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Abstract

We performed a single-center retrospective study on 459 chronic lymphocytic leukemia patients diagnosed
since 2000 to assess the prognostic and predictive role of immunoglobulin heavy chain (IGHV) mutational
status and load. Unmutated IGHV patients had the shortest progression-free survival (PFS) and overall survival
(P < .0001), whereas mutated IGHV patients experienced a long-term disease control after FCR (fludarabine
with cyclophosphamide, and rituximab) or BR (bendamustine with rituximab) treatment, with PFS reaching a
plateau, regardless of mutational load.

Background: Most important markers in chronic lymphocytic leukemia (CLL) are TP53 abnormalities, including mu-
tations and deletions, and the mutational status of immunoglobulin heavy chain (IGHV) genes. However, some recent
publications suggest that the IGHV mutational load could have a prognostic effect on CLL patients. Patients and
Methods: We performed a single-center retrospective study on 459 patients with productive rearrangement of the B-
cell receptor to evaluate the prognostic and predictive role of IGHV mutational status and burden within the germline
sequence. In particular we focused on FCR (fludarabine with cyclophosphamide, and rituximab)- (64 naive and 30
relapsed) and BR (bendamustine with rituximab)-treated patients (17 naive and 61 relapsed). A cutoff value of 2% of
difference within the IGHV germline was used to define the IGHV mutational status. Results: We reported that
unmutated IGHV (U-IGHV) patients were characterized by a significant shorter progression-free survival (PFS) and
overall survival (P < .0001) compared with mutated IGHV (M-IGHV) patients. Moreover, treatment-naive M-IGHV
patients experienced a long-term disease control after FCR or BR, with PFS reaching a plateau regardless of
mutational load. In our series the extent of IGHV gene mutation did not provide further relevant prognostic data over
the mutational status. Relapsed patients showed dismal outcome with chemoimmunotherapy regardless of IGHV
status or load. Conclusion: Our data, together with from those from the literature, confirmed the cutoff value of 2% to
define the mutational status of IGHV gene and suggest that FCR/BR are good first-line treatment strategies for
M-IGHV patients, whereas U-IGHV patients should be managed with B-cell receptor and/or BCL2 inhibitors.
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IGHV Mutational Status and Load in CLL

Introduction

Chronic lymphocytic leukemia (CLL), a clonal disorder charac-
terized by the proliferation and accumulation of mature-appearing
CD5-positive (CD5™) CD23" B lymphocytes, is the most com-
mon hematological malignancy in Western countries. CLL is
remarkably heterogeneous, with some patients never requiring
treatment and others having highly aggressive and rapidly progres-
sive diseases."

The 3 most important CLL prognostic markers, that is, variables
that identify subjects at higher risk of progression or death, are
fluorescent in situ hybridization (FISH) analysis TP53 abnormalities,
including mutation and deletion, and the mutational status of the
variable region of the immunoglobulin heavy chain (IGHV) genes.
Several efforts have been attempted to develop comprehensive ap-
proaches incorporating clinical, serum, genetic, and molecular
markers with independent prognostic value into a single risk score for
patients with CLL. In fact, these 3 markers have been combined with
other clinical or biological variables in the most important and reliable
prognostic models and indexes.” In addition, although cytogenetic
and TP53 mutation can change over time because of a process of
clonal evolution, IGHV mutational status is generally consider a
stable marker,” even if some changes have rarely been described.® The
cutoff value of a 2% deviation from, or <98% identity with, the
corresponding germline sequence is generally adopted in the current
clinical practice to discriminated between mutated IGHV (M-
IGHYV) and unmutated IGHV (U-IGHV) cases.

