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Deletion of chromosome 17p [del(17p)] distinguishes a sub-
group of patients with chronic lymphocytic leukaemia (CLL)
and an exceptionally poor prognosis (Hillmen et al, 2007;
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Summary

Patients with chronic lymphocytic leukaemia/small lymphocytic lymphoma
(CLL/SLL) with deletion 17p [del(17p)]
chemoimmunotherapy. Ibrutinib is indicated for the treatment of CLL/SLL,
including del(17p) CLL/SLL, and allows for treatment without chemother-
apy. This integrated analysis was performed to evaluate outcomes in 230
patients with relapsed/refractory del(17p) CLL/SLL from three ibrutinib
studies. With a median of 2 prior therapies (range, 1-12), 18% and 79% of
evaluable patients had del(11q) or unmutated IGHV, respectively. With a
median follow-up of 28 months, overall response rate was 85% and esti-
mated 30-month progression-free and overall survival rates were 57% [95%
confidence interval (CI) 50-64] and 69% (95% CI 61-75), respectively.
Patients with normal lactate dehydrogenase or no bulky disease had the
most favourable survival outcomes. Sustained haematological improve-
ments in haemoglobin, platelet count and absolute neutrophil count
occurred in 61%, 67% and 70% of patients with baseline cytopenias,
respectively. New onset severe cytopenias and infections decreased in fre-
quency over time. Progression-free and overall survival with ibrutinib sur-
pass those of other therapies for patients with del(17p) CLL/SLL. These
results provide further evidence of the robust clinical activity of ibrutinib
in difficult-to-treat CLL/SLL populations.

have poor outcomes with

Keywords: 17p deletion, BTK inhibitor, chronic lymphocytic leukaemia,
ibrutinib.

Hallek et al, 2010; Zenz et al, 2010, 2012; Badoux et al,
2011). Although uncommon at the time of diagnosis (gener-
ally <5%) (Juliusson et al, 1990), the percentage of patients
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with CLL whose disease harbours del(17p) increases to as
much as 10% when therapy is first indicated and can be
identified in >40% of multiply relapsed and/or heavily
pre-treated patients (Zenz et al, 2012). Patients with CLL
and del(17p) have shorter times to treatment and inferior
responses to treatment than other subgroups of CLL patients
(Tam & Stilgenbauer, 2015). Del(17p) is a cytogenetic abnor-
mality resulting in loss of TP53 function, leading to resis-
tance to chemotherapy and increased risk of Richter
transformation (RT) (Hallek et al, 2010; Badoux et al, 2011;
Tam & Stilgenbauer, 2015). Because median survival for
patients with del(17p) CLL has typically been <3 years from
initiation of therapy, younger, fit patients (with an otherwise
long life expectancy) with del(17p) CLL have often been
referred for allogeneic stem cell transplantation (Hallek et al,
2010; Zenz et al, 2010, 2012; Tam & Stilgenbauer, 2015).
Until recently, safe and highly effective therapies for most
patients with del(17p) have been limited, representing an
important unmet medical need (O’Brien et al, 2016a).

Ibrutinib, a first-in-class, once-daily inhibitor of Bruton tyr-
osine kinase, is approved by the US Food and Drug Adminis-
tration and European Medicines Agency for the treatment of
patients with CLL/small lymphocytic lymphoma (SLL),
including CLL/SLL with del(17p), and allows for treatment
without chemotherapy. In vitro, pharmacological inhibition of
B-cell receptor signalling with ibrutinib results in disruption
of key prosurvival signals that induce apoptosis of CLL cells by
a TP53-independent mechanism (Amin et al, 2016). Objective
responses are observed in most ibrutinib-treated CLL patients,
and responses appear independent of high-risk genetic fea-
tures, including del(17p) (Byrd et al, 2013). In a phase 1b/2
study of patients with CLL, 81% of 36 patients with del(17p)
[relapsed/refractory (R/R) in 34 patients] achieved an objective
response after ibrutinib treatment (Byrd et al, 2015). The
median progression-free survival (PFS) among the subgroup
of patients with R/R del(17p) CLL was approximately
28 months (Byrd et al, 2015), which was substantially longer
than the median PFS of approximately 11 months observed
with either chemoimmunotherapy with FCR (fludarabine,
cyclophosphamide and rituximab) (Fischer et al, 2016) or
alemtuzumab (Hillmen et al, 2007) in first-line patients. Con-
sequently, ibrutinib was granted breakthrough therapy desig-
nation for del(17p) CLL and was given the first genotypic-
specific indication for the treatment of CLL patients, del(17p)
CLL, in the United States in July 2014, and a similar indication
in Europe in October 2014.

