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Immunoglobulin light chain mutational status refines IGHV
prognostic value in identifying chronic lymphocytic leukemia
patients with early treatment requirement
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The mutational status of immunoglobulin (IG) light chain genes in chronic lymphocytic leukemia (CLL) and its clinical impact have
not been extensively studied. To assess their prognostic significance, the IG light chain gene repertoire in CLL patients has been
evaluated using a training-validation approach. In the training cohort (N= 573 CLL), 92.5% showed productive IG light chain genes
rearrangements, with IGKV4-1 (20.5%) and IGLV3-21 (19.0%) being the most common. A 99.0% somatic hypermutation cut-off was
identified as the best predictor for time to first treatment (TTFT) in 414 Binet A CLL patients of the training cohort. Patients with
unmutated (UM) light chain genes displayed a 10-year treatment free probability of 32.4% versus 73.2% for those with mutated (M)
genes (p < 0.0001). Importantly, UM light chain genes maintained an independent association with a shorter TTFT when adjusted
for the IPS-E prognostic model variables, that also includes IGHV mutational status. The validation cohort of 343 Rai 0 patients
confirmed these findings, with UM light chain genes predicting a 7-year treatment free probability of 42.0% versus 73.7% for M
genes (p < 0.0001). These results indicate that the mutational status of the light chain genes is an independent predictor of shorter
TTFT in early-stage CLL patients.
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INTRODUCTION
In the past decades, the B-cell receptor (BCR) pathway has been
documented as a pivotal factor in the pathophysiology of chronic
lymphocytic leukemia (CLL) and provides a major vulnerability for
targeted therapy of the disease [1–5]. The prognostic value of the
mutational status of the immunoglobulin heavy variable region
(IGHV) genes continues to be instrumental in predicting patient
outcomes and in guiding therapeutic choices, also in the era of
chemo-free treatment based on pathway inhibitors [6, 7]. Also, the
IGHV gene repertoire in CLL demonstrates a biased usage, which
led to the discovery of CLL subsets that are characterized by
stereotyped heavy variable complementarity-determining region
3 (VH CDR3) sequences and are detected in a sizeable fraction of
CLL patients [8–11]. Furthermore, the biased usage of the IGHV

gene repertoire in CLL highlights the notion that the development
and progression of this leukemia depends on stimuli received by
the microenvironment mediated by the BCR.
At variance with the IGHV gene repertoire, the immunoglobulin

(IG) light chain variable gene repertoire and its mutational status
have not been extensively investigated in CLL [12]. Recent evidence,
however, has started to shed light on the potential importance of
light chain genes in the disease. For instance, the highly prevalent
lambda light chain gene IGLV3-21 has been shown to harbor a
highly conserved sequence and to associate with poor outcome [1].
Moreover, most of CLL patients carrying IGLV3-21 also belong to the
poor prognosis stereotyped subset #2, thus explaining, at least in
part, their aggressive behavior [8, 13, 14]. In addition, a single point
mutation termed IGLV3-21R110 has been detected in all patients
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harboring stereotyped subset #2 [15, 16]. This molecular configura-
tion causes autonomous BCR signaling and may explain the poor
outcome of these CLL patients [15, 16].
Based on the emerging evidence that IG light chain variable

genes may have a role in determining CLL outcome, we embarked
on a comprehensive analysis of the IG light chain gene repertoire
and mutational status in unselected CLL patients belonging to
independent and consecutive cohorts in order to assess their
prognostic role in the disease.

MATERIALS AND METHODS
Study population
Two independent CLL cohorts were included in this study as training and
validation series. For both cohorts, samples were collected at the time of
diagnosis and all cases were provided with the main clinical and biological
data of the disease. Tumor genomic DNA was extracted from peripheral
blood mononuclear cells.
The training cohort included 573 CLL patients referring to the University

of Eastern Piedmont in a consecutive fashion. The validation cohort
included 343 Rai 0 CLL patients deriving from a previously published study
aiming at the development of a scoring system for predicting early
treatment requirement in Rai 0 patients [17]. Analysis of IG light chain
variable gene repertoire and mutational status was not part of that
previous study.
Patient informed consent was provided in accordance with the local

Institutional Review Board requirements and the Declaration of Helsinki.
The study was approved by local Ethical Committees (study number CE
120/19 for the training cohort; Approval n. IRB-05-2010 for the validation
cohort).

