations, iron absorption and marrow
stores44 45 except in cases of sideroblastic anaemias,
haemosiderosis, in some cases ofneoplasia, in various
infections and in hepatic diseases.

Aplastic anaemia
See Fig. 2e and f. In aplastic anaemia there is a
reduction in erythropoietic tissue accompanied by
a decrease in marrow sinusoids. The residual
erythroblastic islands, so-called hot spots, are located
close to sinusoids. In the remaining marrow spaces
and correlated with the activity of the disease
process are necrotic cells and capillaries. Lympho-
cytes, plasma cells and mast cells are scattered among
the fat cells.46 The numbers of arterioles and arterial
capillaries may be normal or increased, the numbers
of sinusoids decreased. This stromal reaction together
with the vascular alterations is possibly a change
specific for aplastic anaemia26 which may have
prognostic significance47 48 though this is disputed.49
Numerous factors cause aplastic anaemia and it has
been postulated that there are various subtypes50-52
due to disturbances in regulatory mechanisms. Sub-
clinical hepatitis may be responsible for many of the
cases of so-called idiopathic aplastic anaemia.53
When aplasia is caused by starvation or radiation54
there is replacement of the haematopoietic tissue by
fat. Complete or partial restitution may occur in
these conditions while it rarely happens in idiopathic
aplastic anaemia.55 There is no explanation for this
but it is noteworthy that lymphocytic infiltration and
capillary necroses are generally absent in those cases
in which restitution occurs.

Pure red cell aplasia
The bone marrow findings in this condition differ
from those in aplastic anaemia. Erythroid precursors
are absent but myelopoiesis is well represented; fat
cells are only moderately increased and few vascular
changes are noted. There is widespread siderosis and
there are focal lymphocytic infiltrations. Anaemias
occurring in combination with other cytopenias are
considered below.

REFRACTORY ANAEMIA AND
MYELODYSPLASTIC SYNDROMES
The first of these terms refers to a syndrome of
primary anaemia characterised by dyserythropoiesis
and a variable degree of dysmyelopoiesis, and which
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Fig. 2 (a) Refractory anaemia, note megaloblastic erythropoiesis (arrows) ( Y 81 yr) x 100; (b) as above,
sideroblasts, Berlin blue stain x 1000; (c) preleukaemia, hypoplastic haematopoiesis with foci of immature cells
(arrows) (& 65 yr) x 100; (d) as above, showing blasts (B) and reticulum cells (R) x 1000; (e) aplastic anaemia,
note atrophic marrow with interstitial oedema and plasma cells ( 10 yr) x 100; (f) as above, showing erythroblasts
round a sinus, a so-called "hot spot" x 500.
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is unresponsive to therapy.56 In the bone marrow,
there is increased cellularity, ineffective erythropoiesis
and iron overload (Fig. 2a and b). This discrepancy
between the hyperplastic marrow and the peripheral
cytopenia was first pointed out by Block.57 Two
types of refractory anaemia have since been dis-
tinguished: (i) refractory anaemia with excess of
blasts (RAEB), and (ii) refractory anaemia with
proliferative dysplasia. The borders between mye-
lodysplastic syndromes (so-called preleukaemic
states) and the refractory anaemias are not well
defined and overlap to some extent.56-60 The
preleukaemic states have been defined as "acquired
diseases characterised by haematopoietic insufficiency
and terminating in acute leukaemia." Factors
identifying patients as high risk include: abnor-
malities in more than one cell line, discrepancy
between peripheral cytopenia and hyperplastic
marrow, raised blast count in the bone marrow,
abnormal in vitro growth or colony-forming cells
and chromosome aberrations. The latter two are the
most important prognostic parameters suggesting
transformation to overt leukaemia.

In the preleukaemic state the bone marrow may
be hyper-, normo- or hypocellular. One or more cell
lines may be hyperplastic or almost absent. A
significant blast cell population is not present, but
there may be transitions to the "smouldering
leukaemias." The bone marrow in a case of pre-
leukaemia which later terminated in acute leukaemia
is illustrated in Fig. 2c and d. The marrow findings
in chronic myelomonocytic leukaemia show hyper-
cellularity of the neutro- and the monocytic series
with increase in their precursor cells. There are, in
addition, large histiocytic cells, as well as others of
undetermined origin.61 Rarely a typical pre-
leukaemic state is found to be Ph chromosome-
positive and later evolves into acute leukaemia,62 or
mixed lymphatic and myelomonocytic leukaemia.63
Thiele et al64 have provided a detailed analysis of the
light and electron microscopic findings in the bone
marrow in myeloid dysylasia and have described
195 patients with clinically suspected preleukaemic
syndromes, of whom 93 had the typical findings in
the bone marrow but only 27 later developed
leukaemia. In our own retrospective study of the
biopsies of 103 patients with suspected preleukaemia,
overt leukaemia was later documented in 30 cases.
Rarely, sideroblastic anaemia may terminate in
acute myelofibrosis.65

GRANULOCYTOPENIA AND
THROMBOCYTOPENIA
These occur as isolated forms or in combination,
with or without anaemia. There are few studies of
the acute forms, especially when caused by toxic or

allergic reactions. In other cases bone marrow biopsy
will reveal the underlying cause(s) which may be any
of the conditions listed in Table 1 and which are
considered in the appropriate sections. Granulo-
cytopenia, particularly in the older age groups, may
be due to smouldering leukaemia. Similarly the
immature form of megakaryocytic myelosis may be
the underlying cause for a thrombocytopenia in the
elderly in contrast to the more benign form which is
more frequent in younger patients.

ACUTE LEUKAEMIAS (Table 3)
In acute leukaemia, most investigations over the
past decade have been concerned with the char-
acterisation and classification of leukaemic cells
from the peripheral blood or bone marrow
aspirates.66-80 Only rarely have studies of bone
marrow biopsies been reported,7' 72 except after
chemotherapy.73
With deepening understanding of the role of the

marrow microenvironment in haematopoiesis,
bone marrow biopsies in acute leukaemia will
be reported more frequently. The importance of the
investigation of the bone marrow before and after
transplantation has already been stressed. It has
also been shown that bone marrow biopsies give
earlier warning of imminent relapse. Small clusters
and foci of blast cells were found in the marrow when
pheripheral blood and aspirate were negative.74 75
The evaluation of bone marrow biopsies is a more
effective way of checking induction of complete
remission and monitoring the effects of therapy,
than examination of peripheral blood or aspirates
alone. In childhood acute leukaemia one of the most
important prognostic criteria is the initial blast
count in the peripheral blood,76 and in a group of
adult patients with acute myeloid leukaemia the
long-term survivors also tended to have a lower total
white cell count at presentation.77-79 It may be that
quantitative estimation of the volume percentage of
the leukaemic infiltration in the bone marrow has
equal importance.

