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Venetoclax (Ven), an orally administered, potent BCL-2 inhibitor, has 
demonstrated efficacy in chronic lymphocytic leukemia (CLL) in com-
bination with rituximab (R) or obinutuzumab (G). Our aim was to 

investigate the addition of bendamustine (B) to these Ven-containing regi-
mens in relapsed/refractory (R/R) or first-line (1L) CLL. This multi-arm, non-
randomized, open-label, phase Ib study was designed to evaluate the maxi-
mum tolerated dose (MTD) and safety/tolerability of Ven with BR/BG, with 
3+3 dose-escalation followed by safety expansion. Patients received Ven 
(schedule A) or BR/BG first (schedule B) to compare safety and determine 
dose/schedule for expansion. Six Ven-BR/-BG cycles were to be administered, 
then Ven monotherapy until disease progression (R/R) or fixed-duration 1-
year treatment (1L). Overall, 33 R/R and 50 1L patients were enrolled. No 
dose-limiting toxicities were observed (doses 100–400 mg), and the MTD was 
not reached. Safety was similar between schedules; no tumor lysis syndrome 
occurred during dose-finding. Schedule B and Ven 400 mg were chosen for 
expansion. The most frequent grade 3–4 toxicity was neutropenia: R/R 64%, 
1L Ven-BR 85%, 1L Ven-BG 55%. Grade 3–4 infection rate was: R/R 27%, 1L 
Ven-BR 0%, 1L Ven-BG 27%. During expansion, one clinical and two labora-
tory tumor lysis syndrome cases occurred. Fewer than half the patients com-
pleted six combination therapy cycles with all study drugs; rates of ben-
damustine discontinuation were high. Overall response rate was 91% in R/R 
and 100% in 1L patients (16 of 49 1L patients received Ven for >1 year). In 
conclusion, addition of bendamustine to Ven-R/-G increased toxicity without 
apparent efficacy benefit (clinicaltrial gov. Identifier: NCT01671904).
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ABSTRACT

Introduction 

Treatment of chronic lymphocytic leukemia (CLL) has evolved in recent years, 
resulting in improved survival,1 with chemo-immunotherapy being the standard-
of-care over the past decade.2 However, agents targeting pathways involved in CLL 
cell proliferation and survival, such as B-cell receptor signaling3,4 and B-cell lym-
phoma-2 (BCL-2),5 are now standard treatment options.6–14 

Combination of the selective selective BCL-2 inhibitor venetoclax (Ven) with 



type II anti-CD20 antibody obinutuzumab (G; GA101) in 
a single-arm, phase Ib trial conferred high response rates 
with deep remission among patients with previously 
untreated (1L) or relapsed/refractory (R/R) CLL.13 
Recently, Ven with rituximab (R) or G demonstrated 
impressive efficacy in phase III CLL trials,6-8 leading to 
approval of Ven-R and Ven-G in the R/R and 1L treatment 
settings, respectively.15,16 Bendabustine is an established 
chemotherapy agent in CLL that has shown clinical activ-
ity in combination with anti-CD20 antibodies.17-20 
Whether the addition of a chemotherapy agent such as 
bendamustine to Ven-R or Ven-G could further improve 
outcomes in CLL has not yet been elucidated. The combi-
nation of Ven with bendamustine plus R (BR) produced 
greater growth inhibition in non-Hodgkin lymphoma 
(NHL) xenograft models than either Ven-R or BR alone,21 
suggesting potential for increased clinical activity in B-cell 
malignancies. In addition, BCL-2 overexpression may be 
involved in resistance to the pro-apoptotic effects of 
chemoimmunotherapy, so the addition of Ven could over-
come this and act as a chemosensitizer.22 We therefore 
evaluated a triplet combination of Ven with bendamustine 
and an anti-CD20 antibody (R or G) in 1L and R/R CLL. 

 
 

Methods 

Study design and treatment 
This phase Ib, multi-arm, non-randomized, open-label study 

(clinicaltrials gov. Identifier: NCT01671904) was conducted at 11 
sites across USA and Europe. Review boards at all institutions 
approved the protocol. Patients provided written informed consent.  

The study comprised two phases: dose-finding and safety-
expansion. Dose-finding, employing standard 3+3 dose escalation 
(Online Supplementary Table S1), was designed to include Ven doses 
from 100–600 mg daily with standard dose BR/BG (Figure 1; ben-
damustine: 90 mg/m2 (1L) or 70 mg/m2 (R/R) days (D)1–2 cycle 
(C)1–6; R: 375 mg/m2 D1 C1 then 500 mg/m2 D1 C2–6; G: 100 mg 
D1, 900 mg D2, 1000 mg D8 and D15 C1 then 1,000 mg D1 C2–
6). In order to mitigate tumor lysis syndrome (TLS) risk, Ven was 
initiated using a weekly ramp-up to target dose (Figure 1). TLS 
prophylaxis included hydration, a uric acid reducer, and hospital-
ization (Online Supplementary Table S2). 

Dose-finding compared two administration schedules for TLS 
risk mitigation during cycle 1 (Figure 1): schedule A (Ven ramp-up, 
followed by BR/BG) and schedule B (Ven introduced after 21-day 
BR/BG loading period). After each stage, an internal monitoring 
committee (IMC) and scientific overview committee (SOC) 
reviewed the data and provided dose/schedule recommendations 
for subsequent dose-finding stages and safety expansion (Online 
Supplementary Figure S1). 

