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B-cell receptor pathway inhibitors (BCRis) have transformed treatment of chronic lymphocytic leukemia (CLL); however, the efﬁcacy of therapies for patients whose disease
l ORR was 67% with
is refractory to/relapses after (R/R) BCRis is unknown. Venetoclax is a selective, orally
venetoclax for 36
bioavailable BCL-2 inhibitor with activity in patients with CLL, including those who are
patients with CLL
refractory to or
heavily pretreated or have 17p deletion. This phase 2 study prospectively evaluated
who relapsed after
venetoclax in patients with R/R CLL after ibrutinib or idelalisib; here we report on patients
idelalisib; median PFS
who received idelalisib as the last BCRi before enrollment. Venetoclax was initiated at
has not yet been
reached.
20 mg daily, followed by intrapatient ramp-up to 400 mg daily. Primary objectives included
efﬁcacy (objective response rate [ORR]) and safety of venetoclax. The study enrolled
l Common adverse
36
patients who previously received idelalisib (ORR, 67% [24/36]); 2 patients achieved
events included mild
gastrointestinal
complete remission, and 1 had complete remission with incomplete bone marrow recovery.
events and grade 3/4
Median progression-free survival (PFS) has not yet been reached; estimated 12-month PFS
cytopenias; no
was 79%. The most common adverse events (AEs; all grades) were neutropenia (56%),
patients experienced
diarrhea (42%), upper respiratory tract infection (39%), thrombocytopenia (36%), nausea
tumor lysis syndrome.
(31%), fatigue (28%), cough (22%), rash (22%), and anemia (22%). Grade 3 or 4 AEs were
primarily hematologic (neutropenia [50%], thrombocytopenia [25%], and anemia [17%]). No patients experienced
tumor lysis syndrome. Venetoclax demonstrated promising clinical activity and favorable tolerability in patients with
CLL whose disease progressed during or after idelalisib therapy. This trial was registered at www.clinicaltrials.gov as
#NCT02141282. (Blood. 2018;131(15):1704-1711)
KEY POINTS

Introduction
Novel small molecule inhibitors targeting the B-cell receptor
signaling pathway (BCRi) are important new treatment options
for both untreated and relapsed chronic lymphocytic leukemia
(CLL).1,2 The phosphoinositide 3-kinase-d inhibitor idelalisib
combined with rituximab or ofatumumab was approved for
relapsed/refractory (R/R) CLL after demonstrating considerable
activity in this setting.3,4 Despite the efﬁcacy of idelalisib in
combination with anti-CD20 monoclonal antibodies,5-7 approximately one-third of patients with CLL on idelalisib trials progress
while receiving therapy.8,9 In addition to progressive disease (PD),
treatment-related adverse events (AEs) are a frequent cause of
idelalisib treatment discontinuation, and patients who discontinue
BCRi therapies typically experience PD shortly thereafter and
require additional therapy.7,8 A retrospective study of patients with
CLL who discontinued idelalisib-based therapy showed that
52% discontinued because of toxicity.8 Another study found that
27% of patients discontinued idelalisib because of grade 3 or
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4 diarrhea or colitis, and 9% because of pneumonia.9 Whether
idelalisib is discontinued because of PD or because of toxicity
with subsequent PD, the efﬁcacy of various CLL therapies in such
patients is unknown.
The optimal treatment of patients with CLL progressing after
idelalisib has not been well characterized. Outcomes in patients
who discontinued idelalisib treatment early are poor, with 1 retrospective analysis reporting a median overall survival (OS) after
idelalisib discontinuation of approximately 2 months (range, 0-10
months).9 Retrospective data suggest that traditional therapies,
including chemoimmunotherapy and anti-CD20 monoclonal antibodies, have limited efﬁcacy in this setting.9 Although retrospective
data suggest that another agent targeting the BCR pathway, the
Bruton’s tyrosine kinase inhibitor ibrutinib, may be active in this
population,8 no prospective data on treatment of patients with CLL
progressing on idelalisib-based therapies are available. We hypothesized that targeting a pathway other than the BCR pathway
would be efﬁcacious in patients progressing on BCRi therapy.
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Venetoclax, a selective, orally bioavailable small molecule inhibitor of BCL-2, targets the intrinsic pathway of mitochondrial
apoptosis.10 Across clinical studies in R/R CLL, including patients
with high-risk disease markers such as chromosome 17p deletion (del[17p]), venetoclax monotherapy induced objective responses in approximately 80% of patients.11,12 Approval of
venetoclax in the United States, European Union, and other
countries13,14 was based on results from 3 monotherapy studies
in R/R CLL, including the study reported here on patients with
CLL who progressed after BCRi therapy.11,12,15

