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ABSTRACT

Background

Multiparameter flow cytometry allows the detection of minor monoclonal B-cell populations.
Using this technique combined with morphology, we were struck by the presence of minor
populations of small monoclonal B cells in bone marrows of patients with diffuse large B-cell
lymphoma in routine diagnostic samples and performed a systematic retrospective study.

Design and Methods

Bone marrows of 165 patients with primary diffuse large B-cell lymphoma without histologi-
cal evidence of concurrent non-Hodgkin’s [ymphoma were studied by routine microscopy of
trephines and smears, immunohistochemistry and multiparameter flow cytometry.

Results

Diffuse large B-cell lymphoma infiltration in marrows was documented in 11 of 165 patients.
Morphological examination consistently revealed a higher tumor load than evidenced by flow
cytometry. Of interest, only 3 of 119 patients with diffuse large B-cell lymphoma not otherwise
specified, the largest subtype, showed marrow infiltration. By contrast, flow cytometry
revealed a minor monoclonal B-cell population in 24 of 165 patients, none of whom showed
diffuse large B-cell lymphoma infiltration by morphology. Of interest, morphological examina-
tion revealed the presence of small B cells in the marrows of those patients. Moreover, 11 of 39
(28.2%) of patients with diffuse large B-cell lymphoma not otherwise specified of ABC sub-
type and only 3 of 80 (8.7 %) with the GCB subtype showed these monoclonal small B cells
(P=0.0002). In addition 4 of 8 (50%), 4 of 15 (26.7 %) and 2 of 3 (66.7 %) patients with primary
testicular, primary central nervous system and leg-type diffuse large B-cell lymphoma, respec-
tively, showed monoclonal small B cells.

Conclusions

Bone marrow infiltration with diffuse large B-cell lymphoma in patients with diffuse large B-
cell lymphoma not otherwise specified is rare at diagnosis. By contrast, a high number of dif-
fuse large B-cell lymphoma not otherwise specified of the ABC subtype but not of GCB sub-
type is associated with monoclonal small B cells in the marrow. Whether these monoclonal
small B cells are precursors of diffuse large B-cell [ymphoma of the ABC type or arise in a com-
mon background that favors clonal B-cell expansion remains to be demonstrated.
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Introduction

Primary diffuse large B-cell lymphoma (DLBCL)
accounts for about 30% of all adult non-Hodgkin’s lym-
phomas. Several distinct clinical and genetic entities are
now recognized.' The largest entity is DLBCL not other-
wise specified (NOS). This lymphoma type is further
divided in two molecular subgroups based on gene
expression profiling; a germinal center B-cell (GCB) sub-
type and an activated B-cell (ABC) subtype, sharing much
of the gene expression profile of normal GCBs and ABCs,
respectively.” Importantly, there are other clinical and
genetic distinctions between these subgroups: ABC
DLBCL has a worse overall and failure free survival com-
pared with the GCB subgroup. In addition, translocation
of the BCL2 gene is seen in GCB DLBCL, whereas tri-
somy 3 and a chromosome 19q amplicon are present in
ABC DLBCL.”® The ABC DLBCL is further characterized
by constitutional activation of the NF-kB pathway, and
displays a specific pattern of gene amplifications and
deletions leading to upregulation of oncogenes such as
the transcription factor SPIB and upregulation of the
FOXP1 gene, whereas this is not the case for GCB
DLBCL.>* The division of DLBCL into those of putative
germinal center B-cell origin and those of putative activat-
ed B-cell origin may well have an impact on the develop-
ment of specific therapies for these diseases. In addition
to DLBCL not otherwise specified, novel DLBCL entities
have also been included in the World Health
Organization (WHO) classification." Among those, some
entities may also share an origin from activated B cells;
primary DLBCL of the central nervous system (CNS) fre-
quently shows deletion of major histocompatibility class
II genes, unlike most other DLBCL, and interestingly
shares also a gene expression pattern with activated B
cells.*” Primary testicular DLBCL shares these latter two
features with primary central nervous system DLBCL,
but is as yet not recognized as a special DLBCL type in
the recent World Health Organization classification.* By
contrast, primary cutaneous DLBCL of leg type is recog-
nized as a novel DLBCL type, and may also have an ori-
gin from activated B cells."”