In recent years IGHV status and TP53 abnormalities have shown
the capability to identify early relapse after first-line treatment with
FCR (fludarabine with cyclophosphamide, and rituximab) 72 and BR
(bendamustine with ricuximab),'”'" indicating their predictive role.
Although TP53 mutations or 17p deletion identify most of relapsed/
refractory (R/R) patients whose disease progressed early after che-
moimmunotherapies,m‘12 the role of IGHV mutation is less clear and
has been investigated less extensively in this setting. Recently, Jain
et al showed that the absolute percentage deviation of IGHV muta-
tion rather that a 2% cutoff predicts survival of CLL patients treated
with FCR."? In particular, the 5-year progression-free survival (PES)
increase was 44%, 50%, and 86% in patients with 0.00%, 3.00%,
and 7.00% of mutation within the germline sequence.'?

In this single-center retrospective study, we analyzed 483 IGHV
sequences derived from 459 patients with productive rearrange-
ments of the B-cell receptor (BCR). We herein report the skewed
distribution of /GHV, IGHD, and IGH]J genes between M-IGHV
and U-IGHV patients and we confirmed the threshold of 2% of
IGHYV gene sequence mutation within the germline sequence to
define the mutational status of the /GHV gene, rather that the
burden of the mutation. We also show that treatment-naive (TN)
M-IGHV patients experienced a long-term disease control after
FCR or BR, with PFS reaching a plateau, whereas this marker fails
to show any predictive activity in the R/R setting.

Patients and Methods
Patients

Clinical data from 860 patients with CLL, according to iwCLL
2008 criteria,14 referred to the Hematology and Clinical Immu-
nology Unit of Padua University Hospital tll 2017 were

(linical Lymphoma, Myeloma & Leukemia Month 2019

retrospectively reviewed for patients with productive rearrangement
of the BCR.

Data included in the comparative analysis were sex, age, Rai and
Binet stage,'* need for chemotherapy, cytogenetic in FISH analysis, '
IGHV mutational analysis,l(’ and TP53 gene mutations'”'® (details
are provided in Supplemental Appendix A in the online version).
Clinical data were recorded at CLL diagnosis whereas data on prog-
nostic factors were collected according to international guidelines.'”

Analysis of IGHV mutational status was performed within 6
months from diagnosis on peripheral blood CLL cells from fresh
samples or from frozen purified CLL cells harvested in DMSO as
previously described.'” Sequence homology <98%, from the cor-
responding germline gene, were considered mutated (M-IGHYV), as
opposed to unmutated (U-IGHV) cases.'”*” The prognostic and
predictive effect of IGHV mutations were assessed in a cohort of
CLL patients diagnosed since 2000. High-risk FISH refers to 11q
and/or 17p chromosome deletions, and TP53 abnormalities
included 17p deletions and/or TP53 mutations.

This study was approved by the local research ethics committee
and informed consent was obtained from all patients. The data are
not publicly available because of restrictions from the ethics

committee.

Treatment

According to NCI-WG 1996 and 2008 iwCLL guidelines, patients
were treated in the presence of progressive lymphadenopathy and/or
hepato-splenomegaly, anemia, or thrombocytopenia due to bone
marrow infiltration, systemic symptoms, lymphocyte doubling
times <6 months, or refractory autoimmune cytopenia.'* Fludarabine-
or bendamustine-containing regimens, with or without rituximab were
used as first-line treatment in fit patients, and chlorambucil with or
without rituximab was used in elderly and/or unfit patients according to
the treatment policy adopted at our center since 2000. FCR consisted of
fludarabine 25 mg/m?* with cyclophosphamide 250 mg/m?* adminis-
tered on days 1 to 3 of cycles 1 through 6 and rituximab 375 mg/m* on
day 1 of cycle 1 and 500 mg/m” on day 1 of cycles 2 through 6.*' BR
consisted of bendamustine 90 mg/m* for TN and 70 mg/m” for R/R
patients on days 1 and 2 of cycles 1 through 6 and rituximab 375 mg/m*
on day 1 of cycle 1 and 500 mg/m? on day 1 of cycles 2 through 6.**
Since January 2016 patients with TP53 abnormalities were treated
with BCR inhibitors, ibrutinib, or idelalisib with rituximab.