Since the initial study, many more patients with del(17p)
CLL have been treated with ibrutinib, including in real-world
settings (Mato et al, 2016, UK CLL Forum 2016; Winqvist
et al, 2016). To provide a more robust description of out-
comes in the prospective trials in this important high-risk
patient population, we conducted a combined analysis of 243
patients with R/R del(17p) CLL who received treatment with
single-agent ibrutinib (420 mg) in 1 of 3 prospective clinical
studies (Byrd et al, 2013, 2014, 2015; O’Brien et al, 2014,
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2016a). This analysis characterizes disease-specific and overall
survival (OS) outcomes among these patients, and describes
the results of exploratory analyses conducted to better iden-
tify factors associated with variation in survival of patients
with this aggressive subtype of CLL.

Methods

Patient population

Data from patients with R/R del(17p) CLL enrolled on 1 of
3 ibrutinib clinical trials were included. Study designs for the
individual trials are described in Table SI. PCYC-1102
(NCT01105247) (Byrd et al, 2013; O’Brien et al, 2014), with
long-term follow-up data from the extension study PCYC-
1103 (NCT01109069) (Byrd et al, 2015), was a multi-institu-
tional, phase 1b/2 study of single-agent ibrutinib in patients
with R/R or treatment-naive CLL. This analysis only included
patients with R/R CLL from PCYC-1102/1103. PCYC-1112
(NCT01578707; RESONATE) was a multi-institutional, phase
3 study of ibrutinib versus ofatumumab in patients with R/R
CLL (Byrd et al, 2014). PCYC-1117 (NCT01744691; RESO-
NATE-17) was a multi-institutional, phase 2 study of single-
agent ibrutinib in patients with R/R CLL or SLL with del
(17p) (O’Brien et al, 2016a). In all studies, patients initially
received ibrutinib 420 mg once daily on a continuous basis
until progressive disease (PD) or unacceptable toxicity. In
PCYC-1102/1103 a minority of patients initially received
ibrutinib 840 mg once daily and these patients were not
included in this analysis.

An institutional review board approved each protocol at
the respective sites. All study procedures were conducted
according to the principles of the Declaration of Helsinki
and the International Conference on Harmonisation Good
Clinical Practice guidelines.

The 17p deletion was assessed at study entry by fluorescence
in situ hybridization (FISH) in peripheral blood according to
assay-specific definitions to determine positivity for del(17p).
FISH assays were performed locally for patients enrolled on
PCYC-1112, but a central laboratory confirmed del(17p) status
in studies PCYC-1117 and PCYC-1102/1103. TP53 mutation
analysis was not performed for enrolment in these trials.
Peripheral blood samples from patients enrolled on PCYC-
1102/1103 were further assessed for CpG mitogen-stimulated
complex karyotype according to methods previously described
(O’Brien et al, 2014). Twenty metaphases were completely
analysed whenever possible. Karyotypes were described
according to the International System for Human Cytogenetic
Nomenclature 2009 (Shaffer et al, 2009). A complex karyotype
was defined as a karyotype with >3 unrelated abnormalities.

Endpoints

Overall response rate (ORR) was defined as the proportion
of patients achieving complete response (CR), CR with
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incomplete bone marrow recovery (CRi), nodular partial
response (nPR), partial response (PR), or PR with lymphocy-
tosis (PR-L), per the International Workshop on CLL
(iwCLL) 2008 criteria modified for treatment-related lym-
phocytosis (Hallek et al, 2008, 2012). Efficacy endpoints were
based on investigator assessments. Other efficacy endpoints
included duration of response (DOR) for responders, PFES,
OS and rate of sustained haematological improvement. Sus-
tained haematological improvement was defined as an
increase in cytopenias that was sustained continuously for
>56 days without transfusion or growth factors, as measured
by the following: an increase in the platelet count or absolute
neutrophil count (ANC) from baseline of >50% or, for hae-
moglobin, an increase from baseline of >20 g/l. Adverse
events (AEs) were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.0 (https://www.eortc.be/services/doc/ctc/ CTCAE_4.
03_2010-06-14_QuickReference_5x7.pdf), with the exception
of haematological toxicities, which were graded per iwCLL
2008 criteria (Hallek et al, 2008).