Methods
Study design and oversight
This phase 2, open-label, multicenter trial (ClinicalTrials.gov
identiﬁer #NCT02141282) initially enrolled patients who had R/R
CLL that progressed after receiving prior idelalisib or ibrutinib
therapy, with patients assigned to each study group in the main
cohort based on the last BCRi received. One group enrolled
patients who had received prior idelalisib and the other group
enrolled patients who received prior ibrutinib (see supplemental
Figure 1, available on the Blood Web site, for trial enrollment
information). The study extended enrollment into an expansion
cohort to enroll patients who had received prior idelalisib or
ibrutinib. This publication only reports on the patients who received idelalisib as their last BCRi before enrollment from both
the main cohort and the expansion cohort. Patients treated
with venetoclax after receiving ibrutinib as the last BCRi before
enrollment are described in a separate publication.16 The primary study objectives were to evaluate the efﬁcacy of venetoclax
monotherapy measured by the overall response rate (ORR) and
safety, via treatment-emergent AE monitoring and laboratory
assessments. Secondary objectives included assessment of
duration of response, time to progression, progression-free
survival (PFS), and OS. At each participating site, the institutional review board approved the study protocol and amendments. Study activities were conducted in accordance with
ethical principles established in the Declaration of Helsinki and
the International Conference on Harmonization Guideline for
Good Clinical Practice. Written informed consent was obtained
from all patients. Patients were recruited from 15 sites across the
United States.

Treatment
Venetoclax was administered orally, once daily, beginning no
sooner than 7 days after the last dose of previous therapy for
the main cohort. Because venetoclax can induce rapid tumor
debulking with risk for tumor lysis syndrome (TLS), stepwise
intrapatient dose ramp-up, prophylaxis, and monitoring procedures were implemented to mitigate the risk for TLS (see
supplemental Appendix for details on prophylaxis and management of TLS). Patients received venetoclax 20 mg daily for
1 week, followed by weekly dose escalation to achieve the target
of 400 mg daily by week 5 (supplemental Figure 2). In the expansion cohort, the washout period for prior BCRi was reduced
from 7 to 3 days. Furthermore, a compressed dose ramp-up was
permitted in patients who had a high tumor burden with clinical
signs of progression during screening, to enable administration
of the ﬁnal dose of 400 mg by week 3 (supplemental Figure 3). In
addition, dose escalation of venetoclax to 600 mg was allowed
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for patients who had not achieved a response after the disease
assessment at week 12.

Patients
Adults with R/R CLL were eligible if they required therapy
according to criteria from the 2008 International Workshop on
Chronic Lymphocytic Leukemia (iwCLL).17 Data presented here
are from patients enrolled in the main cohort or the expansion
cohort who received idelalisib as the last BCRi before trial
enrollment.
Complete inclusion and exclusion criteria are provided in the
supplemental Appendix. In addition to being refractory to or
progressing after discontinuation of idelalisib, key inclusion
criteria were an Eastern Cooperative Oncology Group performance score of 2 or less; adequate bone marrow function,
deﬁned as an absolute neutrophil count $1000/mL irrespective
of growth factor support; platelet count $30 000/mm3; hemoglobin $8 g/dL; and creatinine clearance $50 mL/min, using
24-hour measured glomerular ﬁltration rate or estimated by
modiﬁed Cockcroft-Gault equation. At study entry, all patients
were screened for Richter’s transformation by positron emission
tomography and were excluded if Richter’s transformation was
conﬁrmed on biopsy. Patients with active and uncontrolled
autoimmune cytopenias, unresolved toxicity from prior therapy,
or a history of allogeneic stem cell transplantation within 1 year
of study entry were also excluded.