Patients received six 28-day cycles of Ven-BR/-BG. R/R patients 
continued single-agent Ven until disease progression (PD), death, 
or unacceptable toxicity; 1L patients received 6 months of single-
agent Ven for a total of 1-year treatment duration. Ven could be 
extended in 1L patients with detectable minimal residual disease 
(MRD) in bone marrow (BM) and/or partial response after 1 year 
of treatment. See the Online Supplementary Appendix for further 
details of study treatments and procedures. 

Objectives 
Primary objectives were to identify the maximum tolerated 

dose (MTD) of Ven combined with BR, and evaluate safety/toler-
ability of Ven-BR in R/R and 1L CLL. Secondary objectives includ-
ed efficacy evaluation of Ven-BR (including complete response 

[CR], overall response rate [ORR], duration of response, and pro-
gression-free survival [PFS]). Exploratory objectives were to deter-
mine the MTD of Ven with BG, safety and efficacy of Ven-BG, 
and the undetectable MRD (uMRD) rate with Ven-BR/-BG.  

Patients 
Patients ≥18 years with a diagnosis of CLL according to the 

International Workshop on CLL (iwCLL) 2008 guidelines,23 in 
need of therapy, with an Eastern Cooperative Oncology Group 
(ECOG) performance status of 0–1 and adequate hematologic 
function (platelet count ≥75,000/mm3 or ≥30,000/mm3 if due to 
marrow involvement of CLL, and/or disease related immune 
thrombocytopenia; absolute neutrophil count ≥1,000/mm3; hemo-
globin ≥9 g/dL) were eligible (Online Supplementary Table S3). 
Patients with R/R CLL must have received one to three prior lines 
of therapy. 

Assessments 
Baseline molecular characteristics were assessed centrally 

(Online Supplementary Appendix). Safety and tolerability were 
assessed by incidence and type of dose-limiting toxicities (DLT) 
(Online Supplementary Table S4), AE (graded according to National 
Cancer Institute Common Terminology Criteria for Adverse 
Events v4.024), and serious AE, laboratory variables, and vital signs. 
TLS was classified according to Howard criteria.25 Efficacy was 
assessed by investigators according to iwCLL 2008 guidelines.23 

Central MRD assessment was performed at Ohio State 
University, USA using five-colour flow cytometry according to the 
European Research Initiative on CLL principle.26 

Statistical analyses 
Safety and efficacy analyses included all patients receiving ≥1 

dose of any study drug. Peripheral blood (PB) MRD analyses 
reported landmark MRD rates after treatment completion in the 
1L population and after antibody completion in the R/R popula-
tion, given the difference in duration of treatment in these two 
populations. MRD analysis populations included all patients 
reaching the specified landmark time-point, plus those discontin-
uing the study earlier for AE, PD, or death. Given the long recruit-
ment time, some patients had not reached the specific timepoint, 
therefore the intention-to-treat approach was not used. At each 
landmark assessment, the first evaluable PB MRD sample after the 
specified time-point was used. For BM MRD, due to limited sam-
pling, best MRD response was reported, calculated in the efficacy 
population. Time-to-event analyses employed Kaplan–Meier 
methodology.27 

 
 

Results 

Patients 
Thirty-three R/R and 50 1L patients were enrolled 

between January 2014 and June 2017 (Online 
Supplementary Figure S2). All R/R patients were enrolled in 
Ven-BR cohorts; 1L patients were enrolled in Ven-BR 
(n=27) or Ven-BG (n=23) cohorts. All 33 R/R patients were 
included in safety and efficacy analyses. One 1L patient 
enrolled in the Ven-BG cohort did not receive study drug, 
therefore 49 patients (27 Ven-BR, 22 Ven-BG) were includ-
ed in analyses. Data cutoff was 17 August 2018; no further 
follow-up will be available. 

In R/R patients, median number of prior CLL therapies 
was 1 (range, 1–3); 79% had received fludarabine-based 
combinations and 6% Bruton’s tyrosine kinase inhibitors; 
none had received phosphoinositide-3-kinase inhibitors 

Venetoclax with chemoimmunotherapy combinations

haematologica | 2021; 106(11) 2835



(Table 1). Among patients with available baseline samples 
for central testing, del(17p) and/or TP53 mutation was 
present in 42% of R/R and 13% of 1L patients; 67% of 
R/R and 60% of 1L patients had unmutated immunoglob-
ulin heavy-chain variable region (IGHV) (Table 1).  

Treatment exposure 
In total, 79% (26 of 33) of R/R, 96% (26 of 27) of 1L 

Ven-BR, and 95% (21 of 22) of 1L Ven-BG patients 
received Ven 400 mg. Fewer than half completed six cycles 
of the planned triple-drug combination (Online 
Supplementary Table S5). Overall, 16 R/R, 11 1L Ven-BR, 
and nine 1L Ven-BG patients completed six bendamustine 
cycles. R/R patients received a median of five (range, 1–6) 
bendamustine cycles and six (range, 1–6) cycles of R. 1L 
patients received a median of five (range, 1–6) bendamus-
tine cycles; the median number of cycles of R or  
G received was six (range, 1–6).  

