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KEY PO INT S

• Individuals with MBL
who have a high-risk
epigenetic/
immunogenetic
signature show
significant risk of
progression to CLL
requiring therapy.

• The signature improves
prediction of clinical
outcomes compared
with other established
prognostic indicators
regardless of MBL/CLL
designation.
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Monoclonal B-cell lymphocytosis (MBL) progresses to chronic lymphocytic leukemia (CLL)
requiring therapy at 1% to 5% per year. Improved prediction of progression would
greatly benefit individuals with MBL. Patients with CLL separate into 3 distinct epigenetic
subtypes (epitypes) with high prognostic significance, and recently the intermediate
epitype has been shown to be enriched for high-risk immunoglobulin lambda variable
(IGLV) 3-21 rearrangements, impacting outcomes for these patients. Here, we employed
this combined strategy to generate the epigenetic and light chain immunoglobulin
(ELCLV3-21) signature to classify 219 individuals with MBL. The ELCLV3-21 high-risk signature
distinguished MBL individuals with a high probability of progression (39.9% and 71.1% at
5 and 10 years, respectively). ELCLV3-21 improved the accuracy of predicting time to
therapy for individuals with MBL compared with other established prognostic indicators,
including the CLL international prognostic index (c-statistic, 0.767 vs 0.668, respectively).
Comparing ELCLV3-21 risk groups in MBL vs a cohort of 226 patients with CLL revealed
ELCLV3-21 high-risk individuals with MBL had significantly shorter time to therapy (P =
.003) and reduced overall survival (P = .03) compared with ELCLV3-21 low-risk individuals
with CLL. These results highlight the power of the ELCLV3-21 approach to identify indi-
in.pdf by g
viduals with a higher likelihood of adverse clinical outcome and may provide a more accurate approach to classify
individuals with small B-cell clones.
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Introduction
Monoclonal B-cell lymphocytosis (MBL) is the emergence of
clonal B cells in blood and precedes the manifestation of
chronic lymphocytic leukemia (CLL).1-3 MBL is characterized by
having a clonal population of B cells at <5 × 109/L in the
peripheral blood, with similar immunophenotypic characteris-
tics to CLL and no indication of palpable lymphadenopathy,
organomegaly, or cytopenias.4 MBL is divided into low count, if
clonal B-cell count is <0.5 × 109/L, and high count, if clonal B-
cell count is ≥0.5 × 109/L (subsequently indicated here as MBL).
Individuals with MBL are at an increased risk of developing
hematologic and non-hematologic cancers,5,6 serious infec-
tions,7-9 and progression to CLL requiring therapy, which occurs
in 1% to 5% of individuals per year.10,11 As the progression to
LUME 143, NUMBER 17
CLL and the need for therapy are variable, individuals with MBL
are likely to experience anxiety and other negative impacts.
Improved accuracy to predict risk of clinically adverse outcomes
following the identification of MBL would greatly improve the
well-being of people identified with MBL and assist in surveil-
lance and management strategies.

Established prognostic markers in CLL, including the mutational
status of the immunoglobulin heavy variable (IGHV) locus and
the CLL International Prognostic Index (CLL-IPI), have been
reported to predict time to first treatment (TTFT) and/or overall
survival (OS) among individuals with MBL.12,13 Previously, we
and others have published that patients with CLL can be
divided into 3 distinct epigenetic subtypes (termed “epitypes”)
that reflect progressive DNA methylation changes that occur
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during B-cell development.14,15 We termed these epitypes low-
programmed (LP), intermediate-programmed (IP), and high-
programmed (HP) signatures, which predict clinical outcomes
irrespective of disease stage and treatment.16,17 Patients with
LP-CLL are associated with unfavorable clinical outcomes
compared with patients with HP-CLL, whereas patients with IP-
CLL display a variable intermediate outcome. Epitype improves
prediction of outcomes independent of other well-established
prognostic markers, including IGHV mutational status.17

