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Abstract

High-count monoclonal B-cell lymphocytosis (MBL) with a chronic lymphocytic leukemia
(CLL)-phenotype is a well-known entity, featuring 1-4% annual risk of progression
towards CLL requiring treatment. Lymphoma-like MBL (L-MBL), on the other hand,
remains poorly defined and data regarding outcome are lacking. We retrospectively
evaluated 33 L-MBL cases within our hospital population and compared them to 95
subjects with CLL-like MBL (C-MBL). Diagnoses of L-MBL were based on asymptomatic
B-cell clones with Matutes score <3, B-cells <5.0 x 10%/ul, and negative computerized
tomography scans. We found that median B-cell counts were considerably lower compared
to C-MBL (0.6 vs 2.3 x 10%/ul), and remained stable over time. Based on
immunophenotyping and immunogenetic profiling, most L-MBL clones did not correspond
to known lymphoma entities. A strikingly high occurrence of paraproteinemia (48%),
hypogammaglobulinemia (45%) and biclonality (21%) was seen, these incidences being
significantly higher than in C-MBL (17%, 21% and 5%, respectively). Unrelated
monoclonal gammopathy of undetermined significance was a frequent feature, as the light
chain type of 5/12 paraproteins detected was different from the clonal surface
immunoglobulin. After 46 months median follow-up, 2/24 patients (8%) had progressed
towards indolent lymphoma requiring no treatment. In contrast, 41% of C-MBL cases
evolved to CLL and 17% required treatment. We conclude that clinical L-MBL is
characterized by pronounced immune dysregulation and very slow or absent progression,

clearly separating it from its CLL-like counterpart.
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Introduction

Monoclonal B-cell lymphocytosis is defined as a small monoclonal B-cell population (B-
cells <5.0 x 10%/ul) present in the peripheral blood of persons without B-symptoms (eg.
weight loss and night sweating), autoimmune phenomena, lymphadenopathy or
organomegaly. Three types of MBL can be distinguished based on the expression of CD5
and CD23: CLL-like MBL (C-MBL), by far the most frequent form, with CD5 and CD23
positivity, atypical CLL-like MBL (CD5+, CD23-) and non-CLL-like MBL (CD5-) [1].
However, recent data have shown that an indolent form of mantle cell lymphoma exists,
which may account for a substantial percentage of MBL cases with a CD5+, CD23-
phenotype [2]. It is therefore more logical and practical to group this subtype together
with the non-CLL-like population, under the common name of non-Hodgkin lymphoma-
like MBL (L-MBL) [3].

The outcome of C-MBL mainly depends on the B-cell count at diagnosis. When B-
cell counts are below 0.5 x 10%/ul, also termed low-count MBL, progression is rare. These
clones are typically found when screening healthy subjects (‘screening” MBL) [4]. High-
count C-MBL, frequently found when investigating lymphocytosis (‘clinical’ MBL),
involves a risk of evolution to CLL requiring therapy of about 1-4% per year [5-8].
However, the 0.5 x 10%/pl cutoff has only been validated for C-MBL, and thus cannot be
readily applied to L-MBL.

While the characteristics of C-MBL are well documented, L-MBL remains largely
unexplored. Studies focusing on small non-CLL-like clones are scarce, and most do not
mention medical imaging as a way of ruling out B-cell non-Hodgkin lymphoma (B-NHL)
and/or include subjects with B-cell counts above 5.0 x 103/ul [9-14]. We aimed to
accurately define and characterize a number of clinical L-MBL cases, thus gaining a better
insight into the biology of L-MBL. We reviewed clinical, immunophenotypic and
immunogenetic characteristics at diagnosis, and evaluated the natural history of these

patients. A comparative analysis with C-MBL subjects was also performed.



Methods

Study population

The study was approved by the Ethics Committee of the University of Brussels. We
retrospectively analyzed the flow cytometric database of our laboratory at the University
Hospital of Brussels between 2000 and 2016. Cases of L-MBL were identified using the
criteria for MBL as defined by Shanafelt et al [1]. Cases with a Matutes score >3 were
excluded. All clinical and radiological data available in the patient’s data sheet, were
examined. Patients with a diagnosis of B-NHL, or in whom computerized tomography
scanning (chest and abdomen) was not performed, were omitted. We excluded all cases
with important cytopenia (hemoglobin <10g/dl, platelets <100 x 10%/ul or absolute
neutrophil count <0.8 x 103%/ul) that could not be explained by another pathological
condition in the patient, unless a BM specimen had clearly shown that cytopenia was not
caused by important lymphocytic invasion. C-MBL patients identified in the same time
frame were also studied. All met the criteria for MBL and had B-cell clones with Matutes

