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ABSTRACT

Genomic abnormalities, including del(17p)/TP53 mutation, del(11qg), unmutated IGHV, and muta-
tions in BIRC3, NOTCH1, SF3B1, and XPO1 predict poor outcomes with chemoimmunotherapy in
chronic lymphocytic leukemia. To better understand the impact of these high-risk genomic fea-
tures on outcomes with first-line ibrutinib-based therapy, we performed pooled analysis of two
phase 3 studies with 498 patients randomized to receive ibrutinib- or chlorambucil-based ther-
apy with median follow-up of 49.1 months. Ibrutinib-based therapy improved overall response
rates (ORRs), complete response rates, and progression-free survival (PFS) versus chlorambucil-
based therapy across all subgroups. In ibrutinib-randomized patients with versus without speci-
fied genomic features, ORR and PFS were comparable across subgroups. PFS hazard ratio (95%
Cl) for del(17p)/TP53 mutated/BIRC3 mutated: 1.05 (0.54-2.04); del(17p)/TP53 mutation, del(11q),
and/or unmutated IGHV: 1.11 (0.69-1.77); unmutated IGHV: 1.79 (0.99-3.24); and NOTCH1
mutated 1.05 (0.65-1.69). This integrated analysis demonstrated efficacy of first-line ibrutinib-
based treatment irrespective of cytogenetic and mutational risk features.
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Introduction the high-risk subgroup of TP53 mutation and/or BIRC3
mutation and the intermediate-risk subgroup of
NOTCH1 and/or SF3B1 mutation and/or del (11q) as
independent risk factors for inferior overall survival (OS)
[3]. Mutational status of the variable region of the
immunoglobulin heavy chain (IGHV) gene has also
been identified as a prognostic factor in CLL, with bet-
ter prognosis in patients with mutated versus unmu-
tated IGHV [4,5]. In addition to genomic abnormalities,

such as del(17p)/TP53 mutation, del(11q), and unmu-

Chronic lymphocytic leukemia (CLL) is a B-cell malig-
nancy that is characterized by a variable clinical course
and heterogeneous biology [1]. A variety of genomic
features have been identified that are associated with
inferior prognosis in patients with CLL [1]. Dohner et al
identified a hierarchical model of chromosomal abnor-
malities with prognostic value in CLL, with the shortest
survival estimates observed in patients with del(17p),

followed by those with del(11q) in the absence of
del(17p) [2]. Subsequently, Rossi et al developed a
revised hierarchical classification integrating chromo-
somal abnormalities with recurrent gene mutations,
refining the prognostic order of relevance to implicate

tated IGHV, mutations in BIRC3, NOTCHI1, SF3B1, and
XPO1 have been recently associated with poor out-
comes in patients treated with chemoimmunotherapy
[6,7]. Despite the known association between inferior
outcomes and chemoimmunotherapy in the presence
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of these high-risk genomic features [8-12], patients
with CLL are frequently treated with such therapies
regardless of genomic status [13].

Ibrutinib, a once-daily Bruton’s tyrosine kinase
inhibitor, is the only targeted therapy to demonstrate
significant progression-free survival (PFS) benefit and
OS benefit in multiple randomized phase 3 studies in
both previously untreated and relapsed/refractory CLL/
small lymphocytic lymphoma (SLL) [14-19]. Of note,
patients with and without high-risk genomic features
known to confer inferior outcomes with chemoimmu-
notherapy have shown consistently enhanced PFS
with single-agent ibrutinib or ibrutinib-based combin-
ation therapy, including combinations with anti-CD20
antibodies, compared to those treated with estab-
lished therapies [14-16,19,20]. In the RESONATE-2
study, first-line ibrutinib was associated with superior
PFS and OS compared with chlorambucil, with PFS
benefit for ibrutinib observed across all patient sub-
groups, including those with TP53 mutation, del(11q),
and/or unmutated IGHV [14]. In the iLLUMINATE study,
first-line ibrutinib plus obinutuzumab was associated
with superior PFS compared with chlorambucil plus
obinutuzumab [16]. Significant PFS benefit with ibruti-
nib-obinutuzumab over chlorambucil-obinutuzumab
was observed in patients with del(17p), TP53 muta-
tions, del(11q), and/or unmutated IGHV [16].