Statistical analysis

Descriptive statistics, including means, standard deviations
and medians for continuous variables, and proportions for
discrete variables, were used to summarize the findings in
each of the defined cohorts. Analyses used the all-treated
population with 420 mg of ibrutinib (>1 dose) in PCYC-
1102/1103 excluding first-line patients, the intent-to-treat
population randomized to ibrutinib in PCYC-1112, and the
all-treated population in PCYC-1117. The ORR with a 95%
confidence interval (CI) was calculated based on exact bino-
mial distribution. The Kaplan—-Meier method was used for
time-to-event analyses. No imputation of missing values
was performed. A multivariate analysis examining outcomes
in the entire cohort used age (=65 vs. <65 years), sex (male
vs. female), race (white vs. other), prior therapy (>2 vs.
<2), and with versus without each of the following potential
risk factor as covariates: advanced Rai stage (III/IV), bulky
disease (=5 cm), del(11q), del(13q), unmutated IGHV, tri-
somy 12, B,-microglobulin (>3-5 mg/l), and lactate dehy-
drogenase (LDH, >250 uw/l). In the multivariate analysis,
P <0-05 was considered significant. The cumulative inci-
dence function of PD due to RT and PD due to non-RT
were estimated using nonparametric maximum likelihood
methods by treating the 3 subtypes of PES events (RT,
non-RT and death) as competing risks. All continuous
covariates were dichotomized by clinically meaningful cut-
off points.

Results

The baseline characteristics of the 230 patients included in
the analysis are summarized in Table . Median age was
65 years (range, 30-89 years), with 86 patients (37%) aged

Table 1. Baseline patient characteristics.

Characteristic N =230

Median age, years (range) 65 (30-89)
>70 years, n (%) 86 (37)

Male, n (%) 150 (65)
ECOG performance status, n (%)
0 80 (35)
1 149 (65)
2 1(<1)
Rai stage III-1V, n (%) 145 (63)
Bulky disease >5 cm, n (%) 123 (53)

B.M>3-5 mg/l, n/N (%)
Unmutated IGHV, n/N (%)
Del(11q), n/N (%)*
Del(13q), n/N (%)*

174/220 (79)
149/188 (79)

40/226 (18)
142/216 (66)

Median prior lines of therapy (range) 2 (1-12)
>3 prior lines of therapy, n (%) 108 (47)
Type of prior therapies, n (%)
Alkylating agent 198 (86)
Anti-CD20 203 (88)
Anti-CD20 chemoimmunotherapy 186 (81)
Alemtuzumab 61 (27)
Idelalisib 4 (2)
Stem cell transplant
Autologous 1(<1)
Allogeneic 2 (1)

B,M, B,-microglobulin; ECOG, Eastern Cooperative Oncology
Group.
*Cytogenetic abnormalities may be co-occurring.

>70 years. Most patients had advanced Rai stage disease
(63%), Eastern Cooperative Oncology Group performance
status >1 (65%) and bulky disease >5 cm (53%). Almost half
of the patients (47%) had >3 prior lines of therapy.