Figure 3 illustrates some histological and cyto-
logical features in the bone marrow of acute
leukaemias. Before treatment biopsies of early cases
may show small islets of blast cells scattered among
fatty tissue, more or less depleted of normal
haematopoiesis. With progress of the disease, the
marrow is replaced by sheets of leukaemic blast cells.
In between, foci of normal haematopoiesis may be
left: There is disintegration of the marrow sinusoids,
but a fine fibre network supports the leukaemic
tissues as well as the remainder of the marrow
parenchyma. Macrophages may be increased con-
taining nuclear debris. Large necrotic marrow areas
are frequently found in the biopsy. Promyelocytic
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Table 3 Acute leukaemias according to the proliferative cell type in the bone marrow from 131 cases receiving no
treatment before initial biopsy

Patients (n = 131) Lymphoblastic (15) Myeloblastic (57) Myelomonocytic (23) Monocytic (10) Promyelocytic (26)

Haemoglobin (g/dl) <8 29 25 32 33 24
8-12 50 66 52 67 72
> 12 21 9 16 0 4

Leucocytes ( x 109/l) < 4 21 11 39 22 32
4-10 29 45 9 36 48
> 10 50 44 52 44 20

Platelets ( x 109/1) < 50 36 47 52 67 33
50-100 18 26 1 1 22 46
> 100 46 27 29 1 1 21

Leukaemic blood picture 60 52 69 50 42
Percentage of blasts in blood

picture ± SD 50 ± 36 32 34 25 ± 29 18 ± 27 10 ± 17

Bone marrow histology
Infiltration volume (vol %) i SD 58 ± 21 53 ± 25 59 ± 15 63 ± 12 41 ± 30

Mitotic activity low 13 96 81 60 100
intermediate 80 4 19 40 0
high 7 0 0 0 0

Proliferation pattern, interstitial 20 38 50 10 71
"packed marrow" 80 62 50 90 29

Histotopography
Endosteal and paravascular 0 20 18 50 88
Independent of structures 100 80 82 50 12

Fibrosis reticular 100 90 90 85 100
coarse 0 10 10 15 0

leukaemia, in contrast to the "blastic" forms, is
characterised by a loose infiltration localised mainly
in the peritrabecular and perivascular regions, the
changes of the residual haematopoiesis being less
pronounced. The bony trabeculae are also affected
in the acute leukaemias in adults. However, in
children there is the possibility of more severe
changes, osteoporosis as well as osteomalacia,
especially during the course of therapy.80 81 In acute
leukaemia in adults, an increase in the reticulin of
the bone marrow may be associated with relapse.82

Chronic myeloproliferative disorders (MPD)

The concept of the chronic myeloproliferative dis-
orders83 has gained wide acceptance with a more
uniform terminolqgy and a more critical evaluation
of the diagnostic criteria.84-86 In chronic MPD,
bone marrow biopsy, until recently performed only
because of a dry tap, is now required in order to
classify accurately the main groups and subgroups
according to histological features.
The MPD include polycythaemia vera (PV),

chronic myelogenous leukaemia (CML), idiopathic
thrombocythaemia (IT) myelofibrosis (MF) and
osteomyelosclerosis (OMS) as well as variant
transitional and intermediate forms which have
characteristics belonging to two of the above
syndromes.87 88 Histological examination of the
bone marrow in the MPD is essential in following
the course of the disease, in monitoring treatment
and in early recognition of transformation to an

acute phase which may occur, sometimes, with a

change of phenotype.89 Studies of glucose-6-
phosphate dehydrogenase have shown that the MPD
are neoplastic diseases, due to malignant trans-
formation in a single clone.90 However, there may
well be some predisposing environmental, familial
or genetic factors.9' 92 Our own studies of 1121 cases
of myeloproliferative disorders, have led to the
formulation of interrelations between them (Table 4).

POLYCYTHAEMIA VERA (PV)
The diagnosis is made by the recognition of the
established criteria.93 Polycythaemia vera may be
divided into four groups (Tables 4 and 5), depending
on the predominant proliferating cell line as seen in
the bone marrow: (i) erythrocytic, granulocytic and
megakaryocytic; (ii) erythrocytic (Fig. 4a); (iii) ery-
throcytic and megakaryocytic (Fig. 4b); (iv) ery-
throcytic and granulocytic. The classic form of PV
is that in which all three cell lines are affected and
the following features seen in the biopsies: there is
hyperplasia of all three cell lines in those marrow
regions where they normally proliferate with marked
polymorphism and necrosis of megakaryocytes. In
the stroma there is reduction in fat cells with
hyperplasia of all vessels and hyperaemia of the
sinusoids. Iron stores are depleted and the marrow
is infiltrated with plasma cells. There is attenuation
of the cancellous trabeculae and a diffuse slight
reticulin fibrosis of the marrow.

Occasionally biopsies are seen which are of inter-
mediate type. The separation of PV into four groups
on the basis of the histological findings has prog-
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C-

Fig. 3 (a) Acute lymphoblastic leukaemia (ALL). Note dense infiltration in the marrow, with lymphoblasts in
and around a sinus (arrows) ( n 69 yr) x 500; (b) Acute myeloid leukaemia (AML). Infiltration of myeloblasts
and paramyeloblasts (PM) ( Y 42 yr) x 1000; (c) promyelocytic leukaemia. Note promyelocytes with irregular
shapes and large nuclei (&@ 50 yr) x 1000; (d) myelomonocytic leukaemia, note atypical monoblasts (arrows)
( + 50 yr) x 1000; (e) incipient AML, smallfocus of myeloblasts between fat cells (&S 24 yr) x 1000; (f) AML
myeloblasts with coarse intercellular reticulin fibr-es ( 54 yr) Gomori's stain x 1000.
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Table 4 Interrelations of the myeloproliferative disorders based on bone marrow histoiogy in 1121 patients

Clinical entities (patients) % of MPD Histological classification according Predominant metamorphosis
to the proliferative cell line(s)

Polycythaemia 2 ERY - -

vera (594) 3 ERY GRAN -

22 ERY - MEG Myelofibrosis (58 %)
21 ERY GRAN MEG Myelofibrosis (74,%)

Megakaryocytic myelosis (78) 7 MEG Myelofibrosis (61 %)
Chronic myeloid leukaemia (494) 27 - GRAN MEG Myelofibrosis (76%)

18 - GRAN - Blast crisis (79 %)

Table 5 Classification of chronic myeloproliferative disorders based on the predominant proliferating cell line(s) in
the bone marrow. Polycythaemia vera in 232 cases receiving no treatment before initial biopsy

Patients (n = 232) Polycythaemia vera

Erythrocytic Erythrocytic- Erythrocytic- Erythrocytic-
(n = 10) megakaryocytic megakaryocytic- granulocytic (n = 14)
% (n = 109) granulocytic %

% (n = 99)

Haemoglobin > 16 g/dl 60 54 36 71
Leucocytes > 10 (x 109/1) 40 44 65 71
Platelets < 400 ( x 109/l) 0 24 22 15
Bone marrow histology