Previously, in the phase 3 RESONATE study, muta-
tions in BIRC3, NOTCH1, SF3B1, or XPO1 had no signifi-
cant impact on the PFS benefit conferred by ibrutinib
in patients with relapsed/refractory CLL/SLL treated
with ibrutinib or ofatumumab [21,22]. However, lim-
ited evidence is available regarding the efficacy of
ibrutinib in patients with these single-gene mutations
in the first-line setting. To better understand outcomes
in patients with previously untreated CLL with various
high-risk genomic features, including integrated gene
mutations and chromosomal abnormalities, we per-
formed a pooled analysis of two large registrational
phase 3 studies (RESONATE-2 and iLLUMINATE) with
extended follow-up of ibrutinib-based therapy for first-
line treatment of CLL/SLL. Safety analyses were per-
formed to help inform the benefit-risk profile in
patients with high-risk genomic features.

Materials and methods
Pooled analysis

Detailed methods for RESONATE-2 [23] and iLLUMINATE
[16] were previously reported. Briefly, in RESONATE-2
(PCYC-1115/1116), patients aged >65 years with previ-
ously untreated CLL/SLL without del(17p) were

randomized 1:1 to receive single-agent oral ibrutinib
(420mg once daily) until progressive disease or
unacceptable toxicity, or up to 12 cycles of chlorambucil
(0.5mg/kg, increased up to 0.8mg/kg as tolerated, on
days 1 and 15 of each 28-day cycle). In iLLUMINATE
(PCYC-1130), patients with previously untreated CLL/SLL
aged >65 years or <65 years with either coexisting
conditions or del(17p)/TP53 mutation were randomized
1:1 to receive ibrutinib (420mg once daily) until pro-
gressive disease or unacceptable toxicity plus six cycles
of obinutuzumab (100mg on day 1, 900 mg on day 2,
and 1,000mg on days 8 and 15 in cycle 1, then
1,000 mg on day 1 of each 28-day cycle) or six cycles of
chlorambucil (0.5mg/kg on days 1 and 15 of each 28-
day cycle) plus obinutuzumab (as described for the ibru-
tinib plus obinutuzumab arm). Both studies were
approved by institutional review boards at each partici-
pating institution and were conducted in accordance
with the Declaration of Helsinki. All patients provided
written informed consent. RESONATE-2 and iLLUMINATE
were  registered at  ClinicalTrials.gov  (numbers
NCT01722487 and NCT02264574, respectively).

Data were pooled for patients randomized to
receive ibrutinib-based therapy (single-agent ibrutinib
or ibrutinib-obinutuzumab) and for those randomized
to receive chlorambucil-based therapy (single-agent
chlorambucil or chlorambucil-obinutuzumab). High-risk
genomic features were evaluated by central laboratory
testing. Cytogenetics (del(17p) and del(11q)) were
assessed using fluorescence in situ hybridization
(FISH). IGHV mutational status was assessed by
somatic hypermutation assay (LymphoTrack Dx IGHV;
Invivoscribe, Inc., San Diego, CA, USA). TP53, BIRC3,
SF3B1, NOTCH1, and XPOT mutations were assessed by
targeted next-generation sequencing (ACE Extended
Cancer Panel; Personalis, Menlo Park, CA, USA).

Clinical outcomes of interest were PFS, OS, overall
response rates (ORRs), complete response (CR) rate
including CR with incomplete bone marrow recovery
(CRi), and safety. Response was assessed by investiga-
tors per 2008 International Workshop on Chronic
Lymphocytic Leukemia criteria [24]. Outcomes were
analyzed for various subgroups as defined by FISH
cytogenetics or single-gene mutations alone and in
combination, including subgroups defined by hierarch-
ical classification after Dohner et al. [2]; revised hier-
archical classification after Rossi et al. [3]; high-risk
population per ibrutinib US prescribing information
[25] with del(17p)/TP53 mutation, del(11q), and/or
unmutated IGHV; IGHV mutational status; and single-
gene mutations in TP53, BIRC3, SF3B1, NOTCHI, and
XPO1. As patients with B-cell receptor (BCR) stereotype



subset 2 (IGHV3-21/IGLV3-21) predominantly carry
mutated IGHV but have similar prognosis to those
with unmutated IGHV [26], we performed a sensitivity
analysis that included seven additional patients with
BCR stereotype subset 2 in the unmutated
IGHV subgroup.