Light chain gene rearrangement identification
In the training cohort, IG light chain variable gene rearrangements were
amplified with a polymerase chain reaction (PCR) method using GoTaq G2
hot start polymerase kit (Promega). Leader primers were used to amplify
the entire sequence of the rearranged light chain genes, thus enabling the
true level of somatic hypermutation (SHM) to be determined. The
sequences of leader primers can be found in Table S1 for kappa light
chain genes and in Table S2 for lambda light chain genes. In case of failure
of leader primers to identify the rearranged IG light chain variable gene,
framework region 1 (FR1) primers were used as an alternative, and their
sequences are listed in Tables S1 and S2. A bi-directional Sanger
sequencing reaction was performed using the BrilliantDye Terminator
v1.1 (NimaGen, Gelderland, Netherlands).
In the validation cohort, the light chain gene rearrangements were

analyzed by Next Generation Sequencing (NGS). Kappa and lambda IG
light chain rearranged variable genes were amplified using a pool of
dedicated primers in a first PCR reaction (Table S3), followed by a second
reaction assigned for indexing the amplicons (Table S4). The amplicon pool
was later purified with AMPure XP magnetic beads (Beckman Coulter Inc,
Brea, CA, USA) and the resulting amplicons were quantified using Quant-
iTM PicoGreen dsDNA Assay kit (ThermoFisher Scientific, Eugene, OR, USA)
and checked for an average length of ∼470 base pairs using the Agilent
2100 Bioanalyzer (Agilent Technologies, St. Clara, CA, USA). Amplicons
were later sequenced in an Illumina MiSeq system using MiSeq Reagent
Nano Kit v2 (paired-end, 2 × 250[bp], 500-cycles) (Illumina Inc., San Diego,
CA, USA).
The IG light chain variable gene repertoire analysis was performed using

the International ImMunoGeneTics dataset (IMGT) [18] for both training
and validation cohorts, and the Vidjil website (http://www.vidjil.org) [19]
for the validation cohort. In the validation cohort, the dominant light chain
clone was considered as the CLL clone if it had a number of reads that was
significantly higher than that of other clones found in each patient. A
Z-test was performed, and a Bonferroni-corrected p-value was calculated
to confirm significance. In both cohorts, only productive clones were
included in the clinical analysis. Double productive cases were identified
by possessing two dominant productive clones and the clone with the
highest V-gene identity percentage was included in the clinical analysis
taking advantage of the ERIC guidelines devised for IGHV analysis [20, 21].

Statistical analysis
The primary endpoint of this study was time to first treatment (TTFT),
defined as the time between CLL diagnosis and the date of first line

therapy (event) as a result of progression to a symptomatic disease
according to the International Workshop on Chronic Lymphocytic
Leukemia (iwCLL) guidelines and death/last follow up (censoring) [6].
A maximally selected rank statistic (Maxstat) R package was used to

create a cut-off for light chain mutational status based on the Log-rank
statistics for TTFT (https://cran.r-project.org/web/packages/maxstat/
maxstat.pdf). Survival analysis was performed using the Kaplan-Meier
method and compared among strata using the Log-rank test. Cox
regression test was used for multivariate analysis. Pearson’s correlation
was used to compare the prevalence of rearrangements in different
molecular and clinical subgroups of patients. The tests were performed
using the Statistical Package for the Social Sciences (SPSS) software v.24.0
(Chicago, IL, USA) and R Studio Version 1.2.1335 2009–2019, Inc. Statistical
significance was defined as p value < 0.05.

RESULTS
Patient characteristics of the training cohort
The patient characteristics of the training cohort (n= 573) at the
time of diagnosis were consistent with a real-world cohort of
unselected newly diagnosed CLL (Table 1), since the median age
at diagnosis was 70 years, 58.8% were male and 41.2% were
females, the median lymphocyte count was 9800/μl, 35.8% had
unmutated (UM)-IGHV, 43.5% had del, (13q) 8.0% harbored del
(17p) and 9.8% presented TP53 mutations. According to the Binet
staging system, 447 patients (78.0%) were classified as Binet A, 58
patients (10.1%) as Binet B and 44 patients (7.7%) as Binet C.
According to BCR stereotyped subsets, 11 patients (1.9%) were
assigned to subset #1, 14 (2.4%) to subset #2, 7 (1.2%) to subset #4
and 6 (1.0%) to subset #8.
After a median follow-up of 11.8 years, the median overall