Statistical Analysis

Categorical variables were compared using Y test (for Rai stages
and FISH analysis) or Fisher exact test (for age, sex, treatment,
TP53, and IGHV), when appropriate. PFS and overall survival (OS)
were calculated starting from the date of diagnosis to progression or
death for any cause (event), respectively, or last known follow-up
(censored). PES after first-line chemotherapy, including FCR
and BR, was calculated as time from the beginning of first-line
treatment to the date of progression or death (event) or last
known follow-up (censored). Survival analyses were performed us-
ing the Kaplan—Meier method and the log rank test was used to
compare survival curves between groups. A Cox regression model
was used to estimate hazard ratios (HRs) and the proportional
hazard assumption was tested for all Cox models. P values > .05
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Table 1 Clinical and Biological Characteristics of Patients

Variable Population Cohort Treated
Patients
n 816 459 227
Sex
Male 490 (60) 289 (63) 150 (66)
Female 328 (40) 170 (37) 77 (34)
Age at
Diagnosis
>65 400 (49) 207 (45) 102 (45)
<65 416 (51) 252 (55) 125 (55)
Rai Stage
0 367 (45) 211 (46) 70 (31)
| 220 (27) 133 (29) 32 (14)
Il 122 (15) 69 (15) 45 (20)
i 19 (2) 92 9 (4)
% 25 (3) 10 (2) 11 (5)
Treated
Yes 326 (40) 227 (49) 141 (62)
No 490 (60) 232 (51) 86 (38)
FISH
del 17p 38 (5) 28 (6) 25 (11)
del 11q 46 (6) 37 (8) 32 (14)
+12 58 (7) 41 (9) 25 (11)
Normal 145 (18) 92 (20) 30 (13)
del 13q 238 (30) 170 (37) 64 (28)
TP53
Abnormalties
Yes 43 (5) 32(7) 30 (13)
No 484 (61) 335 (73) 148 (65)
IGHV Homology
>98 330 (40) 271 (59) 89 (39)
<98 225 (28) 188 (41) 138 (61)

Andrea Visentin et al

FCR Naive BR Naive FCR R/R BR R/R
64 17 30 61
41 (64) 13 (76) 21 (70) 42 (69)
23 (36) 4 (24) 9 (30) 19 (21)
8 (13) 9 (53) 6 (20) 23 (39)
56 (87) 8 (47) 24 (80) 38 (62)
22 (34) 7 47) 8 (27) 15 (25)
24 (38) 4Q7) 6 (20) 21 (34)
12 (19) 3 (20) 13 (43) 17 (28)
23 1(7) 10 23
3 5) 0 (0) 10 12
30 47) 6 (35) 23 (77) 37 61)
34 (53) 11 (65) 7(29) 24 (39)
9.(14) 3(19) 4(13) 9 (15)
11 (17) 2.(13) 10 (33) 16 (26)
10 (16) 3(19) 20 6 (10)
10 (16) 4 (25) 4(13) 9 (15)
22 (34) 4 (25) 10 (33) 20 (33)
9.(14) 5 (29) 7(23) 13 (21)
53 (83) 12 (71) 23 (77) 47 (79)
40 (62) 11 (65) 24 (80) 41 67)
24 (38) 6 (35) 6 (20) 20 (33)

Data are presented as n (%) except where otherwise noted.

Abbreviations: BR = bendamustine with rituximab; FCR = fludarabine with cyclophosphamide, and rituximab; FISH = fluorescence in situ hybridization; R/R = relapsed/refractory.

were considered as not significant. Statistical analysis was performed
with R (an open source statistical package downloadable from
http:/[www.r-project.org).