Haematopoietic tissue (vol %) 56 ± 11 48 ± 19 59 ± 17 64 ± 10
Fatty tissue (vol %) 8 ± 8 10 ± 9 5± 7 4 ±5
Trabecular bone (vol Y.) 27 ± 6 25 ± 9 24 8 23 5 SMeans ± SD
Sinuses (vol Y) 9 ± 3 8± 3 6 3 8±44
Megakaryocytes (per 1OOmm2 bone marrow area) 975 ± 501 2048 ± 867 7123 ± 17270 923 ± 542J
Eosinophils, increased 20 21 87 51
Fibrosis, reticular 100 56 31 100

coarse 0 44 69 0
Siderin, missing 80 73 72 93
Lymphoid nodules 20 13 8 0

nostic significance (Table 4) and is important in
patient management. Median survival is highest in
the erythrocytic type (115 months), and lowest for
the classic type (79 months). Myelofibrosis develops
most frequently in the megakaryocytic and myelo-
blastosis in the granulocytic varieties (Table 4).
Similar results have been reported by others.94 If the
bone marrow histology is established early in the
disease, these trends may be followed during treat-
ment with early identification of those likely to
develop a blastic crisis or myelofibrosis. The findings
described are present in sections of iliac crest biopsies,
but there may be extension of the haematopoietic
marrow from the axial into the appendicular skeleton
in PV.95

In secondary erythrocytosis, bone marrow biopsies
do not show hyperplasia of all three cell lines,
marked polymorphism of the megakaryocytes,
marked reduction in fat cells or depletion of the
iron stores. Examination of bone marrow biopsies
is a valuable aid in the distinction between secondary
erythrocytosis and PV. Moreover, these entities may
also be distinguished on the basis of the cytologic
aberrations of maturation found in PV.96

Rarefaction of the cancellous bone in PV is an ex-
ample of myelogenous osteodysplasia and may bedue
to diversion of the capillary blood supply away from
the bone,74 but pressure exerted on the trabeculae
by the expanded mass of the haematopoietic tissue
(including the hypertrophied blood vessels) has been
indicated as another factor.97
Some degree of fibrosis occurs in a certain

percentage in PV (Table 5). This is now recognised
as part of the natural course of the disease. However,
whether particular forms of treatment may induce or
accelerate its development has not yet been settled.
This question may be investigated by serial bone
marrow biopsies. Our own observations of sequential
bone biopsies of 58 patients followed for periods of
2 to 5 years show that treatment with 32p has no
influence on fibrosis in the marrow.98 Leukaemia
may occur in some patients during the "natural"
course of the disease.99

There is a higher incidence of malignant
lymphomas and multiple myeloma in patients with
chronic MPD than in the general population. This
is particularly so for CLL.100 Moreover there is an
increased incidence of acute leukaemia in PV
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Fig. 4 (a) Polycythaemiai vera, erythr-ocytic type; note erythroblastic and granulocytic proliferation, and
hyperaemic sinusoids (arrows) ( S 30 yr) x 250; (b) PV erythrocytic and megakaryocytic type, note numerous

polymorphic megaryocytes ( S 58 yr) x 250; (c) CML granulocytic type, hypercellular marrow, mostly immatur e

and mature granulocytes ( S 62 yr) x 250; (d) CML, mixed type, marrow shows both granulocytic and
megakaryocytic proliferation ( S 41 yr) x 250.

associated with chlorambucil therapy.101 These com-

plications may be found in biopsy sections before
they are evident clinically and haematologically.

CHRONIC MYELOID LEUKAEMIA

Recent studies indicate that CML is not a single
entity, but may be classified into two categories
according to the findings in the bone marrow

(Table 6). These are the granulocytic (Fig. 4c) and
the mixed-granulocytic and megakaryocytic types
(Fig. 4d). Though the neutrophilic cell line is the
one most frequently involved, basophilic and eosino-
philic forms also occur; the latter must be differenti-
ated from the hypereosinophilic syndrome.102 103
The most differentiated neutrophilic form is rare.104
In the granulocytic type the hyperplasia affects the
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Bone biopsy in haematological disorders

Table 6 Classification of chronic myeloproliferative disorders based on the proliferating cell line(s) in the bone
marrow. Chronic myeloid leukaemia and megakaryocytic myelosis in 195 cases receiving no treatment before initial
biopsy

Patients (n = 195) Chronic myeloid leukaemia (CML) Megakaryocytic myelosis (MM)

Granulocytic (n = 66) Megakaryocytic- Megakaryocytic (n 5S2)
% granulocytic (n = 77)

Haemoglobin < 10 g/dl 24 34 31
Leukocytes ( x 109/1) 10-50 33 47 50

>50 57 40 2
Platelets ( x 109/1) < 200 54 35 8

400-800 1 0 25 1 5
> 800 0 15 55

Bone marrow histology
Haematopoietic tissue (vol %) 73 ± 12 65 ± 17 54 ± 13
Fatty tissue (vol %) 2± 4 5 ± 7 15 ± 10
Trabecular bone (vol %) 21 ± 5 23 i 5 23 ± 4 Means ± SD
Sinuses (vol %) 2± 1 6 ± 3 7±33
Megakaryocytes (per 100 mm2 bone marrow area) 632 ± 410 6364 ± 5637 20410 ± 25430
Eosinophils, increased 87 88 44
Fibrosis, reticular 99 55 37

coarse 1 45 63
Siderin, missing 57 69 47
Lymphoid nodul-s 0 5 6

granulocytic cell line only.105 In the mixed type there
are also quantitative and qualitative alterations in
the megakaryocytes, which are highly polymorphic.
In both types, there is a decrease in fat cells and a
variable increase in reticulin; prominent histiocytes,
containing basophilic crystalloid material, are fre-
quently found. These histiocytes are often located
in close proximity to aggregates of eosinophilic and
basophilic granulocytes and mast cells. Though the
pathological significance of these groupings has not
yet been clarified, an immunological aetiology has
been postulated.106 However, prominent or unusual
macrophages in the bone marrow may be found in
a large variety of different disease states,107-109 and
they are not specific to any condition except the
hereditary disorders. Scattered or perivascular
plasma cells and mast cells are also found in both
types of CML.