Outcomes were compared between (1) ibrutinib-
versus chlorambucil-based therapies and (2) ibrutinib-
randomized patients with versus without specified
high-risk genomic features.

Statistical analysis

Efficacy analyses included all intention-to-treat
patients from both studies; safety analyses included
patients who received >1 dose of study treatment.
PFS and OS were estimated using Kaplan-Meier meth-
odology; subgroups were compared using hazard
ratios (HRs) with P values based on unstratified log-
rank test. OS was estimated without censoring or
adjustment for crossover. ORRs were compared
between subgroups using rate ratios with P values
based on the chi-square test. No multiplicity adjust-
ments were performed.

Results
Patients

Pooled analyses included 498 patients randomized to
receive ibrutinib-based therapy (n=249) or chloram-
bucil-based therapy (n =249). One patient randomized
to ibrutinib-based therapy and two patients random-
ized to chlorambucil-based therapy did not receive
the assigned study treatment; thus, pooled safety pop-
ulations included 248 ibrutinib-treated patients and
247 chlorambucil-treated patients. Within each study,
baseline characteristics were balanced across treat-
ment arms [16,23]. Genomic risk subgroups are
described in Supplementary Table S1. In patients
randomized to receive ibrutinib-based therapy, base-
line characteristics were generally similar across gen-
omic risk subgroups (Supplementary Table S2). At the
time of analysis, median follow-up for all patients in
the pooled analysis was 49.1 months (range, 0.1-78.7).

Outcomes with ibrutinib- versus chlorambucil-
based therapy by specified genomic risk features

Ibrutinib-based therapy improved ORR and CR rates
compared with chlorambucil-based therapy across
patients with different genomic risk features. ORRs
were 83%-97% across genomic risk subgroups in
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patients randomized to ibrutinib-based therapy, com-
pared with 50%-71% across subgroups of patients
randomized to chlorambucil-based therapy, with rate
ratios of 1.28-1.84 (Figure 1). CR rates were 22%-47%
versus 6%-20% with ibrutinib- versus chlorambucil-
based therapy across genomic risk subgroups (Figure
1). With a median follow-up of 49 months (up to
79 months), ibrutinib-randomized patients had longer
PFS compared with chlorambucil-randomized patients,
regardless of genomic risk features. Median PFS was
not reached in any subgroup in ibrutinib-randomized
patients and ranged from 11.2 to 20.2 months across
high-risk genomic subgroups in chlorambucil-random-
ized patients (Table 1). At 42 months, PFS rates were
significantly higher across high-risk genomic sub-
groups in ibrutinib-randomized patients (63%-87%)
compared with chlorambucil-randomized patients
(6%-34%) (Table 1). Consistent PFS benefit with ibruti-
nib- versus chlorambucil-based therapy was observed
across all high-risk genomic subgroups, with HRs rang-
ing from 0.06 to 0.30 (Figure 2(A)). Kaplan-Meier
curves for PFS in patients randomized to ibrutinib-
versus chlorambucil-based therapy by NOTCH1 and
SF3B1 mutational status are shown in Supplementary
Figure S1. OS results had not reached maturity at the
time of analysis, with median OS not reached in any
subgroup in either ibrutinib- or chlorambucil-random-
ized patients. Although no differences were observed
in OS between ibrutinib- vs chlorambucil-based ther-
apy (Figure 2(B)), OS analyses were confounded by the
high rate of crossover after progression; in total, 123
of 249 patients (49%) initially assigned to chlorambu-
cil-based therapy crossed over to receive ibrutinib-
based therapy.