Results
Patient Features

Characteristics of the cohort are summarized in Table 1. We
gathered data from 860 patients of whom 60% were male, 49%
older than 65 years, 45% Rai stage 0 at diagnosis, and 40% required
treatment during a median follow-up of 8.5 years. Four hundred
fifty-nine subjects diagnosed since 2000 had 483 productive rear-
rangements of the BCR and 227 (49%) required CLL treatment:
FCR was administered to 64 TN and 30 R/R cases, whereas BR was
administered to 17 TN and 61 R/R patients.

As shown in Table 1 no significant differences were found be-
tween the whole population and the cohort with information on
IGHV mutational status.

Prognostic Effect of IGHV Mutational Status

The prognostic activity IGHV mutational status was assessed in
the whole cohort of 459 patients with 483 rearrangements diag-
nosed since 2000, we observed that not only JGHV genes, but also
IGHD and IGH]J genes, showed a skewed distribution between M-
IGHV and U-IGHV cases (see Supplemental Appendix A, Results,
and Supplemental Figure 1 in the online version)

The median and the 10-year PFS were 2.88 versus 12.09 years
and 14% versus 56% for U- and M-IGHV patients, respectively
(P < .0001; Figure 1A). Instead, considering the mutational load of
the JGHV gene the median PFS was 2.68, 3.25, and 10.45 years for
patients with 0, 0.01% to 2%, and >6% mutations, but not
reached for patients with 2.01%-4%, and 4.01%-6% mutations
within the germline sequence (P < .0001; Figure 1C). As shown in
Figure 1C the PFS curves of patients with 2%-4%, 4.01%-6%, and
>6% mutations, that would have been classified as M-IGHV, have
similar trends and were not statistically different (P = .7455), as
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332 Figure 1 Prognostic and Predictive Implication of /GHV Mutational Status. (A and B) The Prognostic Role of /GHV Mutational Status on L& 39(1)
33 Progression-Free Survival (PFS) and Overall Survival (0S) of 459 Patients. (C and D) PFS and 0S According to /GHV 39

335 Mutational Load. In Particular, We Show That Mutated /GHV Patients Experience Longer Disease Progression and Survival 392
336 Regardless of the Burden of Mutation. Kaplan—Meier Analysis of (E and F) PFS and (G and H) 0S of the Predictive Role of 393
337 IGHV Mutational Status and Load on 227 Treated Patients. We Focused on Treatment-Naive (TN) and Relapsed/Refractory (R/ K 394
338 R) Patients Who Received FCR (Fludarabine with Cyclophosphamide, and Rituximab; | and M: 64 TN Patients; and L and N, 30 395
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383 well as curves for patients with 0 and 0.01%-2% mutations (P = patients with 0.01% to 2%, 2.01% to 4%, 4.01% to 6%, and >6% 440
384 .3202; Figure 1C). mutations within the germline sequence (P = .0005; Figure 1D). 441
385 Unmutated IGHV subjects also had a shorter OS compared with However, the curves of patients with 2.01% to 4.00%, 4.01% to 442
386 M-IGHV. The median and the 10-year OS were 11.60 years versus 6%, and >6% mutations, who would have been classified as M- 443
387 not reached, and 53% versus 81%, respectively (P < .0001; IGHYV, had superimposable trends (P = .3846; Figure 1D). Among 444
388 Figure 1B). According to the mutational load the median OS was U-IGHV patients, curves for patients with 0 and 0.01% to 2% 445
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In multivariate analyses, variables associated with a shorter OS
were age older than 65 years, male sex, advanced stage, previous
treatment, U-IGHV gene, 11q deletion, and TP53 abnormalities
(Table 2).

Predictive Effect of IGHV Status

To evaluate the predictive strength of IGHV mutational status
we analyzed 227 patients who required treatment during the follow-
up since 2000. U-IGHYV subjects had almost twofold increased risk
of relapse and death after first-line therapy than M-IGHV (HRs,
1.78 and 1.97, respectively, P < .0001; Figure 1E, F). As shown in
Figure 1G, H, the stratification of patients according to the extent
of IGHV mutation had no effect PFS and OS, rather than the
mutational status.

