
Abstract In this review, we summarise the patterns of
bone marrow involvement by small B-cell lymphomas.
Both our own experience and the literature reports on the
subject show that each subtype of lymphoma can be re-
cognised from a distinct combination of a suggestive
growth pattern and a particular cytological composition.
A predominantly paratrabecular infiltrate composed of
centrocytes is characteristic of follicle centre cell lym-
phoma. In mantle cell lymphoma, prominent intertrabec-
ular nodules, each consisting of a monotonous prolifera-
tion of small to intermediate-sized lymphoid cells with
an irregular nucleus, are the most frequent finding. Mar-
ginal zone cell lymphoma displays similar intertrabecu-
lar nodules, but the infiltrates are rather loose and poly-
morphic, whereas the lymphoid cells exhibit monocytoid
features. Diffuse infiltrates composed of small lympho-
cytes with clumped chromatin, of plasma cells with
Dutcher bodies and of mast cells are observed in most
cases of lymphoplasmacytoid lymphoma/immunocyto-
ma. Although chronic lymphocytic leukaemia / small
lymphocytic lymphoma can present with a comparable
pattern of bone marrow involvement, an interstitial infil-
trate of small lymphoid cells is usually observed. A com-
parable interstitial pattern also prevails in hairy cell
leukaemia. This lymphoma subtype, however, can be
readily identified by the abundant clear cytoplasm of the
neoplastic cells, erythrocyte extravasation and associated
abnormalities in the haematopoietic series.
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Introduction

As the importance of bone marrow (BM) biopsies in the
staging, follow-up and diagnosis of non-Hodgkin’s lym-
phoma (NHL) is beyond dispute, several studies have
been undertaken to determine the incidence and the mor-
phologic characteristics of BM involvement by these
neoplasms. However, since at the time these studies were
performed diagnostic haematopathology was dominated
by the Kiel classification in Europe and the Working
Formulation in the States, the investigators subtyped
NHL according to these systems and used the corre-
sponding terminology [3, 17, 19, 28, 41].

The introduction of the REAL classification involved
the definition of several, often previously unrecognised,
clinicopathological entities based on a combination of
clinical, morphological, immunophenotypical and geno-
typical features [23]. Among these, a subset of neo-
plasms predominantly composed of small B-cells, com-
prising follicle centre cell lymphoma (FCCL), mantle
cell lymphoma (MCL), marginal zone cell lymphoma
(MZL), lymphoplasmacytoid lymphoma/immunocytoma
(LPI), chronic lymphocytic leukaemia/small lymphocyt-
ic lymphoma (CLL/SLL), and hairy cell leukaemia
(HCL) can be discerned. Overall, these small B-cell neo-
plasms display a considerable incidence of BM involve-
ment at diagnosis or during the course of the disease [19,
28, 41]. Moreover, the BM trephine may be the first tis-
sue available for histological examination in HCL,
CLL/SLL, MCL and LPI [4, 10, 11, 13, 33, 42].

Considering the significant diagnostic contribution of
an adequate histopathological evaluation of a BM tre-
phine displaying invasion by a small B-cell NHL on the
one hand, and the lack of an integrated view on the exact
morphological picture characterising the REAL entities
on the other, we decided to review the histological char-
acteristics of BM involvement by the various subtypes of
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small B-cell lymphomas as described in the REAL clas-
sification. We added our own findings on a substantial
number BM biopsies involved by small B-cell lympho-
ma, collected in the Department of Pathology of the Uni-
versity Hospitals of Leuven over a 5-year period
(1994–1998) to the previously published data. For
FCCL, MCL, MZL and SLL, only cases with a clearly
defined diagnosis established either in a lymph node or
in an extranodal location were analysed. Biopsies show-
ing involvement by LPI were included only if document-
ed by the clinical syndrome of Waldenström’s macro-
globulinaemia, whereas CLL and HCL cases required a
clinical and haematological picture fulfilling FAB classi-
fication criteria [6]. For each lymphoma category a limit
of 50 cases was imposed.

This review allowed us to provide histological guide-
lines for the subclassification of these lymphoprolifera-
tive disorders in BM trephines, which are summarised in
a practical algorithmic approach (Fig. 1).

The optimal fixation and embedding procedure
for bone marrow trephines: one can have too much
of a good thing. ...