Assessments
Disease assessments for all patients were performed at screening
and at each of the visits. Subsequent responses for patients
in the main cohort were assessed by investigators at weeks 8
and 24 and every 12 weeks thereafter, up to 1 year. Patients in the
expansion cohort underwent response assessments at weeks
12 and 36. Responses were evaluated by physical exam, laboratory results, computed tomography or magnetic resonance
imaging, and bone marrow evaluation according to the 2008
iwCLL criteria.17 Responses were conﬁrmed with a second assessment conducted at least 2 months later. Bone marrow aspiration and biopsy were performed at screening and within
2 months after other criteria for complete remission (CR) were
met.
Safety assessments were conducted during the study and up to
30 days posttreatment. Laboratory abnormalities and AEs were
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.03.18
Minimal residual disease (MRD) in peripheral blood and bone
marrow was assessed at a central laboratory, using the standardized 6-color ﬂow cytometry protocol published by the
ERIC Consortium.19,20 Peripheral blood MRD assessments were
scheduled for all patients at week 24. Patients achieving CR or
partial remission (PR) required peripheral blood MRD assessments at 12-week intervals thereafter. Bone marrow MRD assessments were planned for all patients at conﬁrmation of a CR
and for patients achieving MRD negativity in 2 consecutive
peripheral blood samples.
Pharmacokinetic assessments were conducted 8 hours after
dosing during the ramp-up period at weeks 1 to 5 and before
dosing at weeks 8, 12, 16, and 24. To assess the concentration
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time proﬁle of venetoclax, predosing plasma concentrations
were combined across all visits and categorized by the time
relative to the previous dose of venetoclax. Pharmacokinetic
results are presented in the supplemental Appendix.

Statistical analyses
The data cutoff date for this publication was June 30, 2017.
Efﬁcacy and safety analyses included all patients who received
at least 1 dose of venetoclax. Descriptive statistics were calculated, and Kaplan-Meier methods were used for time-to-event
analyses. SAS software (SAS Institute, Inc., Cary, NC) was used
to generate all statistical summaries. Unless otherwise noted,
statistical analyses were 2-sided, with P # .05 considered
signiﬁcant.
The primary efﬁcacy endpoint was the ORR by 2008 iwCLL
criteria,17 calculated with a 95% conﬁdence interval based on
binomial distribution (supplemental Appendix for information
on key secondary efﬁcacy endpoints). Details regarding determination of sample size are provided in the supplemental
Appendix.

Results
Patients

elective discontinuation to proceed to allogeneic stem cell
transplantation in response (n 5 1), patient noncompliance
(n 5 1), and 1 patient with well-controlled preexisting immune
thrombocytopenic purpura (ITP) whose ITP required treatment
that did not allow for continuation on study (patient was MRDnegative in peripheral blood). For 11 patients who discontinued
venetoclax because of progression (CLL progression, n 5 9;
Richter’s transformation, n 5 2), the median number of prior CLL
therapies was 4 (range, 2-9 prior CLL therapies), 88% (7/8
assessed) had unmutated IGHV, 20% (1/5) had del(17p) CLL,
and 43% (3/7) had TP53 mutation. Seven of these patients had
discontinued prior idelalisib because of PD, 3 discontinued
because of toxicity with subsequent progression, and 1 was
deemed a treatment failure on idelalisib. Four patients died
because of PD.

Efﬁcacy
The investigator-determined ORR for all patients enrolled was
67% (24/36) (Table 2). Three patients (8%) had a CR or CR with
incomplete bone marrow recovery (CRi), and 21 (58%) had
PR. The patient with CRi had thrombocytopenia. Median time
to ﬁrst response for all patients was 2.5 months (range, 1.6-8.1
months). Ten patients had SD as best response, and 2 had CLL
progression.