In particular, we focused on 64 TN and 30 R/R patients who
received FCR (Figure 11, J). The median PFS was 3.92 years for U-
IGHYV but not reached for M-IGHV patients (P = .0328) among
the TN subgroup, whereas we did not find any difference in the R/
R setting (1.78 and 0.95 years; P = .8479, respectively). Consid-
ering patients who were managed with BR (17 TN and 61 R/R;
Figure 1M, N), IGHV mutational status provided predictive in-
formation only in previously untreated subjects but not in R/R cases
(P = 493 and P = .1568, respectively). Moreover, as shown in
Figure 11, M, the PES curves of M-IGHYV subjects reached a plateau
with both treatments. These data suggest a durable disease control
and might be a cure with a short course, 6 cycles, of chemo-
immunotherapy for M-IGHV patients.

We analyzed the effect of mutational load on the PES and OS of
all treated patients and those who received specifically FCR or BR.
As shown in Figure 1K, L, Q, R, we did not find any statistical
improvement of IGHV mutational load over the mutational status.

Discussion

In this single-center retrospective study we assessed the prog-
nostic and the predictive role of IGHV mutational status compared
with the IGHV mutational load in CLL patients followed in a single
center. CLL cells express on their surface the BCR, made by surface
immunoglobulins and CD79a and b, a crucial molecule for survival
and functioning of normal B cells and many B-cell lymphoproli-
ferative disorders. In 1999, 2 independent groups reported that
CLL patients with higher (>2%) levels of somatic mutation in the

Table 2 Univariate and Multivariate Analyses of Overall Survival

Andrea Visentin et al

IGHYV genes experienced longer PFS and OS.?*** This cutoff value
was selected on the basis of the consideration that differences of
IGHV genes up to 2% might have been related also to allele
polymorphisms within the immunoglobulin loci. Three articles re-
ported the capability of IGHV mutational status to predict the
durability of response after FCR in TN subjects (Table 3).”%'"
12.21.22.31-33 e phase II trial, FCR300, of FCR as first-line
treatment for patients with CLL showed a PFS of 53.9% for M-
IGHYV patients compared with 8.7% in U-IGHV patients after a
median follow-up of 12.8 years.” PES curves for M-IGHV subjects
reached a plateau, suggesting sustained, long-term remission and,
maybe, a cure. The subsequent phase III trial, CLL8, from the
German CLL Study Group, showed that U-IGHV along with
TP53 abnormalities had the strongest prognostic effect on PFS and
0S.”" Additionally, after almost 6 years of follow-up, more than
80% of M-IGHYV patients were still alive, and the median OS for
this subset was not reached.” Rossi and colleagues published an
observational multicenter retrospective analysis of 404 CLL patients
who received first-line FCR.® The combination of IGHV muta-
tional status, 11q deletion, and 17p deletion allowed identification
of a very low-risk category of patients, that accounted for 28% of all
cases, featuring M-IGHV genes but neither 11q or 17p deletion.
Most of these very low-risk patients (71%) remained free of pro-
gression after treatment and their hazard of relapse decreased after 4
years from FCR. The life expectancy of this subgroup (91% at 5
years) was superimposable to that observed in the matched normal
general population.8 Recently, Jain et al'® showed that the absolute
percentage deviation of IGHV mutation rather that a 2% cutoff
predicts survival of CLL patients treated with FCR. In particular,
the 5-year PES increase was 44%, 50%, and 86% in patients with 0,
3%, and 7% of mutation within the germline sequence.13 Instead in
another multicenter international study the stratification of patients
according to the mutational load did not reach an independent
prognostic relevance, rather than the IGHV status.”*

Data obtained from our 459 cases are in line with the previously
mentioned reports (Figure 1I), confirming that U-IGHV patients
have an aggressive disease whereas less than half of patients with M-
IGHYV required treatment and almost 80% were alive after 10 years
of follow-up. Moreover, a homology >98% between the IGHV
genes of the CLL clones and the normal counterpart represents a
valid tool to discriminate groups with different prognostic