In the present study, we studied monoclonal B cells in
the bone marrow of DLBCL patients by flow cytometry,
morphological and immunohistochemical examination.
Apart from different incidences of marrow infiltration by
DLBCL according to type and subtype, we report the
striking incidence of monoclonal small B cells in patients
with ABC DLBCL, but rarely in GCB DLBCL. We also
demonstrate the same clonal origin for monoclonal small
B cells and DLBCL in the one case in which such a study
was possible.

Design and Methods

Patients

Patients with a primary diagnosis of DLBCL retrieved from the lym-
phoma registry at the Norwegian Radium Hospital were studied. Only
consecutive cases in a given time period, depending on the type of
DLBCL, were included under the following conditions: i) the cases
were first diagnoses; ii) the patients were not diagnosed with previous
non-Hodgkin’s lymphoma nor with composite lymphoma (4 patients
were excluded in the time period studied because of concurrent mar-
ginal zone lymphoma, chronic lymphocytic leukemia, follicular lym-
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phoma and hairy cell leukemia, respectively); iii) a bone marrow aspi-
rate sample at diagnosis had been submitted for multiparameter flow
cytometric analysis. For any of the above inclusion criteria, 75% of the
consecutive cases of DLBCL diagnosed at our institute were omitted
from this study. The time periods in which DLBCL lymphomas were
first diagnosed are as follows: i) for DLBCL, NOS, DLBCL leg-type,
PMLBCL and T/HRBCL, January 2006-October 2008; ii) for primary
CNS DLBCL, January 2002-December 2007; and iii) for primary testic-
ular DLBCL, January 2002-October 2008. The time periods in which
primary central nervous system and primary testicular DLBCL were
selected were extended with regard to the other types of DLBCL to
allow more cases of these subtypes to be collected. A total of 165
patients were thus included in the study. The availability of blood
samples analyzed by flow cytometry was not a selection criterion but
the results were recorded when available. Bone marrow trephines and
smears of all 165 patients were available for morphological examina-
tion. The clinical files were analyzed for a limited set of patients’ char-
acteristics such as age, sex, stage of disease according to the Ann Arbor
classification, international prognostic index (IPI) and clinical history.*’
Patient survival data were not collected in view of the short follow up.
The study was approved by the institutional review board.

Histopathology

Hematoxylin and eosin stained sections of diagnostic biopsies and
bone marrow trephine sections, as well as Wright-stained bone mar-
row smears, on all patients were reviewed by 2 of the authors (AMT
and JD). Immunohistochemical staining was performed on all diagnos-
tic biopsies of the tumors as well as on the bone marrow trephine
biopsies. DLBCL not otherwise specified were divided into GCB and
ABC subtype by immunohistochemistry according to the algorithm of
Hans ez al.”” The following primary antibodies were used for immuno-
histochemistry: anti-CD5 (Novocastra Laboratories, Newcastle upon
Tyne, UK), anti-CD10 (Novocastra), anti-CD20 (Dako, Glostrup,
Denmark), anti-CD30 (Dako), anti-CD138 (Dako), anti-MUM1
(Dako), anti-bcl2 (Dako), anti-bcl6 (Dako), and Ki-67 (Dako). Bone
marrow trephine sections were stained with anti-CD20, anti-CD5,
anti-CD10, anti-CD23 (Novocastra), anti-CD138, anti-cyclin D1 (Lab
Vision, Fremont, CA, USA), anti-kappa (Dako), anti-lambda (Dako),
anti-IgM (Dako) and anti-IgD (Dako). For most of the immunohisto-
chemical stains, rabbit anti-mouse antibody labeled with a peroxidase-
conjugated polymer (Dako EnVision System, Dako) was used accord-
ing to the manufacturer’s instructions. The slides were counterstained
with hematoxylin.

