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Summary

Background—Therapy targeting Bruton’s tyrosine kinase (BTK) with ibrutinib has transformed 

treatment for chronic lymphocytic leukaemia (CLL). Patients who are refractory or relapse after 

ibrutinib experience poor outcomes. Venetoclax is a selective, orally bioavailable inhibitor of 

BCL-2 that has activity in heavily-pretreated patients with relapsed/refractory CLL. This phase 

two, multicentre, open-label study was conducted to evaluate the efficacy and safety of venetoclax 

for patients with CLL refractory to or who relapsed during or after ibrutinib.

Methods—Patients at least 18 years of age were eligible for study enrollment if they required 

therapy according to criteria from the 2008 International Workshop on Chronic Lymphocytic 

Leukemia (iwCLL), had an Eastern Cooperative Oncology Group performance score of ≤2, 

adequate bone marrow function (absolute neutrophil count ≥1,000/μL irrespective of growth factor 

support, platelet count ≥30,000/mm3, hemoglobin ≥8 g/dL), and creatinine clearance ≥50 mL/min. 

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 

received venetoclax starting at 20mg daily with stepwise dose ramp-up over five weeks to the 

target 400mg daily dose. For patients with rapidly-progressing disease, an accelerated schedule of 

administration was utilized. Treatment continued until disease progression or discontinuation due 

to other reasons. The primary objective of the study was to evaluate the efficacy and safety of 

venetoclax monotherapy. Efficacy was measured by overall response rate, defined as the 

proportion of patients with an overall response based on the investigator’s assessment per iwCLL 

criteria. Safety was evaluated via adverse event monitoring and laboratory assessments. This study 

is ongoing and data for this interim analysis per regulatory agency request were collected as of 

June 30, 2017 and included all patients who received at least one dose of venetoclax. This trial was 

registered at ClinicalTrials.gov, number NCT02141282.

Findings—Patients were recruited from 15 sites across the United States between September 

2014 and November 2016. The study enrolled 91 patients who previously received ibrutinib, 43 in 

the main cohort and 48 in the expansion cohort. At the time of analysis, the median time on study 

(ie, follow up) was 14 months (range: 0·1–31; IQR: 8–18) for all 91 patients, 19 months (range: 

0·1–26; IQR: 9–27) for 43 patients in the main cohort, and 12 months (0·1–18; IQR: 8–15) for 48 

patients in the expansion cohort. An objective response was achieved in 59 (65%) of 91 patients 

(95% CI: 53%, 74%. Main cohort: 30 [70%] of43, 95% CI: 54%; 83%; expansion cohort: 29 

[60%] of 48, 95% CI: 43%, 72%). Eight (9%) of 91 patients achieved complete remission. 

Common grade 3 or 4 adverse events of (occurring in more than 2 patients) included neutropenia 

(in 46 [51%] of 91 patients), thrombocytopenia (in 26 [29%] of 91 patients), anaemia (in 26 [29%] 

of 91 patients), decreased white blood cell count (in 17 [19%] of 91 patients), decreased 
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lymphocyte count (in 14 [15%] of 91 patients), febrile neutropenia (12 [13%] of 91 patients), 

hypophosphataemia (in 12 [13%] of 91 patients), diarrhoea (in 6 [7%] of 91 patients), fatigue (in 6 

[7%] of 91 patients), pneumonia (in 6 [7%] of 91 patients), hyponatraemia (in 6 [7%] of 91 

patients), hypertension (in 6 [7%] of 91 patients), hyperglycaemia (in 5 [5%] of 91 patients), 

hypokalaemia (in 5 [5%] of 91 patients), abdominal pain (in 4 [4%] of 91 patients), increased 

lymphocyte count (in 4 [4%] of 91 patients), hypoxia (in 4 [4%] of 91 patients), cellulitis (in 3 

[3%] of 91 patients), fall (in 3 [3%] of 91 patients), increased alanine aminotransferase (in 3 [3%] 

of 91 patients), hypocalcaemia (in 3 [3%] of 91 patients), autoimmune haemolytic anaemia (in 2 

[2%] of 91 patients), cataract (in 2 [2%] of 91 patients), lung infection (in 2 [2%] of 91 patients), 

urinary tract infection (in 2 [2%] of 91 patients), increased aspartate aminotransferase (in 2 [2%] 

of 91 patients), dehydration (in 2 [2%] of 91 patients), hypercalcaemia (in 2 [2%] of 91 patients), 

hypoalbuminaemia (in 2 [2%] of 91 patients), syncope (in 2 [2%] of 91 patients), and dyspnoea (in 

2 [2%] of 91 patients). Seventeen (19%) of 91 patients died, with 7 due to disease progression; 

seven deaths occurred within 30 days after the last dose of venetoclax due to disease progression, 

Corynebacterium sepsis, multi-organ failure, septic shock, possible cytokine release syndrome on 

subsequent therapy, mechanical asphyxia, and one cause of death was unknown. None of these 

deaths were attributed to treatment with venetoclax..

Interpretation—Venetoclax showed durable clinical activity and favourable tolerability in 

patients with CLL whose disease progressed during or after prior treatment with ibrutinib.

INTRODUCTION

Small molecule inhibitors of B-cell receptor (BCRi) signaling target an essential biology in 

chronic lymphocytic leukaemia (CLL) and have rapidly supplanted cytotoxic chemotherapy 

for both untreated and relapsed disease.1,2 The Bruton’s tyrosine kinase (BTK) inhibitor 

ibrutinib has demonstrated high rates of durable response and prolonged survival and is 

approved for the treatment of previously-untreated or relapsed CLL.3–6

Although many patients achieve sustained disease control with continuous ibrutinib, few 

effective options are currently available for CLL progressing during or after therapy. Relapse 

in high-risk patients (ie, 17p deletion [del(17)(p13·1)] and/or complex abnormal karyotype) 

is more frequently observed, with a 30-month estimated progression-free survival (PFS) for 

patients with del(17)(p13·1) of 48% vs 87% for patients without del(17)(p13·1) or del(11)

(q22·3).4,7,8 Adverse events (AEs) can further lead to discontinuation.9

Optimal therapy for patients with CLL progressing after ibrutinib has yet to be determined 

in prospective studies. Outcomes after discontinuing ibrutinib are poor and progression can 

occur rapidly, in part due to the limited efficacy of available therapies in this setting.7–9 

Recent investigations have identified acquired resistance mutations in the ibrutinib binding 

site C481 of BTK and/or phospholipase C-γ2 (PLCG2) in the majority of patients who 

progressed while receiving ibrutinib.7,10 New therapies in the setting of disease progression 

following ibrutinib are critical.