A total of 36 patients were enrolled, including 21 in the main
cohort and 15 in the expansion cohort. Thirteen patients were
considered screen failures, including 1 patient who was excluded because of biopsy-conﬁrmed Richter’s transformation
(see supplemental Table 5 for all reasons for screening failures).
Enrolled patients had received a median of 3 prior therapies
(range, 1-11 prior therapies), including other investigational
BCRis, and were receiving prior idelalisib for a median of
9 months (range, 1-45 months; Table 1). While receiving idelalisib, 22 patients had CR or PR as best response to therapy, 7
had stable disease (SD), 2 had no response, and 5 had PD.
Reasons for discontinuation of idelalisib included toxicity with
subsequent PD (61%; n 5 22), PD by iwCLL criteria while receiving
idelalisib (36%; n 5 13), completion of an idelalisib-containing
regimen (3%; n 5 1), AEs (19%; n 5 7; including recurrent diarrhea,
pneumonia, and rash), or other (8%; n 5 3 resulting from withdrawal from [n 5 1] or closing of an idelalisib clinical trial [n 5 1],
and 1 patient was deemed a treatment failure [n 5 1]). Patients
could have more than 1 reason for discontinuation.

Of the 2 patients in the expansion cohort who escalated to a
daily dose of 600 mg venetoclax, 1 with SD at week 12 subsequently achieved a PR after escalation to 600 mg, and the
second patient escalated to 600 mg because of clinical progression and had no improvement with the higher dose. In the
subset of 10 patients who had received ibrutinib for a median of
10 months (range, 2-53 months) as 1 of their treatments before
idelalisib, the ORR was 60% (6/10). Among 25 patients who had
B symptoms at baseline, 15 (60%) had resolution of symptoms by
week 8.15

Most patients had at least 1 high-risk prognostic feature, including unmutated immunoglobulin heavy chain variable region
(IGHV; 88% [22/25]) or high-risk chromosomal abnormalities
such as del(17p) (22% [8/36]) and/or TP53 mutation (14% [5/35]).
At baseline before dosing, TLS risk as deﬁned in the study
protocol (see Table 1) was determined to be low for 10 (28%),
medium for 17 (47%), and high for 9 (25%) patients.

Response rates reported by an independent review committee for the 21 patients in the main cohort were similar to those
assessed by the investigators. The ORR at 24 weeks by the
independent review committee was 62% (13/21), with all 13
patients having achieved a PR, compared with an investigatorassessed ORR of 57% (12/21), with 2 patients in CR, 1 in CRi, and
9 patients with a PR.15

Patient disposition

With a median time receiving venetoclax monotherapy of
14 months (20 months for the main cohort and 10 months for
expansion cohort), the median PFS (Figure 2), duration of response (not shown), and OS (not shown) have not yet been
reached. By investigator assessment, the 12-month PFS rate
was an estimated 79% (95% conﬁdence interval, 62%-90%)
for all patients. The estimated 12-month OS rate was 94% (95%
conﬁdence interval, 78%-99%).

At the time of data cutoff, the median time on venetoclax for all
patients was 14 months (range, 1-29 months), with median time
receiving venetoclax of 20 months (range, 1-29 months) for the
main cohort and 10 months (range, 2-16 months) for the expansion cohort. Twenty-two patients remain active on study
(Figure 1). The primary reasons for discontinuation of venetoclax
were CLL progression (n 5 9), Richter’s transformation (n 5 2),
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For 13 patients who discontinued prior idelalisib because
of PD, ORR on venetoclax was 46% (6/13), all PR; 5 patients
had SD and 2 had CLL progression as best response on
venetoclax. For 22 patients who discontinued prior idelalisib
because of toxicity, ORR on venetoclax was 82% (18/22),
with 1 patient who achieved CR, 1 with CRi, and 16 with PR;
4 patients had SD, and no patients had PD as best response on
venetoclax.
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Table 1. Patient demographics and baseline clinical characteristics
Patients who received idelalisib as the last prior BCRi
Characteristic

Main cohort (n 5 21)

Expansion cohort (n 5 15)

All patients (N 5 36)

Age, median (range), years

68 (56-85)

66 (57-81)