Necrosis of bone marrow is seen occasionally in
aggressive CML.1"0 111 This may be associated with
the development of a new neoplastic clone and
heralds the onset of a blastic crisis. However,
necrosis may be encountered in many other con-
ditions.1"2-114 In addition, studies on erythroid
precursors have demonstrated ineffective erythro-
poiesis and maturation arrest in a large series of
patients with myeloid leukaemias.1"5
As shown in Tables 4 and 7 histological classi-

fication of CML is of prognostic value. Cases with
prominent megakaryocytosis showed a tendency to
develop fibrosis. In contrast to PV, the fibrosis in
these cases increases the survival times. Other
studies ofCML have not demonstrated a correlation
between fibre content and duration of survival."6

Chronic myeloid leukaemia usually causes some
degree of osteopenia. Osteolytic lesions, some
associated with imminent blastic transformation
have also been described.74 117-120 In our own
studies lytic osseous lesions were observed in
association with focal accumulations of megakaryo-
blasts and megakaryocytes.74 When the bone
marrow histology shows a predominance of granulo-
cyte precursors, there is a greater likelihood of
transformation to a blast crisis. Histological studies
of bone marrow regeneration after chemotherapy
have indicated a significant role for fat cells in the
process of haematopoietic repopulation of the
marrow. As in PV there is lymphocytic infiltration
in the bone marrow (Table 6) and lymphoid nodules
have been observed.12' Malignant lymphomas have
also been reported in patients with CML. A classi-
fication system, which incorporates both categories
of CML as well as myelofibrosis and osteomyelo-
sclerosis has been proposed.94

MEGAKARYOBLASTIC AND MEGAKARYOCYTIC
MYELOSES
These are now recognised as disease entities within
the broader framework of the MPD (Table 4).
Idiopathic thrombocythaemia corresponds to the
mature form (Fig. 5b) of megakaryocytic myelosis,
whereas the immature type (Fig. 5a) present initially
with either thrombocytopenia, anaemia or pancyto-
penia (Table 6). In the later stages, the mature as
well as the immature forms generally develop into
MF or OMS (Table 4 and 7). At first, the bone
marrow contains numerous clusters of polymorphic
megakaryocytes. Since the production of platelets
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d.........,'.

Fig. 5 (a) Immature megakaryocytic myelosis; the haematopoietic marrow has been replaced by megakaryocytes,
note fibres and plasma cells ( + 63 yr) Gomori's stain x 250; (b) mature megakaryocytic myelosis with numerous
giant polymorphic megakaryocytes close to sinusoids ( + 56 yr) x 250; (c) MF after megakaryocytic myelosis; note
polymorphic megakaryocytes (M), immature granulocytes (G), lymphocytic infiltration (arrows) and reticular fibres in
apposition to capillaries (C) ( X 75 yr) Gomori's stain x 250; (d) OMS, note fibres and woven bone (arrows),
leaving foci of megakaryocytes and granulocytes ( + 58 yr) Gomori's stain x 250.

is a function of the maturity of the megakaryocytes
and not only of their number, the platelet count in
the peripheral blood reflects the marrow histology.
A low count characterises the immature and a high
count the mature forms of megakaryocytic myelosis.

ACUTE OR MALIGNANT MYELOFIBROSIS
This is generally considered to correspond to the
most immature form of megakaryoblastic myelosis
(see above). However, there are highly malignant
cases of megakaryoblastic myelosis without any
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Bone biopsy in haematological disorders

Table 7 Clinical and histological findings in myelofibrosis and osteomyelosclerosis (myeloid metaplasia)

Patients (n = 184) Myelofibrosis (n - 100) Osteomyelosclerosis (n = 84)

Basic myeloproliferative disorders
Polycythaemia vera 61 54
Chronic myeloid leukaemia 23 16
Megakaryocytic myelosis 8 10
Unclear 8 18
Therapy before biopsy: 32P 12 4

Busulphan 8 12
x-ray of bones: osteoporosis 9 9

osteosclerosis 2 41

Bone marrow histology
Haematopoietic tissue (vol %) 42 ± 19 23 ± 18
Fatty tissue (vol %) 9 ± 9 13 ± 14
Fibrotic tissue (vol %) 6 ± 10 5 ± 4
Trabecular bone (vol %) 25 ± 5 40 ± 14 Meas SD
Osteoid (vol %) 1-4 ± 1-7 6-3 7-2 an
Primitive bone (vol %) 0 ± 0 16 ± 17
Oedema (vol %) 7 ± 11 6 ± 6
Sinuses (vol %) 8 ± 3 7 ± 3
Megakaryocytes, increased 82 24
Megakaryocytes, polymorphic 96 89
Siderin, missing 46 67
Lymphoid nodules 19 10
Infiltration of lymphocytes and plasma cells 85 100

fibrosis.122 There has been some discussion as to
whether this is indeed a separate disease entity, and
considered with the MPD or with the acute
leukaemias.123-125 A set of strict diagnostic criteria
(histological and clinical) for acute malignant
myelofibrosis has now been proposed and this has
been fulfilled by only a quarter ofthe cases previously
published. These criteria include peripheral pancy-
topenia with reticulocytosis but without red cell
morphology typical for MF; minimal or no
splenomegaly, and clinically a rapid downhill course.
The bone marrow histology shows hyperplasia and
immaturity of all three cell lines and increased
reticulin fibres. We have also observed cases of other
myeloproliferative disorders, for example PV, in
which a fatal pancytopenia developed due to a
rapidly progressive bone marrow fibrosis.4 Acute
myelofibrosis may also end in acute myeloblastic
leukaemia.126

MYELOFIBROSIS AND OSTEOMYELOSCLEROSIS
(AGNOGENIC MYELOID METAPLASIA)
Fibrosis of the bone marrow is today widely
regarded as secondary to a large number of diseases
that may afflict the haematopoietic tissues. These
include myelo and lymphoproliferative disorders,
metastatic neoplasias, inflammatory and granu-
lomatous reactions.86 127-129 TIhe immediate stimulus
for fibrosis is unknown but among others, an
immunological mechanism has been postulated.
In addition, initiation of fibrosis has been attributed
to disorganisation of megakaryopoiesis and venous
stasis. Biochemical analysisand quantitative studies of

collagen fibres have shown a correlation between the
deposition of collagen and the progression of the
disease.130-132 In the fibrotic marrow areas of MPD,
abnormal deposition of platelets and accumulation
of necrotic megakaryocytes have been observed.4 86
This is in accordance with the recent demonstration
of a growth factor stimulating fibroblasts, which is
released by thrombocytes and megakaryocytes.133
Whenever possible the presumptive primary cause of
the fibrosis should be specified when the diagnosis of
MF or OMS is made-for example, MF secondary
to PV, to CML etc. The term "agnogenic myeloid
metaplasia" would then be confined to those,
probably late, cases, in which no putative aetiology
is detected. Transformation to a blastic crisis has
also been observed in MF.134
The data given in Table 7 are based on bone

marrow biopsies of 184 patients with myelo-
proliferative disorders. In most cases of MF and
OMS the underlying disease process was identified.
Myelofibrosis itself may induce osteoporosis as well
as osteolysis,135 136 and may or may not later evolve
into OMS. There are some cases which exhibit the
typical picture of OMS from the start: strands of
woven bone, attached to the surfaces of the
trabeculae or to the perivascular fibre networks, are
found intersecting the intertrabecular spaces.
The typical histological findings in early MF are

illustrated in Fig. 5c. These include a network of
reticular fibres, with bundles of collagen near the
blood vessels, dividing the marrow into small
compartments. There is hypercellularity with few or
no fat cells, and many capillaries. Clusters of
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polymorphic or necrotic megakaryocytes are located
close to the sclerotic walls of the sinuses, with
masses of platelets deposited in the interstitial
spaces. Signs of inflammation are also present, and
infiltration with lymphocytes, plasma cells and mast
cells is always a feature. Mast cells in the bone
marrow may be increased in many other con-

ditions.137 Myelopoiesis is considerably diminished
as the disease progresses till finally the normal
haematopoietic tissue is completely replaced by
a network of interlacing fibre bundles.