Outcomes with ibrutinib-based therapy in patients
with versus without specified genomic
risk features

In patients randomized to ibrutinib-based therapy,
ORR and CR rates were generally comparable between
patients with versus without specified high-risk gen-
omic features (Figure 3), with rate ratios for ORR of
0.90-1.10. Similarly, PFS was generally comparable
between patients with versus without specified high-
risk genomic features (Figure 4(A)), including those
with the highest risk classification of del(17p)/TP53
mutated/BIRC3 mutated per Rossi et al. (HR, 1.05; 95%
Cl, 0.54-2.04; p=0.8962); the high-risk population
with del(17p)/TP53 mutation, del(11q), and/or unmu-
tated IGHV per ibrutinib US prescribing information
(HR, 1.11; 95% Cl, 0.69-1.77; p=0.6729); those with
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Not mutated
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Not mutated
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Not mutated
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Rate ratio for ORR

(95% Cl)° P value
1.73 (1.18-2.54)  0.0018 2
1.75(1.30-2.36)  <0.0001 37
1.39 (1.22-1.59)  <0.0001 38
1.61(1.20-2.16)  0.0006 2
1.44 (1.26-1.65) <0.0001 4
1.51 (1.15-1.97)  0.0006 26
1.75 (1.49-2.06) <0.0001 38
1.40 (1.19-1.64) <0.0001 o
1.79 (1.49-2.16)  <0.0001
1.33 (1.15-1.54)  0.0001
1.31(0.91-1.88)  0.1286
1.50 (1.33-1.69)  <0.0001
1.64 (1.28-2.10) <0.0001
1.44 (1.26-1.63) <0.0001
1.28 (1.13-1.46)  0.0001
1.84 (1.49-2.28) <0.0001
1.83 (1.21-2.77)  0.0007
1.45(1.29-1.63) <0.0001

0 20 40 60 80 100

ORR, %
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CR/CRi rate, %

Ibrutinib-based therapy B Chlorambucil-based therapy

Figure 1. Response with ibrutinib- versus chlorambucil-based therapy by specified genomic risk features. Cl: confidence interval;
CR/CRi: complete response/complete response with incomplete bone marrow recovery; ORR: overall response rate. *Neither
del(17p)/TP53 mutation nor del(11q). PNeither del(17p)/TP53 mutation/BIRC3 mutation nor del(11q)/SF3B7 mutation/NOTCHT muta-
tion. “Rate ratio for ORR with ibrutinib-based therapy versus chlorambucil-based therapy.

unmutated IGHV (HR, 1.79; 95% Cl, 0.99-3.24;
p=0.0512); and those with NOTCHI mutations
(HR, 1.05; 95% Cl, 0.65-1.69; p =0.8555). A sensitivity
analysis including patients with BCR stereotype subset
2 provided similar results to the overall comparison of
unmutated versus mutated IGHV, with a slight shift in
the HR for PFS in favor of the mutated IGHV subgroup
in patients randomized to ibrutinib-based therapy (HR,
1.85; 95% Cl, 0.99-3.45; p=0.0489). Kaplan-Meier
curves for PFS in patients randomized to ibrutinib-
based therapy according to subgroups defined by
hierarchical classification after Dohner et al (del(17p)
versus del(11q) versus all others), by revised hierarch-
ical classification after Rossi et al (del(17p)/TP53 muta-
tion/BIRC3 mutation versus del(11q)/SF3B1 mutation/
NOTCH1 mutation versus all others) are shown in
Supplementary Figure S2. Of note, a sustained PFS
rate of 79% was observed at 42 months in patients

with del(17p)/TP53 mutation randomized to ibrutinib-
based therapy (Table 1). Median OS was not reached
in any subgroup and OS was generally similar
between ibrutinib-randomized patients with versus
without  specified genomic high-risk  features
(Figure 4(B)).

Safety of ibrutinib-based therapy

The median duration of ibrutinib-based treatment was
40.8 months (range, 0.1-74.0) and ranged from 35.7 to
43.8 months across genomic risk subgroups
(Supplementary Table S3). In the overall population of
patients treated with ibrutinib-based therapy, preva-
lence of adverse events (AEs) of clinical interest
(hypertension, atrial fibrillation, neutropenia, anemia,
infection, and bleeding) of any grade (Figure 5(A)) or
grade >3 (Figure 5(B)) demonstrated some variability
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Table 1. Progression-free survival in patients randomized to ibrutinib- versus chlorambucil-based therapy by specified genomic

risk features.