In CLL, unmutated IGHV and IGHV3-21 are associated with
inferior outcomes,18,19 and the latter often display IGLV3-21
rearrangements, which also independently portends poor out-
comes.20-22 It was subsequently recognized that IGLV3-21 with
a p.G110R mutation (termed “R110”), positioned at the variable
joining-constant region boundary, generates an autoreactive B-
cell receptor configuration and is selected in patients with
CLL.21,23 Remarkably, IGLV3-21 use is highly enriched in
patients with the IP-CLL epitype, comprising approximately half
of total light chain use.17 A landmark study by Nadeu et al22

showed that all IGLV3-21 alleles in patients with the IP-CLL
epitype contained the R110 mutation, and that separation of
patients with the IP epitype by the presence or absence of the
IGLV3-21R110 mutation revealed a similar separation of out-
comes as found with poor risk (LP epitype) and favorable risk
(HP epitype) groups, respectively. In this study, we applied this
approach of combined epitype and IGLV sequencing termed
the epigenetic and light chain IGLV3-21 immunoglobulin
(ELCLV3-21) signature to classify individuals with MBL.

Study design
Treatment-naïve individuals diagnosed at the Mayo Clinic
between 2000 and 2020 with MBL (n = 219) and CLL (n = 226)
were identified using the 2018 updated International Workshop
on CLL criteria4 (Table 1). To determine ELCLV3-21 status, we first
determined the epitype of each individual using the
Methylation-iPLEX assay that measures the DNA methylation
status of 7 loci to classify individuals into HP, IP, and LP epi-
types.17 The λ light chain immunoglobulin rearrangements were
determined using Sanger sequencing. We defined the ELCLV3 21

low risk group by combining individuals with the IP epitype (but
without IGLV321 rearrangements) and those with the HP epi-
type. Conversely, we formed the ELCLV321 high risk group by
merging individuals with the IP epitype who have IGLV321R110

rearrangements with those in the LP epitype (Figure 1B).
Additional details are available in Supplemental Information
(available on the Blood website). All individuals provided writ-
ten informed consent for this research whose protocol was
approved by the Mayo Clinic Institutional Review Board
Results and discussion
The ELCLV3-21 signature identifies MBL individuals
with a high risk of progression to CLL and
treatment
We determined 64.8%, 19.2%, and 16.0% of individuals in the
MBL cohort to be HP, IP, and LP epitypes, respectively
(Figure 1A). We found that 8 of 42 individuals with the IP epi-
type displayed an IGLV3-21 rearrangement (all showing the
EPI-IMMUNOGENETIC SIGNATURE IN MBL
R110 mutation) and were used to separate these individuals
into ELCLV3-21 risk groups (Figure 1B). Within the MBL group,
105 individuals progressed to CLL, and of these, 34 required
therapy. Individuals displaying the IP epitype plus IGLV3-21R110

displayed similar time to CLL progression (TTCP; supplemental
Figure 1A) and TTFT (supplemental Figure 1B,C) as other
ELCLV3-21 high-risk individuals (LP epitype). To evaluate the
longitudinal stability of ELCLV3-21 calls, we remeasured ELCLV3-21

status at later time points (median, 3.7 years; range, 1.2-9.2
years), including after progression to CLL, and observed
ELCLV3-21 remained unchanged for 17 of 17 individuals tested
(supplemental Table 1). Clonal B-cell counts at diagnosis were
not significantly different between ELCLV3-21 groups (P = .31;
supplemental Figure 2). ELCLV3-21 high-risk individuals had
significantly shorter TTCP (P < .001; Figure 1C) and TTFT (P <
.001; Figure 1D), with 39.9% and 71.1% required treatment at 5
and 10 years, respectively. In contrast, among the ELCLV3-21 low-
risk individuals, only 3.4% and 11.3% required treatment at 5
and 10 years, respectively.

ELCLV3-21 improves on existing biomarkers for
prediction of progression to CLL and treatment
among individuals with MBL
Among common baseline clinical features and CLL prognostic
markers, ELCLV3-21 status in individuals with MBL was signifi-
cantly associated with IGHV mutation status and the CLL-IPI
(supplemental Table 2). As IGHV mutation status and CLL-IPI
have been previously found to predict TTFT in MBL,13,24 we
first stratified individuals with MBL by IGHV status and observed
that ELCLV3-21 remained associated with TTCP (hazard ratio
[HR], 2.8; 95% confidence interval [CI], 1.1-7.0; P = .03) and
TTFT (HR, 34.1; 95% CI, 9.2-126.2; P < .0001) in the IGHV-
mutated subgroup (Figure 2A; supplemental Table 3). Among
IGHV-unmutated ELCLV3-21, a trend was observed with TTCP
(HR, 2.2; 95% CI, 0.8-5.7) and TTFT (HR, 3.2; 95% CI, 0.7-13.9),
but did not reach statistical significance (P = .12 each), likely
due to smaller numbers in this group. A multivariable model
including ELCLV3-21 and IGHV revealed ELCLV3-21 retains sig-
nificance for TTCP and TTFT, whereas IGHV does not
(supplemental Table 4). As the CLL-IPI contains additional fea-
tures beyond IGHV, we performed multivariable analysis
including ELCLV3-21 and CLL-IPI and found that ELCLV3-21

