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Keywords: Flow cytometry diagnostic practices can detect very low levels of clonal B cells in the peripheral

Monoclonal B-Cell lymphocytosis blood. In the absence of clinical symptoms, cytopenia or organomegaly, the small clones may

Chronic lymphocytic leukemia correspond to monoclonal B-cell leukemia (MBL) diagnosis. Most MBLs harbor a chronic lym-

EIUW cytometry phocytic leukemia (CLL) phenotype (e.g., CD5%, CD237") and are referred to as CLL-type MBL.
rogression

The two other types are atypical CLL-type MBL and non-CLL-type MBL. In addition to the phe-
notypical classification, the clonal B count is a major issue because of the impact on the prognosis
and the risk of progression in CLL. It allows for the discrimination of two distinct types: high-
count (HC) MBL and low-count (LC)-MBL based on a cutoff value of 0.5 x 10°/L clonal B cells. LC
MBL appears to be very stable over time and is probably related to immunosenescence.
Conversely, HC MBL could be a premalignant state before the occurrence of CLL.

Introduction

Monoclonal B-cell lymphocytosis (MBL) is characterized by the presence of less than 5 x 10° clonal B cells in the peripheral blood
in the absence of lymphadenopathy, splenomegaly and hepatomegaly, any other features of B-cell chronic lymphoproliferative
disorder (B-CLPD) or disease-related symptoms (unintentional weight loss, significant fatigue with Eastern Cooperative Oncology
Group (ECOG) performance scale 2 or worse, fever for 2 or more weeks without evidence of infection, night sweats without evidence
of infection). In contrast, chronic lymphocytic leukemia (CLL), the most prevalent lymphoid malignancy, is defined by the identi-
fication of more than 5 x 10° clonal B cells in the peripheral blood. CLL is a heterogeneous disease, with patients who survive for
many years or decades and other patients who have a rapidly fatal disease despite treatment. Based on the immunophenotypic
profiles of abnormal peripheral lymphoid cells, MBL is classified into three types: CLL-type, atypical CLL-type and non-CLL-type.
Because of the improved detection and identification of clonal B cells by increasingly sensitive flow cytometric techniques, a very low
level of clonal B cells can also be detected in the peripheral blood, especially in the healthy elderly population. Similar to CLL, MBL
appears to be heterogeneous with different profiles. Low-count (LC) MBL, defined by the presence of less than 0.5 x 10°/L clonal B
cells, can be a very stable condition over time. Conversely, high-count (HC) CLL-type MBL (> 0.5 X 10°/L clonal B cells) can progress
from a premalignant disease to a true CLL. This review aims to describe the epidemiologic, clinical and biological features of the three
different types of MBL.

Abbreviations: B-CLPD, B-cell chronic lymphoproliferative disorder; HC MBL, High-count monoclonal B cell lymphocytosis; LC MBL, low-count
monoclonal B cell lymphocytosis
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How to define MBL?