At the time of analysis, median follow-up for all patients
was 28 months (range, 0-3-59 months): 41 months for
PCYC-1102/03, 31 months for PCYC-1112 and 28 months
for PCYC-1117. One hundred and eight patients (47%)
remained on ibrutinib treatment. All patients in this analysis
had received >1 dose of ibrutinib. Figure 1 shows the best
overall response according to the individual studies. The
investigator-assessed best ORR for all patients was 85% (10%
CR/CRI, 3% nPR, 67% PR and 6% PR-L). With the excep-
tion of advanced age (ORR 92% vs. 79% for patients aged
<65 and >65 years, respectively), ORR was similar regardless
of all potential risk factors examined in a multivariate logistic
regression model. Median DOR for the responders was
30-7 months (range, 0-03-57-1 months). For patients who
achieved CR/CRi (n = 22), an estimated 79% maintained
response at 30 months compared with 55% of patients who
achieved nPR/PR/PR-L (n = 174). Sustained haematological
improvement was observed in 33 of 47 patients (70%) with
baseline ANC < 1.5 x 10%/1, in 70 of 114 (61%) with base-
line haemoglobin <110 g/l, and in 68 of 102 (67%) with
baseline platelet count <100 x 10%/1.
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Fig 1. Overall response rates (ORR) as assessed
by investigator. Rates are reported for each
clinical trial and for the entire study popula-
tion. CR, complete response; CRi, CR with
incomplete bone marrow recovery; PR, partial
response; PR-L, PR with lymphocytosis; nPR,
nodular PR. *CR = CR + CRi.
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Estimated PFS at 12, 24 and 30 months was 80% (95%
CI, 75-85), 65% (95% CI, 58-71) and 57% (95% CI, 50-64),
respectively (Fig 2A). The estimated PFS at 30 months for
patients with del(17p) in PCYC-1102/1103, PCYC-1112 and
PCYC-1117 was 58%, 55% and 57%, respectively. Overall, 74
patients had PD (32%), including 24 (10%) with RT; the
cumulative incidence for RT and for progressive CLL was
similar during the first year (Figure S1); however, the RT
cases occurred predominantly earlier than the CLL progres-
sions. Median time to PD was 182 days for patients with RT,
whereas median time to progression for CLL without trans-
formation was longer, at 569 days. Estimated median OS was
59-3 months (range, 0-3-59-3 months), and estimated OS at
12, 24 and 30 months was 85% (95% CI, 80-89), 77% (95%
CI, 71-82) and 69% (95% CI, 61-75), respectively (Fig 2B).

In exploratory analyses for baseline risk factors associated
with survival outcomes in the entire population, LDH, num-
ber of prior lines of therapy and bulky disease were associ-
ated with differences in PFS outcomes, and LDH, bulky
disease and PB,-microglobulin were associated with differences
in OS outcomes by univariate analysis (Figure S2). In a mul-
tivariate Cox regression model, LDH and bulky disease were
associated with differences in PFS and OS (P < 0-05).

Because results of previous studies have suggested that
complex karyotype is significantly associated with ibrutinib
treatment failure (Maddocks et al, 2015), we further exam-
ined outcomes among the 21 of 23 del(17p) patients with
R/R CLL treated with 420 mg of ibrutinib enrolled on
PCYC-1102/1103 for whom data with stimulated karyotype
were available. For patients with (n = 14; 67%) and without
(n=7; 33%) complex karyotype, differences in baseline
characteristics included >3 prior therapies (86% vs. 43%),
del(13q) (36% vs. 86%), high PB,-microglobulin (50% vs.
14%), advanced Rai stage (64% vs. 29%) and baseline
cytopenias (79% vs. 43%). The ORR was the same for
patients with and without complex karyotype, at 86% for
both. Estimated median PFS for patients with complex kary-
otype was 26 months (95% CI, 18-43) vs. 52 months (95%
CI, 1-2-not estimable) for those without complex karyotype,
and OS was similarly decreased for the patients with complex
karyotype [32 months (95% CI, 19-57) vs. not reached (95%
CI, 1-2-not estimable)] (Fig 3).

© 2018 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd
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Fig 2. Survival outcomes. (A) Progression-free survival and (B) over-
all survival at a median follow-up of 28 months.

Twenty-one patients (9%) experienced an AE leading to a
dose reduction, with 15 patients experiencing these AEs during
the first year of treatment. Treatment discontinuation primarily
due to AEs occurred in 34 patients (15%), with over half
(n = 20) occurring during the first year of treatment. Grade >3
AEs occurring in >5% of patients included neutropenia, pneu-
monia, hypertension, thrombocytopenia, anaemia and urinary
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Fig 3. Survival outcomes for patients with (n = 14) or without
(n =7) complex karyotype in the PCYC-1102/1103 Study. (A) Pro-
gression-free survival and (B) overall survival. del(17p), deletion of
chromosome 17p; CK, complex karyotype.

tract infection (Table II). The cumulative rate of grade >3 infec-
tions was 33% (77/230 patients); frequency of events decreased
over time, as did the frequency of other AEs of clinical interest,
including cytopenias (Fig 4).