68 (56-85)

Male

15 (71)

10 (67)

25 (69)

White

19 (91)

14 (93)

33 (92)

ECOG grade*
0
1
2

5 (24)
14 (67)
2 (10)

7 (47)
7 (47)
1 (7)

12 (33)
21 (58)
3 (8)

Number of prior therapies, median (range)
Rituximab/other monoclonal antibodies, n (%)
Alkylating agents, n (%)
Fludarabine, n (%)

3
18
12
11

Prior idelalisib use,† n (%)
Time on prior idelalisib, median (range), months

21 (100)
9 (1-27)

15 (100)
11 (2-45)

36 (100)
9 (1-45)

Prior ibrutinib use, n (%)
Time on prior ibrutinib, median (range), months

5 (24)
6 (2-11)

5 (33)
25 (3-53)

10 (28)
10 (2-53)

Laboratory values,‡ median (range)
Creatinine clearance, mL/min
90 mL/min or more, n (%)
Lymphocyte count, 3109/L
25 3 109/L or more, n (%)
100 3 109/L or more, n (%)
Hemoglobin, g/dL
Platelet count, 3109/L
Neutrophil count, 3109/L
Bulky nodal disease, n (%)
5 cm or more
10 cm or more

75
7
14.2
7
4
11.9
110
4

2
11
8
7

(44-140)
(35)
(0.3-407)
(33)
(19)
(8.2-14.8)
(18-452)
(1.2-8.4)

64
2
10.1
4
4
11.3
102
2.8

(1-11)
(73)/10 (67)
(53)
(47)

(46-91)
(13)
(0.9-197.4)
(27)
(27)
(9-15.2)
(12-233)
(1.1-7)

3
29
20
18

72
9
12.2
11
8
11.7
109
3.9

(1-11)
(81)/26 (72)
(56)
(50)

(44-140)
(26)
(0.3-407)
(31)
(22)
(8.2-15.2)
(18-452)
(1.1-8.4)

11 (52)
5 (24)

6 (40)
0

17 (47)
5 (14)

7 (33)
9 (43)
5 (24)

2 (13)
8 (53)
5 (33)

9 (25)
17 (47)
10 (28)

Tumor lysis syndrome risk category§
High
Medium
Low
Prognostic factors¶
Unmutated IGHV
del(17p)
del(11q)
del(13q)
12q trisomy
TP53 mutation
CD-38 positive
ZAP-70 positive
del(17p) and/or TP53 mutation

(1-11)
(86)/16 (76)
(57)
(52)

11/13
2/21
6/21
10/21
3/21
1/20
12/19
4/16
5/21

(85)
(10)
(29)
(48)
(14)
(5)
(63)
(25)
(24)

11/12
6/15
7/15
9/15
5/15
4/15
5/14
2/12
6/15

(92)
(40)
(47)
(60)
(33)
(27)
(36)
(17)
(40)

22/25
8/36
13/36
19/36
8/36
5/35
17/33
6/28
11/36

(88)
(22)
(36)
(53)
(22)
(14)
(51)
(21)
(31)

ECOG, Eastern Cooperative Oncology Group.
*ECOG performance status ranges from 0 to 5, where higher numbers indicate greater disability.
†Ten patients had received prior ibrutinib followed by idelalisib during their previous course of treatment.
‡Baseline values were assessed after screening but before the ﬁrst dose of venetoclax was given.
§Low was deﬁned as all lymph nodes #5 cm with an absolute lymphocyte count ,25 3 109/L. Medium was any lymph node $5 cm to ,10 cm or an absolute lymphocyte count $25 3109/L.
High was any lymph node $10 cm or lymph node $5 cm and absolute lymphocyte count $25 3109/L.
¶Site-reported data. Data are presented for all patients with available data.