Univariate Analysis Multivariate Analysis
HR 95% Cl HR 95% Cl P
Male Sex 1.54 1.08-2.20 0174 1.58 1.08-2.30 .0183
Age >65 Years 5.34 3.64-7.84 <.0001 5.11 3.40-7.69 <.0001
Rai Stage IlI-IV 3.36 1.57-7.22 .0019 2.31 1.34-3.98 .0025
Treated 2.21 1.56-3.15 <.0001 2.41 1.61-3.60 <.0001
110- 2.57 1.30-3.70 .0056 2.30 1.19-4.10 .0079
TP53 Abnormality 3.03 1.42-6.45 .0040 2.25 1.28-3.98 .0051
U-IGHV 419 2.70-6.50 <.0001 3.70 2.42-5.68 <.0001

Abbreviations: HR = hazard ratio; 11g- = deletion 11922-23; U-IGHV = unmutated immunoglobulin heavy chain.
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Table 3 Summary of Most Relevant Studies With FCR and BR in TN and R/R Patients

Study Phase Patients
FCR TN
FCR300” I
M-IGHV/U-IGHV 88/126
cLLs?! Il
M-IGHV/U-IGHV 197/111
CLL10% Il
M-IGHV/U-IGHV 123/152
Rossi et al® v
M-IGHV/U-IGHV 108/209
Current study v
M-IGHV/U-IGHV 40/24
FCR R/R
REACH® Il
M-IGHV/U-IGHV 100/158
Badoux et al*' I
M-IGHV/U-IGHV 27/59
Current study v
M-IGHV/U-IGHV 6/24
BR TN
GCCLSG'® I
M-IGHV/U-IGHV 42/68
CLL10%? Il
M-IGHV/U-IGHV 87/183
GIMEMA™ v
M-IGHV/U-IGHV 66/57
Current study v
M-IGHV/U-IGHV 6/11
BR R/R
GCLLSG'? I
M-IGHV/U-IGHV 25/51
ERIC* v
M-IGHV/U-IGHV 40/106
Current study v
M-IGHV/U-IGHV 20/41

Median PFS,
Follow-Up, Months ORR, % Months
154 n.a./n.a. n.r./50
71 93/91 n.r./44
37 95/95 n.r./43
70 n.a./n.a. n.r./48
53 n.a./n.a. n.r./a7
25 n.a./n.a. n.a/hn.a
42 78/86 48/28
48 n.a./n.a. 22/11
27 90/89 30/34
37 97/95 55/34
24 89/82 n.a./n.a.
30 n.a./n.a. n.r./18
24 78/59 18/14
37 80/77 31/21
30 n.a./n.a. 22/11

Abbreviations: BR = bendamustine with rituximab; CLL8 = m s m; CLL10 = s m m; ERIC = m m W; FCR = fludarabine with cyclophosphamide, and rituximab; GCCLSG = m m m; GCLLSG = 020

HEN; GMEMA = mm®; M-IGHV = mutated immunoglobulin heavy chain; n.a. = not available; n.r. = not reached; PFS = progression-free survival; REACH = m M M; R/R = relapsed/

refractory; TN = treatment-naive; U-IGHV = unmutated immunoglobulin heavy chain.

likelihood. In accordance with Morabito et al,>* the extent of IGHV
gene mutation did not reach any prognostic or predictive role over
the IGHYV status in our cohort of CLL patients (Figure 11, M).
Treatment with FCR is associated with increased rates of he-
matological toxicity, infectious complications, and secondary ma-
lignancies, which are especially high in patients older than the age of
65 years.zus’27 In this regard, bendamustine, a chemotherapeutic
agent that combines alkylating and purine antimetabolite properties,
was effective and associated with a manageable toxicity profile when
used for untreated patients with CLL.*® The German CLL study
group reported a phase II prospective study showing that BR is a
safe and effective first-line therapy for CLL and, after a median