Median Ven treatment duration was 676 days (range, 
48–1,649) in R/R, 371 days (range, 4–1,150) in 1L Ven-BR, 
and 336 days (range, 11–620) in 1L Ven-BG patients. 
Sixteen 1L patients, eight per arm, received Ven beyond  
1 year (range, 381–1,150 days). Median relative dose 
intensity of Ven was 100% (range, 41–100) in R/R (n=30), 
87% (range, 37–100) in 1L Ven-BR (n=26), and 100% 

(range, 33–100) in 1L Ven-BG (n=21) patients (Online 
Supplementary Appendix).  

Safety 
During dose-finding, R/R patients were enrolled to 100-

mg (schedule A), 200-mg (schedule A), or 400-mg (sched-
ule A or B) Ven cohorts; all 1L patients were included in 
the 400-mg (schedule A or B) Ven cohorts (Online 
Supplementary Table S6). The 600-mg Ven dose was not 
explored after review of the present study and program-
wide data, including phase Ib studies in CLL with Ven-R 
and Ven-G, where the recommended phase II dose of Ven 
was 400 mg.13,28 Eighteen patients received C1 treatment 
according to schedule A, and 21 patients according to 
schedule B (Online Supplementary Table S6). No DLT were 
observed with either treatment schedule or combination 
and the MTD was not reached in the doses explored. Ven 
400 mg was selected as the recommended dose for expan-
sion. There were no safety differences between schedules 
A and B and no TLS events were reported. After reviewing 
safety data from the dose-finding phase and program-
wide data, including from phase Ib studies with Ven-G13 

and Ven-R in CLL,28 the IMC and SOC recommended 
schedule B (debulking with BR or BG followed by Ven), 
presuming increased practicality with mitigating risk of 
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 Table 1. Baseline characteristics. 
 Characteristic                                                                        R/R                                                   1L                                                    1L 
                                                                                            Ven-BR                                             Ven-BR                                             Ven-BG 
                                                                                           (n=33)*                                             (n=27)                                              (n=22)  

 Median age, years (range)                                                           62 (38–77)                                                65 (27–73)                                                64 (38–74) 
 Age ≤65 years, n (%)                                                                         22 (67)                                                       15 (56)                                                       12 (55) 
 Male, n (%)                                                                                          20 (61)                                                       14 (52)                                                       15 (68) 
 ECOG PS 0–1, n (%)                                                                          32 (97)                                                      27 (100)                                                     22 (100) 
 Rai stage, n (%)                                                                                                                                                                                                                                   
    I                                                                                                            5 (15)                                                          2 (7)                                                          4 (18) 
    II                                                                                                            2 (6)                                                          4 (15)                                                         6 (27) 
    III                                                                                                          7 (21)                                                         8 (30)                                                         4 (18) 
    IV                                                                                                         15 (46)                                                        5 (19)                                                              0 
    Unknown                                                                                            4 (12)                                                         8 (30)                                                         8 (36) 
 Creatinine clearance <70 mL/min, n (%)                                     8 (24)                                                        11 (41)                                                        5 (23) 
 Pre-treatment TLS risk, n (%)                                                                                                                                                                                                         
    Low                                                                                                      7 (21)                                                          2 (7)                                                          7 (32) 
    Medium                                                                                             16 (49)                                                       19 (70)                                                       10 (46) 
    High                                                                                                    10 (30)                                                        6 (22)                                                         5 (23) 
 Cytogenetics, n (%)†                                                                                                                                                                                                                          
    del(17p) and/or TP53 mut‡                                                           13 (42)                                                        2 (10)                                                         3 (17) 
    del(11q)                                                                                             6 (19)                                                         2 (10)                                                         3 (17) 
    Trisomy 12                                                                                          4 (13)                                                         3 (14)                                                         2 (11) 
    No abnormalities                                                                              2 (7)                                                           1 (5)                                                           1 (6) 
    del(13q)                                                                                             6 (19)                                                        13 (62)                                                        9 (50) 
 IGHV unmutated, n/N (%)§                                                           20/30 (67)                                                  10/20 (50)                                                  15/21 (71) 
 Serum b -2 microglobulin, n/N (%)                                             8/16 (50)                                                     5/8 (63)                                                      5/8 (63) 
 ≥3.5 mg/mL                                                                                                  
 Prior therapies received, n (%)                                                                                                                                                                                                      
    Fludarabine-based treatment                                                      26 (79)                                                             0                                                                  0 
    Bendamustine or BR                                                                       4 (12)                                                              0                                                                  0 
    BTKis                                                                                                    2 (6)                                                               0                                                                  0 
    PI3Ki                                                                                                        0                                                                  0                                                                  0 
*The Ven-BG cohort did not open in R/R patients. †FISH cutoffs for positivity: del(17p) >7%; del(11q) >6%; del(13q) >5.5%; trisomy 12 >2.5%. ‡A modified hierarchical model was 
used to maximize identification of the higher risk population due to missing samples for cytogenetic assessment. The del(17p)/TP53 mut subgroup included patients with a 17p 
deletion by FISH and/or TP53 mutation by NGS. §By NGS. Cutoff for positivity >5%. R/R: relapsed/refractory; Ven: venetoclax; B: bendamustine, R: rituximab; 1L: first-line, G: obinu-
tuzumab; ECOG PS: Eastern Cooperative Oncology Group performance status; TLS: tumour lysis syndrome; mut: mutated; IGHV: immunoglobulin heavy-chain variable region, 
BTKi: Bruton’s tyrosine kinase inhibitor; PI3Ki: phosphoinositide 3-kinase inhibitor; FISH: fluorescence in situ hybridization; NGS: next-generation sequencing.  