score >3,

Immunophenotyping

Three-color flow cytometric analysis was performed using standard methods [15] on a
Beckman Coulter XL (before April 2009) or FC500 instrument (after April 2009; Beckman
Coulter, Miami, FL) wusing the following multicolor antibody stainings: CD45-
phycoerythrincyanin 5.1 (PC5)/CD3-fluorescein isothiocyanate (FITC)/CD19-
phycoerythrin (PE); CD19-PC5/kappa-FITC/Lambda-PE; CD19-
PC5/immunoglobulin(lg)M-FITC/IgD-PE; CD19-PC5/1gG-FITC/IgA-PE; CD19-
PC5/isotype control(IC)-FITC/IC-PE. When a B-cell clone was detected (i.e. a skewed «/A
ratio of >3 or <0.3, or abnormal clustering in x or A) the following antibody stainings
were added: CD19-PC5/CD5-FITC/CD23-PE; CD19-PC5/CD20-FITC/CD10-PE; CD19-
PC5/FMC7-FITC/CD22-PE; CD19-PC5/CD103-FITC/CD25-PE; CD19-PC5/CD79b-
FITC/CD11lc-PE; CD19-PC5/CD24-FITC/CD138-PE; CD19-PC5/CD5-FITC/CD38-PE and
CD19-PC5/CD43-FITC. For each measurement, 2.5 x 10® B-cell events were collected.

Fluorospheres (Dako, Glostrup, Denmark) and SPHERO Calibration Particles (Spherotech,



Lake Forest, Illinois, USA) were used to monitor the fluorescence detection voltages and
the fluorescence linearity, respectively. The SPHERO particles were also used to
harmonize the Beckman Coulter FC500 with the XL instrument, leading to identical

results on both machines.

Serum immunoglobulin analysis

Serum protein electrophoresis was performed by capillary electrophoresis (Capillarys 11,
Sebia, Norcross, GA, USA). When a paraprotein was detected, immunofixation
electrophoresis (Hydragel, Sebia) was used for isotype identification.
Hypogammaglobulinemia was defined as a decrease in the gamma zone below 8 g/l
(locally defined reference range). Cases with a paraprotein together with normal or
increased gamma  globulin levels were considered uncertain of  having

hypogammaglobulinemia , and were removed from data analysis.

Histopathology and immunohistochemistry

Bone marrow trephine biopsy specimens were routinely embedded in paraffin, and the
original diagnostic sections were used for this study. The sections were stained with
hematoxylin and eosin to evaluate morphologic features. Staining for CD79a was
performed in all biopsies. CD20, CD45 and CD3 antibodies were used in most cases, at the

discretion of the pathologist.

Analysis of IGHV gene rearrangements

DNA-PCR amplification and sequencing of IGHV gene rearrangements was performed
following an established protocol, as previously described [16]. The international
immunogenetics information system (IMGT) database and the IMGT/V-QUEST tool were
used to analyze the sequence data. Somatically mutated sequences with >3% deviation

from the germline sequence were considered significantly mutated [17].

Statistical analysis



Nonparametric methods were applied because most parameters were not normally
distributed. Median value and range were determined for each parameter. To assess
differences in continuous data, the Wilcoxon signed-rank test was used for paired samples,
and the Mann-Whitney U test for independent samples. The Chi-squared test was used to

compare nominal variables in independent samples.

Results

Patient characteristics

By reviewing our flow cytometry records, 33 patients could be classified as having L-MBL
(Table 1). None presented with B-symptoms or autoimmune phenomena. Lymphadenopathy
and splenomegaly were undetectable by clinical examination, and absent on computerized
tomography scans in all patients. Most L-MBL cases were referred for a hematological
workup because of mild lymphocytosis, anemia or presence of a paraprotein. A negative
hepatitis C serology was seen in all cases with available data (11/33). In the same time
period, 95 C-MBL patients were identified. Basic laboratory and clinical characteristics of
both groups are shown in Table 2. In addition, we identified five patients with both a L-
and C-MBL clone. These were not included in either cohort, and are discussed separately.
In five L-MBL patients a hemoglobin value <10 g/dl was present at diagnosis but could be
clearly attributed to a persistent infectious process, and normal values were seen before
start of the infection. For the same reason, high maximum platelet, leukocyte and
neutrophil counts were noted in our study population (Table 2). One patient had an
absolute neutrophil count <0.8 x 10%/ul which was accredited to coexistent chronic

myelomonocytic leukemia.

Serum immunoglobulin analysis

A paraprotein could be detected by serum protein electrophoresis in 16/33 L-MBL patients
(Table 1). In most cases the size of the monoclonal peak was too small for accurate
quantification. Immunofixation was successfully performed in 10/16 patients with a
monoclonal gammopathy, and detected twelve paraproteins. In 5/12 paraproteins (5/10

patients) the light chain did not match the surface immunoglobulin (slg) on the



monoclonal B-cells. Four of these unrelated paraproteins were of the 1gG isotype. In the
five remaining patients with available data, both the paraprotein heavy and light chain
were of the same type as the slg. Monoclonal gammopathy was significantly less prevalent
in C-MBL cases (Table 2). The paraprotein light chain was different from the slg light
chain in six out of thirteen C-MBL patients with available immunofixation data. A
discordance in the heavy chain isotype was observed in four of the other seven C-MBL
cases with available data. Each of these had a B-cell clone with IgMD kappa expression on
the surface, and an associated 1gG kappa paraprotein.