Venetoclax is a selective, orally bioavailable small-molecule BCL-2 inhibitor that is 

approved in the United States for patients with del(17)(p13·1) CLL who have received at 

least one prior therapy and in the EU and other countries for patients who are unsuitable for 
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or have failed BCRi therapy and for patients without del(17)(p13·1) or TP53 mutation who 

have failed chemoimmunotherapy and BCRi.11,12 Approval was based on trial results in 

which venetoclax induced objective responses in approximately 80% of patients with 

relapsed/refractory CLL.13,14 However, these earlier studies included an insufficient number 

of patients progressing during or after ibrutinib to determine the clinical activity of 

venetoclax in that group. Additionally, the ability of venetoclax to eliminate ibrutinib-

resistant clones bearing BTK C481S or PLCG2 mutations has not been evaluated.

Given the promising activity of venetoclax in relapsed/refractory CLL13,14 and poor 

outcomes in patients who relapsed after or are refractory to ibrutinib, we conducted the 

present study to evaluate the efficacy of venetoclax in this population.

METHODS

Study Design and Participants

This phase two, open-label, nonrandomized, multicenter trial enrolled patients with CLL 

relapsed after or refractory to ibrutinib (includes discontinuation of prior ibrutinib due to 

AEs followed by progression off therapy). Patients were enrolled initially in the main cohort 

of the study and a subsequent study amendment permitted enrollment expansion to further 

establish the activity of venetoclax in patients with CLL relapsed/refractory to BCRi therapy 

(expansion cohort). Patients were enrolled in study arms based on the last BCRi received 

(Figure 1). Accrual of approximately 40 patients was planned initially (main cohort) and a 

subsequent study amendment permitted accrual of up to 60 additional patients to collect 

additional data and further establish the activity of venetoclax in patients with CLL relapsed/

refractory to BCRi therapy (expansion cohort) (Figure 1). A separate cohort of patients with 

CLL relapsed/refractory to idelalisib (n=36) was also included in this study and will be 

reported in a separate publication. Ten patients who were previously treated with idelalisib 

were included in the analysis reported here because ibrutinib was the last BCRi they 

received prior to enrollment in this study. Patients were recruited from academic, public, and 

private hospitals and clinics in the United States. The washout period for prior BCRi was 

seven days in the main cohort and reduced to three days for the expansion cohort. The 

primary objective of the study was to evaluate the efficacy and safety of venetoclax 

monotherapy. Efficacy was measured by objective response rate (ORR) and safety was 

evaluated via adverse event monitoring and laboratory assessments.

Patients at least 18 years of age with relapsed/refractory CLL who required therapy 

according to the 2008 International Workshop on Chronic Lymphocytic Leukemia (iwCLL) 

criteria were enrolled if their disease was refractory to treatment or progressed after 

discontinuation of ibrutinib.15 Per protocol, the definitions of relapse and refractory were 

based on iwCLL 2008 criteria.15 Relapse was defined as a patient who had previously 

achieved a response to treatment, but after a period of 6 or more months, demonstrated 

evidence of disease progression and refractory was defined as treatment failure or disease 

progression within 6 months to the last anti-leukemic therapy.15 Patients were evaluated for 

Richter’s transformation at study entry by positron emission tomography, mandatory biopsy 

for lesions with high standardized uptake value, and excluded if confirmed on biopsy. 

Patients with active and uncontrolled autoimmune cytopenias, unresolved toxicity from prior 
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therapy, or a history of allogeneic stem cell transplantation within one year of study entry 

were also excluded. There was no minimum estimated life expectancy mandated for study 

entry, provided all protocol inclusion criteria were met. Karyotype was not assessed at the 

time of screening for the study and therefore data for complex karyotype are not available. 

Other mutational data (ie, TP53 mutation status, chromosomal abnormalities) were reported 

by investigators. All molecular subtypes of CLL were included in the study. All patients 

provided written informed consent. Complete enrollment criteria provided in the appendix 

(p.4).

The institutional review board at each participating site approved the study protocol. The 

study was conducted according to principles of the Declaration of Helsinki and the 

International Conference on Harmonisation Guideline for Good Clinical Practice.

Procedures

Venetoclax was administered orally, once daily. Patients received venetoclax 20mg daily for 

one week, followed by weekly ramp up to 50mg, 100mg, 200mg, and then to the final daily 

dose of 400mg by week five (appendix p.7); in the expansion cohort, an accelerated dose 

ramp up over three weeks was permitted for patients who had high tumor burden with 

clinical signs of progression during screening (appendix p.8). Additionally, dose escalation 

of venetoclax to 600mg was allowed in the expansion cohort for patients who had not 

achieved an adequate response after assessment at week 12. The on-target effects of 

venetoclax can cause rapid reduction in tumour size (debulking) and may pose a risk of 

tumour lysis syndrome (TLS) during initial dosing. To mitigate this risk, prophylaxis and 

monitoring procedures were implemented, which are described in the appendix (p.8).