42-month PFS rate, % (95% Cl)

Median PFS, months (95% Cl)

Ibrutinib Chlorambucil Ibrutinib Chlorambucil

Hierarchical classification (after Dohner)

Del(17p)/TP53 mutation 79 (58-90) All PD or not in follow-up NR (60.0-NE) 11.2 (9.7-20.2)

Del(11q) 82 (65-92) 6 (1-18) NR (63.3-NE) 15.2 (9.3-21.9)

All others® 75 (67-81) 36 (28-45) NR (NE-NE) 22.9 (18.6-27.0)
Revised hierarchical classification (after Rossi)

Del(17p)/TP53 mutation/BIRC3 mutation 72 (56-82) 16 (6-28) NR (52.0-NE) 14.5 (10.8-22.6)

Del(119)/SF3B1 mutation/NOTCHT mutation 80 (71-86) 28 (20-37) NR (NE-NE) 20.2 (15.8-24.0)

All others® 73 (60-82) 38 (23-52) NR (67.8-NE) 24.9 (17.7-42.7)
Del(17p)/TP53 mutation, del(11q) and/or unmutated IGHV

Yes 76 (68-82) 10 (6-16) NR (71.0-NE) 14.5 (11.1-18.0)

No 78 (68-85) 50 (39-59) NR (71.0-NE) 39.4 (24.4-52.3)
IGHV

Unmutated 72 (63-80 9 (5-16) NR (64.3-NE) 14.5 (10.7-18.0)

Mutated 87 (77-93 48 (37-58) NR (NE-NE) 27.7 (22.1-53.5)
BIRC3

Mutated 63 (40-80) 18 (6-36) NR (23.9-NE) 19.6 (9.9-29.9)

Not mutated 78 (72-83) 29 (23-36) NR (NE-NE) 20.2 (18.3-22.9)
SF3B1

Mutated 82 (69— 23 (12-36 NR (NE-NE) 18.9 (14.2-24.0)

Not mutated 75 (68-81 30 (22-37 NR (71.0-NE) 21.0 (17.4-24.6)
NOTCH1

Mutated 76 (66-83) 27 (19-35) NR (56.0-NE) 19.4 (15.2-22.4)

Not mutated 77 (69-84) 30 (20-40) NR (71.0-NE) 21.9 (17.7-25.9)
XPO1

Mutated 78 (54-90) 34 (14-55) NR (46.2-NE) 18.9 (11.1-43.3)

Not mutated 77 (70-82) 27 (21-34) NR (NE-NE) 20.3 (18.0-22.6)

Cl: confidence interval; NE: not estimable; NR: not reached; PD: progressive disease; PFS: progression-free survival.

®Neither del(17p)/TP53 mutation nor del(11q).

bNeither del(17p)/TP53 mutation/BIRC3 mutation nor del(11q)/SF3B1 mutation/NOTCHT mutation.

but generally decreased over time, with the exception
of hypertension. Bleeding events of any grade
declined from 40% during the first year to 27% after
year 6; no grade >3 bleeding events occurred after
year 3. No clinically meaningful differences in the rates
of these grade >3 AEs were observed across high-risk
genomic subgroups compared to the overall popula-
tion (Supplementary Table S3). Similarly, no clinically
meaningful differences were seen in any grade AEs
compared to the overall population (Supplementary
Table S3).

Discussion

Overall, this integrated analysis of patients undergoing
first-line ibrutinib-based treatment, with median fol-
low-up of 49 months (up to 79 months), confirmed
significant PFS and ORR benefits with ibrutinib (with
or without obinutuzumab) versus chlorambucil (with
or without obinutuzumab) irrespective of high-risk
genomic features. Additionally, the analyses generally
demonstrated relatively similar PFS and ORR for ibruti-
nib-randomized patients with or without high-risk
genomic features associated with inferior outcomes
with  chemoimmunotherapy, including del(17p),
del(11q), TP53 mutation, or unmutated IGHV [8-12]
and single-gene mutations in BIRC3, NOTCHI1, SF3BI,

and XPOT1 [6,7]. While PFS data have been previously
published separately for the RESONATE-2 and
iLLUMINATE studies according to FISH cytogenetics,
IGHV status, and TP53 mutation status [14,16], we
report here for the first time a pooled cross-trial
analysis on the single-gene mutations of BIRC3,
NOTCH1, SF3B1, and XPO1 and introduce novel data
according to the revised Rossi hierarchical classifica-
tion. The presence of high-risk genomic features did
not appear to have a discernible impact on rates of
treatment-emergent AEs.