retained significance for TTCP (HR, 3.8; 95% CI, 1.9-7.4; P =
.0001) and TTFT (HR, 18.0; 95% CI, 3.3-99.5; P = .009), whereas
CLL-IPI did not (supplemental Table 5). ELCLV3-21 improved the
accuracy of TTCP and TTFT predictions compared with the CLL-
IPI (supplemental Table 6). These findings highlight the
importance of ELCLV3-21 beyond well-known markers.

Individuals with MBL with ELCLV3-21 high risk
display similar clinical outcomes compared with
those with CLL
In the cohort of patients with CLL (Table 1), 124 (55%) and 102
(45%) were determined to be ELCLV3-21 low and high risk,
respectively (supplemental Table 7). ELCLV3-21 was strongly
associated with TTFT (P < .001) and OS (P = .006) (Figure 2B,C),
consistent with previous findings in CLL.22 When stratifying
patients with CLL by IGHV mutation status, more adverse
fluorescence in situ hybridization status, or CLL-IPI, the effect of
ELCLV3-21 remained significantly associated with TTFT for all,
25 APRIL 2024 | VOLUME 143, NUMBER 17 1753



Table 1. Patient characteristics by cohort

Characteristic
Cohort with MBL

(n = 219)
Cohort with CLL

(n = 226)

Age at diagnosis, y

Median 65.89 63.06

Range (44.15-86.38) (37.39-90.92)

Sex

Female 88 (40.2) 63 (27.9)

Male 131 (59.8) 163 (72.1)

Rai stage

Missing 0 1

0 219 (100.0) 143 (63.6)

I 0 (0.0) 53 (23.6)

II 0 (0.0) 16 (7.1)

III 0 (0.0) 2 (0.9)

IV 0 (0.0) 11 (4.9)

β-2-Microglobulin, μg/mL

Missing 9 4

Median 2.06 2.44

Range (1.00-21.50) (0.20-14.50)

IGHV mutation status

Missing 21 2

Mutated 150 (75.8) 114 (50.9)

Unmutated 48 (24.2) 110 (49.1)

High-risk FISH: (11q, 17p) vs other

Missing 10 7

FISH: none detected, 13q, trisomy 12 201 (96.2) 190 (86.8)

FISH: 11q, 17p 8 (3.8) 29 (13.2)

CLL-IPI risk

Missing 31 7

Low risk (0-1) 121 (64.4) 83 (37.9)

Intermediate risk (2-3) 48 (25.5) 83 (37.9)

High risk (4-6) 18 (9.6) 42 (19.2)

Very high risk (7-10) 1 (0.5) 11 (5.0)

Epitype

Missing 0 3

HP 142 (64.8) 92 (41.3)

IP 42 (19.2) 45 (20.2)

LP 35 (16.0) 86 (38.6)

ELCLV3-21

High risk 43 (19.6) 102 (45.1)

Low risk 176 (80.4) 124 (54.9)

Data are given as number (percentage) unless otherwise indicated.