Safety was monitored through 30 days post treatment. Laboratory assessments and AE 

monitoring were done throughout the study and into the 30-day post-treatment period. AEs 

were graded according to the NCI Common Terminology Criteria for AEs, version 4·0.16 

Laboratory monitoring for TLS was conducted during the 5-week dose ramp-up and TLS 

was assessed based on criteria established by Howard and colleagues.17

Dose adjustments were recommended for patients with grade 3 or 4 AEs. At the time of the 

first event, venetoclax could be interrupted and dosing resumed at the target dose following 

resolution of the AE. If subsequent AEs required dose interruptions, dosing could resume at 

a lower dose following resolution of the AE. For neutropenia, granulocyte-colony 

stimulating factor (G-CSF) could be administered concurrently with venetoclax as needed 

and was strongly recommended for patients with grade 4 events (absolute neutrophil count 

<500/μL). If the patient developed febrile neutropenia or grade 4 neutropenia persisted for 

more than one week despite growth factor support, then venetoclax dosing was interrupted 

until recovery of neutrophil count >500/μL. Following dose interruption, venetoclax could 

then be re-initiated at a lower dose. For blood chemistry changes or symptoms suggestive of 

TLS, dosing on the next day was withheld unless there was resolution of changes/symptoms 

within 24–48 hours of the last dose; subsequently dosing resumed at the same dose. If 

changes or symptoms resolved more than 48 hours after the last dose, dosing was resumed at 

a lower dose (see also appendix p.9).

Jones et al. Page 5

Lancet Oncol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Treatment continued until disease progression or discontinuation due to other reasons and 

patients were removed from the study at the time of disease progression and/or 

discontinuation of venetoclax for other reasons.

Outcomes

The primary efficacy endpoint was ORR, defined as the proportion of patients with an 

overall response based on the investigator’s assessment.15 Response was assessed by the 

investigator based on physical exam, laboratory results, computed tomography or magnetic 

resonance imaging, and bone marrow evaluation according to iwCLL criteria.15 

Assessments were performed at screening and subsequent responses for patients in the main 

cohort were assessed by investigators at weeks eight, 24, and every 12 weeks thereafter, up 

to one year. For patients in the main cohort, response data upon completion of 24 weeks on 

venetoclax were also reviewed by an independent review committee (IRC). Patients in the 

expansion cohort underwent response assessments at weeks 12 and 36. Responses were 

confirmed by a second assessment at least two months after first assessed. Bone marrow 

aspiration and biopsy were performed at screening and within two months after other criteria 

for complete remission (CR) were observed. All patients, including those identified as 

having stable disease, received venetoclax until disease progression or discontinuation due to 

other reasons. This open-label phase 2 trial was a proof-of-concept study that was designed 

to assess the efficacy of venetoclax in ibrutinib-treated patients at earlier time points (weeks 

8 and 24) in the main cohort. Responses improved over time in patients from the main 

cohort as they have been evaluated every 12 weeks after week 24 for up to one year. Once 

established that there was efficacy in this population, the expansion cohort had an increased 

duration of efficacy assessment to keep consistent with the pivotal trial of venetoclax 

monotherapy in patients with del(17)(p13·1) CLL and to allow for pooled analyses across 

venetoclax monotherapy trials in the future.13

Secondary endpoints included time-to-event analyses. Duration of response (DOR) was 

defined as the number of days from the date of first response to the earliest recurrence or 

disease progression. If a patient was still responding, then the patient’s data were censored at 

the date of the patient’s last available disease assessment. Patients who never had a response 

had censored data on the date of enrollment. Time to progression (TTP) was defined as the 

number of days from the date of first dose or enrollment if not dosed to the date of earliest 

disease progression. All events of disease progression were included regardless of whether 

progression occurred while the patient was taking venetoclax or had previously 

discontinued. If the patient did not experience disease progression, then the data were 

censored at the date of the last available disease assessment. PFS was defined as the number 

of days from the date of first dose to the date of earliest disease progression or death. Data 

were censored at the time of last tumor assessment for patients without an event or at the 

time of data cutoff if the assessment was done after the cutoff date. Overall survival (OS) 

was defined as the number of days from the date of first dose to the date of death for all 

dosed patients. For patients who did not die, data were censored at the date of last study visit 

or the last known date to be alive, whichever was later.
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Minimal residual disease (MRD) was an exploratory endpoint. Six-color flow cytometry 

(sensitivity: 10–4) performed according to ERIC protocol18,19 was used to evaluate MRD in 

peripheral blood for all patients beginning at week 24 and every 12 weeks thereafter for 

those achieving partial remission (PR) or better. Exploratory identification of BTK and 

PLCG2 mutations was performed for all patients enrolled to the main cohort according to 

published methods.20 Health economic and patient-reported outcome measures (eg, EORTC 

QLQ C30 and EORTC QLQ CLL16 [measure of health related quality of life specific to 

CLL] and EQ-5D-5L [measure of general health status with visual analogue scale]) were 

also exploratory assessments that will be reported in a separate publication. Methods for 

exploratory analyses of MRD evaluation and resistance mutation testing, as well as 

pharmacokinetic assessments are in the appendix (p.12).

Statistical Analysis

This study is ongoing and data for this interim analysis per regulatory agency request were 

collected as of June 30, 2017. Efficacy and safety analyses included all patients who 

received at least one dose of venetoclax. Exploratory MRD and resistance mutation analyses 

are included for patients with available data. Analyses were performed by using SAS 

software, version 9.4 (SAS Institute, Inc., Cary, NC).

Initial target enrollment for the main cohort of the study was approximately 60 patients, with 

40 patients with ibrutinib-resistant/refractory CLL in one arm and 20 patients with 

idelalisib-resistant/refractory CLL in the second arm (reported in a separate publication). 

With the initial activity of venetoclax observed in patients in the main cohort, a subsequent 

study amendment permitted additional enrollment of approximately 60 patients with either 

ibrutinib- or idelalisib-resistant relapsed/refractory CLL in the expansion cohort, which was 

similar to the number of patients targeted for the main cohort. Patients who had received 

both agents and any additional interim therapy were enrolled into the corresponding arm on 

the basis of their most recent BCRi treatment. There were no planned hypotheses testing on 

the primary efficacy endpoint, ORR. ORR is presented by a point estimate and its 

corresponding 95% confidence interval. A sample size of 20 patients ensured that the 

distance of true rate was within 23% of the observed rate, with 95% confidence interval (CI). 

A sample size of 40 patients would ensure that the distance of true rate was within 17% of 

the observed rate, with 95% confidence. A sample size of 60 patients would ensure that the 

distance of true rate was within 14% of the observed rate, with 95% confidence.

ORR was defined as the proportion of patients with an overall response based on the 

investigator’s assessment and calculated for all patients based on iwCLL criteria.15 The 95% 

confidence interval based on binomial distribution was constructed for calculated ORR. 