Flow cytometry

Bone marrow aspirates and/or blood samples were analyzed by 5-
or 6-parameter flow cytometry."! A stain, lyse and wash method was
used as previously described.” Monoclonal antibodies included: anti-
CD19 (clone SJ25C, BD Biosciences, San Jose, CA, USA), anti-CD20
(clone L27, BD Biosciences), anti-CD22 (clone 4KB128, Dako,
Glostrup, Denmark), FMC7 (clone FMC7, Dako), anti-CD5 (clone
UCHT?2, BD Biosciences), anti-CD10 (clone HI10a, BD Biosciences),
anti-CD23 (clone MHMG6, Dako), anti-CD45 (clone 2D1, BD
Biosciences), anti-CD38 (clone HB7, BD Biosciences), anti-CD138
(clone BB4, Serotec, Raleigh, NC, USA), anti-kappa (clone TB28-2, BD
Biosciences) and anti-lambda (clone 1-155-2, BD Biosciences) and anti-
bcl2 (clone 124, Dako). All antibodies were directly conjugated to flu-
oresceine thyocyanate (FITC), phycoerythrine (Pe), phycoerythrine-
cyanine 5 (PeCyb), peridinin chlorophyll protein (PerCP), peridinin
chlorophyll protein-cy5.5 (PerCP-Cy5.5) or allophycocyanin (APC).
Stained samples were run on a Facscalibur (BD Biosciences) equipped
with a 488 nm and 630 nm laser. A two-step acquisition was per-
formed; a total of 15,000 cells were run in list mode, followed by a live
gate analysis on CD19+ events until the tube was empty. Data were
analyzed using FlowJo 7.1 software (Tree Star Inc., San Francisco, CA,
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USA). Not all markers have been performed on all samples, due to the
number of cells available for the analysis. Monoclonal B cells were
identified by either immunoglobulin light chain restriction (defined by
a K/A ratio >4 or <0.5), an abnormal B-cell immunophenotype or a
combination of both as described by Sanchez et al." and Nieto et al.”®
Abnormal immunophenotypes are defined as aberrant levels of
expression of a marker or asynchronous expression of markers with
regard to normal mature B cells. In short, monoclonal small B cells
were eventually divided into those with a CLL-like immunopheno-
type and a non-CLL-like immunophenotype as is the convention for
monoclonal B-cell lymphocytosis."* A third category of monoclonal B
cells, non-classifiable was created to include cases that showed find-
ings atypical for CLL (bright CD20 expression or FMC7 expression)
and cases of which the immunophenotypical analysis was incomplete
to prove or exclude the CLL phenotype.

Analysis of rearranged immunoglobulin heavy chain
genes

In order to establish a possible clonal relationship between the
monoclonal B cells in the marrow and the diagnostic DLBCL,
rearranged immunoglobulin heavy chain genes were amplified and
sequenced, and sequences were compared. This was attempted for
10 patients, of whom paired samples were available. B5-fixed formic-
acid decalcified bone marrow trephine biopsies were used for 9
patients whereas for patient 11, a frozen bone marrow sample was
available. Frozen left-over bone marrow samples or fixed clots were
no longer available in the other patients. DLBCL samples consisted of
frozen tissue samples.

The detection of immunoglobulin heavy chain (IgH) rearrange-
ments, a multiplex polymerase chain reaction (PCR) method using a
set of primers against the framework one region (FR1), FR2 and FR3
of the IgH variable gene segment (VH) and joining gene segment (JH)
was performed as described before.” The PCR products were ana-
lyzed using capillary electrophoresis (ABI 3100 Genetic Analyzer,
Applied Biosystems, Witerstad, Germany). Before sequencing, the
PCR products were size-fractionated on a 1.5% low-melting agarose
gel, and the appropriate bands excised from the gel and extracted
using the Qiaquick gel extraction kit (Qiagen) according to the man-
ufacturer’s recommendations. An aliquot of the products was direct-
ly sequenced from both ends with the ABI Prism Dye Terminator
Cycle Sequencing Kit (Applied Biosystems) using the ABI 3100
Genetic Analyzer (Applied Biosystems). The obtained sequences
were analyzed using IgBLAST (www.ncbi.nlm.nih.gov/ighlast) and
IMGT (www.imgt.org) databases.

Results

Patients’ characteristics

The clinical data for the 165 patients in this study are
summarized in Table 1. The median age, sex distribution,
distribution of stage and IPI scores of the patients are dif-
ferent between the distinct DLBCL types. These charac-
teristics are within a range of what is typical for those
lymphoma types. Patient treatment and survival data have
not been included in this study. Table 2 summarizes the
clinical data of the 14 of 116 with DLBCL not otherwise
specified and monoclonal small B cells in their bone mar-
row samples. Not unexpectedly in view of the fact that
monoclonal small B cells mostly are detected in ABC
DLBCL, the clinical data of patients with monoclonal
small B cells in their bone marrow resemble closely those
of patients with ABC DLBCL with respect to age (with the
median age about ten years older than GCB DLBCL) and
the predominance of female patients.

- A.M. Tierens et al.