Occasionally in MF the iliac crest biopsy shows
the typical picture, while foci of haematopoietic
hyperplasia with osteolytic lesions are found in
other areas. In OMS, there is, in addition, formation
of irregular spicules of woven bone as well as pro-
gressive thickening of the trabeculae with resultant
narrowing of the marrow spaces (Fig. 5b). Though
there is a close pathogenic relation between MF and
OMS there are differences in the clinical course and
the prognosis which is less favourable in OMS. This
justifies an early distinction between them, best made
by bone biopsy, as the osseous changes on x-ray are

late. Early splenectomy may have a favourable
influence on prognosis.138 Whether myelofibrosis,
once established, is reversible, is still open to
question.139 140 The occurrence of blastic crisis in
MF has also been reported.134

Myelofibrosis due to other causes differs in histo-
logical appearances. In non-bacterial myelitis the
marrow is characterised by a loose network of fibres
accompanied by considerable oedema and lympho-,

plasma- and mastocytosis. There is a marked
reduction in haematopoietic tissue but few mega-
karyocytes are found and these are small and not in
clusters. When fibrosis is the consequence of
metastatic carcinoma, the neoplastic cells will
generally be found. Difficulty may arise when none
is detected and the picture of the fibrosis is then
similar to that described above for MF. In these rare
instances other parameters will provide the correct
diagnosis. Medullary fibrosis in Hodgkin's disease
and in malignant lymphoma is distinguished by its
looser, more diffuse pattern offibre bundles encircling
groups of cells characteristic for the particular
neoplasm.

Lymphoproliferative disorders

Included under this heading in this review are

the non-Hodgkin's malignant lymphomas (ML);
multiple myeloma, Hodgkin's disease, and angio-
immunoblastic lymphadenopathy. The non-
Hodgkin's lymphomas considered are shown in
Table 8. There is a good correlation between the
frequency of bone marrow involvement in these
categories of ML by different centres using the Kiel
classification.14'-143 Bone marrow biopsy is an

integral part of the investigation of patients with
lymphoproliferative disorders.144 The reported
incidence of marrow involvement in non-Hodgkin's
lymphomas varies between 16% and 73%. This
disparity is due to variations in the size and prep-
aration of biopsies as well as to differences in the
progression of the disease at the time of biopsy.

Table 8 Classification of non-Hodgkin's malignant lymphomas according to the proliferating cell system in the bone
marrow in 468 patients with bone marrow involvement receiving no treatment before biopsy

Patients (n = 468) Lymphocytic Hairy cells Lymphoplasmacytoid Centrocytic Centrocytic- Centroblastic and
(n = 167) (n = 111) (n = 112) (n = 28) centroblastic immunoblastic (n 29)
%% % % (n = 21)

Lymphadenopathy 69 6 32 72 90 75
Splenomegaly 55 70 47 52 43 42
Hepatomegaly 47 47 44 39 33 62
Leukaemic blood picture 98 41 8 24 0 36
Anaemia (Hb < 12 g/dl) 56 83 82 78 56 75
Thrombocytopenia
(<100 x 10'/1) 37 86 33 33 22 36

Paraproteinaemia 4 0 89 0 0 0

Bone marrow histology
Neoplastic infiltration

(vol Y.) 43±20 48±15 30±22 43±26 15±10 49 23
Haematopoietic tissue

(vol %) 15 i 12 14 ± 11 25 i 14 15 ± 14 30 ± 13 8 ± 12 )Means i SD
Trabecular bone

(vol %) 22 ± 6 24 ± 6 21 6 24 ± 6 22 ± 4 25 ± 7
Fatty tissue (vol Y) 13 ± 14 9 ± 10 17 14 13 ± 14 31 ± 18 7 ± 10
Proliferation pattern
Diffuse 43 28 8 0 0 14
Diffuse and nodular 26 51 28 0 0 3
Strictly nodular 5 1 54 14 100 10
Strictly paratrabecular 0 0 0 39 0 0
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Though positive bone marrow findings may be
considered as part of the evolution of the disease,145
the question of marrow involvement by lymphoid
neoplasias is complicated because normal lympho-
cytes circulate through blood,'46 lymph, bone
marrow and lymphoid tissues. Malignant cells may
also be expected to circulate. There is now evidence
for early and extensive lymphocyte circulation in
lymphoid malignancies.'47 148 Moreover, the possi-
bility that the bone marrow itself may be the site of
origin of some lymphoid neoplasias cannot be
excluded.

It is pertinent to remember that the bone marrow
is one of the loci for lymphopoiesis in embryonic
human development, and possibly also later in
life.'49 150 Experimentally it is the source of lymphoid
regeneration after destruction of the extramedullary
lymphoid tissues. The incidence of normal lymphoid
nodules in the bone marrow varies from 4% to 47%
in the older age groups.421-51152 These nodules are
characterised by their sharp borders; they consist of
small, mature and slightly polymorphous lympho-
cytes with a loose network of reticular fibres and
numerous capillaries (Fig. 6). They are found
especially in patients with chronic myeloproliferative
disorders, inflammatory reactions and haemolytic
conditions.153 Should these nodules undergo hyper-
plasia, differentiation from ML may not be possible
on morphological grounds.
From an immunological point of view, B cell

lymphomas are more frequently found in the bone
marrow than those of T cell lineage.154155 Some
malignant lymphomas may be detected in the bone
marrow when other indications of spread are
minimal or absent.156 157 This is particularly so for
hairy cell leukaemia and the immunocytomas
(lymphoplasmacytoid lymphomas). In our series of
814 cases, bone marrow biopsy was positive in
96 cases when other indications of lymphoma were
still lacking.158 Cutaneous T cell lymphomas have
not yet been reported in bone marrow biopsies.159
Similarly, in our series of 62 cases with mycosis
fungoides no spread of these lymphomas was found
in the bone marrow.
The ML are diagnosed and classified according to

the findings in an excised lymph node using histology,
cytology, cytochemical and immunological
markers.160-167 The same diagnostic criteria may be
applied to bone marrow biopsies for the identi-
fication of ML. In general, the criteria used are:
cytological detail, demonstration of glycoprotein,
fibre pattern, and the overall architecture. But though
one type of lymphoid cell usually predominates and
determines the overall morphology and behaviour,
all neoplasms derived from lymphocytes must con-
tain neoplastic cells in various stages of the cell
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Fig. 6 Normal lymphoid nodule ( v 47 yr) (a) note
the clear demarcation from the surrounding tissues, the
marked capillary proliferation and the net of reticulin fibres
in the nodule. Gomori's stain x 250. (b) as above; the
mature slightly polymorphous small lymphocytes are loosely
mixed with reticular cells (arrows), plasma- and mast cells,
slight enlargement of the capillary endothelia. Giemsa
stain x 500.