DOR, TTP, PFS, and OS were key secondary endpoints based on investigator assessment 

and were analyzed by Kaplan-Meier methodology, with median time-to-event calculated 

along with the corresponding 95% CI. This trial was registered at ClinicalTrials.gov, number 

NCT02141282.
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Role of the funding source

The study was designed jointly by the sponsors (AbbVie and Genentech) and investigators. 

Investigators and their research teams collected the clinical data. AbbVie confirmed and 

analyzed the data, and was involved in the interpretation of results. Both AbbVie and 

Genentech were involved in the decision to develop the publication and reviewed the 

publication prior to submission. The first author wrote the first draft of this manuscript. 

Subsequent drafts were prepared by all authors and medical writers employed by AbbVie. 

All authors had access to the raw data. All authors made the decision to submit the 

manuscript for publication and attest to the accuracy and completeness of the data reported. 

The corresponding author had full access to all of the data and the final responsibility to 

submit for publication. The full trial protocol is available in the appendix.

RESULTS

Patients

Patients were recruited from 15 sites across the United States between September 2014 and 

November 2016. A total of 91 patients were enrolled (main cohort, n=43; expansion cohort, 

n=48), with all 91 patients included in demographics, efficacy and safety analyses described 

below. Primary reasons for discontinuation of prior ibrutinib included disease progression 

(50 [55%] of 91 patients; based on iwCLL criteria15 with or without evidence of BTK or 

PLCG2 mutation during treatment), and AEs (30 [33%] of 91 patients; these patients 

subsequently progressed after discontinuing ibrutinib). The remaining patients had achieved 

maximal clinical benefit with ibrutinib (6 [7%] of 91 patients), completed a defined course 

of treatment (3 [3%] of 91 patients), and/or discontinued for other unspecified reasons (2 

[2%] of 91 patients) with subsequent CLL progression. Per iwCLL criteria definitions,15 28 

(31%) of 91 patients relapsed during or after discontinuation of prior ibrutinib and 62 (68%) 

of 91 patients were refractory to prior ibrutinib (Table 1). Screen failures occurred in 27 

patients, six of whom were excluded based on biopsy-confirmed Richter’s transformation 

(see appendix p.14 for all reasons for screen failures).

Disposition on Treatment

As of June 30, 2017, median time on study (ie, follow up) was 14 months (range: 0·1–31; 

IQR: 8–18); 19 months (range: 0·1–26; IQR: 9–27) for the main cohort and 12 months 

(range: 0·1–18; IQR: 8–15) for the expansion cohort. Forty-six (51%) of 91 patients 

continue venetoclax treatment (appendix p.14). The primary reason for discontinuation of 

venetoclax was CLL progression in 22 (24%) of 91 patients and Richter’s transformation in 

five (5%) of 91 patients (see appendix p.15). The remaining patients discontinued for AEs (6 

[7%] of 91 patients), proceeding to allogeneic stem cell transplantation in remission (5 [6%] 

of 91 patients), consent withdrawn (1 [1%] of 91 patients), investigator’s request (1 [1%] of 

91 patients), and other reasons (5 [6%] of 91 patients). Seventeen (19%) of 91 patients died, 

with seven due to CLL progression; seven deaths occurred within 30 days after the last dose 

of venetoclax due to disease progression, Corynebacterium sepsis, multi-organ failure, septic 

shock, possible cytokine release syndrome on subsequent therapy, mechanical asphyxia, and 

one cause of death was unknown. None of these deaths were attributed to treatment with 

venetoclax.
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Efficacy

The investigator-assessed ORR was 59 (65%) of 91 patients (95% CI: 53%, 74%) (Table 2) 

and median time to first response was 2·5 months (range: 1·6–15) and median time to best 

response was 7·9 months (range: 3·5–19). Fifty-one (56%) of 91 patients achieved PR or 

nodular PR (nPR), and 8 (9%) of 91 patients achieved CR or CR with incomplete bone 

marrow recovery (CRi). Median time to first PR/nPR was 2·6 months (range: 1·6–16.4) and 

to confirmatory second assessment per protocol (at least two months after first assessed) was 

7·6 months (range: 5–17·7). Median time to CR/CRi was 8·2 months (range: 3·5–19). 

Twenty-two (24%) of 91 patients had stable disease as best response and five (6%) had CLL 

progression. Nineteen (59%) of 32 patients with B symptoms at baseline reported resolution 

of symptoms by week eight.

For patients in the main cohort who had been treated for a median of 19 months, responses 

were observed for 30 (70%) of 43 patients (95% CI: 54%, 83%). Following a median time 

on venetoclax of 12 months, the response rate for patients in the expansion cohort was 29 

(60%) of 48 patients (95% CI: 43%, 72%), with 13 patients having stable disease and four 

with progression. Two patients in the expansion cohort escalated to a daily dose of 600mg 

venetoclax due to clinical progression, and neither had improvement at higher dose. Of 

seven patients in the expansion cohort who were scheduled to receive accelerated ramp up 

due to rapidly progressive CLL, five were able to reach the target 400mg dose with four 

achieving PR and one patient discontinued due to CLL progression. The two remaining 

patients discontinued due to CLL progression before reaching the 400mg dose.

Response rates at 24 weeks reported by an IRC in the 43 patients in the main cohort were 

similar to those assessed by the investigators (IRC, 30 [70%] of 43; investigator-assessed, 29 

[67%] of 43).21 Evaluations were discordant between investigators and IRC for ten patients; 

two with CR by investigator assessment were deemed as PR by IRC, one with investigator-

assessed CR was evaluated as CRi by IRC, two with investigator-assessed nPR were PR by 

IRC, two with investigator-assessed PR were non-responders per IRC, and three patients 

with stable disease by investigator assessment were considered PR by IRC. Discrepancies 

were primarily due to differences in interpretation of splenomegaly by CT scan, the sum 

product of the lymph nodes by radiographic assessment given different nodes chosen, and 

timing of the CT scan.