Pathology data

Bone marrow smears and bone marrow trephine biop-
sies revealed focal infiltration by DLBCL in 11 of 165
(6.7%) cases. Of interest, this incidence is lower for
DLBCL not otherwise specified (2.5%) and is more
marked for T-cell/histiocyte-rich B-cell lymphoma (25%)
and DLBCL with a dual translocation involving C-MYC
and BCL2 (100%), although the number of these DLBCL
subtypes are low in this study. Flow cytometry detected
monoclonal B cells in 7 of 11 of these patients. Of inter-
est, flow cytometry underestimated the degree of mar-
row involvement in all these cases (Online Supplementary
Table S1). Flow cytometry further revealed monoclonal B
cells in 24 of 165 cases that did not show infiltration by
DLBCL on morphological examination. Surprisingly, a
careful morphological and immunohistochemical exami-
nation of smears and trephines showed infiltration by
small B cells without cytological atypia. The distribution
of these small lymphocytes was either diffuse or consist-
ed of focal interstitial small infiltrates of small lymphoid
cells (Figure 1). These infiltrates were never seen in the
paratrabecular areas; intra-sinusoidal infiltration was also
not seen. Combining the flow cytometry data revealing a
B-cell population that is monoclonal or immunopheno-
typically aberrant with the morphology of infiltrating B
cells in the marrow allows us to reasonably conclude that
the monoclonal B cells detected by flow cytometry are
monoclonal small B cells. Table 3 summarizes the inci-
dence of bone marrow DLBCL or monoclonal small B
cells in the different DLBCL types and subtypes in our
study. Monoclonal small B cells were present with
notable differences in the frequency among the different
types and subtypes of DLBCL. Surprisingly, monoclonal
small B cells are mostly seen in patients with the ABC
subtype of DLBCL not otherwise specified (11 of 39
cases), as well as in primary testicular, primary central
nervous system and leg-type diffuse large B-cell lym-
phoma. The incidence of monoclonal small B cells in the
GCB subtype of DLBCL not otherwise specified (3 of 80
cases) is limited, despite representing the largest subgroup
of DLBCL. This difference in incidence of monoclonal
small B cells in ABC versus GCB DLBCL not otherwise
specified is significant with the P value being 0.0002 using
the Fisher’s Exact Test. No monoclonal small B cells were
noted in patients with primary mediastinal B-cell lym-
phoma (PMLBCL) or T-cell/histiocyte-rich B-cell lym-
phoma (T/HLBCL). However, the number of those cases
in the study is low. The percentage of monoclonal small B
cells in the marrow did not exceed 4.5% of all nucleated
cells, and did not exceed 1.3% of nucleated cells in the
peripheral blood, in the 5 cases in which blood was ana-
lyzed (Table 4). None of the patients showed peripheral
blood lymphocytosis exceeding 5,000/mm?®, the upper
limit used for diagnosing monoclonal B-cell lymphocyto-
sis in the blood." The highest lymphocyte count recorded
was 2,700/mm® for patient 11. Importantly, clinical
records did not mention leukemia in any of the patients.
Follow-up bone marrow flow cytometry and morphology
were available for 4 patients. Three of those 4 continued
to show monoclonal small B cells in the marrow after
treatment, but none showed infiltration by DLBCL. The
level of monoclonal small B cells at follow up was
between 0.2% and 2%, with follow-up staging performed
at seven, eight, nine and 14 months, respectively.

The complete immunophenotype of the DLBCL as well
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Table 1. Clinical data of all patients in the study according to diffuse large B-cell lymphoma subtype.

DLBCL type NOS,GCB NOS,ABC  Testic CNS Leg-type T/HRBCL PMLBCL  DHBCL IVBCL PTBCL
Number 80 39 8 15 3 8 6 4 1 1
Median age (range) 64 (20-86) 71 (22-92) 64 (47-79) 64 (41-75) 61 (56-76) 54 (41-67) 31 (21-51) 53-74 54 72
Sex (% male) 57% 46% 100% 64% 0% 100% 20% 25% 100% 100%
Stage
I 13 (17%) 5 (14%) 3 15 3 0 2 0 0 0
11 19 (25%) 12 (34%) 3 0 0 1 2 0 0 0
11 18 (24%) 2 (6%) 0 0 0 2 1 0 0 0
\% 26 (34%) 16 (46%) 2 0 0 5 0 4 1 1
A 56 (74%) 16 (46%) 7 12 2 2 3 1 0 0
B 20 (26%) 19 (54%) 1 1 0 6 2 3 1 1
IPI
0-1 24 (30%) 8 (23%) 1 6 2 1 4 0 0 0
2-3 48 (59%) 17 (49%) 2 9 1 3 0 1 1 0
4-5 9 (11%) 10 (28%) 1 0 0 3 0 3 0 1