In 1975, the original Rai staging system was introduced to divide CLL patients into five different prognostic subgroups. Patients
with stage 0, a low-risk subgroup, presented with lymphocytosis > 15 x 10°/L, bone marrow infiltration with more 40% abnormal
lymphoid cells and no enlargement of the lymph nodes, spleen or liver. Furthermore, red blood cell and platelet counts were normal
[1]. The original Rai classification was subsequently modified to reduce the number of prognostic groups from 5 to 3. The criteria
required for CLL also changed over time with a decrease in the absolute lymphocyte count (ALC) to >5 x 10°/L in 1996. Consensus
guidelines from the World Health Organization (WHO) classification and International Workshop on Chronic Leukemia (iwCLL) now
require the presence of >5 X 10°/L clonal B cells for the diagnosis of CLL [2-5]. MBL is defined by a monoclonal B-cell count <
5 x 10° cells/L (< 5,000 B lymphocytes/uL) in the peripheral blood of people who have no associated clinical lymph node en-
largement or organomegaly, no disease-related cytopenias, any other feature of B-cell chronic lymphoproliferative disorder (B-CLPD)
or disease-related symptoms [2,3]. The concept of nodal MBL was introduced because a gray zone can exist between MBL and small
lymphocytic lymphoma (SLL). The term SLL is used for cases with a circulating CLL cell count < 5 x 10°/L and documented nodal,
splenic or extramedullary involvement. Patients with nodal MBL can have a subtle and/or focal abnormal lymphoid population with
no detectable lymphadenopathy or a spontaneous regression of lymph nodes that were enlarged at initial diagnosis [4]. An ALC
>5 x 10%/L needs clinical and biological investigation to clarify the etiology of lymphocytosis [5,6]. An interrogation, physical
examination and a careful review of peripheral blood smears are the first steps of the clinical investigation. Immunophenotypic
analysis must be performed if absolute lymphocytosis is sustained for at least three months [7]. The most common causes of lym-
phocytosis must be eliminated: reactive lymphocytosis (viral infections, autoimmune conditions, stress or hypersensitivity reactions),
smoking, splenectomy or persistent polyclonal B-cell lymphocytosis with binucleated lymphocytes (PPBL) [8]. Morphologic assess-
ment of peripheral lymphoid cells eventually suggests monomorphic infiltration. In CLL and MBL, mature lymphocytes with a narrow
border of cytoplasm and a dense nucleus lacking discernable nucleoli and partially aggregated chromatin are present. Gumprecht
nuclear shadows, or smudge cells, found as cellular debris, are additional common morphologic features. In the case of low-count (LC
MBL) (< 0.5 x 10°/L), morphologic examination is not sufficiently sensitive. Flow cytometry assessment of peripheral lymphoid
cells remains necessary in all cases. A screening panel based on surface protein markers, such as Lymphoid Screening Tube Euroflow
(CD45, CD19, CD20, lambda, kappa, CD38, DC3, CD4, CD8, CD56, TCRyd and CD5), could be useful to eliminate polyclonal lym-
phocytosis [9]. In the case of a monotypic abnormal B-cell population, other markers had to be added to achieve a better classifi-
cation of B-CLPD. The European Research Initiative on CLL (ERIC) and the European Society for Clinical Cell Analysis (ECCA)
recommended analyzing CD23, CD43, CD79b, CD81, CD200, CD10 and ROR1 [10]. To calculate the Royal Marsden Hospital (RMH)
score, FMC7 expression is also needed [11,12]. Most MBL cases are CLL-type (> 75%), characterized by a CLL phenotype including
CD5%, CD23%, weak expression of Smlg (often IgM with or without IgD), absence of FMC7 and weak or no expression of CD79b or
CD22. The MBL CLL-type immunophenotypic signature is indistinguishable from that observed in CLL. In the other 25% of cases of
MBL, B-cell clones have a different immunophenotypic profile and are classified as atypical CLL MBL (CD5*, CD20""#", variable
expression of CD23) and non-CLL-type (CD5- without evidence of other typical markers of lymphoproliferative disorders such as
CD10 in follicular lymphoma) [13]. To distinguish CLL-type from atypical CLL MBL, CD200 expression could be useful [14] but
doesn't exclude the need for t(11; 14) cytogenetic analysis based on some previously described non-nodal CD200 + mantle cell
lymphoma (MCL) studies [15]. A typical example of CLL-type MBL is shown in Fig. 1, with morphologic and phenotypic features.

How common is MBL?

CLL is the most common leukemia in the Western world and in the United States, with an incidence of 4.2:100 000/year [16,17].
The MBL frequency is estimated to be hundred times more common than CLL. CLL-type MBL is a common finding in the peripheral
blood of healthy subjects regardless of their geographic origin or context. The prevalence of MBL varies considerably by function of
the population studied (general population with normal blood count, hospital outpatient, age, sex) and sensitivity of the flow cy-
tometry analysis. In the initial reports, two colors were used until 10 colors were used in the more recent studies. The number of
acquired events is also a crucial element to improve the sensitivity (between 80000 and 5000000 cells). Thus, frequencies vary
between 0.08% and 20.9% for CLL-type MBL, near 1% for atypical CLL-type MBL and 0.04-6% for non-CLL-type MBL (Table 1). CLL-
type MBL varies with age: MBL is very rare under 40 years, and the prevalence increases with age, reaching 75% in patients older
than 90 years (Table 1). Most MBL patients have a normal absolute B-cell count, ranging from 0.170 to 0.300 G/L, the clonal B cells
accounting for a minimal percent of total B cells (less than 10%) (Table 1) [18-22]. In contrast to CLL, male predominance is not so
clear, except for the elderly patient group or MBL occurring in CLL families [18-20,23,24].