While various fixatives and sophisticated (unusual) em-
bedding media, including methylmetacrylate, have been
claimed to be essential for a proper handling of BM bi-
opsies, we obtain satisfactory results by using B5 fixa-
tion for a maximum of 3 h, followed by formic acid de-
calcification and subsequent processing for paraffin em-
bedding. Not only does the latter simple technique pro-
vide adequate 3-µm-thick sections routinely stained with
HE, it is also suitable for further immunohistochemical
analysis and molecular genetic investigations.

Immunohistochemistry was recently introduced in the
analysis of BM trephines, when several antibodies recog-
nising their epitopes in paraffin-embedded material be-
came freely available. Whereas a limited panel including
CD3 and CD20 will be sufficient in almost all cases
(Fig. 2), occasionally some additional immunostainings
may be necessary. Among the latter, antisera detecting
cytoplasmic immunoglobulin (IgM, IgG, kappa and
lambda) and thus useful to identify a poly- or monotypic
plasma cell proliferation, are particularly helpful. In ad-
dition, it can be worthwhile to stain for CD5 to support a
diagnosis of MCL and CLL/SLL or to search for cyclin
D1 immunoreactivity to distinguish between both sub-
types of CD5-positive B-cell lymphomas. Nevertheless,
it should be stressed that these particular antisera, espe-
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Fig. 1 Algorithmic approach to the subclassification of small
B-cell lymphomas in bone marrow trephine biopsies (FCCL folli-
cle centre cell lymphoma, MCL mantle cell lymphoma, MZL mar-
ginal zone cell lymphoma, LPI lymphoplasmacytoid lymphoma /
immunocytoma, CLL/SLL chronic lymphocytic leukaemia / small
lymphocytic lymphoma, HCL hairy cell leukaemia, BM bone mar-
row, PF pseudofollicles, MZ marginal zone)



cially the one immunoreacting with cyclin D1, lack per-
fect sensitivity, as exemplified by negative immunostain-
ing results obtained in otherwise characteristic cases.

In a selected number of cases molecular techniques
can be applied to DNA extracted from serial sections of
the trephine to demonstrate clonal immunoglobulin
heavy chain (IgH) and T cell receptor (TCR) gene re-
arrangements using a polymerase chain reaction (PCR)
technique. Whereas classic PCR techniques are known to
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Fig. 2a–f Bone marrow involvement by nodular aggregates. a, b
Follicle centre cell lymphoma (FCC): nodular aggregates, com-
posed of loosely arranged small lymphoid cells with a cleaved nu-
cleus, admixed with larger and follicular-dendritic-like cells, in a
characteristic paratrabecular localisation. c, d Mantle cell lympho-
ma (MCL): small to intermediate-sized lymphoid cells with an ir-
regular nuclear outline forming an intertrabecular nodule. Note the
presence of ”pink” histiocytes. e, f Marginal zone cell lymphoma
(MZL): follicle-like nodules in an intertrabecular localisation com-
prising small lymphoid cells with dispersed chromatin and a con-
siderable amount of clear cytoplasm



have only limited sensitivity, it has been demonstrated
recently that additionally investigating the rearranged
kappa gene locus increases the success rate of the meth-
od from 60% to 90% [21]. Moreover, a similar approach
to the analysis of TCR gene rearrangements also yields
promising results (Inghirami, personal communication).

Specific histological features of each lymphoma entity

To adequately describe a lymphomatous BM infiltrate,
several previously introduced terms appear very conve-
nient [3, 33]. Therefore we suggest maintaining the es-
tablished terminology defining nodular intertrabecular
(centrally located lymphoid aggregates, occasionally
touching the bone trabeculae), nodular paratrabecular
(lymphoid infiltrates lining the bone trabeculae), intersti-
tial (infiltration of the marrow in between the fat cells),
and diffuse (obliteration of the intertrabecular area, with
replacement of the adipocytes by the neoplastic cells)
growth patterns. The incidence of each of these four pat-
terns of BM involvement is illustrated by the results
found in our material (Table 1).

To reach a final diagnosis, not only the characteristics
of the infiltrate at low power should be evaluated; in ad-
dition the cytological features are very informative.