Patients with CLL bearing TP53 aberrations
(del (17p) and/or TP53 mutations) have poor outcomes
on chemoimmunotherapy, with 3-year PFS and OS
rates of only 18% and 38%, respectively, in those
treated with first-line fludarabine, cyclophosphamide,
and rituximab [11]. In contrast, the 42-month PFS rate
for patients with TP53 aberrations randomized to first-
line ibrutinib-based therapy was 79% in the current
pooled analysis. These findings are consistent with
those from a pooled analysis of patients with TP53
aberrations with median follow-up of 4years (up to
8years) across four clinical trials of first-line ibrutinib-
based therapy, including the two trials in this current
analysis (RESONATE-2 and iLLUMINATE) as well as two
trials sponsored by the National Institutes of Health
(PCYC-1122e and ECOG-1912), that demonstrated
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Figure 2. Forest plots of (A) progression-free survival and (B) overall survival with ibrutinib- versus chlorambucil-based therapy by
specified genomic risk features. OS: overall survival; PFS: progression-free survival. ®Neither del(17p)/TP53 mutation nor del(11q).
PNeither del(17p)/TP53 mutation/BIRC3 mutation nor del(11q)/SF3B7 mutation/NOTCH1 mutation. “Hazard ratio for PFS or OS with
ibrutinib-based therapy versus chlorambucil-based therapy.
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Figure 3. Response rates with ibrutinib-based therapy in patients with versus without specified high-risk genomic features. Cl:
confidence interval; CR/CRi: complete response/complete response with incomplete bone marrow recovery; NA: not applicable;
ORR: overall response rate. *Without high-risk feature =all others (neither del(17p)/7P53 mutation nor del(11q)). ®Without high-
risk feature =all others (neither del(17p)/TP53 mutation/BIRC3 mutation nor del(11q)/SF3B1 mutation/NOTCH1 mutation). “Rate

ratio for ORR with versus without high-risk features.

4-year PFS and OS rates of 79% and 88%, respectively
[27]. With a median follow-up of 6.5years, the PCYC-
1122e study demonstrated 6-year PFS and OS rates of
61% and 79%, respectively, in patients with TP53 aber-
rations treated with first-line ibrutinib [28].
Additionally, the 2-year PFS rate in the CLL14 study
was 74% for patients with TP53 aberrations receiving
first-line treatment with venetoclax plus obinutuzumab
[29]. While previous findings in patients receiving sin-
gle-agent ibrutinib in the relapsed/refractory setting
suggested that patients with del(17p) and/or TP53
mutations tended to have shorter PFS than patients
without TP53 aberrations [15,22], the current pooled
analyses demonstrated comparable PFS between
patients with and without TP53 aberrations receiving
ibrutinib-based therapy in the first-line setting. It

should be noted that the proportion of patients with
TP53 aberrations is small in these first-line studies rela-
tive to the relapsed/refractory setting in which the
prevalence of TP53 aberrations is increased as a result
of expansion of refractory TP53-aberrant subclones
under selective pressure of chemoimmunother-
apy [30,31].

Unmutated IGHV predicts inferior outcomes with
first-line chemoimmunotherapy in patients with CLL,
whereas patients with mutated IGHV can achieve
long-term PFS with chemoimmunotherapy [9-12].
Consistent with previous findings [14-16,20,32], we
found that PFS benefit with ibrutinib-based therapy
versus comparators was similar between patients with
and without unmutated IGHV and ibrutinib-based
therapy substantially abrogated the negative
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Figure 4. Forest plots of (A) progression-free survival and (B) overall survival with ibrutinib-based therapy in patients with versus
without specified high-risk genomic features. Cl: confidence interval; OS: overall survival; PFS: progression-free survival. *Without

high-risk feature =all others (neither del(17p)/TP53 mutation

nor del(11q)). bWithout high-risk feature =all others (neither

del(17p)/TP53 mutation/BIRC3 mutation nor del(11q)/SF381 mutation/NOTCHT mutation). “Hazard ratio for PFS or OS with versus

without high-risk features.

prognostic impact of unmutated IGHV status. Because
the BCR stereotype subset 2 is enriched in the mutated
IGHV population but carries a prognosis similar to that
conferred by unmutated IGHV [26], we performed a
sensitivity analysis that included patients with BCR
stereotype subset 2 in the unmutated IGHV subgroup.
Although patient numbers were small, inclusion of
these seven additional subset 2 patients in the unmu-
tated IGHV subgroup resulted in a slight shift in the HR
for PFS in favor of the mutated IGHV subgroup.