Out of 22 L-MBL cases with available data, ten had hypogammaglobulinemia which

was significantly more than in C-MBL (Table 2).

Bone marrow examination

A BM biopsy was available in 12 patients. In 6 cases there was no clear infiltrate
detectable; all had a B-cell count <1.0 x 10%/pl. An interstitial infiltration of scattered
cells could be seen in 5/6 other cases, and in one patient a paratrabecular pattern of
invasion was observed (Fig. 1). All six patients with clear invasion presented with >1.0 x
103/l B-cells. Flow cytometric data analysis could demonstrate BM infiltration by the
monoclonal B-cell population in all 14 patients with available data, with a maximum

invasion of 20% relative to the nucleated cell population.

Genetic analysis
Thirteen monoclonal Ig rearrangements were found in 12 patients with available data
(Table 1). Eleven clones (85%) used IGHV3- and IGHV4-family genes, and an equal

proportion (11/13) had significantly mutated IGHV genes.

Flow cytometric analysis at diagnosis and during follow-up

Thirty-six L-MBL clones were detected in 33 patients (Table 1). At diagnosis, the median
B-cell count was 0.6 x 103/ul which was significantly lower than in C-MBL patients (Fig.
2a). The percentage of monoclonal B-cells among the total B-cell population was 80%

(median value; range 13-100%). Twenty-one monoclonal populations (64%) presented with



kappa light chain restriction. Two clones had coexpression of p and y heavy chains, and
slg was not detectable in one case. An immunophenotype not specific for one of the WHO
lymphoma entities was observed in 28/36 cases (78%). Eight clones had a more distinct
lymphoma  phenotype. Three resembled the phenotype of splenic B-cell
lymphoma/leukemia unclassifiable (SLLU), encompassing hairy cell leukemia-variant and
splenic red pulp lymphoma, overlapping entities with similar immunophenotypic features
[18]: CD25- and CD103+ or a combination of CD11c, bright CD22 and coexpression of p
and y heavy chains. A mantle cell lymphoma-like phenotype (CD5+, CD23-, CD11c- and
slgMD+) was seen in two cases. Two clones had a follicular lymphoma-like phenotype
(CD10+), while one was suggestive of a LPL phenotype (IgM+, IgD-, CD25+ and CD38+).
Due to the retrospective nature of this study, it was not possible to perform additional
molecular testing in order to better characterize these cases.

Flow cytometric follow-up data were available in 19 patients with a median follow-
up time of 41 months. B-cell counts at follow-up were not significantly different from the
values at diagnosis, contrasting with results in C-MBL (Fig. 2b). All clones persisted, and

two L-MBL patients presented with more than 5.0 x 10%/ul B-cells at follow-up.

Biclonal cases

Eight out of 133 MBL (6%) patients had a second clone. Combinations of C-MBL and L-
MBL were most common (n=5), and three patients had a double L-MBL clone. Subjects
with two C-MBL clones were not seen. From these data we can derive that biclonality was
present in 8/38 (21%) patients with a L-MBL clone and in 5/100 (5%) patients that
harbored a C-MBL clone, which proved statistically different (p-value 0.004).
Immunogenetic analysis was performed in two biclonal cases and usage of two different

IGHV genes was demonstrated in both.

Clinical follow-up
Twenty-four L-MBL patients could be followed in time, with a median duration of 46
months (range 1-108 months). Twenty-one cases presented with a stable disease course,

remaining without symptoms, clinically palpable lymph nodes or splenomegaly (Table 1).



Two patients (8%) progressed to lymphoma. At three years from diagnosis, patient #26
showed lymphocytosis with >5.0 x 103/ul B-cells, and developed mild splenomegaly and
lymphadenopathy. Because of age and a symptom-free presentation, treatment was not
given. She died from acute heart failure four months after progression. A substantial B-
cell infiltration of BM and lymph nodes was revealed by the autopsy. Immunohistological
examination of the spleen disclosed a diffuse invasion of the red pulp leading to a SLLU
diagnosis. Patient #3 evolved towards B-cell lymphocytosis above 5.0 x 103/ul while also
developing axillary lymphadenopathy with indolent behavior. Up until present (3.5 years
after progression) the patient is still untreated and in excellent condition, withholding the
clinician from Ilymph node biopsy. The monoclonal gammopathy of undetermined
significance (MGUS) detected in patient #9 (with light chain different from the slg on the
B-cells) progressed to multiple myeloma 17 months after diagnosis. Because of multiple
comorbidities, curative treatment was not considered. In the C-MBL group, incidences of

both progression and therapy-requiring disease were significantly higher (Table 2).