Risk factors for developing MBL

In addition to age, which is closely associated with MBL [25,32], a familial history of hematological or solid malignancies among
first-degree members of the family has been reported [32]. Among 505 first-degree relatives with no personal history of lympho-
proliferative disease from 140 families having at least two cases of CLL, 17% of relatives had MBL. Age was the most important
determinant where the probability for developing MBL by age 90 years was 61%. As is the case with CLL, males had a significantly
higher risk for MBL than did females. In first-degree relative patients with a family history of CLL, the relative risk of developing MBL
is four times higher than that observed in the general population, reaching 17-fold in adults < 40 years [33]. The MBL frequency has
been reported up to 13-18% [21,24,34]. Furthermore, the probability for a relative increases with male gender and age [24]. Another
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Fig. 1. Chronic lymphocytic leukemia (CLL)-type monoclonal B-cell lymphocytosis (MBL). Flow cytometry. A: Example of low-count CLL-type MBL
in blood samples with CD19/CD5/CDCD23/CD24/CD79b/FMC7/kappa/lambda combination. Normal B cells are in green, and CLL-type MBL cells
are shown in red. CLL-type MBL represents 0.4% of total lymphocytes (absolute abnormal B lymphocyte count = 0.006 x 10°/L). B: Example of
high-count CLL-type MBL in blood samples with CD19/CD5/CDCD23/CD24/CD79b/FMC7/kappa/lambda combination. Normal B cells are in
green, and CLL-type MBL cells are shown in blue. CLL-type MBL represents 81% of the total lymphocyte (absolute abnormal B lymphocyte count:
4.4 x 10°/L). Peripheral blood smears. C: Cytologic features. Mature lymphoid cells similar to those observed in chronic lymphocytic leukemia.
Patient with mature lymphoid cells CLL-type with mature clumped chromatin (black arrow) and Gumprecht shadow (red arrow).

risk factor for developing MBL is exposure to infections and immunodeficiency. A high frequency of MBL is observed in patients with
hepatitis C virus infection (HCV) [35]. Using a cross-sectional study design, MBL was significantly less common among individuals
vaccinated against pneumococcal infection or influenza. MBL patients were also more likely to report infectious diseases among their
children, respiratory disease among their siblings and personal history of pneumonia and meningitis [32]. Interestingly, kidney
transplantation does not seem to be a risk factor for developing MBL. Alfano et al. [36] described five cases of MBL in a series of 157
patients: 4 patients (2.6%) with non-CLL-type MBL and only 1 patient with CLL-type MBL (0.6%)) at a median age of 65 years which
is similar to the general population [36].

High-count MBL: a first step before the occurrence of CLL

An elegant study analyzed stored blood samples from healthy individuals enrolled in a prospective cohort study: 45 individuals
developed CLL. In the peripheral blood obtained up to 6.4 years before CLL diagnosis, a typical B-cell clone was identified in 44/45
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patients [37]. This study demonstrates that MBL could be an early step in the process of CLL development. Xenogeneic transplan-
tation of hematopoietic stem cells of CLL patients (HSC-CLL) in immunocompromised mice generates secondary B-cell monoclonal or
oligoclonal clones simulating MBL phases, suggesting that MBL is a preleukemic phase and that new oncogenic events are necessary
to transform MBL into CLL [38]. The results were recently confirmed in vivo in a large whole-genome analysis of MBL patients. Clonal
hematopoiesis was demonstrated in most MBL patients, as in myelodysplastic syndromes or acute myeloid leukemia [39]. The annual
rate to progression to CLL is 1-2% [13,22,40]. In a study including 227 patients with HC MBL, 34.5% of the patients progressed after
a median follow-up of 76 months, regardless of the MBL type [41]. In one another study, 15.5% of MBL patients needed treatment
compared to 30.5% of Rai 0 CLL cases after a median follow-up of 42.7 months [42].