Follicle centre cell lymphoma

The hallmark of BM involvement by FCCL is undoubt-
edly the presence of nodular paratrabecular infiltrates,
which vary in number and extent (Fig. 3a, b) [19, 34, 41,
46]. These infiltrates line the bone trabeculae over some
distance, displacing both the myeloid precursors and the
fat cells adjacent to it. The smaller ones may be barely
perceptible on low power examination, prompting a high
index of suspicion for their identification. While, in oc-
casional cases, these aggregates extend into the intertra-
becular area to form nodules recapitulating neoplastic
follicles, a clear-cut interstitial pattern of involvement is
extremely rare and a diffuse pattern is almost never
found.

The infiltrates are predominantly composed of loosely
aggregated small lymphoid cells, with scanty cytoplasm

and a dark staining, cleaved nucleus (centrocytes). Inter-
estingly, the cellular morphology displayed in the corre-
sponding lymph node can be discordant, a phenomenon
that we observed in four of our cases and which has also
been reported in other series [5, 14, 19, 29]. It can be as-
sumed that these different cytological presentations are
merely an expression of the heterogeneity of FCCL, as
they can also be noted in different lymph node speci-
mens from the same patient, either simultaneously or se-
quentially [45].

Hypocellular and/or fibrotic paratrabecular foci have
also been recorded in FCCL and were ascribed to multi-
ple-drug chemotherapy [36]. This feature, whether thera-
py related or primarily associated with the lymphoma-
tous infiltrate, has two major implications for diagnosis.
It may impair the identification of neoplastic lymphoid
cells in BM smears, since BM aspiration tends to sample
the areas that offer less resistance and therefore stresses
the importance of the trephine biopsy, particularly if a
FCCL is suspected [15]. On the other hand, the presence
of these foci should raise the suspicion of BM involve-
ment by FCCL, and necessitates serial sectioning and/or
immunohistochemical procedures to rule out the pres-
ence of malignant cells.

Mantle cell lymphoma

The majority of MCL cases are characterised by intertra-
becular nodular infiltrates, variable in size and number
and composed of densely packed small to medium-sized
cells with an irregular nuclear outline (Fig. 3c, d). This
distinctive cytological composition is consistently re-
ported [2, 13, 39, 46] and indeed represents a diagnostic
picture, particularly if, in addition, “pink” histiocytes are
conspicuous [35]. Large transformed cells (paraimmuno-
blasts) or pseudofollicles are typically absent.

Focal paratrabecular nodules, usually smaller than the
intertrabecular aggregates, are quite common, but exclu-
sively paratrabecular BM involvement seems to be very
rare in MCL, although one such case has been reported
previously [39]. In the series of cases we reviewed, we
did recognise paratrabecular infiltrates in addition, but
these were certainly not as prominent and extensive as
those observed in FCCL, and they never outweighed the

552

Table 1 Patterns of bone marrow involvement in small-B-cell
neoplasms as observed in a series of 151 cases, collected in the
Department of Pathology, Leuven, expressed as number (%) of
cases (FCCL follicle centre cell lymphoma, MCL mantle cell lym-

phoma, MZL marginal zone cell lymphoma, LPI lymphoplasmacy-
toid lymphoma/immunocytoma, CLL/SLL chronic lymphocytic
leukaemia/small lymphocytic lymphoma, HCL hairy cell leukae-
mia)

Neoplasm n Nodular Nodular Interstitial Diffuse
intertrabecular paratrabecular

FCCL 35 7 (20%) 35 (100%) 1 (3%) 0 (0%)
MCL 22 19 (86%) 6 (27%) 4 (18%) 2 (9%)
MZL 12 12 (100%) 0 (0%) 6 (50%) 0 (0%)
LPI 16 3 (19%) 1 (6%) 4 (25%) 12 (75%)
CLL/SLL 50 22 (44%) 0 (0%) 40 (80%) 11 (22%)
HCL 16 0 (0%) 0 (0%) 15 (94%) 3 (19%)
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Fig. 3a–f Diffuse and interstitial patterns of bone marrow in-
volvement. a, b Lymphoplasmacytoid lymphoma/immunocytoma
(LPI): a diffuse infiltrate, sparing residual haematopoietic ele-
ments, that consists of small lymphoid cells with a round nucleus
and a small, centrally located nucleolus. Note the admixture of
plasma cells. c, d Chronic lymphocytic leukaemia/small lympho-
cytic lymphoma (CLL/SLL): bone marrow involvement by an in-