FISH, fluorescence in situ hybridization.
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except within the CLL-IPI low-risk stratum (supplemental
Table 8). A multivariable model including IGHV and ELCLV3-21

revealed ELCLV3-21 retains significance for TTFT, whereas IGHV
1754 25 APRIL 2024 | VOLUME 143, NUMBER 17
does not (supplemental Table 9). Comparing with patients with
CLL, ELCLV3-21 high-risk individuals with MBL had a significantly
shorter TTFT compared with ELCLV3-21 low-risk patients with
ABDELBAKY et al
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Figure 1. ELCLV3-21 classification of MBL. (A) Heat map displaying DNA methylation of loci used in determining epitype by the CLL Methylation-iPLEX (Me-iPLEX) assay.
Epitype random forest classifier and IGLV3-21R110 calls are indicated above. Estimation of sample purity was determined by the Me-iPLEX assay. (B) ELCLV3-21 risk groups were
defined by first determining epitype followed by sequencing of immunoglobulin light chain (IGL) gene rearrangements. Individuals with IGLV3-21R110 rearrangements were
combined with the LP epitype to generate the ELCLV3-21 high-risk group, and those individuals with light chain rearrangements or lacking the R110 mutation were combined
with the HP epitype to produce the ELCLV3-21 low-risk group. (C,D) Cumulative incidence of time to CLL progression (C) and time to first treatment (D) in individuals with MBL
separated by ELCLV3-21 risk status.
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CLL (median, 6.3 vs 14.7 years; P = .003; Figure 2B). Similarly,
ELCLV3-21 high-risk individuals with MBL displayed inferior OS
compared with ELCLV3-21 low-risk patients with CLL (65% vs 74%
surviving at 10 years; P = .03; Figure 2C). Notably, the slope of
the MBL ELCLV3-21 high-risk curve is similar to that of the CLL
high-risk curve, suggesting that these individuals with MBL
represent the same biological entity (but detected at an earlier
disease stage) and that ELCLV3-21 status may be a useful
discriminator of generally benign B-cell clones vs those at risk of
progression. Indeed, a multivariable analysis of TTFT, including
ELCLV3-21 status and clonal B-cell count (MBL vs CLL), revealed
that ELCLV3-21 retained significance for TTFT (P < .0001) and
displayed a larger HR than clonal B-cell count (HR, 6.6 [95% CI,
4.6-9.4] vs HR, 3.2 [95% CI, 2.1-4.7], respectively) (supplemental
Table 10). Likewise, for predicting OS, ELCLV3-21 retained sig-
nificance (P < .0001), whereas clonal B-cell count did not (P =
.27). Collectively, these findings demonstrate that ELCLV3-21

identifies individuals at the MBL stage who behave comparably
to higher-risk patients with CLL.
EPI-IMMUNOGENETIC SIGNATURE IN MBL
The identification of a precursor condition such as MBL can
cause considerable anxiety and presents an uncertain future.
Our findings demonstrate that ELCLV3-21 is a powerful predictor
of progression from MBL to CLL and to CLL requiring treatment
over a period that surpasses life expectancy for most diagnosed
individuals. We also show that ELCLV3-21 measured at the
identification of MBL is also predictive for OS, similar to findings
in CLL.22 Future studies will be needed to examine the impact
of ELCLV3-21 in the era of novel therapies. ELCLV3-21 status
captures both DNA methylation epitype and immunogenetic
information, 2 important biological features with strong asso-
ciations to clinical outcomes in CLL.14,15,17,20,21 We demon-
strate that ELCLV3-21 provides independent prognostic
significance compared with other established CLL prognostic
markers, including IGHV mutation status and CLL-IPI. Concor-
dance with patient outcomes on grouping IGLV3-21R110 with
IGHV-unmutated individuals to generate the high-risk group
was not significantly different from ELCLV3-21 high risk
(supplemental Table 11), but as this reclassified only a small
25 APRIL 2024 | VOLUME 143, NUMBER 17 1755
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minority (6.5%) of patients, a larger cohort would be required

detect differences. Improved accuracy of identifying those
individuals who have a low risk for progression over an
extended period vs those who should be more closely moni-
tored greatly benefits individuals and potentially identifies
candidates for emerging strategies for early disease intercep-
tion. DNA methylation epitype assessment is rapid, cost-
effective, and adaptable for clinical use using either pyrose-
quencing or next-generation sequencing appraoches.16,17

Immunoglobulin gene sequencing is done routinely in a clin-
ical setting, and IGLV3-21R110 can also be assessed by flow
cytometry.21 We propose that ELCLV3-21 alone or in combina-
tion with other established markers should be included in future
1756 25 APRIL 2024 | VOLUME 143, NUMBER 17
validation studies to forecast outcomes of individuals identified
with elevated clonal B cells irrespective of cell count at
diagnosis.
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