(linical Lymphoma, Myeloma & Leukemia Month 2019

follow-up of 27 months, the median PFS was 33.9 months. In this
work, the authors showed that 17p deletion, but not IGHYV status,
was associated with a lower remission rate and a shorter duration of
response.'’ Gentile et al published an international multicenter
retrospective study on BR in previously untreated CLL patients."'
After median follow-up of 24 months the PES was shorter for pa-

tients with a CIRS score >7, U-IGHV, 17p deletion, and BR dose @5

intensity <80%.""

In our study, in accordance with data reported by Gentile et al,"'
we observed a longer PES in M-IGHV patients treated with BR
compared with U-IGHYV patients (Figure 1M; P = .0493), rather
that the burden of IGHV mutations. Interestingly, the PFS curves
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of M-IGHV TN patients managed with either FCR or BR reached
a plateau (Figure 1I, M), suggesting a durable disease control, a
short course, 6 cycles, of chemoimmunotherapy.

Recently, the first in class BTK inhibitor ibrutinib, has been
evaluated compared with FCR and BR in 2 milestone clinical trials
in previously untreated CLL patients.””*° Both trials highlighted
that 6 cycles of FCR or BR were as active and effective as long-term
ibrutinib therapy in M-IGHV CLL, whereas significant improve-
ments were observed for U-IGHV patients. Our data together with
those derived from clinical trials suggest that M-IGHV patients
significantly benefit from first-line FCR or BR with long-term
disease control (Figure 11, M).

The FCR and BR regimens have also been evaluated in R/R
CLL patients without clear benefit on M-IGHV rather than U-
IGHV patients (Table 3).'?"? In our study we focused on 30
and 61 R/R patients treated with FCR or BR, respectively. Among
FCR-treated patients, the median PES for relapsed patients was
shorter than for TN patients (1.79 vs. 4.94 years; P = .0190; see
Supplemental Figure 2A in the online version); whereas it was
similar for patients who received BR (1.78 vs. 2.14; P = .9219;
see Supplemental Figure 2B in the online version). Interestingly,
14 patients who received FCR as first-line treatment were
managed with BR at first relapse (ie, second-line therapy). As
shown in Supplemental Figure 2C in the online version at, the
median PFS and OS for the sequential use of these 2 regiments
was 7.6 and 18.28 years, respectively. Opposite in TN patients,
we did not find any predictive role of either the IGHV mutational
status and the mutational load in relapsed subjects. Since new
target therapies, mainly ibrutinib and venetoclax, showed a
remarkable improvement over chemoimmunotherapies in R/R
patients within clinical trials and real-life studies, they have
become the standard of treatment.’

Conclusion

In our single-center retrospective study with a very long follow-
up, we confirmed the threshold of 2% IGHYV gene sequence ho-
mology within the germline sequence to define the mutational
status of the JGHYV gene, rather that the burden of the mutation,
and further support the evidence that previously untreated M-
IGHYV patients without TP53 abnormalities should be effectively
managed with few cycles of chemoimmunotherapy, FCR or BR
depending on age, comorbidities, and renal function. On the con-
trary, TN CLL patients with U-IGHV and/or TP53 abnormalities
reached limited disease control and early progression after chemo-
immunotherapy and, for these reasons, they should receive BCR
inhibitors or venetoclax.'