terstitial infiltrate, accompanied by some smaller nodular aggre-
gates. Small lymphocytes with a round hyperchromatic nucleus
predominate. A pseudofollicle with larger cells (prolymphocytes
and paraimmunoblasts) is shown. e, f Hairy cell leukaemia (HCL):
small to intermediate-sized lymphoid cells with abundant clear cy-
toplasm infiltrate in between the fat cells. Note the megaloblastoid
features of the erythroid series



nodular intertrabecular pattern. This peculiar paratrabec-
ular involvement may even be helpful as a means of dis-
tinguishing between MCL and other lymphomas, such as
CLL/SLL, that share the tendency to present primarily as
nodular intertrabecular aggregates and/or interstitial in-
filtrates but never display paratrabecular nodules.

Larger tumour nodules tend to coalesce, simulating a
diffuse pattern of involvement, but a truly diffuse prolif-
eration is exceptional. Infrequently, tumour cells are
scattered throughout the interstitium, but occasional
small clusters are invariably present.

However, entirely diffuse and/or interstitial patterns
are uncommon and, as they are suggestive of BM in-
volvement by CLL/SLL, they should prompt a search for
prolymphocytes and/or paraimmunoblasts [13, 46].

Evaluation of the cytological features is equally
important, to distinguish cases of MCL displaying nod-
ular intertrabecular and/or interstitial infiltrates from
MZL.

Marginal zone cell lymphoma

MZL involving BM biopsies typically consists of ill-
delineated intertrabecular nodules, varying in size and
number, that occasionally touch the bone trabeculae and
can be accompanied by an interstitial infiltrate (Fig. 3e, f).
The larger ones mimic lymphoid B follicles, with a re-
sidual germinal centre surrounded by an expanded mar-
ginal zone. Loosely arranged small lymphoid cells dis-
playing a slightly or moderately indented nucleus with
dispersed chromatin and a fair amount of clear cyto-
plasm constitute the neoplastic cell population. Among
these a few large, activated lymphoid cells, plus some
follicular dendrite-like cells and a variable number of
plasma cells are found admixed.

Germinal centres occur only very sporadically in BM
trephines and, even so, are preferentially observed in
young patients or associated with inflammatory or auto-
immune disorders [9, 18]. Owing to the intrinsic rarity of
MZL, the investigation of these nodular structures may
be neglected and they may be automatically ascribed to
the aforementioned benign conditions. On the other
hand, a significant number of MZL arise in the setting of
autoimmune diseases, such as Sjögren’s syndrome and
Hashimoto’s thyroiditis [1, 25–27]. As the latter condi-
tions are associated with an increased lymphoid BM in-
filtration, they may prompt a high index of suspicion of
MZL, especially for the pathologist familiar with the
typical picture of BM involvement by MZL.

Lymphoplasmacytoid lymphoma/immunocytoma

In LPI the BM biopsy frequently represents the first di-
agnostic tissue available. A variety of growth patterns is
observed, including interstitial, nodular intertrabecular
and diffuse infiltrates [3, 24, 41], but paratrabecular in-
volvement seems quite rare (Fig. 4a, b) [8].

Whereas the obvious architectural heterogeneity does
not allow immediate recognition of these cases at lower
magnification, LPI can easily be distinguished through
its characteristic cytological aspect. The small lymphoid
cells constituting the bulk of the neoplastic infiltrates
display a round or slightly irregular nucleus, with
clumped chromatin and a small, central nucleolus. A
varying proportion of the cells shows evidence of plas-
macytoid differentiation, either in their typically eccen-
trically located nucleus (plasmacytoid lymphocytes) or
in the presence of notable intranuclear inclusions
(Dutcher bodies). Genuine mature plasma cells are al-
ways numerous, but never aggregate to form cell clusters
as featured by plasmacytomas. In addition, variable
numbers of mast cells and somewhat larger lymphoid
cells with a more open chromatin pattern and a conspicu-
ous central nucleolus (prolymphocytes) are scattered
throughout the infiltrates.