Discussion

This analysis represents the largest summarized experience,
to date, of patients with R/R del(17p) CLL receiving 420 mg
of ibrutinib treatment daily within the context of prospective
clinical trials. Estimated 30-month PFS and OS were 57%

and 69%, respectively. The survival data reported here not
only confirm estimates from earlier reports, but also compare
well with reports from other investigator-initiated prospec-
tive and real-world studies with ibrutinib in similar patient
groups with high-risk CLL. In a phase 2 study of single-agent
ibrutinib, investigators reported an estimated 24-month PFS
rate of 82% among patients with CLL and TP53 abnormali-
ties, of whom 35 of 51 had previously untreated disease (Far-
ooqui et al, 2015). Similarly, in a study combining ibrutinib
and rituximab for patients with high-risk CLL, a subgroup of
mostly R/R patients with del(17p) or TP53 mutation had an
18-month PFS rate that was 72% (Burger et al, 2014). Long-
term results from this study (median follow-up, 47 months)
showed a median PFS of 32 months for this high-risk patient
subgroup (Jain et al, 2016). In a real-world study of ibruti-
nib-treated patients enrolled in a compassionate-use pro-
gramme, the estimated 10-month PFS and OS rates were
71% and 78%, respectively, for 50 patients with del(17p)
(Wingvist et al, 2016). In a real-world study of ibrutinib-
treated patients in a named patient scheme, the estimated
12-month discontinuation-free progression and OS rates
were 71% and 84%, respectively for 90 patients with
del(17p) (UK CLL Forum 2016). Together, the results of
these clinical trials and real-world analyses support the con-
clusion that ibrutinib is among the most active agents yet
developed for the treatment of del(17p) CLL.

The findings reported here are for patients with R/R
del(17p) CLL. Results of recent analyses suggest that ibruti-
nib may be more effective when used earlier in the course of
disease. In an analysis of phase 3 data, O’Brien et al (2016b)
reported that the 24-month PFS was 89% for patients receiv-
ing ibrutinib after only 1 prior therapy, 80% for patients
receiving 2 prior lines of therapy and 69% for patients
receiving >3 prior lines of therapy. These findings are sub-
stantiated in the del(17p) CLL population reported in the
present analysis, which demonstrated a 30-month PFS of
65% for patients with 1 prior line of therapy and 54% for
patients with >2 prior lines of therapy. Additionally, in a
phase 2 study, the rate of CR with ibrutinib was higher in
treatment-naive versus R/R patients with CLL/SLL and qual-
ity of responses improved over time with continued treat-
ment (3-year follow-up) (Byrd et al, 2015). These results
support the finding reported herein that patients with
del(17p) CLL who achieved a CR/CRi (10%, n = 22)
appeared more likely to be progression-free (79%) at
30 months after initial response versus patients who achieved
nPR/PR/PR-L (55%).

Although ibrutinib undoubtedly represents a significant
advance in the treatment of patients with CLL and del(17p),
it nevertheless appears that many R/R patients with del(17p)
will ultimately relapse with ibrutinib therapy (Byrd et al,
2015; Wingvist et al, 2016). There may be a plateau in the
rate of RT in patients, suggesting that the risk of developing
RT is biologically determined. Factors associated with disease
progression among ibrutinib-treated patients with del(17p)
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Table II. Grade >3 treatment-emergent adverse events in >5% of patients (median time on treatment 25 months).

Adverse event, n (%) Grade 3 Grade 4 Grade 5 Cumulative grade >3
Neutropenia 12 (5) 32 (14) 0 (0) 44 (19)
Pneumonia 22 (10) 2 (1) 6 (3) 30 (13)
Hypertension 26 (11) 0 (0) 0 (0) 26 (11)
Thrombocytopenia 10 (4) 10 (4) 0 (0) 20 (9)
Anaemia 17 (7) 2 (1) 0 (0) 19 (8)
Urinary tract infection 12 (5) 0 (0) 0 (0) 12 (5)
>0-1 year >1-2 year >2-3 year
iecionsond |l 1% | T2
Hypertension @ 7% 5% 2%
Thrombocytopenia [l 7% 3% 1%
Anaemia M 7% 2% 1%
Haemorrhage | 3% 3% 1%
Atrial fibrillation | 3% 2% 1%
Arthralgia | 2% 1% 1%
Fig 4. Onset of grade >3 adverse events of

clinical interest over time.