survival (OS) of the training cohort was 11.6 years. The well-known
CLL prognostic biomarkers performed as expected in this cohort.
The 10-year OS for UM-IGHV patients was 47.5% compared to
67.9% for mutated (M)-IGHV patients (p < 0.0001) (Fig. S1A).
Similarly, the 10-year OS for TP53 disrupted cases was 37.2%
compared to 64.1% for wild type TP53 patients (p < 0.0001)
(Fig. S1B). Evaluating only Binet A CLL (N= 447), the median TTFT
was 21.0 years.

Light chain rearrangements identified in the training cohort
According to flow-cytometry analysis, kappa light chains were
expressed in 330 (57.6%) patients and lambda light chains in 179
(31.2%), reflecting the kappa versus lambda unbalance previously
described in CLL [12]. Sixty-four cases (11.2%) did not show clear
light chain restriction through flow-cytometry.
A total of 573 CLL patients were analyzed in the training cohort

and 530 harbored at least one productive light chain gene
rearrangement. Forty-seven (8.2%) patients presented double
productive rearrangements and the rearrangement with the
lowest somatic mutational status was considered [20, 21]. Leader
primers identified productive rearrangements in 404 patients
(76.2%); in cases without productive rearrangements, the FR1
primers were used and yielded a productive light chain
rearrangement in additional 126 patients (23.8%).
Overall, among the 530 cases with productive rearrangements,

a total of 51 different productively rearranged IGKV (N= 25) and
IGLV (N= 26) genes were identified. For kappa light chains, the
most frequently rearranged gene was IGKV4-1 in 84 patients, that
comprised 20.5% of the total kappa rearrangements, followed by
IGKV3-20 in 60 patients (14.8%) and IGKV1-39/1D-39 in 42 patients
(10.4%) (Fig. 1A). For lambda light chains, the most frequently
rearranged gene was IGLV3-21 in 32 patients, that comprised 19%
of the total lambda rearrangements (N= 168), followed by IGLV2-
14 in 27 patients (16.1%) and IGLV3-25 in 12 patients (7.1%)
(Fig. 1B). Among the 32 patients expressing the IGLV3-21 lambda
rearrangement, nineteen of them (59.4%) harbored the IGLV3-
21*04R110 configuration (Fig. 1B). Notably, among the cases whose
light chain restriction was not identified through flow-cytometry
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analysis, 57/58 (98.3%) displayed kappa gene rearrangements
identified by DNA sequencing.
By evaluating the association of kappa chain rearrangements

with baseline CLL molecular features, the IGKV4-1 gene showed
neither positive nor negative association with any of the CLL
molecular features, whereas the IGKV1-39/1D-39 gene significantly
associated with NOTCH1 mutations (p < 0.0001), trisomy 12
(p= 0.0002), UM-IGHV (p= 0.0001), stereotyped subset #1
(p < 0.0001) and stereotyped subset #8 (p < 0.0001). Importantly,
by analyzing the 27 cases with the IGKV1-39/1D-39 rearrangement
not belonging to subsets #1 and #8, these patients retained
association with Binet stage C (p= 0.012) and the IGHV1-2
rearrangement (p= 0.013) but not with UM-IGHV (p= 0.418),
trisomy 12 (p= 0.288), NOTCH1 mutations (p= 0.511) or the
IGHV4-39 rearrangement (p= 0.625). These data indicate that the
associations of IGKV1-39/1D-39 with UM-IGHV, trisomy 12,
NOTCH1 mutations and the IGHV4-39 rearrangement are primarily
driven by subsets #1 and #8. Additionally, the analysis of the six
subset #4 patients showed that all of them expressed the IGKV2-
30 gene (p < 0.001) and five of them also presented another kappa
productive rearrangement. Among lambda chain rearrangements,

both the IGLV3-21 gene and the IGLV3-21*04R110 configuration
significantly associated with usage of the IGHV3-21 gene, with
IGHV borderline mutational status (defined as a variable region
identity to the germline sequence of 97.0–97.99%), with stereo-
typed subset#2, and with SF3B1 mutations (all p < 0.001) (Fig. 1C).