Considering the architecture of the tumoral infiltrate
and the admixture of prolymphocytes, a correct distinc-
tion between LPI and CLL/SLL constitutes a major dif-
ferential diagnostic problem. Overall, CLL/SLL infil-
trates grow much more cohesively and never evidence
Dutcher bodies or mast cells. However, the only finding
that essentially excludes a diagnosis of CLL/SLL is the
presence of paratrabecular foci. In selected cases, CD5
immunostaining may be necessary despite these useful
morphological guidelines [43].

Chronic lymphocytic leukaemia / small lymphocytic
lymphoma

CLL/SLL almost invariably presents with BM involve-
ment for which it, considering its relatively high inci-
dence among lymphoid neoplasms, can be regarded as
the prototype lymphoma to be diagnosed based on a BM
trephine. Except for nodular paratrabecular involvement
which has never been described, CLL/SLL can take on
any growth pattern (Fig. 4c, d) [3, 17, 19, 20, 40, 41].
Nodular infiltrates are uncommon and only occur in
cases of atypical CLL, where they are invariably accom-
panied by an interstitial component [7].

Cytologically, small lymphoid cells with a round nu-
cleus and scarce or even indistinct cytoplasm predomi-
nate. Overall, the infiltrates have a characteristic dark
appearance owing to the clumped nuclear chromatin that
obscures the nucleolus. However, various paler-staining
cells, such as several equally small lymphocytes display-
ing some nuclear irregularity and a more dispersed chro-
matin pattern, and also some larger prolymphocytes are
detected. Moreover, small clusters of large cells charac-
terised by an abundant cytoplasm and a clear nucleus
with a large, distinct nucleolus (paraimmunoblasts) are
evident and compose conspicuous areas termed pseudo-
follicles. Although in our own experience these pseudo-
follicles, which we detected in about 50% of the cases,
constitute the hallmark lesion in CLL/SLL, others state
that these structures appear infrequently in BM biopsies
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Fig. 4a–c Immunohistochemi-
cal staining for CD20 can be
useful to highlight the neoplas-
tic B-cell infiltrate. a The neo-
plastic cells of a FCC occasion-
ally extend into the intertrabec-
ular area to form nodules that
resemble neoplastic follicles
found in lymph nodes. b A
combination of interstitial type
involvement with nodular inter-
trabecular aggregates is ob-
served in most cases of
CLL/SLL. c Scattered neoplas-
tic cells in a case of HCL are
accentuated by CD20 immuno-
staining



[33]. Occasionally paraimmunoblasts occur as isolated
cells admixed with the regular small neoplastic lympho-
cytes. In contrast with LPI, evidence of plasmacytoid
differentiation is almost invariably lacking.

As indicated above, a reliable distinction between
CLL/SLL and MCL is often very difficult to establish, in
particular in trephines involved by a predominantly in-
terstitial lymphoid infiltrate. Usually, a close examina-
tion of the cytological characteristics of the neoplastic
cells suffices for a final diagnosis. However, rare cases
show a tumoral proliferation displaying significant nu-
clear irregularity but lacking all morphological evidence
to definitely assign it to one of both lymphoma subtypes
[7, 16, 32, 46]. Therefore, the use of a selected panel of
antibodies, detecting cyclin D1 [44, 47] and/or CD23
[30] can be useful in these cases.

Hairy cell leukaemia

The histological features characterising BM involvement
by HCL are highly specific and allow an accurate identi-
fication of this entity in nearly every case (Fig. 4e, f) [4,
11, 12, 37]. This small B-cell lymphoma displays either
an interstitial growth pattern, which predominates, or a
diffuse pattern. Nodular infiltrates, intertrabecular nor
paratrabecular, have never been described [3, 4, 11, 12,
38].

The typical cytological appearance of the hairy cells
with their abundant clear cytoplasm imparting a loose
appearance to the neoplastic infiltrate, substantially facil-
itates its recognition among other small B-cell neo-
plasms displaying a similar growth pattern. The nuclear
morphology of these hairy cells varies, comprising round
to elongated forms, as well as some slightly irregular nu-
clei and even cells showing more marked nuclear groov-
ing. Within the usually open nuclear chromatin, an in-
conspicuous nucleolus is occasionally apparent. In some
cases a distinct spindle cell component can be noticed.
Since such fusiform elements are consistently lacking in
other small B-cell malignancies, these may be useful to
establish a diagnosis of HCL.