Discussion

MBL is a rather common finding amongst healthy individuals. Several large screening
studies have disclosed a prevalence ranging from 0.6% to more than 20% in persons older
than 60 years, depending on the sensitivity of the used technique [1]. In healthy blood
donors, a prevalence of approximately 7% was observed [19]. The current consensus is a
prevalence of 3-5% for persons older than 40 years [20]. For L-MBL, the prevalence
varies around 1-2% in the overall population [21, 22]. Few data exist for high-
count/clinical MBL. Rawstron et al. found 309 cases of C-MBL in 2228 subjects referred
for lymphocytosis (13.9%), but the prevalence of clinical L-MBL was not mentioned in
this study [5]. In our patient cohort, we found an L-MBL prevalence that was roughly
three times lower compared to C-MBL, although this is biased due to the fact that 40
presumed L-MBL cases were omitted because of missing imaging studies.

A second MBL clone was detected in 21% of our L-MBL patients, in line with a
previous report [23]. Important immunophenotypic differences between both clones were

seen in all these cases, suggesting an unrelated origin. Two such patients in whom



immunogenetic analysis was performed, showed usage of two different IGHV genes,
thereby reinforcing this hypothesis. Flow cytometric detection of two concurring CLL-like
clones has rarely been reported [22, 24, 25], and was also not observed in our patient
group. We presume that it is more difficult to identify because both clones will have an
identical immunophenotype in most cases. However, by using molecular techniques,
oligoclonality was detected in almost one-quarter of low-count C-MBL cases [26]. In
contrast, CLL is mostly monoclonal [27]. It is postulated that, in the oncogenesis of CLL,
one C-MBL clone achieves dominance over the others and progresses to clinical CLL [28].
Whether this also occurs in L-MBL is a topic for further study.

We detected a paraprotein in almost half of the L-MBL cases, which is
considerably more frequent than in other B-cell lymphoproliferative disorders such as C-
MBL (17%), CLL (4-20%) [29, 30] and B-NHL (17-28%) [31-33]. More striking was the
discordance between the isotype of the paraprotein and the slg on the clonal B-cells. From
our data we can deduce that in nearly one-quarter of L-MBL patients a paraprotein is
present with a Ig light chain that differs from the slg, indicating coexistent MGUS. The
prevalence of MGUS in the general elderly population has been estimated at 3.2% [34],
and could therefore only account for about one eighth of the incidence in our L-MBL
cohort. The true prevalence of MGUS in L-MBL could be even higher since paraproteins
with light chains identical to the slg might also be unrelated, but this would require
sequencing analysis. Few data exist concerning the coincidence of MGUS and B-cell
lymphoproliferative disorders because the relationship between the isotype of the
paraprotein and the slg has rarely been studied. Hansen DA et al. reported on this subject
for HCL and CLL [35]. From their data we can deduce an MGUS prevalence of 8.5% and
6.5% in HCL and CLL, respectively. The latter contrasts with a more recent study,
demonstrating a 100% light chain isotype concordance in 27 CLL patients with
paraproteinemia [30]. In 63 clinical MBL patients, an unrelated MGUS was seen in two
cases (3%) [14]. For one patient of our cohort it was clear that the paraproteinemia
derived from a plasma cell clone, because of progression towards multiple myeloma with
identical Ig isotype. This association between MBL and plasma cell dyscrasia has recently

been documented. Using molecular techniques, a B-cell clone was found to be present in
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16% of myeloma patients [36]. However, the association was less clear for MGUS, where
only 2% had a detectable MBL. Genetic analysis showed that, in all these cases, the B-cell
clone was unrelated to the plasma cell malignancy. It is speculated that both plasma cell
and B-cell clones arise from cells developing in an underlying microenvironmental niche
that promotes clonal evolution. The high frequency of biclonality and MGUS in L-MBL
indeed suggests an oligoclonal diversification process. A possible explanation comes from
the study of oligoclonality in C-MBL that has shown an antigen-initiated process in some
subjects [28]. Of note, when comparing heavy chain isotypes between the paraprotein and
the slg, we noticed a perfect agreement in the non-MGUS L-MBL group, but a discordance
in the C-MBL group for over half of the patients. The latter possibly reflects the potency
of isotype-switching by CLL cells [37], or it might yet be another manifestation of
oligoclonality.

The high prevalence of hypogammaglobulinemia in our C-MBL (21%) and
especially L-MBL population (45%) is another remarkable finding, and could explain the
elevated risk of infections associated with MBL [38]. A previous report found an
occurrence of 29% in MBL patients [39], as opposed to another study reporting only 1%
[40]. Differences in the phenotype (L-MBL/C-MBL) and the absolute B-cell count may
contribute to these dissimilarities but this information was not available in the
aforementioned studies. Hypogammaglobulinemia in other B-cell malignancies is rarely
seen, except in CLL where it is common. Studies on CLL have put forward a diminished
pool of normal CD5-negative B-cells as an explanation [41]. However, we could not find a
correlation between the remainder of normal B-cells and the presence of
hypogammaglobulinemia (data not shown). Alternatively, the nonclonal B-cells may be
functionally inhibited by their clonal counterpart.