DLBCL indicates diffuse large B-cell lymphoma; NOS, not otherwise specified; GCB, germinal center B-cell type; ABC, activated B-cell type; TESTIC, testicular; CNS, central nervous sys-
tem,; T/HRBCL, T-cell/ histiocyte-rich B-cell lymphoma; PMLBCL, primary mediastinal large B-cell lymphoma; DHBCL, 'double hit' B-cell lymphoma with BCL2 and C-MYC gene translo-
cations; IVBCL, intravascular large B-cell lymphoma; PTBCL: posttransplantation diffuse large B-cell lymphoma; IPl, international prognostic index. Stage and IPI data were not avail-

able for all patients.

Table 2. Clinical data of patients with diffuse large B-cell lymphoma,
NOS with bone-marrow infiltration with MSBC.

Number 14
Median age (range) 74 (59-90)
Sex (%M) 36%
Stage
I 3
11 3
111 0
\% 5
A 6
B 5
IPI Score
0-1 4
2-3 4
4-5 3

DLBCL: diffuse large B-cell lymphoma; NOS: not otherwise specified; MSBC: monoclon-
al small B cells; IPI: international prognostic index. Stage and IPI data were not avail-
able for three patients.

as that of the associated monoclonal small B cells is given
in Table 4. Monoclonal small B cells could be identified by
immunoglobulin light chain restriction only (12 cases), by
an aberrant immunophenotype only (patients 1 and 24,
identified by B cells lacking immunoglobulin light chain
expression in both cases, either in combination with
bright expression of CD22 and absent CD24 expression
or coexpression of CD5, CD23 with absent EMC7 expres-
sion, respectively) or by a combination of immunoglobu-
lin light chain restriction with an aberrant phenotype (10
cases). The pathological marker expression of each case
has been summarized in Table 4. Of 24 monoclonal small
B cells, 15 displayed a non-CLL-like immunophenotype, 3
showed a CLL-like immunophenotype and the other 6
were unclassifiable because they displayed an atypical
expression of CD20 or FMC7 for CLL despite expression
of CD5 and CD23 or because the data were incomplete
(one case). Representative flow cytometric results are
illustrated in Omnline Supplementary Figure S1. It is of note

that the expression of CD5 or CD23 by the respective
monoclonal small B cells and DLBCL does not corre-
spond. None of the monoclonal small B-cell infiltrates
expressed cyclin D1.

Molecular clonality analysis

In 10 cases a diagnostic sample pair was available to
investigate whether the DLBCL and monoclonal small B
cells in the bone marrow were derived from the same B-
cell clone. However, this analysis was only successful for
patient 11. DNA degradation in the B5-fixed decalcified
bone marrow samples was the reason for failure in 9
cases. B5-fixed decalcified trephine biopsies have previ-
ously been reported to yield poor PCR results, likely due
to DNA fragmentation'® However, for patient 11, a stored
frozen bone marrow sample could be used for the analy-
sis. The rearranged IgH gene of the monoclonal small B
cells and the DLBCL of patient 11 showed a similar IgH
gene sequence, including the clone-specific CDR3 region
(Online Supplementary Figure S2). A somatic mutation fre-
quency of 2.9% with respect to the germ line gene
IGHV4-30-4.01 was found, with the same mutations
being present in the genes of bone marrow monoclonal
small B cells and the DLBCL.

Discussion

A systematic study of bone marrow infiltration in con-
secutive cases of various subtypes of DLBCL at our insti-
tution revealed that infiltration with DLBCL at diagnosis
is rather rare for DLBCL not otherwise specified (2.5%)
but more frequent for minor subtypes such as T-cell/histi-
ocyte-rich B-cell lymphoma and DLBCL with both C-
MYC and BCL2 translocation. By contrast, we found that
marrows in DLBCL not otherwise specified were infiltrat-
ed by monoclonal small B cells in 11.8% of cases, an unex-
pected finding. The same clone was also present in the
blood in 3 out of the 4 patients from whom blood samples
were available. In addition, follow-up samples after treat-
ment revealed persisting monoclonal small B cells in 3 out
of 4 patients. Monoclonal small B cells in DLBCL has not
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previously been reported. However, occult bone marrow
involvement by DLBCL has been reported.”" By defini-
tion, occult marrow infiltration cannot morphologically be
detected. However, it is assumed that monoclonal B cells
in such cases are DLBCL cells. Little emphasis has been
paid on the presence of small B cells in such marrows and
it is, therefore, not excluded that some of the cases report-
ed as occult bone marrow infiltration by DLBCL corre-
spond to infiltration by monoclonal small B cells. Hanson
et al. reported that 5 out of 75 of their cases with DLBCL
showed monoclonal cells in the marrow by flow cytome-
try, about 0.09-3%, without morphological evidence for
DLBCL infiltration.” Two of those 5 patients revealed a