Clinical Practice Points

e In our single-center retrospectively study we confirmed the well
established prognostic information of IGHV mutation status and
further support the evidence that previously untreated M-IGHV
patients, regardless of extent IGHV mutation, should be effec-
tively managed with few cycles of chemoimmunotherapy, FCR
or BR depending on age and comorbidities.

e On the contrary, CLL patients with U-IGHV and/or TP53
abnormalities reach limited disease control and early progression

Andrea Visentin et al

after chemoimmunotherapy and for these reasons they should be

candidates for BCR and/or BCL2 inhibitors.
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Supplemental Appendix A
SuPPLEMENTAL METHODS
Fluorescent in Situ Hybridization

Fluorescent in situ hybridization was performed on standard
cytogenetic preparations from peripheral blood. The slides were
hybridized with the multicolor probe sets LSI p53/LSI ATM, LSI
D13S319/LSI 13q34/CEP12 and RP11-17708 (Vysis-Abbott, Des
Plaines, IL) according to the manufacturer’s protocol. Three hun-
dred interphase nuclei were analyzed for each probe. Accordingly
with the literature, the cutoff for positive values (mean of normal
control & 3 SD) was 4% for centromere 12 trisomy, and 10% for
deletion of 11q22.3, 13q14.3, and 17p13.1."*

Immune Globulin Heavy Chain Variable Gene Mutation

To perform immune globulin heavy chain variable IGHV
studies, RNA was extracted from 2 x 10° B cells using the RNeasy
Total RNA kit (Qiagen) and reverse transcribed using the Super-
Script Preamplification System for first-strand cDNA synthesis (Life
Technologies, Inc). The B-chronic lymphocytic leukemia (CLL) cell
VH gene family was assigned as previously described” using a sense
VH family-specific framework region primer in conjunction with
the appropriate antisense CH primer. VH gene sequences were
determined by amplifying 5 PL of the original cDNA using the
appropriate VH leader and CH primers. Polymerase chain reaction
(PCR) products were sequenced directly after purification with
Wizard PCR Preps (Promega, Madison, WI) using an automated
genetic analyzer (3130 ABI Applied Biosystems, Foster City, CA).
Sequences were analyzed using IMGT/VQUEST and BLAST
software’ to detect VD] junction. Sequences homology <98, from
the corresponding germline gene, were considered mutated,

Andrea Visentin et al

. 2.4
opposite to unmutated cases.”” Most common stereotyped rear-
. . 6
rangements were determined with ARResT.”

1P53 Mutational Analysis

The mutation hot spots of the 7P53 (exons 2-11, including
splicing sites) genes were analyzed using PCR amplification and
DNA direct sequencing according to Rossi et al.®

Supplementary Results
Immune Globulin Heavy Chain Variable, IGHD, and IGH]
Genes

Twenty-six patients had a stereotyped BCR and the most com-
mon subsets were number 2 (2%) and number 1 (1%). The median
CDR3 length of our cohort was 13 amino acids (aa). However, we
observed that patients belonging to unmutated CLL had longer
CDR3 than mutated CLL patients (P < .0001). The average CDR3
lengths for unmutated IGHV (U-IGHV) and mutated IGHV (M-
IGHYV) patients were 22 aa and 15 aa, respectively. In our cohort,
the most common IGHV genes were IGHV1-69 (11%), IGHV3-
23 (10%), and IGHV4-34 (7%). As shown in Figure 1A, the dis-
tribution of these genes was skewed (P < .0001); in fact, the most
rearranged genes in unmutated and mutated patients were IGHV1-
69 (23% vs. 4%) and IGHV3-23 (6% vs. 13%), respectively.
Considering IGHD genes, the most represented were IGHD3-3
(13%), IGHD3-22 (11%), and IGHD3-10 (8%). For these genes
we also observed a nonrandom distribution between patients with
U-IGHV and M-IGHYV (Figure 1B; P < .0001). In fact, IGHD3-3
(24% vs. 6%) was the most common gene in the former group and
IGHV3-10 in the latter (5% vs. 11%). Regarding IGH] genes, the
most common genes were IGHJ4 (47%), IGHJ6 (26%), and
IGHJ3 (12%), and their distribution was unbalanced among pa-
tients (Figure 1C; P < .0001). In fact, IGH]J6 (43% vs. 16%) and
IGHJ4 (36% vs. 55%) were the most common genes in U-IGHV
and M-IGHYV cases, respectively.
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