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AP-HP, Paris, France; 17Centre Léon Bérard, Lyon, France; 18Centre National de la Recherche Scientifique (CNRS) SNC5014, UMR-S1147 INSERM, Paris, France;
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KEY PO INT S

l In a real-life CLL cohort
still on ibrutinib after
3 years, 57% of
patients with residual
clonal lymphocytosis
had a BTK mutation.

l The presence of a BTK
mutation in patients
still on ibrutinib
conferred a greater
likelihood of
subsequent CLL
progression.

Mutational analyses performed following acquired ibrutinib resistance have suggested that
chronic lymphocytic leukemia (CLL) progression on ibrutinib is linked to mutations in Bruton
tyrosine kinase (BTK) and/or phospholipase Cg2 (PLCG2) genes. Mutational information for
patients still on ibrutinib is limited. We report a study aimed to provide a “snapshot” of the
prevalence of mutations in a real-life CLL cohort still on ibrutinib after at least 3 years of
treatment. Of 204 patients who initiated ibrutinib via an early-access program at 29 French
Innovative Leukemia Organization (FILO) centers, 63 (31%) were still on ibrutinib after
3 years and 57 provided a fresh blood sample. Thirty patients had a CLL clone ‡0.53 109/L,
enabling next-generation sequencing (NGS); BTK and PLCG2 mutations were detected in
57% and 13% of the NGS samples, respectively. After median follow-up of 8.5 months from
sample collection, the presence of a BTK mutation was significantly associated with sub-
sequent CLL progression (P 5 .0005 vs no BTK mutation). Our findings support that mu-
tational analysis should be considered in patients receiving ibrutinibwho have residual clonal
lymphocytosis, and that clinical trials are needed to evaluate whether patients with a BTK
mutation may benefit from an early switch to another treatment. (Blood. 2019;134(7):641-644)

Introduction
The Bruton tyrosine kinase (BTK) inhibitor ibrutinib has demon-
strated efficacy in the treatment of chronic lymphocytic leukemia
(CLL) in the relapsed/refractory1,2 and first-line3,4 settings. Long-
term outcomes have mainly been evaluated in clinical trials.5-9

Data from real-life cohorts are only just starting to emerge.10-12

Mutational analyses performed following acquired ibrutinib re-
sistance have suggested that CLL progression on ibrutinib is linked
to mutations in the BTK and/or phospholipase Cg2 (PLCG2)
genes.13-19 However, mutational information for patients still on
ibrutinib, without evidence of CLL progression, is limited.13,19 Un-
certainty therefore remains about whether BTK and PLCG2 muta-
tions directly cause, and are sufficient for, ibrutinib resistance.20

In France, ibrutinib became available as an early-access program
(EAP) in 2014 and this has allowed its evaluation for prolonged

use in a real-life cohort. Here, we report a study conducted by
the French Innovative Leukemia Organization (FILO) Group that
gives a “snapshot” of the prevalence ofmutations in patients from
the French EAP still on ibrutinib after at least 3 years of treatment.

Study design
Twenty-nine FILO centers provided data for all patients who
initiated ibrutinib via the French EAP between February 2014
and April 2015 and were still on ibrutinib after 3 years. Fresh
blood samples were taken and sent to the Avicenne laboratory
(Assistance Publique–Hôpitaux de Paris [AP-HP], Bobigny,
France) for central analyses. Flow cytometry techniques were
used to determine presence of minimal residual disease, at a
level of ,1 CLL cell per 10 000 lymphocytes (,1024),21 and to
determine CLL cell counts. For samples exhibiting a CLL clone
$0.53 109/L, mutational profiling by next-generation sequencing
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(NGS) was performed for BTK, PLCG2, TP53, NOTCH1, SF3B1,
XPO1, RPS15, ATM, POT1, BIRC3, and FBXW7. All BTK C481S
samples with variant allele frequency (VAF) ,10% by NGS were
confirmed by droplet digital polymerase chain reaction (ddPCR).
Following sample collection, patients were followed for sub-
sequent CLL progression (as assessed by the FILO local inves-
tigator) and treatment outcomes including event-free survival
(event defined as a new treatment of CLL or death) and overall
survival. Statistical analyses were by the Fisher exact test (for
nominal variables) or the log-rank test (for survival outcomes).

The study was conducted in accordance with national ethical
recommendations and the Declaration of Helsinki, and with
written informed patient consent.

Additional study details are provided in the supplemental Study
protocol and supplemental Methodological details (available on
the Blood Web site).

Results and discussion
Of 204 patients who received ibrutinib via the French EAP at
29 FILO centers, 63 (31%) were still on ibrutinib after at least
3 years of treatment, and 57 provided fresh blood samples
(supplemental Figure 1). Considering these 57 patients, the
median time between ibrutinib initiation and sample collection
was 3.5 years (range, 2.8-4.2 years) (Table 1). Most patients had
adverse prognostic factors. All but 3 patients (each with 17p
deletion) had received previous treatment (median 2 lines),
usually including immunochemotherapy or alemtuzumab. De-
spite 3 years on ibrutinib, 13% of patients (7 of 55 with response
data) had partial response with lymphocytosis22 and all 57
patients exhibited detectable minimal residual disease (.1024).