The investigator-assessed median TTP for all patients was 24·7 months (95% CI: 19·6, -), 

with an estimated rate at 12 month of 80% (95% CI: 69%, 87%) (Figure 2A). Median PFS 

was 24·7 months (95% CI: 19·2, -), with an estimated 12-month PFS rate of 75% (95% CI: 

64%, 83%) (Figure 2B); the estimated 12-month OS was 91% (95% CI: 83%, 95%; Figure 

2C). Among responding patients, median DOR has not yet been reached (95% CI: 17·6, -; 

Figure 2D), and estimated 12-month DOR was 88% (95% CI: 76%, 95%).

ORR with venetoclax for patients who had discontinued prior ibrutinib due to AEs versus 

disease progression was 19 (63%) of 30 patients (95% CI: 44%, 80%) and 27 (54%) of 50 

patients (95% CI: 39%, 68%), respectively. Median PFS and 12-month estimates were not 

reached (95% CI: 15·9, -) and 76% (95% CI: 56%, 88%) for patients who discontinued for 

AEs and 23·4 months (95% CI: 13·7, -) and 72% (95% CI: 57%, 83%) for those who 
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discontinued prior ibrutinib due to disease progression. The estimated 12-month OS rate for 

patients who had discontinued prior ibrutinib due to AEs versus disease progression was 

97% (95% CI: 79%, 99%) and 86% (95% CI: 72%, 93%), respectively. Among responding 

patients who discontinued prior ibrutinib due to AEs, median DOR had not yet been reached 

(95% CI: 14·3, -), with an estimated 12-month of 89% (95% CI: 63%, 97%). For patients 

who discontinued prior ibrutinib due to disease progression, median DOR on venetoclax was 

21·7 months (95% CI: 16·6, -), with an estimated 12-month rate of 88% (95% CI: 67%, 

96%).

Response rates were similar for patients with high-risk chromosomal abnormalities 

compared with patients without these factors. Of patients with known del(17)(p13·1) and/or 

TP53 mutation, 28 (61%) of 46 patients (95% CI: 45%, 75%) achieved an objective 

response, including 4 CR or CRi and 23 nPR or PR. Of patients who did not have either 

del(17)(p13·1) and/or TP53 mutation, 30 (67%) of 45 patients (95% CI: 51%, 80%) 

achieved an objective response, including 4 CR and 26 nPR or PR. Median PFS was 19·6 

months (95% CI: 15·4, 24·7) for patients with known del(17)(p13·1) and/or TP53 mutation, 

with a 12-month PFS estimate of 72% (95% CI: 56%, 83%). For patients without these 

chromosomal abnormalities, median PFS had not yet been reached (95% CI: 19·2, -) and 12-

month estimate was 79% (95% CI: 64%, 89%). OS estimate at 12 months for both patients 

with or without known del(17)(p13·1) and/or TP53 mutation was 91% (95% CI: 78%, 97%). 

For responders, median DOR was 21·9 months (95% CI: 17·6, -), with 12-month estimate of 

92% (95% CI: 73%, 98%) for patients with known del(17)(p13·1) and/or TP53 mutation. 

Median DOR had not been reached (95% CI: 16·6, -) for patients without these 

chromosomal abnormalities, and the 12-month estimate was 84% (95% CI: 63%, 94%). 

Efficacy analyses for patients with lymph nodes <5 cm as measured at baseline compared 

with ≥5 cm are described in the appendix (p.18).

Fifty-seven patients were assessed for MRD in peripheral blood beginning at week 24, with 

MRD being an exploratory endpoint of the study. Twenty-four (42%) of 57 patients assessed 

achieved a MRD-negative result in peripheral blood (Figure 3A; 24 [26%] of all 91 patients 

per intent-to-treat principles), with five of 13 patients assessed demonstrating subsequent 

MRD-negativity in bone marrow. For the majority of patients who had an MRD-positive 

assessment in peripheral blood, the actual percentage of CLL cells present were low (Figure 

3A). At the inception of the study, there was no plan to discontinue venetoclax so all five 

patients who achieved MRD-negativity in both peripheral blood and bone marrow are 

currently active on study and continue venetoclax treatment. One patient who achieved 

MRD-negativity in peripheral blood at 5 months subsequently discontinued venetoclax due 

to CLL progression at 13 months on therapy. Median PFS had not been reached for patients 

with MRD negativity in blood and was 24·7 months (95% CI: 15·4, -) for patients who were 

MRD positive (Figure 3B), and there was a significant difference in PFS between MRD-

negative and MRD-positive patients (p=0·01 by log-rank test).

Efficacy in Patients With BTK or PLCG2 Resistance Mutations

Baseline samples to evaluate for BTK or PLCG2 mutations, which are associated with 

resistance to ibrutinib, were evaluated in 21 patients who had developed refractory CLL 

Jones et al. Page 10

Lancet Oncol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



while on ibrutinib. BTK or PLCG2 mutations were present in 17 (81%) of 21 patients 

evaluated (appendix p.18). Allele frequencies ranged from 1·2% to 98·8%. BTK mutations at 

C481 as the sole mutation were present in 14 (67%) of 21 patients evaluated (C481S in 12 [1 

in association with C481A], C481A in 1, and C481Y in 1). One patient had a BTK C481S 

mutation in conjunction with a L845F mutation in PCLG2, and three patients had mutations 

only in PLCG2 at sites previously seen in ibrutinib resistance that have been described to be 

potential gain of function mutations.7,20,22–25 Responses with venetoclax were seen in 12 

(71%) of 17 cases, including 11 PR and 1 CRi, where known ibrutinib resistance mutations 

were present at study entry (appendix p.18). There was no difference in PFS for patients 

with versus without mutations (median PFS for patients with mutations was 21·9 months and 

was 15·4 months for patients without mutations; p=0·96 by log-rank test).

In ten patients with BTK C481S mutations, samples were available at baseline and the end 

of the first week of therapy, with allelic frequency shown in the appendix (p.19). 

Additionally, in eight patients from one institution with C481S mutations, samples were 

available at baseline and the end of 24, 48, and 72 weeks of therapy (appendix, p.19). Of 

these eight patients, allelic frequency of C481S BTK decreased in all, and tended to re-

emerge prior to progression (appendix, p.19).