Association of specific light chain rearrangements with TTFT
in Binet A CLL
Light chain rearrangements were investigated for their association
with TTFT in Binet A CLL patients. IGKV1-39/1D-39 (N= 27), IGLV3-
21 (N= 14), IGKV1-33/1D-33 (N= 13) and IGKV2-29 (N= 3)
rearrangements were found to be significantly associated with
shorter TTFT in Binet A CLL of the training cohort (p= 0.003,
p= 0.007, p= 0.004 and p= 0.001, respectively). Conversely,
patients with IGKV4-1 (N= 47) and IGKV1-16 (N= 9) rearrange-
ments exhibited longer TTFT when compared to all other
rearrangements (p= 0.02 and p= 0.03, respectively) (Fig. S2). All
the other rearrangements identified in the training cohort did not
show any association with TTFT.

Light chain mutational status predicts TTFT in early stage CLL
Since no validated cut-off of identity has been established for
analyzing the prognostic value of the mutational status of IG light
chain genes in CLL, a recursive partitioning approach was used to
define the best cut-off values. This approach identified values
ranging from 99.0 to 99.5% as the best cut-offs maximizing the
log-rank statistics for TTFT in 414 Binet A CLL of the training cohort
(Fig. S3). By choosing a cut-off value of 99.0% for clinical purposes,
patients whose light chain gene sequences have an identity equal
to or higher than 99.0% to the germline sequences were
considered unmutated (UM), while patients with less than 99.0%
of identity were considered mutated (M). Using this cut-off,
patients with UM light chain genes displayed a 10-year treatment
free probability of 32.4% compared to 73.2% for patients with M
light chain genes (p < 0.0001) (Fig. 2A).
By considering separately kappa and lambda patients, super-

imposable results were obtained. M-IGKV patients had a 10-year
treatment free probability of 73.3% compared to 39.4% for UM-
IGKV cases (p < 0.001) (Fig. S4A) and M-IGLV patients had a 10-year
treatment free probability of 70.4% compared to 7.9% for UM-IGLV
cases (p < 0.001) (Fig. S4B).
Parallel assessment of the mutational status of the light chain

genes and its corresponding heavy chain gene in the same patient
was performed using the 99.0% cut-off set in this study for light
chain genes and the standard 98% cut-off of identity for the heavy
chain genes. This analysis showed that mutated IGHV rearrange-
ments associated with M light chain rearrangements and vice
versa (p < 0.0001). More precisely, 83.42% of M-IGHV patients also
harbored M light chains, while only 16.6% harbored UM light
chains. Conversely, 73.3% of UM-IGHV patients also harbored UM
light chains, while 26.7% harbored M light chains (Fig. S5A).
Superimposable results were obtained by considering separately
kappa and lambda expressing patients. (Fig. S5B, C).
Therefore, TTFT was evaluated according to the combined

heavy and light chain mutational status. CLL patients expressing
both UM light chain genes and UM heavy chain genes associated
with shorter TTFT (10-year treatment free probability of 13.6%)
compared to patients with both M light chains and M heavy
chains (10-year treatment free probability of 76.1%, p < 0.001).
Discordant cases showed an intermediate outcome (10-year
treatment free probability of 54.3%) that significantly differs from
that of CLL expressing either concordantly M or concordantly UM
heavy and light chain genes (p= 0.01 and p < 0.001, respectively)
(Fig. 2B).
Subsequently, a multivariate analysis adjusted for the Interna-

tional Prognostic Score for Early-stage CLL (IPS-E) variables [22],
namely UM-IGHV, palpable lymph nodes and lymphocyte count
>15 × 109/L, was performed (N= 398 CLL patients). Notably, UM

Table 1. Patient characteristics of the 573 CLL patients of the training
cohort.