TLS and a reduced number of high-risk TLS patients. 
All safety-evaluable patients reported ≥1 AE. All-grade 

infusion-related reaction events occurred in 12% of R/R 
and 45% of 1L patients (Table 2); all were grade 1–2 
excepting for two grade 3 events with Ven-BG. Serious AE 
were reported in 52% of R/R and 53% of 1L patients 
(Online Supplementary Table S7); grade 3–4 AE occurred in 
82% of R/R and 92% of 1L patients (Table 2). The most 
frequent grade 3–4 AE were neutropenia and thrombocy-
topenia (Table 2). Infections were mainly low grade and 
driven by upper respiratory tract and urinary tract infec-
tions (Table 2). Grade 3–4 infections occurred in 27% of 
R/R, 0% of 1L Ven-BR, and 27% of 1L Ven-BG patients. 
The frequency of grade 3–4 neutropenia was evenly dis-

tributed between patients who received 1–4 or 5–6 ben-
damustine cycles (Online Supplementary Table S8). More 
grade 3–4 AE occurred during combination therapy versus 
monotherapy (Online Supplementary Table S9), with grade 
3–4 neutropenia being reported in 65% of patients during 
combination therapy and 39% during monotherapy. 
Overall, 64%, 85%, and 59% of patients in the R/R, 1L 
Ven-BR, and 1L Ven-BG arms, respectively, received 
growth factors as prophylaxis and/or treatment (Online 
Supplementary Table S10); further details of growth factor 
treatment and response are not available. 

Three TLS cases were reported during safety expansion, 
all in patients receiving schedule B: one laboratory and one 
clinical TLS occurred in two R/R patients, whereas the 
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Figure 1. Treatment and dosing schedules. Schedule A: venetoclax followed by BR/BG. Schedule B: BR/BG followed by venetoclax. Schedule A with Ven-BR was 
explored in R/R patients before schedule B in the R/R and 1L populations. Data from schedule A provided safety guidance for subsequent dose-finding for patients 
in schedule B after a data review by the IMC and SOC. Venetoclax ramp-up: 3 weeks for the 100-mg cohort, 4 weeks for the 200-mg cohort, and 5 weeks for the 
400-mg cohort; the treatment plan consisted of venetoclax plus BR or BG (6 x 28-day cycles) in combination with venetoclax, then single-agent venetoclax; each 
cohort continued treatment until PD, death, or unacceptable toxicity in R/R patients, or for a total of 1-year treatment duration in 1L patients (with potential for exten-
sion if BM was positive for MRD or patient had PR). Venetoclax ramp-up and maximum cohort dose are indicated by the blue arrows. BR/BG dosing schedule: ben-
damustine: 90 mg/m2 (1L) or 70 mg/m2 (R/R) D1–2 per cycle for six cycles; R: 375 mg/m2 (C1) then 500 mg/m2 (C2–6) D1 per cycle; G: 100 mg D1, 900 mg D2, 
1,000 mg D8 and D15 C1 then 1,000 mg D1 (C2–6). Ven: venetoclax; B: bendamustine: R: rituximab; D: day; C: cycle; G: obinutuzumab; W: week; R/R: 
relapsed/refractory; 1L: first-line; IMC: internal monitoring committee; SOC: scientific overview committee; PD: disease progression; BM: bone marrow; MRD: minimal 
residual disease: PR: partial response.



other laboratory TLS occurred in a 1L Ven-BG patient 
(Online Supplementary Table S11). Both laboratory TLS 
events occurred prior to initiation of Ven. The clinical TLS 
event occurred on day 29 after administration of Ven  
50 mg (D1 of the second BR cycle); it was diagnosed due 
to clinical symptoms of hypotension and dyspnoea with 
hyperkalaemia (potassium: 7.6 mmol/L) and elevated 
phosphorus levels (2.97 mmol/L). Electrocardiogram data 
were not provided by the center. BR was permanently dis-
continued and single-agent Ven was re-introduced on 
study day 61 without further incidence of TLS. All TLS 
events resolved with standard-of-care measures; the two 
laboratory events did not lead to permanent discontinua-
tion of any study drug.  

Bendamustine was permanently discontinued due to AE 
in 33% of R/R and 37% of 1L patients (Online Supplementary 

Table S12). The most common AE leading to permanent 
bendamustine withdrawal was neutropenia. Ven was inter-
rupted and/or reduced due to AE in 67% of R/R and 82% 
of 1L patients, most frequently due to neutropenia (R/R, 
36% of patients; 1L Ven-BR, 63%; 1L Ven-BG, 46%) (Online 
Supplementary Table S12). Ven was permanently discontin-
ued due to AE in 27% of R/R and 29% of 1L patients 
(Online Supplementary Tables S12 and S13). 