Safety

Across all 91 patients, the most common AEs of any grade were neutropenia in 56 (62%) 

patients, nausea in 51 (56%) patients, anaemia in 48 (53%) patients, diarrhoea in 47 (52%) 

patients, and thrombocytopenia in 43(47%) patients (Table 3); the frequency of these AEs 

was similar for the main and expansion cohorts. Treatment-emergent grade 3/4 events were 

primarily hematologic and included neutropenia in 46 (51%) of 91 patients, anemia in 26 

(29%) of 91 patients, thrombocytopenia in 26 (29%) of 91 patients, and lymphocytopenia in 

14 (15%) of 91 patients. Median time to the first grade 3/4 event was 21 days (range: 1–723) 

for neutropenia and 21 days (range: 1–582) for thrombocytopenia. Twenty-four (26%) of 91 

patients had pre-existing neutropenia and 54 (59%) of 91 patients had thrombocytopenia. 

Twenty-seven (30%) of 91 patients received G-CSF during the study for management of 

neutropenia and/or infections. Forty-five (50%) of 91 patients experienced a serious AE, 

with the most frequent serious AEs (in more than 2 patients) being febrile neutropenia in 10 

(11%) and pneumonia in 5 (6%) of 91 patients. Serious AEs considered possibly related to 

venetoclax treatment were febrile neutropenia (n=2), pneumonia (n=1), increased potassium 

levels (n=1), hyperphosphatemia (n=1), and hyperkalemia (n=1). Thirty-two (35%) of 91 

patients interrupted venetoclax because of AEs, with neutropenia being the most common 

reason for dosing interruption in 9 patients. Fifteen (16%) of 91 patients required a dosage 

reduction, most commonly due to nausea in 12 patients, neutropenia in 11 patients, and 

diarrhoea in 9 patients. All dose adjustments for laboratory abnormalities occurred during 

dose ramp up. Six patients discontinued venetoclax due to AEs of multi-organ failure, 

dysphagia and stomach ulcers, Corynebacterium sepsis, salivary gland cancer, and 

mechanical asphyxia. Four patients discontinued within 30 days of starting venetoclax and 

two patients discontinued after one year of therapy with salivary gland cancer and asphyxia. 

Six deaths occurred within 30 days after the last dose of venetoclax due to AEs of 

Corynebacterium sepsis (n=1), multi-organ failure (n=1), septic shock (n=1), possible 
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cytokine release syndrome on subsequent therapy (n=1), mechanical asphyxia (n=1), and 

one cause of death was unknown (n=1) (Table 3). Electrolyte abnormalities 

(hyperphosphatemia and hyperuricemia or hyperkalemia, respectively) meeting Howard 

criteria17 for laboratory TLS were only observed in two patients with high tumour burden; 

both cases occurred during the 200mg dose of the standard ramp-up period.

DISCUSSION

Ibrutinib therapy has transformed the management of both untreated and relapsed CLL. 

However, acquired resistance to ibrutinib, most commonly observed in the setting of 

previously treated and high-risk genomic disease, has been associated with poor outcomes.
8,10,26 Effective management and treatment for these patients represents an unmet need. 

Here, we report results of the first prospective study of any therapy for patients who were 

previously treated with ibrutinib, of whom 50 (55%) of 91 patients discontinued ibrutinib 

due to disease progression and 30 (33%) of 91 patients due to AEs. The rate of response to 

venetoclax was high, with an investigator-assessed ORR of 59 (65%) of 91 patients (95% 

CI: 53%, 74%). Responses were also observed for patients with historically poor outcomes, 

including those who discontinued prior ibrutinib due to disease progression and those with 

high-risk chromosomal abnormalities del(17)(p13·1) and/or TP53 mutation. Safety data are 

consistent with previous reports of single-agent venetoclax in relapsed/refractory CLL, with 

the frequency of adverse events reported for this heavily pre-treated population of patients 

with CLL refractory to or relapsed after ibrutinib being similar to that reported for 

venetoclax in a broader relapsed/refractory CLL population.13,14 Despite observations of 

highly proliferative disease in relapsed CLL upon discontinuation of ibrutinib, venetoclax 

was not associated with an elevated risk for TLS when recommended dose ramp up, 

prophylaxis, and monitoring were applied. As expected in this heavily-pretreated population, 

cytopenias and febrile neutropenia were commonly observed. All cases were effectively 

managed with dosage adjustment and/or supportive care and did not lead to discontinuation 

of venetoclax.

Per secondary Kaplan-Meier analyses, responses have been durable. Additionally, four of 

five patients who initiated venetoclax via accelerated dose ramp up due to high tumour 

burden and signs of rapid progression at screening achieved PR on venetoclax. Across 

efficacy and safety results, the outcomes on venetoclax reported for these patients who were 

previously treated with ibrutinib are similar to results with venetoclax monotherapy in 

broader relapsed/refractory CLL patients.14

Venetoclax acts as a BH3-mimetic, targeting BCL-2 in mitochondria independent of BCR 

signaling, and as such we hypothesized that BTK mutant clones would not confer resistance 

to venetoclax.26 In the subset of patients for whom available mutation data were available, 

we observed responses with venetoclax in 12 (71%) of 17 of cases where known ibrutinib 

resistance mutations were present at study entry, which supports the hypothesis based on 

mechanism of action. Furthermore, the allelic frequency of C481S BTK decreased for eight 

patients with serial data available up to 72 weeks on venetoclax, suggesting the potential for 

venetoclax to eradicate ibrutinib-resistant CLL clones.
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A number of studies evaluating a broad range of therapeutic approaches have assessed the 

relationship between MRD and outcomes, and available evidence suggests that patients with 

MRD-negative status at the end of treatment have improved survival, independent of clinical 

response.27 In the current study, patients achieving MRD-negative responses experienced 

superior PFS, despite the fact that most achieved an objective response no better than PR. 

The majority of these patients with MRD-negative PR had low-volume residual nodal 

disease by imaging criteria.