Characteristics Values

Median age at diagnosis (range) 70 years (36–92 years)

Sex

Male 337 (58.8%)

Female 236 (41.2%)

Median lymphocyte count 9800/μl
Median hemoglobin level 13.7 g/dl

Median platelet count 200 × 103/μl
Light chain

Kappa 330 (57.6%)

Lambda 179 (31.1%)

Undefined 64 (11.1%)

IGHV

Mutated 355 (61.9%)

Unmutated 205 (35.8%)

Binet staging system

Binet A 447 (78.0%)

Binet B 58 (10.1%)

Binet C 44 (7.7%)

TP53 disrupted 68 (11.9%)

del(17p) 46 (8%)

TP53 mutated 56 (9.8%)

Trisomy 12 99 (17.3%)

NOTCH1 mutated 37 (6.4%)

del(13q) 249 (43.5%)

del(11q) 40 (9%)

MYD88 mutated 12 (2.1%)

SF3B1 mutated 24 (4.2%)

BIRC3 mutated 5 (0.9%)

Stereotyped cases

Subset 1 11 (1.9%)

Subset 2 14 (2.4%)

Subset 4 7 (1.2%)

Subset 8 6 (1%)
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light chains (both kappa and lambda) (HR= 2.24, 95% CI
1.49–3.36, p < 0.001) and UM-IGHV (HR= 2.02, 95% CI 1.33–3.05,
p < 0.001) maintained an independent association with a shorter
TTFT (Fig. 2C).

Validation of the prognostic role of light chain mutational
status in an independent CLL cohort
The validation cohort included 343 Rai 0 patients (patient
characteristics are reported in Table S5), of which 299 (87.17%)
showed productive light chain gene rearrangements after NGS
analysis. The median number of reads was 5316 for each patient
and the dominant light chain gene clone identified for each
patient accounted for a median total number of reads of 80.9%.
The median follow-up of the cohort was 7.5 years.
In the validation cohort, the most frequent kappa rearrange-

ment was IGKV4-1 identified in 35 patients, that comprised 17.9%
of the total kappa rearrangements (N= 196), followed by IGKV3-
20 expressed by 25 patients (12.8%) and IGKV1-5 by 16 patients
(8.2%) (Fig. 3A). For lambda light chains, the most frequent
rearrangement was IGLV3-21 in 13 patients that comprised 12.6%
of the total lambda rearrangements (N= 103), followed by IGLV1-
47 in 12 patients (11.7%), and IGLV2-14 in 10 patients (9.7%).
(Fig. 3B). The prevalence of the light chain gene rearrangements in
the validation cohort reflected the overall prevalence of the
rearrangements identified in the training cohort.
The IG light chain gene identity cut-off of 99.0% identified as

optimal for TTFT prediction in the training series was then applied
to the validation series. Patients of the validation series with UM
light chain genes presented a 7-year treatment free probability of
42.0% compared to 73.7% for patients with M light chain genes
(p < 0.0001) (Fig. 3C). The same results were obtained by
considering separately kappa and lambda expressing patients
(Fig. S6A, B). Subsequently, TTFT was evaluated according to the
combined heavy and light chains mutational status and results
superimposable to the training cohort were obtained. CLL patients
expressing both UM light chain genes and UM heavy chain genes

had a 7-year treatment free probability of 35.9%, patients with
both M light chain genes and M heavy chain genes had a 7-year
treatment free probability of 75.4%, and discordant cases had a
7-year treatment free probability of 60.6% (p < 0.001) (Fig. S6C).

DISCUSSION
The results of the present study document that the analysis of IG
light chain genes complements and integrates the prognostic
value derived from IGHV mutational status in CLL. In fact, using a
training/validation approach, the somatic mutational status of IG
light chain genes sorted out as an independent predictor of
shorter TTFT and identified a fraction of early stage CLL patients
destined to early treatment requirement, independent of IPS-E
prognostic score that also includes IGHV mutational status.
Whereas the prognostic value of IGHV mutational status is

well established and recognized by clinical guidelines of CLL [23],
the relevance of IG light chain genes in this context has been
explored only to a limited extent [1, 12, 15]. On these grounds,
the present study aimed at evaluating the repertoire and
clinical correlations of IG light chain genes in the largest real-
world cohort of unselected CLL analyzed to date for this biological
feature.
The prevalence of light chain rearrangements in the two CLL