PATIENT 11

PATIENT 4
v o;’

BSSMA{RO EAR

~
b

Figure 1. Wright's-stained bone marrow smears (original x 600) and
anti-CD20 stained sections of bone marrow trephines (original x
200) and hematoxylin and eosin stained tissue biopsies (original x
400) of patients 11 and 4 are illustrated. Small lymphoid cells
(arrows), likely corresponding to MSBC are seen in the smears. The
cells have round nuclei without prominent nucleoli and have varying
amounts of cytoplasm. The cells of patient 4, having MSBC with a
non-CLL-like phenotype have more cytoplasm than cells of patient
11, having MSBC with a CLL-like phenotype. The bone marrow
trephines of both cases show sparse and small collections of small
CD20" B cells. The tissue biopsies show diffuse infiltration with large
lymphoid cells with multiple nucleoli, typical of DLBCL. The images
were acquired with an Olympus BX50 microscope (Olympus
Corporation, Tokyo, Japan) equipped with a Hamamatsu C4742-95-
10SC camera (Hamamatsu Photonics K.K., Hamamatsu City, Japan).
The acquisition software was Paint Shop Pro 7.02 (Corel
Corporation, Ottawa, Canada).

- A.M. Tierens et al.

similar monoclonal cell population in the blood.
Interestingly, 4 out of these 5 patients had only localized
DLBCL. Similarly, Stacchini et al, Gomyo et al. and
Talaukar et al. detected monoclonal B cells by flow cytom-
etry in 2 out of 33, 9 out of 57, and 8 out of 21 of their
DLBCL cases, respectively, that showed no morphological
involvement of the bone marrow with DLBCL."*"

Of interest, DLBCL not otherwise specified with an
activated B-cell (ABC) immunophenotype showed a much
higher infiltration frequency with monoclonal small B
cells (28.2%) than DLBCL not otherwise specified with a
germinal center B-cell (GCB) immunophenotype (3.7 %)
(P=0.0002). Other DLBCL types and subtypes with a sup-
posed activated B-cell origin (5-7), such as testicular, cen-
tral nervous system and leg-type DLBCL showed a similar
high infiltration frequency with monoclonal small B cells
(50%, 26.7% and 66.7%, respectively). Whether those
monoclonal small B cells seen in the bone marrows of our
patients are similar to those cells seen in the blood of eld-
erly people, termed monoclonal B-cell lymphocytosis
(MBL), remains to be demonstrated."***”’ Monoclonal B-
cell lymphocytosis has been defined as a minimal clonal
small B-cell lymphoproliferation that does not meet the
criteria of established leukemia or lymphoma types."
Although we have no systematic data from flow cytomet-
ric analysis of peripheral blood in patients with DLBCL in
our study, monoclonal small B cells in the blood was
detected in 4 of the 5 patients for whom these data were
available and who presented with monoclonal small B
cells in the bone marrow. In those patients, monoclonal
small B cells in the blood showed a similar immunophe-
notype as that in the bone marrow (data not shown) which

Table 3. Incidence of bone marrow infiltration with MSBC and DLBCL.

DLBCL type/ N. of patients N. of patients N. of patients
localization with SMBC (%)  with BM DLBCL (%)
NOS 119 14 (11.8%) 3 (2.5%)
Nodal 4 5 (11.4%) 1 (2%)
Gastric 9 4 (44,4%) 0 (0%)
Extranodal, other 66 5 (7.6%) 2 (4.5%)
GCB 80 3 (3.7%) 2 (2.5%)
ABC 39 11 (28.2%) 1 (2.6%)
Testic 8 4 (50%) 0 (0%)
CNS 15 4 (26.7%) 0 (0%)
Leg type 3 2 (66.7%) 0 (09%)
PMLBCL 6 0 (0%) 0 (0%)
T/HLBCL 8 0 (09%) 2 (25%)
DHBCL 4 0 (0%) 4 (100%)
IVBCL 1 0 (0%) 1 (100%)
PTBCL 1 0 (0%) 1 (100%)
Total 165 24 (14.6%) 11 (6.7%)