This study has the following limitations including that this was a proof-of-concept study to 

first evaluate the activity of venetoclax in this population so was designed to be an open-

label study. Furthermore, the wide confidence intervals for the ORR reported due to the 

number of patients in each cohort. Efficacy analyses were limited by mutational status (eg, 

IGHV) and karyotype status as data collection was not uniform; data for complex karyotype 

was not available and IGHV testing was incomplete as accessible historic data were reported 

by investigators at study start. Additionally, longer follow up will be needed to better 

establish the durability of response to venetoclax in this patient population.

This publication only reports on the patients who received ibrutinib as their last BCRi prior 

the enrollment on the study. As ibrutinib and idelalisib are approved for different indications 

and in different regions, the patients who received idelalisib as their last BCRi prior the 

enrollment will be reported in a separate publication to provide adequate attention to each 

patient population. Additionally, patient-reported outcomes have not yet been fully analyzed 

and will be reported at a later time.

In conclusion, venetoclax achieved a high rate of response among patients progressing after 

ibrutinib, including a subset with ibrutinib-resistance mutations, many of whom have heavily 

pre-treated disease harboring high-risk genetic aberrations. Venetoclax has demonstrated 

durable clinical activity and favourable tolerability across high-risk patient groups, including 

results from this prospective study of treatment for patients with CLL progression following 

ibrutinib.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT

Evidence before this study

Evidence accumulated prior to the study suggested that signaling via B-cell receptor 

(BCR) signaling pathway could play an important role in the development of CLL. The 

advent of BCR inhibitors (BCRi) transformed treatment for chronic lymphocytic 

leukaemia (CLL), though patients who are refractory or relapse after these therapies 

experience poor outcomes. We searched PubMed for clinical trial reports up to end of 

2014 (year of study start), to identify novel agents for treatment of CLL, using the terms: 

“chronic lymphocytic leukemia” and “CLL” in addition to “targeted therapy” “novel” 

“agent.” For the timeframe searched, 42 articles were identified.

The Bruton’s tyrosine kinase inhibitor, ibrutinib, demonstrated high rates of durable 

response and was approved for previously-treated patients with CLL. Though many 

patients can have sustained disease control on ibrutinib, patients with high-risk 

prognostic factors (eg, chromosome 17p deletion) often relapse and some developed 

resistance mutations even after achieving an initial response to therapy. Effective 

treatment options for patients who relapsed or were refractory to ibrutinib had not been 

well characterized at the time of this study initiation.

At the time of study initiation in 2014, optimal therapy for patients with CLL relapsed/

refractory to ibrutinib had yet to be determined in prospective studies and represented a 

critical unmet need in CLL treatment.

Venetoclax is an orally bioavailable BCL-2 inhibitor, with a mechanism of action that is 

independent of the BCR pathway.

Added value of this study

To the best of our knowledge, this phase 2 study was the first prospective trial to evaluate 

treatment for patients progressing on or following ibrutinib. Based on prior data of 

venetoclax monotherapy for patients with relapsed/refractory CLL, we hypothesized that 

venetoclax would be tolerable and achieve responses in patients with CLL relapsed/

refractory to ibrutinib. Venetoclax had an acceptable safety profile, consistent with other 

clinical studies of venetoclax monotherapy, and is highly active in patients with CLL 

relapsed/refractory to ibrutinib.. Moreover, responses to venetoclax were reported among 

patients with baseline ibrutinib-resistance mutations, with allelic frequency of mutations 

decreasing with time on therapy for patients with serial assessments, suggesting the 

potential for venetoclax to eradicate ibrutinib-resistant CLL clones.

Implications of all the available evidence

Few effective options are currently available for CLL progressing during or after 

ibrutinib, and our data support the use of venetoclax monotherapy in this patient 

population. Importantly, data on ibrutinib resistance mutations indicate that venetoclax 

may potentially eradicate ibrutinib-resistant CLL clones, which has not yet been reported 

in the context of a prospective clinical trial and represents an important advance in the 

management of ibrutinib-resistant CLL. As novel targeted agents become more widely 
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available, continued study of treatment following progression during or after BCRi is 

critical to advance of treatment for CLL.
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Figure 1. Study Flow Diagram
Data reported in this publication are for patients who had received ibrutinib as the last B-cell 

receptor pathway inhibitor (BCRi) therapy prior to enrollment (43 from the main cohort and 

48 from the expansion cohort). *Data from patients who received idelalisib as their last 

BCRi prior to enrollment (n=36) will be reported in a separate publication and are indicated 

by the grey boxes in the diagram.
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Figure 2. Kaplan-Meier curves
For all 91 patients, shown are the (A) time to progression (26 patients had an event), (B) 
progression-free survival (33 patients had an event), (C) overall survival (17 patients had an 

event) assessed by the investigator. (D) Duration of overall response is shown for 59 patients 

with a response (15 patients had an event), as assessed by the investigator. Below each curve 

is the number of patients at risk for the event at each time point. Tick marks represent 

censored data.
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Figure 3. (A) Percentage of chronic lymphocytic leukaemia (CLL) cells in peripheral blood by 
minimal residual disease (MRD) status
Plot depicts the lowest percentage of MRD as assessed by six-color immunophenotyping 

(standardized ERIC protocol) during venetoclax treatment weeks 24 to 48. The percentage 

was calculated as the number of CLL cells divided by the total number of cells measured 

(with a minimum of 500,000 cells measured per assay). MRD-negativity (blue) was defined 

as <0·01% CLL cells (dashed line). Data from 45 of the 57 patients assessed for MRD are 

shown here as 12 patients had an atypical phenotype and the level of residual disease may be 

under-valued by the ERIC scoring algorithm. Orange indicates MRD positivity; Blue 

indicates MRD-negativity; triangle, complete response or complete response with 

incomplete bone marrow recovery (CR/CRi); square, partial response (PR) or nodular partial 

response (nPR); and circle, stable disease (SD); * indicates patients with subsequent 

assessments indicating MRD-negativity in bone marrow. (B) Progression-free survival 
(PFS) by MRD status. Shown are Kaplan-Meier curves for investigator-assessed PFS by 

peripheral blood MRD status. Data are shown for all 57 patients assessed for MRD, 

including 12 patients with an aberrant phenotype who had detectable disease and were 
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considered MRD positive. There was a significant difference in PFS between 24 patients 

with MRD-negativity in blood (three patients had an event) vs 33 patients who were MRD-

positive (14 patients had an event) (p=0·0093 by log-rank test). Below each curve is the 

number of patients at risk for the event at each time point. Tick marks represent censored 

data. For MRD analyses, patients with aberrant phenotype did have detectable disease 

present and were considered MRD positive per our assessments. These patients were 

excluded from Figure 3A as an actual level of % CLL cells could not be assessed due to 

scoring algorithm bias but were retained for the analysis shown in Figure 3B as they do have 

detectable disease and are MRD positive.
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Table 1