Two deaths were reported: one due to stage 4, high-
grade malignant hemangioendothelioma in a R/R 
patient, resulting in multiple organ failure on study day 
144, and one due to hemorrhagic transformation of 
stroke on study day 83 in a 1L Ven-BR patient with his-
tory of hypertension and concomitant grade 3 treatment-
related thrombocytopenia (platelet levels were normal at 
screening).  
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Figure 2. Minimal residual disease status by flow in peripheral blood and bone marrow in the (a) relapsed/refractory population and (b) untreated population. 
Discontinued includes patients who discontinued study due to PD, death, or AE (if applicable) before achieving the specified landmark time point; missing includes 
patients who reached the time-point but had no sample available for MRD analysis; undetermined includes patients with MRD level <10-4, but <200,000 leukocytes 
analyzed. uMRD: <1 CLL cell per 104 mononuclear cells; low-level MRD: ≥1 CLL cell per 104 mononuclear cells to <1 CLL cell per 104 mononuclear cells; high-level 
MRD: ≥1 CLL cell per 102 mononuclear cells. MRD: minimal residual disease; PB: peripheral blood; BM: bone marrow; R/R: relapsed/refractory; 1L first-line; R: rit-
uximab; B: bendamustine; Ven: venetoclax; G: obinutuzumab; PD: disease progression; AE: adverse event; uMRD: undetectable MRD; CLL: chronic lymphocytic 
leukemia.
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Efficacy  
Overall response rate was 91% (30 of 33) in R/R patients 

(including 42% [14 of 33] with complete response [CR] or 
CR with incomplete hematologic recovery [CRi]). All 1L 
patients responded (overall response rate 100%; including 
44% [12 of 27] CR/CRi for Ven-BR, and 68% [15 of 22] 
CR/CRi for Ven-BG). Responses were similar regardless of 
cytogenetic status, IGHV status or whether patients 
received 1–4 or 5–6 bendamustine cycles (Table 3). 

Landmark PB uMRD rates were 58% (18 of 31) ≥12 
months after last R dose in R/R patients, and 71% (15 of 
21) and 89% (16 of 18) ≥3 months after last Ven dose with 
1L Ven-BR and Ven-BG, respectively (Figure 2). These 
rates were observed regardless of whether patients 
received 1–4 or 5–6 bendamustine cycles and were main-
tained over time (Figure 2).  

In the R/R population, after a median follow-up of 26 
months (range, 24–31) from the last R dose, among 
patients who reached ≥24 months after the last R dose 
plus those who discontinued earlier, the PB uMRD rate 
was sustained at 37% (10 of 27). For the 1L population, 
≥12 months after completion of all treatment (last Ven 
dose; median follow-up 14 months [range, 12–18]), the PB 
uMRD rate was sustained at 67% (12 of 18) for Ven-BR 
and 90% (9 of 10) for Ven-BG. 41–49% of patients had 
missing samples for BM MRD analysis. Among patients 
with samples available, the rate of uMRD as best MRD 
response in the BM was 53% (9 of 17), 69% (11 of 16), and 
92% (11 of 12) in the R/R, 1L Ven-BR, and 1L Ven-BG 
arms, respectively. Among patients with PB and BM post-
baseline paired samples from the same day, concordance 
between a patient’s MRD status determined from PB and 
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Table 2. Treatment-emergent adverse events. 
 AE                                                                                   R/R                                                   1L                                                     1L  
                                                                                      Ven-BR                                             Ven-BR                                             Ven-BG 
                                                                                     (n=33)*                                             (n=27)                                              (n=22) 
                                                                     All grades            Grade 3–4            All grades            Grade 3–4            All grades            Grade 3–4 