MSBC: bone-marrow monoclonal small B cells; DLBCL: diffuse large B-cell lymphoma;
BM: bone-marrow; NOS: not otherwise specified; GCB: germinal center; B-cell type;
ABC: activated B-cell type; TESTIC: testicular; CNS: central nervous system; PMBCL: pri-
mary mediastinal large B-cell lymphoma; T/HRBCL: Tcell/histiocyte-rich B-cell lym-
phoma; DHBCL: double hit' B-cell lymphoma with BCL2 and C-MYC gene transloca-
tions; IVBCL: intravascular large B-cell lymphoma; PTBCL: posttransplantation diffuse
large B-cell lymphoma.
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like in 3 of 24 cases, the remaining being non-classifiable.
This contrasts with the high frequency of CLL-like
immunophenotypes for monoclonal B-cell lymphocytosis,
and may suggest a different origin for monoclonal small B

might suggest that monoclonal small B cells are similar to
monoclonal B-cell lymphocytosis described in elderly peo-
ple. However, the immunophenotypes of the monoclonal
small B cells are non-CLL-like in 15 of 24 cases and CLL-

Table 4. Immunophenotypes of concurrent diffuse large B-cell ymphoma and bone-marrow SMBC.

Pt. DLBCL Type/ DLBCL ABC/GCB Bone marrow SMBC immunophenotype PB ]
localization immunophemotype subtype (%) lymphocytosis

(cells/mm’)

I Nodal CD20-, CD10°, BCLS", GCB  CDI9, CD20br, CD22br, CD24, FMCT*,  NonCLL-ike 1% - 1300
MUMI*, CD30- CD5-, CD10-, CD23;, light chains-
2 Nodal  CD20,CD5 CDIO,BCLG",  ABC CD19", CD20+,CD22¢, FMCT, CD5, Non CLL-like ~ 0.5% NR
MUMI* CD23", Igic*
3 Nodal  CD20,CD5,CDI0,BCL6",  ABC CDI19-, CD20, CD22, (D24, Non CLL-ike  0.1% - 1000
MUMI", CD30+ ¢D5, CD10, Igic*
4 Nodal  CD20",CDI0,BCL6", MUMI*,  ABC CD19", CD20, CD22br, CD2Ad", Non CLL-Llike 0.5% 13% MR
CD30- FMCT+, CD5, D23, CD43", Igk*
5 Nodal  CD20r,CD5,CDI0- BCL-,  ABC CDI19", CD20°, CD22°, Non CLL-ike  1.5% - 1400
MUMi*, CD30- FMCT", CD5, CD23-, Igh*
6  Gastic  CD20’,CD5,CDI0,BCLE,,  ABC CD19", CD20, CD22d, CD24", SMBC,NC ~ 0.5% 0% 700
MUMI*, CD30 FMCT+,CD5*, CD23", CD43', Igc*
7 Gastric CD20", CD5-, CDI0, ABC CD19d", CD20b, CD22+, CD24d, Non CLL-ike ~ 0.7% - 2600
BCL*, MUM1* FMCT-, CD5", CDI0-, Igk*
8  Gastric  CD20,CDI0- BCL6'MUMI-  GCB CDI19", CD20b, CD22b, CD24d", Non CLL-ike ~ 0.5% 1100
CD5', CD10, Igh*
9 Gastric  CD20°,CD5,CDI0,BCL6,  GCB  CDIY,CD20%,CD22d", CD5,, CDI0, Igx*  Non CLL-ike 25% - 2200
MUMI-, CD30-
10 Extranodal, ~ CD20",CD5,CDI0,CD23,  ABC  CDI9,CD20",CD5, CDI0, CD23, Igx*  Non CLLike 1% 2500
other BCL6*, MUMI*, CD30™
11 Extranodal, CD20", CD5",CDI0, ABC CDI19", CD20d, CD22d", CD24", CLLlke 3% 1% 2700
other BCL6* MUMI*, CD30- FMCT,CD5, CD10, CD23", Igh*
12 Extranodal,  CD20%, CD5, CDIO, ABC CD19, D20, CD22d, CD5", SMBC,NC 2% 900
other BCL6*, MUMI*, CD30- CDI0, Igic*
13 Extranodal, ~ CD20r,CD5,CDI0-,CD23,  ABC CDI19", CD20, CD22, CD24, SMBC,NC ~ 0.5% - 600
other BCL6*, MUML*, CD30- CD5*, CDI0-, Igk*
14  Extranodal, ~ CD20,CD5,CDI0,CD23,  ABC CDI19", CD20d, CD22", FMCT-, CLLlke 1% NR
other BCL6*, MUMI", CD30° CD5*, CD23", CDA3", Igic*
TESTICULAR
15 CD20+, CD5", CD10-, BCL6", CD19", CD20d, CD5*, CDIO, Non CLL-ike  1.5% - 1200
MUMI", CD30- CD23-, Igc*
16 CD20", CD5-, CD10-, BCL6", CD19+, CD20-, CD22+, FMCT, Igic* SMBC,NC  0.7% 1100
MUMI+, CD30
17 CD20", CD5", CD10-, BCLE", CDI19", CD20d, CD22d, CD5*, Igk* SMBC,NC ~ 0.4% 0.1% 1100
MUMI*, CD30-
18 CD20", CD5-, CD10, BCLS", CD19", CD20°, CD22*, FMCT*, CD79b, Non CLL-ike 1% 2400
MUMI", CD30- CD5CDI0, CD23*, Igk*
CNS
19 CD20", CD5", CD10, CD23:, CD19°, D20, FMCT*,CD5", SMBC,NC ~ 45% - 2000
BCL- CDI10', CD23, Igh*
20 CD20", CD5, CD10-, BCL6- CD19", CD20", CD5-, CD10-, lige* Non CLL-ike ~ 0.5% 100
21 CD20", CD5", CD10', BCLE", CDI19", CD20', CD22, CD24;, Non CLL-ike <0.5% - 1600
MUM1+, CD30* CD5, D10, Igic*
22 CD20", CD5-, CD10-, BCLG- CDI19-, CD20+, CD22, CD24:, Non CLL-like 35% 2500
FMCT", CD5, CD10, CD23-, Igh*
LEG-TYPE
23 CD20+, CD5", CD10-, BCLS, CD19", CD20+, CD22b, CD24d", Non CLL-like < 05% <03% 700
MUMI+, CD30+ CD5, CD10-, CD23;, Igk*
4 CD20", CD10-, BCLE", CDI19", CD20d", CD22d, CD24", CLLAike  0.5% : 500