Patient Demographics and Baseline Clinical Characteristics

Characteristic Patients who received ibrutinib as the last prior BCRi

Main cohort
n=43

Expansion cohort
n=48

Total
N=91

Age, median (range), years 66 (48 – 80) 65 (28 – 81) 66 (28 – 81)

Male, n (%) 33 (77) 31 (65) 64 (70)

White, n (%) 40 (93) 44 (92) 84 (92)

ECOG grade, n (%)*

 0 13 (30) 16 (33) 29 (32)

 1 27 (63) 27 (56) 54 (59)

 2 3 (7) 5 (10) 8 (9)

Baseline laboratory values,† median (range)

 Lymphocyte count, ×109/L 19 (0·2 – 263) 6·6 (0·3 – 230) 10·1 (0·2 – 263)

  ≥25 ×109/L, n (%) 17 (40) 10 (22) 27 (30)

  ≥100 ×109/L, n (%) 7 (16) 5 (11) 12 (13)

 Neutrophil count, ×109/L 3·7 (0·53 – 24) 3·4 (0·3 – 18) 4·2 (0·53 – 24)

 Platelet count, ×109/L 116 (15 – 446) 106 (26 – 336) 110 (15 – 446)

 Hemoglobin, g/dL 11·3 (6·9 – 15·3) 12·2 (8·6 – 16·5) 11·7 (6·9 – 16·5)

 Creatinine clearance, mL/min 78·2 (39·5 – 119) 75·7 (34·3 – 188) 76 (34·3 – 188)

Bulky nodal disease, n (%)

 ≥5 cm 15 (35) 21 (44) 36 (40)

 ≥10 cm 7 (16) 2 (4) 9 (10)

Tumour lysis syndrome risk category‡

 Low 15 (35) 19 (40) 34 (37)

 Medium 11 (26) 20 (41) 31 (34)

 High 17 (39) 9 (19) 26 (29)

Prognostic factors based on site-reported data,§ n/N (%)

 Unmutated IGHV 25/29 (86) 25/38 (66) 50/67 (75)

 del(17)(p13·1) 21/43 (49) 21/47 (40) 42/90 (47)

 del(11)(q22·3) 13/43 (30) 17/48 (33) 30/91 (33)

 TP53 mutation 15/41 (37) 14/46 (30) 29/87 (33)

 CD38 positive 21/42 (50) 16/44 (36) 37/86 (43)

 ZAP-70 positive 12/24 (50) 17/40 (43) 29/64 (45)

No. of prior therapies, median (range) 5 (1 – 12) 4 (1 – 15) 4 (1 – 15)

Prior ibrutinib use, n (%) 43 (100) 48 (100) 91 (100)

 Time on prior ibrutinib, median (range), months 18 (1 – 56) 21 (1 – 61) 20 (1 – 61)

 Relapsed during or after ibrutinib,|| n (%) 11 (26) 17 (35) 28 (31)

 Refractory to ibrutinib,|| n (%) 32 (74) 30 (63) 62 (68)
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Characteristic Patients who received ibrutinib as the last prior BCRi

Main cohort
n=43

Expansion cohort
n=48

Total
N=91

Prior idelalisib use¶, n (%) 4 (9) 7 (15) 11 (12)

 Time on prior idelalisib, median (range), months 16 (2 – 31) 9 (2 – 33) 9 (2 – 33)

ECOG, Eastern Cooperative Oncology Group.

*
ECOG performance status ranges from 0 to 5, where higher numbers indicate greater disability.

†
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 ×109/L. Medium was any lymph node ≥5 cm to <10 cm or an 

absolute lymphocyte count ≥25 ×109/L. High was any lymph node ≥10 cm or lymph node ≥5 cm and absolute lymphocyte count ≥25 ×109/L.

§
Data are presented for all patients with available data.

||
Definitions of relapse and refractory are based on iwCLL 2008 criteria.15 Relapse was defined as a patient who had previously achieved a 

response to treatment, but after a period of 6 or more months, demonstrated evidence of disease progression and refractory was defined as treatment 
failure or disease progression within 6 months to the last anti-leukemic therapy. One patient was not categorized as having CLL refractory to or 
relapsed during or after ibrutinib. This patient did not have available response data and discontinued ibrutinib due to an adverse event followed by 
disease progression.

¶
Eleven patients had received prior idelalisib followed by ibrutinib during their previous course of treatment.
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Table 2

Objective Responses With Venetoclax Monotherapy as Assessed by the Investigator

Patients who received ibrutinib as the last prior BCRi

Main cohort
n=43

Expansion cohort
n=48

All patients
N=91

ORR, n (%); [95% CI] 30 (70); [54%; 83%] 29 (60); [43%, 72%] 59 (65); [53%, 74%]

 CR/CRi, n (%) 4 (9) 4 (8) 8 (9)

 nPR, n (%) 2 (5) 1 (2) 3 (3)

 PR, n (%) 24 (56) 24 (48) 48 (52)

SD, n (%) 8 (19) 14 (29) 22 (24)

PD, n (%) 1* (2) 4* (8) 5 (6)

Discontinued prior to response assessment 4 (9) 2 (4) 6 (7)

BCRi, B-cell receptor pathway inhibitor; ORR, objective response rate = complete response (CR) + complete response with incomplete bone 
marrow recovery (CRi) + nodular partial remission (nPR) + partial remission (PR); SD, stable disease; PD, disease progression.

*
Chronic lymphocytic leukaemia progressed, and patients discontinued because of progression.
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