At week 24, 20 patients from both the main and expansion
cohorts were assessed for peripheral blood MRD. Eight (40%) of
the 17 patients assessed had undetectable MRD in peripheral
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blood (Figure 3; 8/36 [22%] by intent-to-treat principles), with
2 of these patients (both achieving PR) demonstrating subsequent
undetectable MRD in bone marrow based on 1024 sensitivity (the
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Figure 1. Patients’ status in the study by treatment
group. Swimmers plot depicts the duration of venetoclax therapy, where each bar represents a patient.
The primary reasons for discontinuation of venetoclax
were CLL progression (indicated as PD), Richter’s
transformation (indicated as PD-RT), elective discontinuation to proceed to allogeneic stem cell transplantation in response, patient noncompliance, and
1 patient with well-controlled preexisting ITP whose
ITP required treatment that did not allow for continuation on study (indicated as other).

Main Cohort

PD

PD

other

PD-RT
PD
PD
stem cell transplant

PD

PD

Expansion Cohort

Patients who received idelalisib as the last prior BCRi
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6 other patients did not yet have bone marrow assessments).
All 8 patients had PR and all continue to receive venetoclax. For
the 8 patients who achieved MRD negativity in peripheral
blood, the median number of prior therapies was 3 (range, 1-11
therapies); 100% (5/5 assessed) had unmutated IGHV, 14% (1/7)
had del(17p) CLL, and 13% (1/8) had TP53 mutation. Seven of
these patients discontinued prior idelalisib because of toxicity,
and 1 because of PD.

Safety
The most common all-grade AEs were neutropenia (56%), diarrhea (42%), upper respiratory tract infection (39%), thrombocytopenia (36%), nausea (31%), fatigue (28%), cough (22%),
rash (22%), and anemia (22%; Table 3). Grade 3 or 4 AEs
were primarily hematologic, including neutropenia (50%),
thrombocytopenia (25%), and anemia (17%), as well as

hypokalemia (11%). Fourteen (39%) patients received
granulocyte-stimulating growth factor during the study for
neutropenia with or without infection. No patients had febrile
neutropenia. Serious AEs were infrequent and included pneumonia (n 5 2) and cholecystitis (n 5 2; Table 3). There were no
deaths attributed to adverse events. No cases of clinical TLS
were reported. Three patients whose laboratory abnormalities
met criteria for laboratory TLS per Howard et al21 were identiﬁed
as having confounding factors, including 1 patient with obstructive uropathy from bulky retroperitoneal adenopathy secondary to CLL, a patient with spontaneous TLS before
venetoclax, and a patient who had pseudohyperkalemia conﬁrmed by whole-blood potassium levels. Eight patients had dose
interruptions, most commonly for diarrhea (n 5 5). Eight patients
reduced their venetoclax dose, some for more than 1 reason, most
commonly because of neutropenia (n 5 6), thrombocytopenia

Table 2. Best objective response with venetoclax monotherapy, as assessed by the investigator
Patients who received idelalisib as the last prior BCRi
Main cohort (n 5 21)

Expansion cohort (n 5 15)

All patients (N 5 36)

Time on venetoclax, median (range), months

20 (1-29)

10 (2-16)

14 (1-29)

ORR
CR/Cri
nPR
PR

14 (67)
2 (10)/1 (5)
0
11 (52)

10 (67)
0/0
0
10 (67)

24 (67)
2 (6)/1 (3)
0
21 (58)

SD

6 (29)

4 (27)

10 (28)

PD

1 (5)

1 (7)

2* (6)

ORR 5 complete remission (CR) 1 CR with incomplete bone marrow recovery (CRi) 1 nodular partial remission (nPR) 1 PR.
*CLL progressed, and the patient discontinued because of progression.
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a single targeted agent, given this highly refractory population.
A recent study showed no statistical difference in PFS or OS
after chemoimmunotherapy among patients in PR with undetectable MRD, including those with residual splenomegaly,
marrow involvement, or 1 or more involved site compared
with patients who were in CR with undetectable MRD in
blood.22

75
50
25
0
0

2

4

6

8 10 12 14 16 18 20 22 24 26 28 30

Months after first dose

Patients
at risk 36 35 34 32 29 24 20 17 16 13 7

6

6

4

Figure 2. Progression-free survival for patients with CLL progressing after
idelalisib who are treated with venetoclax. Shown is the Kaplan-Meier curve
for investigator-assessed progression-free survival for all 36 patients from the
main and expansion cohorts. Below the curve is the number of patients at risk for
the event at each time. Tick marks represent patients censored for each outcome
measure.