MUMI, CD30*

FMCT-, CD5+, CD23+, CD43", light chains~

DLBCL: diffuse large B-cell lymphoma; SMBC: small monoclonal B cells; ABC: activated B cell; GCB: germinal center B cell; BM: bone-marrow; PB: peripheral blood; (%): percentage of cells

with regard to all nucleated cells present; CLL: chronic lymphocytic leukemia; NC: non-classifiable.
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cells and monoclonal B-cell lymphocytosis. The preva-
lence of monoclonal B-cell lymphocytosis in the peripher-
al blood is between 0.5% and 1% of the adult population,
but increases with age to as much as 5% in the seventh
decade of life*”™ or even higher in one recent study using
a more sensitive technique.”® Of note, the incidence of
bone marrow monoclonal small B cells in patients with
DLBCL of the ABC subtype is higher than that of mono-
clonal B-cell lymphocytosis in a healthy population.
Moreover, the incidence of non-CLL-like monoclonal
small B cells in our patients with ABC DLBCL (26.7 %), is
even higher when compared to the incidence of non-CLL-
like monoclonal B-cell lymphocytosis in an age-matched
population, which is about 1-2%.°*

Discordant bone marrow involvement in DLBCL has
been reported before and its frequency may be as high as
38%.2*” 1t is defined as the presence of small cell non-
Hodgkin’s lymphoma in the bone marrow of patients
with DLBCL at diagnosis. The bone marrow lymphoma
can be clonally related as well as be clonally unrelated to
the DLBCL.* Such cases with discordant marrow involve-
ment are rare in our series (n=4) and have been excluded
from the study. Whether bone marrow monoclonal small
B cells in DLBCL is the lower end of the spectrum of dis-
cordant marrow lymphoma cannot be excluded.
However, the lymphoma in the bone marrow of cases
with discordant extra-medullar DLBCL is mostly follicular
lymphoma;* none of the monoclonal small B cells associ-
ated with DLBCL in our study display the immunopheno-
type of follicular lymphoma.

We could not systematically study the clonal identities
of monoclonal small B cells in the marrow because of lack
of proper materials in this retrospective study. It is of inter-
est that of the 24 patients with monoclonal small B cells,
10 have discordant immunophenotypes with the paired
DLBCL. In 9 of these cases, monoclonal small B cells
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