CLL are as yet poorly understood. In the present evaluation
of patients with del(17p), by multivariate analysis, high LDH
and bulky disease were associated with shorter PFS and OS.
Of note, IGHV mutation status was not a significant factor
associated with outcomes with ibrutinib therapy in this high-
risk patient population. Additionally, in patients with
del(17p) in PCYC-1102/1103, cytogenetic complexity present
at treatment initiation was associated with shorter PFS and
OS despite similar rates of initial response; this analysis was
limited by baseline imbalances and small sample size. Woy-
ach et al (2014) described characteristic resistance mutations
arising during ibrutinib treatment among patients with CLL
progression, and a subsequent report detailing outcomes
from a large single-institution cohort of ibrutinib-treated
CLL patients found that the presence of a complex karyotype
rather than del(17p) was associated with a 4-fold increase in
the risk for discontinuation due to disease progression dur-
ing ibrutinib treatment (Maddocks et al, 2015). Findings
from subsequent studies also suggest that cytogenetic com-
plexity is a prognostic marker of poorer outcomes in the
presence or absence of del(17p) (Thompson et al, 2015; Yu
et al, 2017).

Complex karyotype disease has been characterized as a
highly mutagenic state (Ouillette et al, 2010), and given our
evolving understanding of the molecular events underlying
ibrutinib resistance, there is a plausible biological explanation
for the observation reported here. Unfortunately, conven-
tional karyotype analysis often proves unsuccessful in CLL
and is typically not performed in routine clinical practice

© 2018 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd
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(Rogers & Jones, 2014). CpG mitogen-stimulated methods
increase the sensitivity to detect karyotype abnormalities in
CLL (Thompson et al, 2015), and our data provide a strong
rationale for considering more routine application of this
method, particularly among patients with del(17p). The
extent of prior exposure to cytotoxic chemotherapy is associ-
ated with clonal evolution to genetically high-risk disease,
including del(17p) and cytogenetic complexity (Brejcha et al,
2014; Malcikova et al, 2015), further suggesting that preci-
sion therapeutics should be used earlier in the course of dis-
ease. Likewise, the likelihood that patients in this high-risk
group with R/R disease may develop resistance to a single-
agent targeted therapy provides a compelling rationale for
combination treatment approaches (Woyach et al, 2014).
Although combinations with anti-CD20 monoclonal antibod-
ies and chemoimmunotherapy appear unlikely to signifi-
cantly improve outcomes in patients with del(17p), including
CR rates, over those seen with ibrutinib alone, combinations
with other novel agents appear more promising (Sharman
et al, 2017). Based on a strong preclinical rationale (Cervan-
tes-Gomez et al, 2015), ibrutinib is also being studied in
combination with venetoclax in patients with CLL with and
without del(17p) [NCT02756897 (MD Anderson Cancer
Center); NCT02910583 (PCYC-1142-CA, CAPTiVATE);
NCT02758665 (German CLL Study Group)].

Our findings reinforce earlier observations regarding the
safety of ibrutinib treatment in this high-risk patient popu-
lation. Ibrutinib was generally well tolerated during long-
term administration, with 58% of patients being treated
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for longer than 2 years and 47% continuing on ibrutinib
treatment at the time of data analysis. Treatment-limiting
AEs (discontinuations or dose reductions) typically
occurred early (<1 year). In general, fewer grade >3 AEs
occurred after >1 year of ibrutinib therapy (Byrd et al,
2015). Findings from the observational study exploring the
aetiology of ibrutinib discontinuation found that each
addition of prior therapy increased the likelihood of ibruti-
nib discontinuation for non-relapse reasons by nearly 10%
(Maddocks et al, 2015). Mature follow-up data from ongo-
ing studies in previously untreated patients with CLL will
be necessary to corroborate this finding, prospectively.
Potential limitations of the present study include the retro-
spective nature of the analysis and that complex karyotype
information was used from only 1 study, as karyotyping
was not analysed by a central laboratory for the other
studies.

The results of the present analysis serve to further support
the conclusion that ibrutinib is among the most effective
treatments for patients with del(17p) CLL, with 30-month
survival estimates that surpass other available therapies. Fur-
ther, ibrutinib in this population has a favourable safety pro-
file comparable to that of ibrutinib-treated patients without
del(17p). When administered to heavily pre-treated patients
with del(17p), which represents the majority of patients
assessed in our analysis, there remains a clear risk for treat-
ment failure with ibrutinib therapy over time. Cytogenetic
complexity continues to emerge as an important marker
associated with treatment failure in this group, but continued
study will be necessary to understand both the clinical and
molecular features driving disease progression and to select
patients for studies with ibrutinib in combination with other
novel agents.
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Table SI. Patients with del(17p) included in the current

analysis by clinical study.

Figure S1. Cumulative incidence of Richter transformation

and other (non-Richter) progression.
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