Ten out of 36 L-MBL clones had an immunophenotype that matched a WHO
lymphoma entity with a (semi-)specific phenotype such as SLLU, LPL, follicular or
mantle cell lymphoma, demonstrating the phenotypic heterogeneity among L-MBL. The
majority however had a non-specific expression of surface antigens. By means of
exclusion, one could postulate that these were either splenic marginal zone lymphoma

(SMZL)-like or LPL-like clones. However, the immunogenetic profile did not match
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either. None of the analyzed cases carried a clone with usage of the IGHV1-2*04 gene, and
only two clones had a IGHV gene that was not significantly mutated. Both features are
common in SMZL, being present in 31% and 51% of the cases, respectively [17]. As was
already suggested by Xochelli et al., these non-CLL-like clones appear to have a better
immunogenetic match to SLLU than to SMZL [12]. Also, histological examination of the
spleen, available in one of our patients with a non-specific L-MBL, revealed a diffuse
infiltration of the red pulp, diagnostic of SLLU rather than SMZL. The MYD88 L265P
mutation, strongly associated with LPL [42], was detected in only 1/14 L-MBL cases (data
not shown). In a recent report, this genetic abnormality was also found in 10/53 patients
with a marginal zone-like clonal lymphocytosis (also involving clones >5.0 x 10%/ul) [43].
Although these data seem to suggest that most L-MBL clones are unrelated to either SMZL
or LPL, they do not exclude it. An explanation can be derived from studies analyzing the
Ig repertoire in C-MBL. Herein, investigators have disclosed a different immunogenetic
profile in low-count C-MBL compared to CLL. Unmutated IGHV genes for example,
present in 40-50% of CLL, were only seen in 30% of C-MBL. Likewise, the IGHV1-69
gene, present in 10-20% of CLL was not detected in C-MBL. Based on the genetic
differences between both entities, it is hypothesized that only specific subgroups of low-
count C-MBL progress to CLL [25]. Finally, it is conceivable that some L-MBL clones
derive from an occult mucosa-associated lymphoid tissue lymphoma. Previous studies,
however, have shown that this is a rather rare finding in patients with non-CLL-like
lymphocytosis [12].

With regard to the natural course of L-MBL, Nieto et al. reported absent
progression in 13 healthy subjects, with an average clone size of 0.2 x 10%/pl, after one
year of follow-up [23]. In 102 asymptomatic patients with a marginal zone-like B-cell
clone, progression was seen in 17 cases [12], but this study also included patients with B-
cell counts above 5.0 x 103/ul, making it difficult to compare data. In our cohort, we have
shown that the clone size remained small in the majority of the patients, as reflected by
very stable median B-cell counts. Conversely, C-MBL patients showed progressive B-cell
counts in a significant number of patients (Fig. 2b). This finding could well explain the

three-fold difference in B-cell counts between both groups at diagnosis (Fig. 2a). We did

12



not see any clone disappear during follow-up, contrasting with the study of Fazi et al.
showing a non-detectable clone after three years in 33% of persons with a CD5-negative
screening MBL [4]. However, the clone size in these cases was much smaller than in our
cohort, and might explain its transient nature. During the first three years of follow-up,
our C-MBL group presented with a 4.2% annual risk of evolution to CLL requiring
therapy, comparable to what was reported by an Italian group [7], but considerably more
frequent than in other studies [5, 6, 8]. Because of its natural course, annual follow-up by
a hemato-oncologist is put forward as a guideline for management of clinical C-MBL. For
clinical L-MBL, follow-up every 6-12 months is advised, although data regarding outcome
were nonexistent until now [1]). Based on our results, documenting very indolent
behavior, such a stringent follow-up may not be indicated.

In summary, we have shown that L-MBL patients often present with multiple B-cell
clones and/or unrelated paraproteins, possibly reflecting an antigen-driven oligoclonal
diversification process. Taken together with the high incidence of
hypogammaglobulinemia , it suggests a dysregulated immune system in these subjects. The
frequent finding of seemingly unrelated MGUS in L-MBL patients is intriguing as to its
origin. It may prompt looking for clonal plasma cell populations, or utilizing more
sensitive flow cytometry methods in order to detect smaller B-cell clones. Finally, the
outcome of L-MBL appears very favorable compared to C-MBL, but from our data we
could not extract criteria for patient follow-up. Prospective studies with larger cohorts

will need to address this issue.

Author Contributions

SVM and KJ designed the study. SVM analyzed the data, and wrote the paper. BH and RS
performed diagnoses. WR performed immunophenotyping analyses. MB and BM were
responsible for molecular data analysis, and HDR for interpretation of pathologic
findings. KJ supervised the study. BH, WR, MB, BM, HDR, RS and KJ reviewed drafts of

the paper and approved the final version.