 Any AE, n (%)                                                               33 (100)                  27 (82)                    27 (100)                  25 (93)                    22 (100)                   20 (91) 
 AE occurring in ≥20% of patients, n (%)* 
    Infections and infestations                                28 (85)                      9 (27)                      20 (74)                          0                           16 (73)                      6 (27) 
    Neutropenia                                                           21 (64)                     21 (64)                     24 (89)                     23 (85)                     12 (55)                     12 (55) 
    Nausea                                                                     18 (55)                          0                           18 (67)                       2 (7)                       16 (73)                          0 
    Thrombocytopenia                                                16 (49)                      8 (24)                      16 (59)                     10 (37)                     15 (68)                     11 (50) 
    Diarrhea                                                                  15 (46)                      6 (18)                      13 (48)                       1 (4)                       11 (50)                       2 (9) 
    Anemia                                                                     13 (39)                      4 (12)                      13 (48)                      3 (11)                       8 (36)                        2 (9)  
    Leukopenia                                                             12 (36)                      7 (21)                       5 (19)                       3 (11)                        2 (9)                         2 (9) 
    Asthenia                                                                   12 (36)                       1 (3)                        8 (30)                        1 (4)                        9 (41)                           0 
    Pyrexia                                                                     11 (33)                          0                           13 (48)                          0                            8 (36)                        1 (5) 
    Fatigue                                                                     10 (30)                       3 (9)                        8 (30)                           0                            5 (23)                        1 (5) 
    Hypertension                                                           7 (21)                       4 (12)                        1 (4)                             0                            3 (14)                        1 (5) 
    Cough                                                                        7 (21)                           0                            6 (22)                           0                            3 (14)                           0  
    Decreased appetite                                               7 (21)                           0                            3 (11)                           0                            7 (32)                           0 
    Dizziness                                                                  7 (21)                           0                             2 (7)                             0                                0                                0 
    Vomiting                                                                    6 (18)                           0                            7 (26)                        1 (4)                        4 (18)                        1 (5) 
    Rash                                                                           6 (18)                           0                            7 (26)                           0                            5 (23)                           0 
    Headache                                                                 5 (15)                           0                            8 (30)                           0                            7 (32)                           0 
    Constipation                                                            5 (15)                           0                            8 (30)                           0                            4 (18)                           0  
    Infusion-related reaction                                     4 (12)                           0                            8 (30)                           0                           14 (64)                       2 (9) 
    Hyperuricemia                                                         2 (6)                         1 (3)                        4 (15)                        2 (7)                        5 (23)                        1 (5) 
    Arthralgia                                                                   2 (6)                             0                            3 (11)                           0                            5 (23)                        1 (5) 
 Infection AE occurring in >5% of patients, n (%)* 
    Bronchitis                                                                10 (30)                       1 (3)                        3 (11)                           0                             2 (9)                             0 
    Urinary tract infection                                           8 (24)                        2 (6)                        4 (15)                           0                            4 (18)                       3 (14) 
    Nasopharyngitis                                                      7 (21)                           0                            6 (22)                           0                            4 (18)                           0 
    Erysipelas                                                                 4 (12)                        1 (3)                             0                                0                                0                                0 
    Influenza                                                                   4 (12)                           0                             1 (4)                             0                             1 (5)                             0 
    Gastroenteritis                                                       4 (12)                        1 (3)                             0                                0                             1 (5)                             0 
    Pneumonia                                                                3 (9)                         2 (6)                         1 (4)                             0                                0                                0 
    Upper RTI                                                                  3 (9)                             0                            3 (11)                           0                            5 (23)                           0 
    Oral herpes                                                               3 (9)                             0                             2 (7)                             0                             2 (9)                             0 
    Sinusitis                                                                     3 (9)                             0                             1 (4)                             0                             2 (9)                             0 
    Herpes zoster                                                          3 (9)                             0                             1 (4)                             0                                0                                0 
    Conjunctivitis                                                            2 (6)                             0                             2 (7)                             0                                0                                0 
    Herpes virus infection                                           1 (3)                         1 (3)                         2 (7)                             0                                0                                0 
    Pharyngitis                                                                 1 (3)                             0                            3 (11)                           0                             1 (5)                             0 
    Lung infection                                                              0                                0                             2 (7)                             0                                0                                0 
    Cytomegalovirus                                                          0                                0                                0                                0                           2 (9)†                           0 
Data include all investigator-reported adverse events (AE), regardless of relationship to study drug.  AE occurring in ≥20% of patients are listed by MedDRA PT.  Infection AE 
occurring in >5% patients are listed by MedDRA Systems Organ Class and PT. *Any-grade AE in any population or treatment arm. †Details of the diagnosis of these events were 
not reported, so it is not known whether they were symptomatic or detected via screening. R/R: relapsed/refractory; V: venetoclax; B: bendamustine; R: rituximab; 1L: first-line; G: 
obinutuzumab; RTI: respiratory tract infection;  MedDRA: Medical Dictionary for Regulatory Activities; PT: preferred term; SOC:  System Organ Class.   
 



BM was high and similar across the arms (Online 
Supplementary Table S14).  

MRD kinetics in individual patients are shown in Figure 
3. Among 24 R/R patients who achieved PB uMRD in ≥1 
assessment and had subsequent PB MRD assessment(s), 
nine converted to MRD positivity (low or high levels) in 

two consecutive assessments, of whom three experienced 
PD as of the current follow-up. In 42 1L patients who 
achieved PB uMRD in ≥1 assessment and had subsequent 
PB MRD assessment(s), five converted to MRD positivity, 
only one of whom experienced PD. Median time to first 
MRD conversion (from the first PB uMRD result) was 360 
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Figure 3. Minimal residual disease kinetics in individual patients in the (a) relapsed/refractory population and (b) first-line population. Undetectable minimal resid-
ual disease (uMRD) was defined as <1 chronic lymphocytic leukemia (CLL) cell per 104 mononuclear cells in samples with a minimum of 200,000 leukocytes  
(<10-4). Low-level MRD was defined as between 1 CLL cell per 104 and 1 cell per 102 mononuclear cells (≥10-4–<10-2). High-level MRD was defined as ≥1 CLL cell 
per 102 mononuclear cells (≥10-2). MRD: minimal residual disease; R/R: relapsed/refractory; 1L: first-line; Ven: venetoclax; B: bendamustine; R: rituximab; PB: periph-
eral blood; BM: bone marrow; IGHV: immunoglobulin heavy-chain variable region; Tx: treatment; PD: disease progression; G: obinutuzumab; uMRD: undetectable 
MRD; CLL: chronic lymphocytic leukemia. 
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days (range, 42–848) and 224 days (range, 77–600) in the 
R/R and 1L Ven-BR arms, respectively. For the patient in 
the 1L Ven-BG arm who experienced MRD conversion, 
time from first PB uMRD result to conversion was 324 
days. 