Our study is original in providing a snapshot of the mutational
profile of patients still on ibrutinib in the real-life setting at
a definite long-term time point. Most previous mutational
analyses were performed in patients with acquired ibrutinib
resistance.13-19 To our knowledge, only 1 previous study pro-
spectively examined BTK and PLCG2 mutations longitudinally;
patients were recruited from 4 clinical trials and the data were
published at a maximum 9-month time point.13 In our study, 30
blood samples exhibited a CLL clone $0.5 3 109/L, allowing
mutational profiling byNGS (Figure 1A). Themutations detected
were in line with previous reports in patients with acquired
ibrutinib resistance, with no newmutations seen. One-half of the
patients tested by NGS (15 of 30) had a TP53 mutation. At least
1 BTK mutation (total 20 mutations, all at C481, 14 at C481S)
occurred in 17 of 30 patients (57%) and the VAF range was wide
(0.2%-73%) (supplemental Table 1). ddPCR confirmation of
C481S samples with negative or low VAF by NGS showed high
concordance, with only 1 case detected by ddPCR (VAF, 0.37%)
but not NGS (supplemental Table 2). Most patients (14 of 17) had
a single BTK mutation, and there were no statistically significant
associations between presence of a BTK mutation and the
number of previous treatment lines (0 of 1 vs $2), need for
transient interruptions or dose reductions (supplemental Table 3),
or presence of any other mutations. At least 1 PLCG2 mutation
(total 7 mutations) occurred in 4 of 30 patients (13%) and the VAF
was low (1%-11%). Strikingly, 3 of the 4 patients had 2 PLCG2
mutations, and all 4 also presented with a BTK mutation and
a TP53 mutation. The high prevalence of BTK mutations, with or

withoutPLCG2mutations, suggests that patients can harbor these
mutations even when they are still benefiting clinically from
ibrutinib. In support of this, the previous prospective longitudinal
study reported that of 8 patients who experienced clinical relapse,
all had a BTK mutation before relapse, and that a BTK mutation
was also detected in 8 additional patients (the PLCG2mutational
status of patients was not stated).13 Furthermore, a retrospective
analysis using stored samples from a clinical trial found that of
9 patients with a BTK and/or PLCG2 mutation detected at CLL
progression, 6 had detectable mutations that predated the
progression.19

During the follow-up for subsequent CLL progression in our study,
at a median 8.5 months from sample collection, only 38 patients
(19% of the 204 initially treated) remained on ibrutinib. The drop
from 28% at sample collection suggests that a noteworthy pro-
portion of patients experience CLL progression between the
third and fourth year on ibrutinib treatment. Considering the
27 patients with CLL clones ,0.5 3 109/L, 4 subsequently pro-
gressed (supplemental Figure 2). Of 2 patients mutationally
profiled at relapse, 1 had both BTK and PLCG2 mutations and
the other had a BTK mutation only. By contrast, considering the
30 patients with a CLL clone $0.5 3 109/L, presence of a BTK
mutation was significantly associated with subsequent CLL pro-
gression (P 5 .0005 vs no BTK mutation) (Figure 1B). Among the
17patientswith aBTKmutation, 14 subsequently progressed (1 had
Richter syndrome): 3 progressors remained on ibrutinib, 9 re-
ceived venetoclax (5 of 7 evaluable had an objective response),
and 2 died without further treatment. Among the 13 patients with
no BTK mutation, only 2 progressed: one died without further
treatment and the other received venetoclax. The event-free survival

Table 1. Patient characteristics

Characteristic Result, N 5 57*

Age at ibrutinib initiation, median (range), y 67.7 (46.9-84.1)

Male/female, n/n, (ratio) 39/18 (2.2)

Prognostic factors, n/N (%)
11q deletion 18/40 (45)
17p deletion 20/47 (43)
Unmutated IGHV 34/38 (89)

Previous lines, median (range) 2 (0-5)

Previous lines, n (%)
FCR or BR 46 (81)
Alemtuzumab plus or minus dexamethasone 9 (16)
Chlorambucil plus or minus anti-CD20 14 (25)
Other 25 (44)

Best response on ibrutinib therapy,
investigator reported, n/N (%)

PR 48/55 (87)
PRl 7/55 (13)

Transient dose interruption .7 d, n/N (%) 20/55 (37)

Dose reduction, n/N (%) 23/55 (42)

BR, bendamustine plus rituximab; FCR, fludarabine plus cyclophosphamide plus rituximab;
IGHV, immunoglobulin heavy chain variable gene; PR, partial response; PRl, partial
response with lymphocytosis.

*Except where otherwise stated.
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was significantly shorter in patientswith aBTKmutation (P5 .0380 vs
no BTK mutation), but there was no difference in terms of overall
survival (supplemental Figure 3).

In conclusion, in this real-life CLL cohort of 57 patients still on
ibrutinib after 3 years, over one-half of patients (57%) with a CLL
clone $0.5 3 109/L had a BTK mutation, and presence of a BTK
mutation conferred a greater likelihood of subsequent CLL pro-
gression. These findings support that mutational analysis should be
considered in patients receiving ibrutinib who have residual clonal
lymphocytosis, and that clinical trials are needed to evaluate
whether patients with a BTK mutation may benefit from an early
switch to another treatment. A new generation of noncovalent BTK
inhibitor that does not interact with theBTKC481 site is of interest.23
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Figure 1. Findings in patients with CLL clone ‡0.5 3 109/L (N 5 30). (A) Mutational profile, by NGS. Each column represents a patient. BTK mutations had no association
with TP53 mutations or other mutations. PLCG2 mutations were all associated with BTK mutations and TP53 mutations. (B) Outcomes subsequent to sample collection in
presence (n5 17) or absence (n5 13) ofBTKmutations, with regard to CLL progression and treatment. Each bar represents a patient. IGHV, immunoglobulin heavy chain variable
gene; ND, not determined.
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