13



Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of interest.
References
1. Shanafelt TD, Ghia P, Lanasa MC, Landgren O, Rawstron AC (2010) Monoclonal B-cell

10.

11.

lymphocytosis (MBL): biology natural history and clinical management. Leukemia 24:512-520

Ondrejka SL, Lai R, Smith SD, His ED (2011) Indolent mantle cell leukemia: a clinicopathological
variant characterized by isolated lymphocytosis interstitial bone marrow involvement kappa light chain
restriction and good prognosis. Haematologica 96:1121-1127

Mulligan SP (2012) Monoclonal B-lymphocytosis: reflections and definitions. Leuk Lymphoma
53:1647-1650

Fazi C, Scarfo L, Pecciarini L, Cottini F, Dagklis A, Janus A, Talarico A, Scielzo C, Sala C, Toniolo D,
Caligaris-Cappio F, Ghia P (2011) General population low-count CLL-like MBL persists over time
without clinical progression although carrying the same cytogenetic abnormalities of CLL. Blood
118:6618-6625

Rawstron AC, Bennett FL, O'Connor SJ, Kwok M, Fenton JA, Plummer M, de Tute R, Owen RG,
Richards SJ, Jack AS, Hillmen P (2008) Monoclonal B-cell lymphocytosis and chronic lymphocytic
leukemia. N Engl J Med 359:575-583

Shanafelt TD, Kay NE, Rabe KG, Call TG, Zent CS, Maddocks K (2009) Brief report: natural history
of individuals with clinically recognized monoclonal B-cell lymphocytosis compared with patients with
Rai 0 chronic lymphocytic leukemia. J Clin Oncol 27:3959-3963

Rossi D, Sozzi E, Puma A, De Paoli L, Rasi S, Spina V, Gozzetti A, Tassi M, Cencini E, Raspadori D,
Pinto V, Bertoni F, Gattei V, Lauria F, Gaidano G, Forconi F (2009) The prognosis of clinical
monoclonal B cell lymphocytosis differs from prognosis of Rai O chronic lymphocytic leukaemia and is
recapitulated by biological risk factors. Br J Haematol 146:64-75

Scarfo L, Zibellini S, Tedeschi A, Maura F, Neri A, Bertazzoni P, Sarina B, Nalli G, Motta M, Rossini
F, Cortelezzi A, Montillo M, Orlandi E, Ghia P (2012) Impact of B-cell count and imaging screening in
cMBL.: any need to revise the current guidelines. Leukemia 26:1703-1707

Wang C, Amato D, Fernandes B (2002) CD5-negative phenotype of monoclonal B-lymphocytosis of
undetermined significance (MLUS). Am J Hematol 69:147-149

Chen W, Asplund SL, McKenna RW, Kroft SH (2004) Characterization of incidentally identified
minute clonal B-lymphocyte populations in peripheral blood and bone marrow. Am J Clin Pathol
122:588-595

Amato D, Oscier DG, Davis Z, Mould S, Zheng J, Kolomietz E, Wang C (2007) Cytogenetic
aberrations and immunoglobulin VH gene mutations in clinically benign CD5- monoclonal B-cell
lymphocytosis. Am J Clin Pathol 128:333-338

14



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Xochelli A, Kalpadakis C, Gardiner A, Baliakas P, Vassilakopoulos TP, Mould S, Davis Z, Stalika E,
Kanellis G, Angelopoulou MK, Mclver-Brown N, Ibbotson R, Sachanas S, Korkolopoulou P,
Athanasiadou A, Anagnostopoulos A, Papadaki HA, Papadaki T, Stamatopoulos K, Pangalis GA,
Oscier D (2015) Clonal B-cell lymphocytosis exhibiting immunophenotypic features consistent with a
marginal-zone origin: is this a distinct entity? Blood 20:1199-1206

Kostopoulos 1V, Paterakis G, Papadimitriou K, Pavlidis D, Tsitsilonis OE, Papadhimitriou SI (2015)
Immunophenotypic analysis reveals heterogeneity and common biologic aspects in monoclonal B-cell
lymphocytosis. Genes Chromosomes Cancer 54:210-221

Voigtlaender M, Vogler B, Trepel M, Panse J, Jung R, Bokemeyer C, Bacher U, Binder M (2015)
Hospital population screening reveals overrepresentation of CD5(-) monoclonal B-cell lymphocytosis
and monoclonal gammopathy of undetermined significance of IgM type. Ann Hematol 94:1559-1565

Sanchez ML, Almeida J, Vidriales B, Lopez-Berges MC, Garcia-Marcos MA, Moro MJ, Corrales A,
Calmuntia MJ, San Miguel JF, Orfao A (2002) Incidence of phenotypic aberrations in a series of 467
patients with B chronic lymphoproliferative disorders: basis for the design of specific four-color
stainings to be used for minimal residual disease investigation. Leukemia 16:1460-1469