PFS is shown in Figure 4. After a median observation 
time of 36.5 months (range, 1–54) and 21.6 months (range, 
1–43) in the R/R and 1L populations, respectively, estimat-
ed 24-month PFS was 87% (95% Confidence Interval [CI]: 
74–99) for R/R, 96% (95% CI: 89–100) for 1L Ven-BR, and 
100% (95% CI: 100–100) for 1L Ven-BG patients. Seven 
PD, including two cases of Richter’s transformation to dif-
fuse large B-cell lymphoma, were reported in the R/R pop-
ulation. Only one PD was observed with 1L Ven-BR. No 
PD were reported with 1L Ven-BG. Among the eight 
patients who progressed, four (all R/R) had baseline 
del(17p) and/or TP53 mutation.  

 
 

Discussion 

In this phase Ib study, 400 mg Ven daily was selected, in 
combination with standard doses of BR/BG, for safety 
expansion in R/R and 1L CLL patients. While no MTD 
was reached during dose escalation up to 400 mg, both 
triplet combination regimens with bendamustine in the 
expansion phase showed increased toxicity versus Ven-R 
and Ven-G alone,6–8 leading to low tolerability, as seen 
with high rates of bendamustine discontinuation. The fact 
that fewer than half of all patients were able to complete 
the full six cycles of bendamustine (B) may at least partial-
ly explain the apparent lack of efficacy seen here in com-
parison with the efficacy of backbone Ven-R or Ven-G, 
despite the preclinical rationale.   

Neutropenia was the most important toxicity in triplet 
combinations in both 1L and R/R CLL populations. Rates 
of grade 3–4 neutropenia, however, were generally consis-
tent with those observed with Ven-R in R/R CLL in the 
MURANO trial (58% [112 of 194]),7 with Ven-G in 1L CLL 
in CLL14 (53% [112 of 212]),8 and with ibrutinib plus BR 

in R/R CLL in the HELIOS study (54% [154 of 287]).11,14 

The small sample size in the 1L Ven-BR arm could have 
contributed to the numerically high rates of grade 3–4 
neutropenia in this arm and limits the ability to make 
comparisons. Despite a high rate of neutropenia, infec-
tions were mainly low grade and driven by upper respira-
tory tract and urinary tract infections. In 1L populations, 
grade 3–4 infections appeared to be higher with Ven-BG 
(27% [6 of 22]) than Ven-BR (0% [0 of 27]), which is prob-
ably a reflection of the non-randomized nature of the 
study and the small numbers involved. However, a high 
rate of infections has been seen with BG combinations in 
CLL (21.4% grade ≥3 in the GREEN phase IIIb study),29 
and in the randomized phase III GALLIUM study of BG 
versus BR in follicular lymphoma, grade 3–5 infection 
rates were also higher with BG than BR (26% vs. 20%).30 
Grade 3–4 infection rates were higher in the present study 
than those seen in the CLL14 trial with Ven-G (17.5%)8 
and in the CLL2-BAG trial during induction with G and 
Ven (19% [six of 31]).31 The grade 3–4 infection rate in the 
R/R population was higher than that seen with Ven-R in 
MURANO (18% [34 of 194]),7 but similar to the rate of 
grade ≥3 infection reported with ibrutinib plus BR in 
HELIOS (29% [83 of 287]).11 Direct between-study com-
parisons are difficult to interpret given differences in sam-
ple sizes, baseline characteristics, treatment duration, and 
follow-up. However, addition of bendamustine to Ven-R 
or Ven-G in the current study led to significantly increased 
infection rates and reduced the tolerability of these com-
binations. Increased toxicity with bendamustine-contain-
ing combinations with Ven is also seen in NHL,32,33 limit-
ing the use of these combinations with Ven in future CLL 
treatment strategies.  

The higher CR rates observed with 1L Ven-BG than 
Ven-BR were consistent with previous demonstration of 
superior efficacy of G compared with R when used in 
combination with chemotherapy.34 Similarly, landmark 
(≥3 and ≥9 months after treatment) PB uMRD rates were 
higher in 1L Ven-BG than 1L and R/R Ven-BR patients. 
Around half of patients in all arms did not provide BM 
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Table 3. Response according to 2008 International Workshop on Chronic Lymphocytic Leukemia Guidelines in the untreated (1L) or 
relapsed/refractory populations. 
 Patients                                                                         Responses per                                             Responses per        Responses per  number of  
                                                                                   cytogenetic status*                                           IGHV status           cycles of  bendamustine  
                                                                                                                                                                                                       received 
                                         Entire  del(17p) and/or   del(11q)    Trisomy         None      del(13q)      Mutated   Unmutated       1–4              5–6 
                                         cohort      TP53 mut                             12                                                                        