As contrasted with all the other subtypes of small
B-cell lymphoma considered so far, HCL is accompanied
by distinct alterations in the haematopoietic series. A
moderate to severe decrease in the three normal hae-
matopoietic cell lines associated with the occurrence of
dysplastic features is usually observed. In addition, a
variable degree of reticulin fibrosis and prominent eryth-
rocyte extravasation can be noted [4, 12, 38].

The hypocellular or cell-poor HCL cases [12, 31] may
raise problems in differential diagnosis against aplastic
or hypoplastic anaemia and against hypocellular myelo-
dysplastic syndrome, not only because of the reduced
cellularity but also because of the presence of noticeable
aggregates of plasma cells. In this setting, a careful ex-
amination of the residual cellular areas between the adi-
pocytes and immunostaining using anti-B-cell markers is
mandatory [22].

Finally, MZL infiltrates also containing cells with
moderately abundant clear cytoplasm (monocytoid B-
cells) can be distinguished from HCL on the basis of
their growth pattern, which is usually at least partly nod-
ular.

Can a subclassification of small B-cell neoplasms
be accomplished in bone marrow trephine biopsies?

Based both on our own experience and on previously
published data, we conclude that a reliable identification
of the subtype of small B-cell lymphoma involving the
trephine is feasible in a significant number of cases. Our
findings enabled us to propose an algorithmic approach,
which requires identification of the growth pattern of the
lymphoid infiltrate, followed by a careful evaluation of
the cytological features of the neoplastic cells (Fig. 1).

When a predominantly nodular intertrabecular pattern
is observed, MCL, CLL/SLL and MZL appear to be the
main diagnostic candidates. The identification of pseu-
dofollicles will allow a confident diagnosis of CLL/SLL.
In their absence, the detection of pink hystiocytes and
distinct nuclear irregularities points to MCL in this set-
ting. Moreover, the simultaneous presence of small para-
trabecular nodules strongly favours MCL and rules out
CLL/SLL. A diagnosis of BM involvement by MZL re-
lies on the identification of typical follicle-like structures
entrapped within an expanded marginal zone featuring
monocytoid B-cells.

A typically paratrabecular involvement, in contrast, is
strongly suggestive of FCCL. Whereas small foci of
paratrabecular involvement do occasionally occur in
MCL and LPI, their presence virtually excludes a diag-
nosis of CLL/SLL and HCL.

Predominantly interstitial or diffuse growth patterns
constitute the most intricate problem in differential diag-
nosis, as they can be regarded as characteristic of both
CLL/SLL and HCL, it is not uncommon for them to oc-
cur in LPI and they may even be found in some cases of
MCL. Considering its high incidence compared with the
other subtypes, CLL/SLL is always the first candidate to
be borne in mind when such infiltrates are identified.

In general, the characteristic cytological picture dis-
playing prominent stromal changes (extravasation of red
blood cells and reticulin fibrosis) associated with pecu-
liar abnormalities in the haematopoiesis will allow a di-
agnosis of HCL.

When pseudofollicles are noticed within a diffuse in-
filtrate, a diagnosis of CLL/SLL can be established with
certainty. In the absence of these distinct structures,
MCL should also be considered, despite the restricted
number of MCL cases presenting with a diffuse pattern
of BM involvement. However, the cytology of the infil-
trating lymphoid cells usually distinguishes CLL/SLL
(small lymphocytes with a regular nucleus and clumped
chromatin) from MCL (small- to intermediate-sized cells
with a cleaved nucleus and a less mature nuclear chro-
matin pattern).
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Finally, the identification of LPI is prompted by the
presence of Dutcher bodies, monotypic plasma cells and
an admixture of mast cells.

Concluding remarks

Each subtype of small B-cell lymphoma shows a rather
characteristic pattern of BM involvement as well as a
distinct cytological composition. The recognition of and
the familiarity with these architectural and cytological
features will definitely be helpful in identifying BM in-
volvement during staging procedures. Although the
spectrum of variation within each category results in
some degree of overlap between the various lymphoma
entities, a critical morphologic evaluation of BM tre-
phine biopsies should allow the correct subtyping of
small B-cell lymphomas in very well defined settings.
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