Genetic aberrations in CLL-type MBL

Most biological studies have focused on CLL-type MBL. Cytogenetic abnormalities are very close to those found in low-risk
cytogenetic CLL [42]. 13q14 deletion and + 12 are the most frequent chromosomal aberrations involving nearly 50% and 10-20% of
MBL cases [22,41-46] (Table 2). The chromosomal abnormalities detected in high-risk cytogenetic CLL are uncommon in MBL:
deletions 17p13 and 11q22-q23 are present in less than 5% of MBL cases compared to 7% and 18% in CLL [47]. Gain of 2p [48] and
overexpression of miR-155 [49] or LEF-1, a crucial pro-B survival transcription factor, are rarely observed in MBL patients. CLL
patients are classified as mutated or unmutated based on the degree of somatic mutations in the gene of the heavy variable chain of
immunoglobulin (IGHV). The IGHV mutational status is clinically relevant, with an aggressive disease in unmutated IGHV CLL
patients and a more indolent course in mutated CLL patients. A mutated profile is observed in 70-80% of cases in MBL patients, a
frequency much higher than the rate observed in CLL patients but similar to Rai 0 CLL patients [42,43,46,50]. The IGHV gene
repertoire is different in MBL and CLL: the use of IGHV3-23 and IGHV4-59/61 is overexpressed in MBL, and IGHV1-69 is under-
expressed (Table 2) [18,43]. IGHV1-69, the most frequently rearranged V(H) gene, is associated with an unmutated profile and
unfavorable biologic characteristics in CLL, which is in line with T-independent B cell receptor (BCR) maturation [43,51-52]. In
contrast, IGHV 3-23 and IGHV 3-7 are associated with a high rate of somatic mutations [51]. No significant differences in the
mutational landscape were observed when using whole-genome analysis in LC CLL-type MBL, HC CLL-type MBL and stable CLL
patients for a very long time [39]. CLL is characterized by an adverse genetic landscape with driver gene mutations in pathways
considered central to disease pathogenesis, e.g., NOTCH and NF-kB signaling. The frequency of most driver gene mutations in CLL
tends to increase in aggressive/refractory cases, supporting their involvement mainly in disease progression. Few data concern the
genetic lesions in MBL: mutations in NOTCH1, known to confer a worse prognosis in CLL patients, are found in 10% of CLL-type MBL
cases with a lower variant allelic frequency compared to Rai 0 CLL (e.g., 20% in CLL vs. 4% in MBL cases for the same tumor burden)
[43,45,53]. Using transcriptomic analyses, significant differences were identified between normal memory B cells, CLL-type MBL and
CLL. CLL-type MBL upregulated crucial oncogenic genes, such as CTLA4, LEF1, ROR1, and TCL1A, but the differences were less
pronounced between CLL-like MBL and CLL. An enrichment of genes regulating the cell cycle is found in CLL compared to MBL [44].
As in CLL, CD38, CD49d and ZAP70 positive expression were also suggested as poor prognostic factors [40]. Interestingly, the
frequency of CD38-positive cases is identical in MBL and CLL (approximately 20% each) [42,46]. Because of new criteria of MBL [2],
some Rai 0 LLC were reclassified in MBL. In that case, bone marrow analysis showed a lesser involvement with a median of 20% of
lymphocytes and a lower prevalence of diffuse pattern compared to Rai 0 CLL [42].

High-count (HC) MBL versus low-count (LC) MBL: is it important to distinguish both types?

HC MBL, also named clinical MBL, is characterized by the presence of clonal B cells in the range of 0.5-5.0 X 10°/L. LC is defined
by an absolute count of clonal B cells < 0.5 x 10°/L and is more likely to be “accidentally” found in the general population in
screening studies. Oligoclonal or biclonal features are more common in LC MBL [50]. Genetic abnormalities are less frequent in LC
MBL than in HC MBL [43]. The somatic IGHV mutated profile is identical in LC and HC MBL [43]. Cytogenetic aberrations between
LC and HC MBL are similar, except for a lesser frequency or trisomy 12 [43]. Compared to HC CLL-type MBL, LC MBL have over-
represented IGHV-4 (notably IGHV4-59/61) and underrepresented IGHV1, but the frequency of unmutated cases is comparable
[18,50]. The overrepresentation of IGHV4-59/61 could be related to age, with a relationship being reported between IGHV-4-59/61
and age [18,50].