 R/R patients, n (%) 
 Ven-BR, n†                                  33                    12                        6                   4                     2                  6                      3                   19                   13                    20 
 ORR                                        30 (91)          11 (85)              6 (100)       4 (100)         2 (100)      6 (100)          3 (100)        19 (100)         11 (85)           19 (95) 
    CR/CRi                                14 (42)            3 (23)                4 (67)         3 (75)          2 (100)       2 (33)           3 (100)          7 (37)            5 (39)             9 (45) 
    PR                                       16 (49)            8 (62)                2 (33)         1 (25)                0             4 (67)                 0               12 (63)           6 (46)            10 (50) 
 1L patients, n (%) 
 Ven-BR, n                                   27                     2                         2                   3                     1                 13                     8                   10                    9                     18 
 ORR                                       27 (100)         2 (100)              2 (100)       3 (100)         1 (100)     13 (100)         8 (100)        10 (100)         9 (100)          18 (100) 
    CR/CRi                                12 (44)          2 (100)              2 (100)        1 (33)                0             5 (39)            5 (63)           5 (50)            3 (33)             9 (50) 
    PR                                        15 (56)                0                         0              2 (67)          1 (100)       8 (62)            3 (38)           5 (50)            6 (67)             9 (50) 
 Ven-BG, n                                   22                     3                         3                   2                     1                  9                      3                   15                    6                     16 
 ORR                                       22 (100)         3 (100)              3 (100)       2 (100)         1 (100)      9 (100)          3 (100)        15 (100)         6 (100)          16 (100) 
    CR/CRi                                15 (68)            2 (67)               3 (100)        1 (50)          1 (100)       6 (67)            2 (67)          11 (73)           6 (67)            11 (69) 
    PR                                         7 (32)             1 (33)                     0              1 (50)                0             3 (33)            1 (33)           4 (27)            2 (33)             5 (31) 
*Responses by cytogenetic abnormalities according to the modified hierarchical model in patients with samples available for cytogenetic assessment. †The Ven-BG cohort was 
not explored in R/R patients. CLL: chronic lymphocytic leukemia; R/R: relapsed/refractory; 1L: first-line; mut: mutated; Ven: venetoclax; B: bendamustine; R: rituximab ORR: overall 
response rate; CR: complete response; CRi :complete response with incomplete hematologic recovery; PR: partial response; G: obinutuzumab.      



samples for MRD assessment (an exploratory study end-
point), which affects the interpretability of BM uMRD 
rates. However, there was a high concordance between 
BM and PB results in paired samples. This was consistent 
with the concordance between PB and BM MRD determi-
nation seen with Ven treatment in the MURANO (86%) 
and CLL14 (87%) studies,6,35 suggesting that PB MRD sta-
tus reflects BM MRD status in Ven-treated patients. High 
PB uMRD rates observed were consistent with those seen 
in phase II and III trials with Ven-R,6 Ven-G,8,35 and Ven 
plus ibrutinib36 and higher than reported previously with 
BG20 or BR alone in 1L patients,37 highlighting the efficacy 
of Ven-R and Ven-G alone, independent of the addition of 
bendamustine. However, cross-trial comparisons with this 
phase Ib study must be made with caution, and previous 
analyses were performed in the respective intention-to-
treat populations, as opposed to the subgroup of evaluable 
patients we had to use, and overall sample sizes were 
much larger. 

Re-emergence of MRD in PB, which was observed in a 
minority of patients, mainly in the R/R population, did not 
appear to be associated with immediate development of 
PD. Larger trials are needed to identify patients most likely 
to convert to MRD positivity, the impact and time from 
the MRD conversion on the appearance of clinical progres-
sion, and the feasibility of time-limited therapy in CLL. 

The 2-year PFS rate reported here in the R/R group with 
Ven-BR is similar to that seen with Ven-R in MURANO 
(85%),7 suggesting no benefit from the addition of ben-
damustine overall. In contrast, 2-year PFS in 1L patients 
was higher than that reported with Ven-G in CLL14 
(88%);8 however, the two studies are very different and it 
should be noted that the CLL14 study recruited patients 
with co-existing conditions, whereas the population of 
the present study was relatively young, with a good per-
formance status, and numbers were small. Also, 16 of 49 
1L patients continued Ven beyond 1 year. 

A limitation of this study was the small sample size in 
each arm and non-randomized allocation to verify signifi-
cant safety and efficacy differences across triplet combina-
tions and across the number of bendamustine cycles 
received. In addition, most patients were <65 years old 
with creatinine clearance ≥70 mL/min, with a good per-
formance status, which may have affected some of the 
study outcomes.  

400 mg daily Ven given with standard-dose BR or BG 
increased toxicity compared with published data for Ven-
R and Ven-G, without an apparent efficacy benefit for the 
addition of bendamustine. The question remains whether 
there is an optimal number of bendamustine cycles that 
would be beneficial for all or for a particular subgroup of 
CLL patients, or whether the addition of bendamustine 
(with a different dose/schedule) to Ven-R or Ven-G could 
improve clinical outcomes without impaired tolerability. 
However, considering the extent of the toxicity reported 
here, exploration of lower bendamustine doses is expect-
ed to have a limited role. Indeed, in the era of novel target-
ed agents replacing the standard chemo-immunotherapy 
regimens and demonstrating improved safety and efficacy 
profiles, there seems to be minimal need to add standard 
chemotherapy to novel regimens.  
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Figure 4. Progression-free survival. 1L: first-line; Ven: venetoclax; B: bendamustine; R: rituximab; G: obinutuzumab; R/R: relapsed/refractory.
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