Noppe SM, Heirman C, Bakkus MH, Brissinck J, Schots R, Thielemans K (1999) The genetic
variability of the VH genes in follicular lymphoma: the impact of the hypermutation mechanism. Br J
Haematol 107:625-640

Bikos V, Darzentas N, Hadzidimitriou A, Davis Z Hockley S, Traverse-Glehen A, Algara P, Santoro A,
Gonzalez D, Mollejo M, Dagklis A, Gangemi F, Bosler DS, Bourikas G, Anagnostopoulos A, Tsaftaris
A, lannitto E, Ponzoni M, Felman P, Berger F, Belessi C, Ghia P, Papadaki T, Dogan A, Degano M,
Matutes E, Piris MA, Oscier D, Stamatopoulos K (2012) Over 30% of patients with splenic marginal
zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications.
Leukemia 26:1638-1646

Traverse-Glehen A, Baseggio L, Callet-Bauchu E, Ffrench M, Coiffier B, Salles G, Felman P, Berger F
(2010) Hairy cell leukaemia-variant and splenic red pulp lymphoma: a single entity? Br J Haematol
150:113-116

Shim YK, Rachel JM, Ghia P, Boren J, Abbasi F, Dagklis A, Venable G, Kang J, Degheidy H, Plapp
FV, Vogt RF, Menitove JE, Marti GE (2014) Monoclonal B-cell lymphocytosis in healthy blood
donors: an unexpectedly common finding. Blood 123:1319-1326

te Raa GD, van Oers MH, Kater AP, HOVON CLL working party (2012) Monoclonal B-cell
lymphocytosis: recommendations from the Dutch Working Group on CLL for daily practice. Neth J
Med 70:236-241

Rawstron AC, Green MJ, Kuzmicki A, Kennedy B, Fenton JA, Evans PA, O'Connor SJ, Richards SJ,
Morgan GJ, Jack AS, Hillmen P (2002) Monoclonal B lymphocytes with the characteristics of
“indolent” chronic lymphocytic leukemia are present in 35% of adults with normal blood counts. Blood
100:635-639

Ghia P, Prato G, Scielzo C, Stella S, Geuna M, Guida G, Caligaris-Cappio F (2004) Monoclonal CD5+
and CD5— B-lymphocyte expansions are frequent in the peripheral blood of the elderly. Blood
103:2337-2342

Nieto WG, Teodosio C, L6pez A, Rodriguez-Caballero A, Romero A, Bércena P, Gutierrez ML,
Langerak AW, Fernandez-Navarro P, Orfao A, Almeida J, Primary Health Care Group of Salamanca
for the Study of MBL (2010) Non-CLL-like monoclonal B-cell lymphocytosis in the general
population: prevalence and phenotypic/genetic characteristics. Cytometry B Clin Cytom 78:524-S34

15



24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Landgren O, Albitar M, Ma W, Abbasi F, Hayes RB, Ghia P, Marti GE, Caporaso NE (2009) B-cell
clones as early markers for chronic lymphocytic leukemia. N Engl J Med 360:659-667

Dagklis A, Fazi C, Sala C, Cantarelli V, Scielzo C, Massacane R, Toniolo D, Caligaris-Cappio F,
Stamatopoulos K, Ghia P (2009) The immunoglobulin gene repertoire of low-count chronic
lymphocytic leukemia (CLL)-like monoclonal B lymphocytosis is different from CLL: diagnostic
implications for clinical monitoring. Blood 114:26-32

Klinger M, Zheng J, Elenitoba-Johnson KS, Perkins SL, Faham M, Bahler DW (2016) Next-generation
IgVH sequencing CLL-like monoclonal B-cell lymphocytosis reveals frequent oligoclonality and
ongoing hypermutation. Leukemia 30:1055-1061

Fais F, Ghiotto F, Hashimoto S, Sellars B, Valetto A, Allen SL, Schulman P, Vinciguerra VP, Rai K,
Rassenti LZ, Kipps TJ, Dighiero G, Schroeder HW Jr, Ferrarini M, Chiorazzi N (1998) Chronic
lymphocytic leukemia B cells express restricted sets of mutated and unmutated antigen receptors. J Clin
Invest 102:1515-1525

Lanasa MC, Allgood SD, Volkheimer AD, Gockerman JP, Whitesides JF, Goodman BK, Moore JO,
Weinberg JB, Levesque MC (2010) Single-cell analysis reveals oligoclonality among ‘'low-count'
monoclonal B-cell lymphocytosis. Leukemia 24:133-140

Bernstein ZP, Fitzpatrick JE, O'Donnell A, Han T, Foon KA, Bhargava A (1992) Clinical significance
of monoclonal proteins in chronic lymphocytic leukemia. Leukemia 6:1243-1245