The decrease in immunocompetence in the elderly population is well described, with compromised B-cell compartments and
shrunken T cell repertoires that contribute to increased sensitivity to developing cancer [54-55]. In a study exploring the MBL
frequency in an HCV cohort, only LC MBL (monoclonal BALC [0.006-0.27 X 10°/L]) was reported [35]. These data support that LC
MBL could be preferentially related to an immunosenescence process or a chronic antigenic stimulation (Fig. 2). LC MBL seems to be
very stable over time. In a study with a follow-up of 7-years, the clone size increased in 69% of LC MBL patients, 1/54 patients
progressed to HC MBL, and no patient progressed to CLL [56].

Are there biomarkers predictive of evolution?

The outcome of MBL patients seems to be closely related to the absolute B-cell count regardless of the MBL type [22,40-42,57].
Generally, the median size of the MBL clone increased in HC MBL but also decreased and even disappeared in the case of LC MBL
[56,58]. Studies defined a threshold of approximately 3.7-4 x10° G/L of monoclonal CLL lymphocytes as a risk factor for predicting
progression to CLL/SLL [22,41,42]. MLB harboring driver mutations (SF3B1, BIRC3, DDX3X, CHD2, NOTCH1) had shorter time-to-
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Fig. 2. Model illustrating MBL progression. Designed according to Agathangelidis et al. [39], Kikushige et al. [38]. The figure was produced using
Servier Medical Art: www.servier.com.

treatment [59]; CD38, ZAP-70 and CD49d expression has also been associated with risk of progression, but del17p/+12 are the sole
independent predictor factors of treatment in multivariate analysis [42]. Furthermore, some studies have shown that subclonal
expansion was predictive of treatment or CLL progression [40,43,59]. In a large prospective series of HC MBL, acquisition of cyto-
genetic abnormalities (mostly acquired del(13q) or +12) was found during follow-up [41]. Taken together, these findings support
the hypothesis that progressive accumulation of genetic defects is necessary for the progression of MBL to CLL (Fig. 2). When
performing immunogenetic profiling in 333 CLL-like MBL cases (60 cases with LC MBL, 273 cases with HC MBL), the IGHV profile
was unmutated in 24.5% of cases: a frequency identical in LC MBL and HC MBL. An overrepresentation of IGHV4-59/61 and an
underrepresentation of IGHV1-69 genes were used in LC MBL. Furthermore, a progressive increase in the frequency of B-cell receptor
(BcR) stereotype was found: 5.5% in LC MBL and 21.9% in HC MBL, reaching 30.4% in all stages of CLL. HC MBL exhibits clear
immunogenetic similarities with CLL-O patients, suggesting that LC MBL may not represent a true preleukemic condition, thus
differing from HC MBL/CLL-0 patients. As in CLL, the immune system is impaired in CLL-type MBL, and the risk of infections and/or
secondary malignancies is increased [60,61]. Normal residual circulating B cells were significantly reduced in HC MBL and CLL 0
patients compared to healthy controls and LC MBL. Notably, normal B cell were decreased at the expense of pre-germinal center B
cells (immature and naive B cells) while no significant differences were observed in MBL regarding total peripheral blood memory B
cells [62]. During follow-up, expansion of T and natural killer (NK) cells is described without a clear link to protective adverse effects
[56], and a clonal T cell expansion was described in 75% of CLL-type MBL patients [58]. These findings suggest a progressive
deterioration of the immune cell compartment in MBL progression (Fig. 2). Overall survival of CLL-type MBL is not significantly
different compared to an age-sex matched population, which is in contrast to newly diagnosed Rai 0 CLL patients [46]. These crucial
data allow for the interpretation of CLL-type MBL, especially with HC and CLL as a continuum to CLL, and the distinction between
MBL and Rai 0 CLL should preferentially be made on progressive or nonprogressive status [63]. Interestingly, CLL-type MBL LC
patients seem to have a higher frequency of death compared to healthy adults due to infections and cancer [56]. As a specialized