cycle with varying morphological, immunological
and behavioural characteristics.'6
A series of clinical and histological criteria was

evaluated in 468 patients with ML and the results
are presented in Table 8. Patients with marrow
involvement generally had a less favourable prognosis
because bone marrow spread detected in a random
biopsy means a more generalised disease process.
The following variables were prognostic indicators:
the type, the maturity, the atypia and the mitotic
index of the lymphoid cells, as well as the extent and
structural expression of the infiltration (that is, its
spatial orientation, diffuse or nodular), the degree of
fibrosis and the stromal reaction. Clinically, haemo-
globin and platelet counts, reflecting the volume of
infiltration (the tumour cell burden), sex and age were
also prognostically significant in contrast to spread
in lymph nodes and to hepatomegaly which were not.
On the other hand, other investigators have not
found the type of bone marrow involvement to be
a significant prognostic indicator.'68 The frequency
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of bone marrow involvement in our series is given in
Table 9: there is an overall incidence of 82% in the
ML of low grade malignancy and 38% in the ML of
high grade malignancy. Bone marrow involvement as

such has a different prognostic meaning for each
lymphoma type-for example, favourable for the
immunocytic, indifferent for the lymphocytic, and
unfavourable for the centrocytic-centroblastic
type.143

CHRONIC LYMPHOCYTIC LEUKAEMIA (CLL)
The diagnosis is usually based on persistent lympho-
cytosis in the peripheral blood, progressive lympha-
denopathy, hepatosplenomegaly and absence of
paraproteinaemia.169-173 Early in the course of the
disease the bone marrow may be diffusely infiltrated
by small round lymphocytes, generally standing out
against their normal counterparts by the rod-wheel
pattern of the nuclear chromatin and monomorphic
appearance (Fig. 7b). In addition there may be focal,
mainly nodular, lymphocytic aggregates.'71-173 Both
forms progress until finally there is complete
obliteration of the normal marrow parenchyma and
the intertrabecular spaces are packed with small
lymphocytes (Fig. 7a). Osteolytic bone lesions are
rare in CLL.174 As the disease progresses. there is

Burkhardt, Frisch, Bartl

increasing replacement of the haematopoietic tissues
by the typical small lymphocytes, but CLL may also
terminate as lymphoblastic, myeloblastic, myelo-
monocytic and monocytic leukaemia, as well as
immunoblastic sarcoma.175 176

Statistical analysis of untreated patients has shown
that the diffuse and nodular structural forms of CLL
in the bone marrow have prognostic significance
with a median survival of 34 months for the diffuse
and of 115 months for the nodular. In both types
there are varying numbers of prolymphocytes and
lymphoblasts177 dispersed among the small lympho-
cytes, as well as occasional mast cells. The distinction
between early CLL and reactive lymphocytosis or
normal lymphoid nodules in the bone marrowmay not
be possible on purely morphological grounds.)78-179
Surface markers then provide a sensitive
demonstration of polyclonal or monoclonal B cells.
In addition, well vascularised aggregates with clearly
defined borders, germinal centres and pleomorphic
cell types are more likely to be benign. Indeed, as
pointed out by Aisenberg,180 a bone marrow
examination may be as sensitive as surface markers.

HAIRY CELL LEUKAEMIA (HCL)
The typical patient presents with anaemia or cyto-

Table 9 Histological classification of multiple myeloma according to plasma cell maturity in the bone marrow in
220 untreated patients

Plasmacytic % Plasmnablastic %

Haemoglobin (g/dl) < 8
8-12

> 12
Platelets (x 109/1) < 200

> 200

Plasma cell mass (vol %)
Proliferation pattern: diffuse

diffuse and nodular
total

Mitotic activity: low
intermediate
high

Plasma cell atypia: low
intermediate
high

Fibrosis: reticular
coarse

Haematopoietic tissue (vol %)
Fatty tissue (vol %)
Trabecular bone (vol %)
Osteolytic (< 10 vol %)
Osteoporotic (10-19 vol %)
Normal (20-30 vol %)
Osteosclerotic (> 30 vol %)
Bone remodelling: osteoclastic index, increased

osteoblastic index, increased

6
48
44
53
47

25 19
46
41
13
92
8
0

99

0

92
8

22 ± 13
27 ± 14
20 ± 6
8

48
40
3

72
49

17
SI

11
80
20

44 1 22 Mean 1 SD
9

43
38
50
33
17
50
29
10
81
19
12 ± 11
18 ± 15 kMeans L SD
20±5 J

14
53
30
3

94
64

Median survival (months)

Patients overall 32 (157 patients) 8 (63 patients)
,, <25 vol /. plasma cell volume 36 (66 ,, ) 21 (9 , )
,, 25-50 vol ,, ,,,, 29 (65 ,, ) 12 (33 , ),, >50vol%,.,,I 16(26 ,, ) 6(21 ,, )
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Bone biopsy in haematological disorders

Fig. 7 (a) CLL, note dense infiltration of the marrow with small lymphocytes ( & 65 yr) x 250; (b) as above,
note monomorphic small lymphocytes with compact nuclear chromatin and single small nucleolus x 1000; (c) hairy
cell leukaemia, infiltration of the marrow by medium-sized lymphoid cells, separated by wide sinusoids and
interstitial oedema, note residual erythroblasts (arrow) ( d 45 yr) x 250; (d) higher magnification of above, showing
typical hairy cells with cytoplasmic inclusions (arrows), possibly the ribosomal lamellar structures seen on EM
( ? 64 yr) x 1000; (e) immunocytoma, pleomorphic type, note seam of lymphoid cells with irregular nuclei apposed
to the trabecular surface (Tr), and plasma cells and mast cells in the central area (arrows) ( d 58 yr) x 250; (f) as
above, note immunocytes (I), plasma cells (P), and immunoblasts (Ibl) x 1000.
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penia, a relative lymphocytosis and splenomegaly or,
rarely, with paraproteinaemia.'8' A tartrate resistant
positive acid phosphatase reaction in the peripheral
blood lymphoid cells is highly suggestive of, but not
specific for HCL.182 Except in very early cases the
bone marrow histology is quite typical, see Fig. 7c
and d. The hairy cells have round or oval, coffee-
bean or kidney-shaped nuclei whose chromatin,
unlike that of small lymphocytes, shows little
clumping. The cytoplasm is more abundant than
that of the small lymphocyte and is frequently
elongated into lateral processes, somewhat remi-
niscent of reticulum cells. There are usually multiple,
poorly delineated foci which have a tendency to
confluence with displacement of haematopoietic
tissues. The hairy cells are loosely arranged in
a network of reticulin fibres in which numerous
erythrocytes as well as plasma cells and mast cells
are also found. There is progressive loss of fat and
haematopoietic tissues and eventually only isolated
normal precursors are left. A typical bone marrow

appearance is shown in Fig. 7c. Several reviews of
HCL have recently appeared.183-'86