(n 5 5), fatigue (n 5 5), or anemia (n 5 4). One patient in the
expansion cohort who was scheduled to receive compressed
ramp-up because of rapidly progressive CLL developed
pneumonia at the 200-mg dose and required dose interruption
for 1 week and then resumed dosing to reach the ﬁnal dose of
400 mg by week 4. This patient discontinued study because of
PD by day 129.

Discussion
BCRi therapies have transformed the management of both
previously untreated and relapsed CLL. Little is known about
treatment of patients who have progressed on these new
drugs, and most patients with R/R CLL who discontinue
idelalisib early have limited options with poor outcomes.8,9
For example, 1 retrospective report showed that patients with
R/R CLL who discontinued idelalisib had a median OS of 64
days from the time of treatment discontinuation.9 Here, we
report the results of the ﬁrst prospective study of patients with
R/R CLL who were previously treated with idelalisib and who
progressed.
The response rate and durability for venetoclax in this population are promising, with 67% ORR and median PFS and OS
not yet reached after a median of 14 months of follow-up. Most
nonresponders had SD (n 5 10). The low number of CRs reported at the time of analysis may be a result of the follow-up
time, particularly for patients in the expansion cohort, as other
clinical studies with venetoclax report CR occurring after 1 year
on therapy.12 Patients with prior ibrutinib exposure who had
progressed on idelalisib as their most recent therapy before
study entry had similar efﬁcacy results.
Most patients (60%) with MRD-negative PR had residual adenopathy in 1 or 2 nodes, and others had mild residual splenomegaly. All patients with MRD negativity in blood continue
receiving active treatment. Even though the number of patients
reported here is small, it is notable that some patients did
achieve MRD negativity in the peripheral blood and marrow with
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As described in a recent separate publication, the efﬁcacy and
safety of venetoclax monotherapy was similar for patients who
had progressed after prior ibrutinib.16 The ORR for these patients
was 65% (59/91), and median PFS was 24.7 months. The estimated 12-month PFS and OS rates on venetoclax for patients
who had received ibrutinib as their last BCRi before study enrollment were 75% and 91%, respectively. In addition, 10 patients who received idelalisib followed by ibrutinib during their
course of treatment of CLL before study enrollment had an ORR
on venetoclax of 70% (7/10).
The safety proﬁle for venetoclax postidelalisib is consistent with
previous reports of venetoclax monotherapy in R/R CLL,11,12
as well as in patients who received venetoclax postibrutinib.16
All patients followed the 5-step dose ramp-up (1 patient
received venetoclax over a compressed 3-week schedule),
and by implementing risk-based prophylactic measures and
close monitoring, TLS was not observed, despite many of
these patients having rapidly progressive CLL after discontinuing idelalisib. Close attention was paid to TLS prophylaxis, and management on this study as is now outlined in
the venetoclax prescribing label.13 As such, clinicians starting
venetoclax in patients who are progressing on idelalisib
outside the clinical trial setting should closely follow the label
guidelines to mitigate the risk for TLS. On the basis of the experience in this trial, we suggest that patients discontinue idelalisib no more than 3 days before starting to receive venetoclax.

MRD-negative

MRD-positive

Not assessed

100

% of patients

% not progressed

100

50

0
AII
N=36

CR/CRi
n=3

PR
n=21

Patients
Figure 3. Percentage of patients with MRD negativity in peripheral blood. Eight
patients (all PR) assessed were MRD negative in the peripheral blood, with 2 of these
patients demonstrating subsequent bone marrow MRD negativity (the 6 other patients have not yet had bone marrow assessments). Shown are the percentage of
patients with MRD negativity in peripheral blood based on all 36 patients (intent-totreat), as well as for 4 patients who achieved CR/CRi as best response and 16 patients
who achieved PR as best response.
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Table 3. Summary of AEs
Patients who received idelalisib as the last prior BCRi
Event, n (%)