Newly diagnosed patients with MBL

* No lymphadenopathy or organomegaly (detected by physical examination or imaging studies)
* No disease-related cytopenia or any other feature of B-cell chronic lymphoproliferative disorder

‘ CLL-type MBL ’ ‘ Atypical-CLL-type MBL ‘ ’ Non-CLL-type MBL

| |

Low-count ‘ ‘ High-count ’

Monoclonal BALC<0.5 x 109/L Monoclonal BALC 20.5 x 109/L

* Annual consultation by hematologist
(physical exam, PS, CBC, Ig titer)
 CLL-related factor risk stratification
(B2M, CD38, CD49d, FISH, IGHV

mutations, TP53 status)

* Watch and wait |

+ No consultation by hematologist

« General physician consultation

* Annual evaluation (physical exam,
PS, CBC, B2M, Ig titer)

« Annual consultation by hematologist
(physical exam, PS, CBC, Ig titer)

+ Cyclin D1 overexpression or t(11;14)

« Conventional karyotyping

« Annual consultation by hematologist
(physical exam, PS, CBC, Ig titer)
« Conventional karyotyping

« Cancer and infection screening monitoring
+ Vaccinations (avoid live vaccine)

Fig. 3. General approach of MBL management. B2M: 3-2-microglobulin; CBC: complete blood count; Ig: immunoglobulin; PS: performance status.
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hematologic follow-up of LCMBL is not required, these data suggest particular attention by the general physician to prevent infec-
tion/neoplasms (Fig. 3).

Focus on non-CLL MBL

Although the majority of published data concerns CLL phenotype MBL, other categories of MBL are recognized in the general
population or in the laboratory setting. Atypical CLL-type MBL and non-CLL-type MBL account for less than 25% of all diagnosed
MBLs. Non-CLL MBLs are found in HCV-infected patients [35]. Cytogenetic abnormalities in atypical CLL-type MBL or non-CLL-type
MBL showed distinct cytogenetic patterns [41,56]. t(11; 14)(q13; q32) was found in CD5™ cases, while del7q and +3 were pre-
ferentially detected in CD5- MBL cases [49,64]. Some non-CLL-type MBLs display morphologic (villous lymphocytes) and/or phe-
notypic features of marginal zone lymphoma (MZL). In a series of 7 non-CLL-like MBLs, two patients had mutations in genes com-
monly involved in MZL (e.g., NOTCH2, TNFAIP3 and MYD88); two patients progressed (one with a nodal form and one with diffuse B-
cell lymphoma). In contrast, some bias in the IGHV repertoire is found with a predominance of IGHV4-34 and a lower frequency of
IGHV1-2 in non-CLL-like MBL compared to MZL [64]. In contrast to CLL-type MBL, non-CLL-type MBL seems to have a better
prognosis compared to atypical CLL-type MBL: the median time to progression is 84 months and 45 months, respectively [49,72]. A
progression to atypical CLL is possible [65]. Similar to CLL-type MBL, higher ALC is associated with a high risk of progression [41].

Conclusion

MBL is an entity composed of various diseases. A better comprehension of the mechanisms of progression is crucial for the best
management of MBL patients. Current data support that HC CLL-type MBL is a premalignant state of CLL with biological features
undistinguishable from those in Rai 0 CLL patients.
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Practice points

e Improvement of flow cytometry procedures increases the detection of very low B-cell clones in peripheral blood samples

e MBL is defined by the presence of less than 5 x 10° clonal B cells in the peripheral blood and no symptoms or signs of lym-
phoproliferative disorders

e Three categories of MBL are recognized: CLL MBL, atypical CLL MBL and non-CLL MBL

e Low-count CLL MBL is stable over time, requiring a watch and wait therapeutic attitude, and is different from CLL in biological
and clinical features and could be likely due to immunosenescence or chronic infection

e Conversely, high-count CLL-type MBL could progress to CLL

e Optimal understanding of the pathobiology of these pathologies is necessary for better management of MBL patients
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