IMMUNOCYTOMA (ML LYMPHOPLASMACYTOID)
This lymphoma is characterised in the bone marrow

by a morphologically heterogeneous cell population
consisting of lymphocytes, lymphoplasmacytoid
cells and plasma cells (Fig. 7e and f) with a relatively
high content of mast cells. The bone marrow dis-
tribution pattern may be diffuse or nodular. When
multiple foci are found, these may be separated from
the haematopoietic tissues by a band of fat cells.
There is a moderate increase in reticulin fibres, but
osseous remodelling is hardly affected. In about half
of the cases there are PAS-positive inclusions in the
cytoplasm, nucleus, or both the lymphoplasmacytoid
cells. Three types of immunocytoma have been
described: lymphoplasmacytic, which often has a
diffuse pattern in the bone marrow, lymphoplasmacy-
toid, frequently exhibiting a nodular pattern, and the
pleomorphic which has a tendency to the "packed
marrow" type. There is some overlap between these
categories.Inadditionanimmunocytomaoccasionally
has to be distinguished from CLL with reactive
plasmacytosis. A greater volume of infiltration in the
bone marrow has a poorer prognosis than a lesser
degree of involvement in untreated patients. The
clinical and immunological features of this lymphoma
have been summarised.187

CENTROCYTIC (ML FOLLICLE CENTRE CELL)
The almost exclusively paratrabecular accumulation
of cleaved lymphoid cells constitutes the typical bone
marrow feature of this lymphoma (Fig. 8a and b).
As the disease progresses, the paratrabecular seams

widen till eventually the central marrow spaces are
also occupied. In contrast to HCL these lymphoid
cells have a narrow rim of cytoplasm and are more
closely packed, and there is also a fibre network
(Fig. 8a and b).

CENTROCYTIC/CENTROBLASTIC
In cases of marrow involvement, there are hetero-
geneous lymphoid aggregates of various sizes, most
frequently with, but occasionally without, germinal
centres. These aggregates are composed of a mixture
of centrocytes, centroblasts and histiocytes, and are
located centrally in the marrow spaces (Fig. 8c
and d).

CENTROBLASTIC AND IMMUNOBLASTIC
These types are illustrated in Fig. 8e and f. In both
cases, the bonemarrow, when involved, shows a dense
infiltration of fairly monomorphic cells, with no
particular spatial predilection. Bone marrow involve-
ment in these lymphomas is relatively infrequent and
its prognostic significance is not yet established.

MULTIPLE MYELOMA (MM)
The plasma cell is the final end stage in the differen-
tiation of the B lymphocyte. The neoplastic plasma
cell frequently secretes immunoglobulins. It also
settles in the bone marrow, as normal lymphocytes
tend to do. In many cases it stimulates the osteoclasts
to produce lytic lesions in the bones by the secretion
of osteoclast activating factor.'88 Thus the classic
diagnostic trilogy of multiple myeloma is established:
there is a paraprotein in the blood, osteolytic lesions
in the bones, and more than 300% plasma cells in
smears of the aspirates.'89
However, in many cases the clinical situation is

not clear and the need arises to distinguish a reactive
plasmacytosis, a benign monoclonal gammapathy'90
and early, atypical or non-secretory multiple
myeloma.191 In these cases marrow histology may
establish the diagnosis, since the topographic
distribution of the plasma cells is a decisive factor
and not only their number. It has recently been shown
that plasmacytosis of more than 50% may occur in
benign reactive conditions.192 193
Numerous studies have been aimed at the

cytological and cytochemical features of plasma
cells, both benign and malignant. There is no single
characteristic which is pathognomonic for a neo-
plastic plasma cell though a high incidence in any
given population of plasma cells may be strongly
indicative. It should be noted that circulating small
lymphocytes may also be participants in the malig-
nant process in MM.194
Few investigations on the histology of the bone

marrow in MM have been reported.195 The results
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Fig. 8 (a) Centrocytic lymphoma, the bone marrow is infiltrated by small to medium sized lymphoid cells witli
irregular nuclei, interspersed with the larger centroblasts ( V 66 yr) x 250; (b) as above, higher magnification
showing typical centrocytes, note centroblast (CB) x 1000; (c) centroblastic lymphoma, replacement ofnormal
nitarrow cells by centroblasts showing large nuclei with a fine chromatin pattern and several small nucleoli,
often at the nuclear membrane ( ? 57 yr) ± 250; (d) as above, high magnification showing details of centroblasts
x 1000; (e) immunoblastic sarcoma, paratrabecular infiltration by large cells with immature, round nuclei containing
a single central nucleolus ( V 32 yr) x 250; (f) as above, showing immunoblasts, with some variation in size and
shape x 1000.
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Fig. 9 (a) Multiple myeloma, paratrabecular (not shown) infiltration of typical, slightly polymorphic
plasma cells ( s 74 yr) x 250; (b) as above, higher magnification to show details of the plasma cells, note
protein droplets in the cytoplasm (arrows) x 1000; (c) plasmablastic sarcoma, the plasmablasts are large,
polymorphic cells with abundant cytoplasm and have large nuclei and nucleoli, note mitotic figure (arrow),
the infiltration is demarcated by a band of lymphocytes (Ly) ( d 52 yr) x 250; (d) as above, note
plasmablasts with irregular and indented nuclei (arrows) x 1000.
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of a study of 220 cases are shown in Table 9 and
illustrated in Fig. 9a-d. The following characters
were found to indicate malignancy: (i) the arrange-
ment of the plasma cells in small clusters in both
perivascular and peritrabecular areas; (ii) the
cytology of the plasma cells-such as a high
nucleocytoplasmic ratio and asynchronism; (iii)
evidence of increased osteoblastic and osteoclastic
remodelling and (iv) monoclonality of the plasma
cells when tested by means of immunohistology.
Furthermore, it was found that the plasma cells
could be classified into two major groups: the
plasmablastic (Fig. 9c and d) and the plasmacytic
(Fig. 9a and b) and the infiltration in the bone
marrow into three stages (early, intermediate,
advanced) according to the amount ofspace occupied
in the bone marrow sections (Table 9). Both the
classification and the staging systems had prognostic
value, with a highly significant correlation between
these parameters in untreated patients and their
survivals (Table 9). The classification of the myeloma
cells into plasmablasts and plasmacytes was made
on purely cytological grounds. There is some analogy
with the distinction drawn between lymphoblasts (or
immunoblasts) and small lymphocytes.177