Main cohort (n 5 21)

Expansion cohort (n 5 15)

All patients (N 5 36)

Any grade AE in 20% or more of all patients
All reported AEs
Neutropenia*
Diarrhea
Upper respiratory tract infection
Thrombocytopenia†
Nausea
Fatigue
Rash
Anemia
Cough

21
11
9
6
7
6
6
6
4
4

(100)
(52)
(43)
(29)
(33)
(29)
(29)
(29)
(19)
(19)

15
9
6
8
6
5
4
2
4
4

(100)
(60)
(40)
(53)
(40)
(33)
(27)
(13)
(27)
(27)

36
20
15
14
13
11
10
8
8
8

(100)
(56)
(42)
(39)
(36)
(31)
(28)
(22)
(22)
(22)

Grade 3 or 4 AEs in 10% or more of all patients
All reported grade 3 or 4 AEs
Neutropenia*
Thrombocytopenia†
Anemia
Hypokalemia

17
10
6
3
1

(81)
(48)
(29)
(14)
(5)

10
8
3
3
3

(67)
(53)
(20)
(20)
(20)

27
18
9
6
4

(75)
(50)
(25)
(17)
(11)

Serious AEs in 5% or more of all patients
All serious AES
Pneumonia
Cholecystitis or cholecystitis acute

10 (48)
2 (10)
2 (10)

5 (33)
0
0

15 (42)
2 (6)
2 (6)

AE, adverse event.
*Neutropenia included the preferred terms of neutropenia and decreased neutrophil count.
†Thrombocytopenia included the preferred terms of thrombocytopenia and decreased platelet count.

Although cytopenias were common in this population of
heavily pretreated patients, they did not lead to discontinuation of venetoclax. Despite an incidence of grade 3 or higher
neutropenia in 50% of patients, the rates of infection were modest,
with no episodes of febrile neutropenia, likely at least in part
because of the common use of concomitant growth factor support
on trial.

Authorship

In summary, venetoclax monotherapy is active and welltolerated in patients with CLL progression after therapy with
idelalisib, including a signiﬁcant number of patients who also
received prior therapy with ibrutinib. These results from the ﬁrst
prospective trial in this high-risk population provide evidence
that venetoclax should be considered as a treatment option for
such patients.
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20. Rawstron AC, Böttcher S, Letestu R, et al;
European Research Initiative in CLL.
Improving efﬁciency and sensitivity: European
Research Initiative in CLL (ERIC) update on the
international harmonised approach for ﬂow
cytometric residual disease monitoring in CLL.
Leukemia. 2013;27(1):142-149.
21. Howard SC, Jones DP, Pui CH. The tumor lysis
syndrome. N Engl J Med. 2011;364(19):
1844-1854.
22. Kovacs G, Robrecht S, Fink AM, et al. Minimal
residual disease assessment improves prediction of outcome in patients with chronic
lymphocytic leukemia (CLL) who achieve
partial response: comprehensive analysis of
two phase III studies of the German CLL
Study Group. J Clin Oncol. 2016;34(31):
3758-3765.

blood® 12 APRIL 2018 | VOLUME 131, NUMBER 15

1711

From www.bloodjournal.org by guest on June 27, 2019. For personal use only.

2018 131: 1704-1711
doi:10.1182/blood-2017-06-788133 originally published
online January 5, 2018

Venetoclax for patients with chronic lymphocytic leukemia who
progressed during or after idelalisib therapy
Steven Coutre, Michael Choi, Richard R. Furman, Herbert Eradat, Leonard Heffner, Jeffrey A. Jones,
Brenda Chyla, Lang Zhou, Suresh Agarwal, Tina Waskiewicz, Maria Verdugo, Rod A.
Humerickhouse, Jalaja Potluri, William G. Wierda and Matthew S. Davids

Updated information and services can be found at:
http://www.bloodjournal.org/content/131/15/1704.full.html
Articles on similar topics can be found in the following Blood collections
Clinical Trials and Observations (4975 articles)
Free Research Articles (5431 articles)
Lymphoid Neoplasia (3077 articles)
Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.