cohorts analyzed in this study is overall consistent with that
reported in other series [12], thus reinforcing and numerically
expanding the notion that the light chain gene repertoire of CLL
has peculiar features and is prone to skewage. In particular, the
IGKV4-1, IGKV3-20 and IGKV1-39/1D-39 genes were the most
frequently rearranged genes in kappa expressing patients, while
IGLV3-21, IGLV2-14, and IGLV3-25 were the most frequent
rearrangements in lambda expressing cases. Also, the specific
pairings between unique IGHV and IG light chain genes has been
confirmed, namely IGLV3-21 usage preferentially associated with
IGHV3-21, and IGKV1-39/1D-39 usage preferentially associated
with IGHV4-39 and IGHV1-2 [24–26].
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Fig. 1 Frequency of rearranged light chain genes identified in the training cohort and their association to CLL molecular features. A Bar
chart depicting the frequency of kappa light chain rearrangements. B Bar chart depicting the frequency of lambda light chain
rearrangements. IGLV3-21R110 rearrangements are color coded in orange. C Correlation map comparing the most recurrent light chain
rearrangements to the molecular features of CLL. The red color scale of -log10(p) points to a co-occurrence between two variables. The blue
color scale of -log10(p) points to exclusivity between two variables. The intensity of the color corresponds to the strength of the correlation.
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Currently, and at variance with IGHV genes, no validated cut-off
has been established for defining the somatic mutational status of
light chain genes in CLL. By using the Maxstat statistics, a
percentage of identity of the rearranged light chain genes closer
to the corresponding germline counterparts correlated with a
worse TTFT. The cut-off of 99.0% emerged as the most effective
predictor of TTFT in early-stage Binet A CLL. Subsequently, the
prognostic value of the 99.0% cut-off of identity to the germline
counterpart of the light chain genes was benchmarked in
multivariate analysis with the IPS-E prognostic model that
considers TTFT as an endpoint and includes UM-IGHV, palpable
lymph nodes and lymphocyte count >15 × 109/L as covariates
[22]. UM light chain genes independently associated with shorter
TTFT in the model, thus complementing the other IPS-E covariates
in TTFT prediction of early stage CLL. The robustness of UM light
chain genes as a biomarker of TTFT is reinforced by the fact that
the clinical impact of the mutational status of the light chain
genes in terms of shorter TTFT was independently validated in a
comprehensively annotated cohort of 343 Rai 0 CLL patients.
Overall, these data suggest that the mutational status of light
chain genes may complement, but obviously not replace, the
information provided by IGHV mutational status, that remains the
main CLL prognosticator derived from immunoglobulin genes.
The analysis of the light chain gene repertoire and mutational

status has been conducted with two different methodological
approaches, namely Sanger sequencing with leader or FR1
primers in the training cohort and NGS in the validation cohort.
Importantly, the use of different DNA sequencing techniques did
not affect the results, since both the prevalence of light chain

gene rearrangements and the clinical impact of light chain gene
mutational status were consistent across the two cohorts that had
been analyzed with different technical approaches. These results
demonstrate that both methods can be used to reliably analyze IG
light chain genes in CLL. The yield of productive IG light chain
gene rearrangements appears to be slightly superior with Sanger
sequencing compared to NGS, although further comparisons of
these two approaches might be needed to conclusively assess
this issue.
With a median follow-up of more than 11 years, the training

cohort represents a suitable platform for evaluating TTFT that
represents the most appropriate endpoint to evaluate CLL
dynamics without the external stimuli imposed by therapy. The
extended follow-up period, however, implies that the majority of
patients in the training cohort had received front-line chemo-
immunotherapy, which is no longer the standard of care for newly
diagnosed CLL patients [23] As a result, our cohort was not
sufficiently powered to evaluate the prognostic impact of IG light
chain gene rearrangements and mutational status on progression-
free survival and time to next treatment in patients treated with
front-line BTK and/or BCL2 inhibitors.
This study represents the largest real-world cohort of unse-

lected CLL analyzed for the IG light chain gene repertoire and
further underscores the pivotal role of the B-cell receptor in the
pathogenesis and prognosis of CLL. The somatic mutational status
of light chain genes independently predicts shorter TTFT,
providing a new biomarker that can be integrated in prognostic
scores and can be assessed by a variety of methodological
approaches. The step forward will be to assess the role of the IG
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light chain gene in CLL patients treated with biological agents,
particularly within the context of fixed-duration therapy with BCL2
inhibitors plus anti-CD20 antibodies, since IGHV mutational status
still retains prognostic value in patients treated with this regiment.
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