HODGKIN S DISEASE (HD)
The pathogenesis ofHD remains unclarified, despite
the vast amount of research.176 196 197 Lymphocytic
and monocytic origins have been postulated for the
specific Reed-Sternberg (R-S) cells and the mono-
nuclear Hodgkin's cells. The balance has swung in
favour of a derivation from the mononuclear
phagocyte system, though this is by no means
universally accepted.
The incidence of bone marrow involvement

reported in the literature varies from 2-32%. The
bone marrow biopsies from our series of 655 patients
including 414 untreated were divided into three
groups: negative (552); suspect (18); and involved
(85) when R-S cells or mononuclear Hodgkin's
cells, or both, were found in an appropriate morpho-
logical setting.198 However, only 21 % of the negative
group had a normal bone marrow histology. The
other pretreatment patients showed various aspects
of a non-specific bone marrow reaction ranging
from leukaemoid to exudative or "tumour myel-
opathy" or fatty marrow atrophy. The most
frequently encountered was the reaction referred to
as "tumour myelopathy."'4199 This is characterised
by maturation arrest of all three cell lines with an
increase in numbers of megakaryocytes, plasma cells,
eosinophils and mast cells. There is a variable
lymphocytic infiltration, as well as increase in iron
stores and in reticulin fibres. Other manifestations in
the bone marrow, such as acute myelofibrosis and
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massive phagocytosis have also been reported.200-202
Suspect biopsies were characterised by small
granulomatous foci in the endosteal regions, con-
sisting of lymphocytes, plasma cells, histiocytes and
mast cells within a network of reticular fibres and
capillaries. The incidence of these sarcoid-like
granulomatous foci was 2%. Positive biopsies were
subdivided into four groups on the basis of the bone
marrow histology: (i) single focus (found only in
very small biopsies); (ii) multiple nodules of 1-4 mm;
(iii) confluent areas; (iv) complete occupation of the
marrow spaces (Fig. 10a-d).
The positive biopsies were also classified into two

groups according to the lymphocyte population:
depletion50 and predominance.15 Involvement of the
bone marrow in the nodular sclerosis type of HD is
extremely rare; and there were also too few cases of
the mixed type in our series to form a separate group.

Occasionally, angioimmunoblastic lymphaden-
opathy, malignant histiocytosis and systemic masto-
cytosis present pictures similar to HD in the bone
marrow, but in these cases the typical R-S and
Hodgkin's cells are absent. The variability of
histological findings in HD has led to the speculation
that HD is not a single disease but possibly a number
of different diseases or the different evolutionary
stages of a disease entity with a very wide spectrum.203

ANGIOIMMUNOBLASTIC LYMPHADENOPATHY
(AILD)
Involvement in the bone marrow is characterised by
multiple foci with a heterogeneous cell population
consisting of immunoblasts, plasma cells, lympho-
cytes and eosinophils ;204 there are hyperplastic
capillaries, occasionally arborising, within a fine to
coarse reticulin framework (Fig. 1 la and b). The
differentiation of these granulomatous reactions
from those occurring in HD (without H or R-S cells)
and in rheumatic and allergic conditions is not
always possible.205 Bone marrow involvement is
associated with progression of the disease, and
denotes an unfavourable prognosis.206-208

Conclusions

The experience of many centres over the past
decade has demonstrated the wide range of con-
ditions now recognised in which a bone biopsy may
provide diagnostic and other information required
for evaluation of the patient and for understanding
of the disease process. The indications stem from
many fields including haematology, immunology,
oncology, internal medicine and rheumatology and
this paper has only provided an overview of some of
the haematological disorders.
The development and application of immuno-
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b " cid W> t
Fig. 10 (a) Hodgkin's disease. Typical bone marrow involvement with many R-S cells (arrows); note numerous
capillaries and slight fibrosis ( d 69 yr) x 500; (b) HD, mixed type, with R-S cells and mononuclear Hodgkin's
cells, note histiocytes and plasma cells ( s 50 yr) x 500; (c) HD, lymphocytic type, note small lymphocytes (Ly),
plasma cells (P), endothelial cells with large nuclei (E) and Hodgkin's cells (arrows) ( Y 19 yr) x 500; (d) HD,
note small, epithelial foci within typical granulomatous tissue containing lymphocytes, histiocytes and capillaries
( S 36yr) xSOO.

fluorescent, immunoperoxidase and other conjU-
gated marker techniques to frozen sections for the
demonstration of cellular constituents and cellular
products-for example, surface glycoproteins,

enzymes, hormones and other secretory products,
have served to underline the importance of structural
and architectural interdependence between cells and
cell groups. New insights into morphology and
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cellular interrelations are emerging from these
functional approaches and they require the highest
degree of excellence attainable in histopathology.
For bone and bone marrow this is undoubtedly
obtained by the use of plastic embedding. A combi-
nation of these techniques in future should elucidate
many processes whose mechanisms are not as yet
clarified but which may be investigated in the human
bone marrow. Among these are normal and abnormal
haematopoiesis, osteogenesis and the production of
the other elements of connective tissues.

Note: Pressure of space has not permitted the
inclusion of tabulated bibliographies on bone
biopsies in the conditions dealt with in this review.
These are available from the authors.
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Fig. 11 (a) Angioimmunoblastic
lymphadenopathy, involving the
central marrow areas by foci
consisting of small lymphocytes,
some immunoblasts, many
capillaries, interstitialPA S-positive
protein deposits and moderate
fibrosis ( Y 71 yr) x 220; (b) as
above, higher magnification
showing lymphocytic infiltration,
immunoblasts (Ibl), and capillaries
(arrows) x 1000.
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Some new titles Correction

The William B Castle Symposium on
Advances in Hematology

The William B Castle Symposium on
Advances in Hematology, sponsored by
the West Roxbury Veterans Administra-
tion Hospital, Brigham and Women's Hos-
pital and Harvard Medical School, will be
held on October 22, 1982, at the Copley
Plaza Hotel in Boston. Guest speakers will
include Drs John W Adamson (Seattle),
Ernest Beutler (La Jolla), Leon W Hoyer
(Farmington), Wendell F Rosse (Durham),
Thomas A Waldmann (Bethesda), David J
Weatherall (Oxford). Advance registration
is required and enrolment is limited. For
information, please write to: Andrew I
Schafer, Hematology Division, Brigham
and Women's Hospital, Boston, MA
02115, USA.

Hormone Therapy. Cliics in Oncology.
Vol 1 No. 1. Guest ed BJA Furr. (Pp. 312;
illustrated; £10*75.) WB Saunders Com-
pany Ltd. 1982.

Occupational Contact Dermatitis. Clinical
and Chemical Aspects. J Foussereau, C
Benezra, HI Maibach and N Hjorth. (Pp.
452; illustrated; D kr 450,00.) Munk-
sgaard International Publishers Ltd. 1982.

Prostaglandins and Related Lipids. Vol 2.
Ed TJ Powles, RS Bockman, KV Honn and
P Ramwell. (Pp. 876; illustrated; $84-00.)
Alan R Liss Inc. 1982.

In the Review article' in the March 1982
issue the affiliations should read as follows:
R BURKHARDT,*t B FRISCH,t R
BARTL*
From the *Abteilung fuir Knockenmark-
sdiagnostik an der Medizinischen Klinik
Innenstadt der Universitat Munchen, West
Germany, the tAbteilung Haematomor-
phologie am Institut fJir Hamatologie der
Gesellschaft fir Strahlen- und Umweltfors-
chung mbH, Munich, West Germany and
the tInstitute of Haematology, Tel Aviv
Medical Center and the Sackler School of
Medicine, Tel Aviv University, Israel.
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