Xu W, Wang YH, Fan L, Fang C, Zhu DX, Wang DM, Qiao C, Wu YJ, LiJY (2011) Prognostic
significance of serum immunoglobulin paraprotein in patients with chronic lymphocytic leukemia. Leuk
Res 35:1060-1065

Troussard X, Valensi F, Duchayne E, Garand R, Felman P, Tulliez M, Henry-Amar M, Bryon PA,
Flandrin G (1996) Splenic lymphoma with villous lymphocytes: clinical presentation biology and
prognostic factors in a series of 100 patients Groupe Francais d'Hématologie Cellulaire (GFHC). Br J
Haematol 93:731-736

Economopoulos T, Papageorgiou S, Pappa V, Papageorgiou E, Valsami S, Kalantzis D, Xiros N,
Dervenoulas J, Raptis S (2003) Monoclonal gammopathies in B-cell non-Hodgkin's lymphomas. Leuk
Res 27:505-508

Asatiani E, Cohen P, Ozdemirli M, Kessler CM, Mavromatis B, Cheson BD (2004) Monoclonal
gammopathy in extranodal marginal zone lymphoma (ENMZL) correlates with advanced disease and
bone marrow involvement. Am J Hematol 77:144-146

Kyle RA, Therneau TM, Rajkumar SV, Larson DR, Plevak MF, Offord JR, Dispenzieri A, Katzmann
JA, Melton LJ 3rd (2006) Prevalence of monoclonal gammopathy of undetermined significance. N Engl
J Med 354:1362-1369

Hansen DA, Robbins BA, Bylund DJ, Piro LD, Saven A, Ellison DJ (1994) Identification of
monoclonal immunoglobulins and quantitative immunoglobulin abnormalities in hairy cell leukemia
and chronic lymphocytic leukemia. Am J Clin Pathol 102:580-585

Kriangkum J, Motz SN, Debes Marun CS, Lafarge ST, Gibson SB, Venner CP, Johnston JB, Belch AR,
Pilarski LM (2013) Frequent occurrence of highly expanded but unrelated B-cell clones in patients with
multiple myeloma. PLoS One 8:664927

Efremov DG, lvanovski M, Batista FD, Pozzato G, Burrone OR (1996) IgM-producing chronic
lymphocytic leukemia cells undergo immunoglobulin isotype-switching without acquiring somatic
mutations. J Clin Invest 98:290-298

16



38.

39.

40.

41.

42,

43.

Parikh SA, Kay NE, Shanafelt TD (2013) Monoclonal B-cell lymphocytosis: update on diagnosis
clinical outcome and counseling. Clin Adv Hematol Oncol 11:720-729

Glancy E, Siles R (2016) Monoclonal B-cell lymphocytosis and hypogammaglobulinemia. Br J
Haematol 173:316-317

Moreira J, Rabe KG, Cerhan JR, Kay NE, Wilson JW, Call TG, Leis JF, Jelinek DF, Schwager SM,
Bowen DA, Hanson CA, Slager SL, Shanafelt TD (2013) Infectious complications among individuals
with clinical monoclonal B-cell lymphocytosis (MBL): a cohort study of newly diagnosed cases
compared to controls. Leukemia 27:136-141

Dighiero G (2003) Unsolved issues in CLL biology and management. Leukemia 17:2385-2391

Varettoni M, Arcaini L, Zibellini S, Boveri E, Rattotti S, Riboni R, Corso A, Orlandi E, Bonfichi M,
Gotti M, Pascutto C, Mangiacavalli S, Croci G, Fiaccadori V, Morello L, Guerrera ML, Paulli M,
Cazzola M (2013) Prevalence and clinical significance of the MYD88 (L265P) somatic mutation in
Waldenstrom's macroglobulinemia and related lymphoid neoplasms. Blood 121:2522-2528

Kalpadakis C, Pangalis GA, Vassilakopoulos TP, Roumelioti M, Sachanas S, Korkolopoulou P,
Koulieris E, Moschogiannis M, Yiakoumis X, Tsirkinidis P, Pontikoglou C, Rondoyianni D, Papadaki
HA, Panayiotidis P, Angelopoulou MK (2016) Detection of L265P MYD-88 mutation in a series of
clonal B-cell lymphocytosis of marginal zone origin (CBL-MZ). Hematol Oncol doi:101002/hon23616

Figure legends

Fig. 1 Bone marrow pathology. Patterns of BM infiltration by mainly small B-
cells displaying (a) an interstitial pattern of infiltration (CD79a antibody), and (b)
a paratrabecular pattern of infiltration (CD20 antibody)

Fig. 2 B-lymphocyte counts in MBL. (a) B-cell counts at diagnosis. The whisker
boxes show the extreme values (vertical bars), the low and high quartiles (rectangles)
and the median values (horizontal bar); outliers are depicted with "+"; (b) B-cell
counts in MBL cases with FU flow cytometric data. Results are expressed as median
counts. N-meL=19, nc-meL=35; median follow-up time was 41 and 30 months
respectively *Statistically significant differences
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