More novel mutations in BIRC3, NOTCH1, SF3B1, and
XPO1 have also been associated with poor outcomes
with chemoimmunotherapy in patients with CLL [6,7].
BIRC3 and SF3BT1 appear to be associated with refrac-
toriness to chemotherapy [7], whereas NOTCH1 muta-
tions appear to be associated with refractoriness to
anti-CD20 antibodies [9,33,34]. The role of XPOT muta-
tions is less clear as these frequently co-occur with

NOTCH1 and/or TP53 mutations [7]. Consistent with
previous analyses in patients treated with ibrutinib in
the relapsed/refractory setting [21,22], we found no
significant differences in PFS or OS in patients
randomized to first-line ibrutinib-based therapy
according to the presence or absence of mutations in
NOTCH1, SF3B1, BIRC3, or XPO1. However, it should be
noted that these analyses are limited by the small
numbers of patients in some of these subgroups, with
only 24 patients each in the BIRC3-mutated and XPO7-
mutated subgroups. Conversely, the prevalence of
NOTCHI1 mutations was relatively high in our study
population, likely due to enrollment for other high-risk
features, including TP53 mutation and unmutated
IGHV, both of which are known to correlate frequently
with NOTCHT mutation [35].

Integration of cytogenetic and mutational features
using the revised hierarchical classification after Rossi
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Figure 5. Prevalence of (A) any-grade AEs of clinical interest and (B) grade >3 AEs of clinical interest by yearly intervals in ibruti-
nib-treated patients. AEs: adverse events. *Combined terms. Infection was identified using the MedDRA System Organ Class term
for Infections and infestations. Bleeding was identified using the Standardized MedDRA Query for Hemorrhage, excluding labora-

tory terms.

et al. affords a more nuanced approach to CLL prog-
nostication compared to analyses based on FISH cyto-
genetics alone [3]. In this integrated model, patients
with del(17p)/TP53 mutation and/or BIRC3 mutations
comprise the highest risk group with the least favorable
survival outcomes on chemotherapy or chemoimmuno-
therapy [3]. Patients with del(11q) and/or SF3B7 and/or
NOTCH1 mutations have intermediate risk, whereas
patients without any of these cytogenetic or mutational
lesions have lower risk [3]. In the current analysis, effi-
cacy outcomes in patients randomized to first-line ibru-
tinib-based therapy were generally comparable across
subgroups defined by the revised hierarchical classifica-
tion, including those in the highest risk subgroup.
Despite the robust efficacy of novel targeted ther-
apy, an interim analysis from the prospective, observa-
tional informCLL registry (N=2840) showed that
chemotherapy and chemoimmunotherapy were com-
monly used as first-line treatment in patients with
high-risk prognostic factors, including those with
del (17p) (34%), TP53 mutation (36%), or unmutated
IGHV (57%) [13]. Data from the current analysis confirm

that these high-risk genomic features have less prog-
nostic significance with first-line ibrutinib-based ther-
apy. Additionally, numerous studies of patients with
CLL/SLL receiving single-agent ibrutinib or ibrutinib-
based combination therapies in the real-world setting
have shown that clinical outcomes are generally con-
sistent with efficacy observed in clinical studies, includ-
ing in patients with high-risk disease features, such as
del(17p), del (11q), TP53 mutations, and/or unmutated
IGHV [32,36-40].

This analysis pooling two registrational phase 3
studies demonstrated the efficacy of first-line ibruti-
nib-based treatment irrespective of cytogenetic and
mutational risk features, including those with unmu-
tated IGHV, with NOTCH1 mutation, and with the high-
est risk classification of del(17p)/TP53 mutation/BIRC3
mutation. Evidence to date indicates that ibrutinib-
based therapy achieves consistent efficacy across
multiple patient subgroups defined by clinical charac-
teristics [14-17] and high-risk genomic features, which
may help inform treatment decisions for patients with
previously untreated CLL/SLL.
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