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The introduction of targeted agents has revolutionized the treatment
of chronic lymphocytic leukemia but only few patients achieve a
complete remission and minimal residual disease negativity with

ibrutinib monotherapy. This multicenter, investigator-initiated, phase II
study is evaluating sequential treatment with two cycles of bendamustine
debulking for patients with a higher tumor load, followed by ofatumumab
and ibrutinib induction and maintenance treatment. An all-comer popula-
tion, irrespective of prior treatment, physical fitness and genetic factors,
was included. The primary endpoint was the investigator-assessed overall
response rate at the end of induction treatment. Of 66 patients enrolled,
one patient with early treatment discontinuation was excluded from the
efficacy analysis as predefined by the protocol. Thirty-nine patients (60%)
were treatment-naïve and 26 patients (40%) had relapsed/refractory
chronic lymphocytic leukemia, 21 patients (32%) had a del(17p) and/or
TP53 mutation and 45 patients (69%) had unmutated IGHV status. At the
end of the induction, 60 of 65 patients (92%) responded and nine (14%)
achieved minimal residual disease negativity (<10-4) in peripheral blood.
No unexpected or cumulative toxicities occurred. The most common grade
3 or 4 adverse events, according to the Common Toxicity Criteria, were
neutropenia, anemia, infusion-related reactions, and diarrhea. This
sequential treatment of bendamustine debulking, followed by ofatumum-
ab and ibrutinib was well tolerated without unexpected safety signals and
showed a good efficacy with an overall response rate of 92%. Ongoing
maintenance treatment aims at deeper responses with minimal residual
disease negativity. However, ibrutinib should still be used as a single agent
outside clinical trials. Clinicaltrials.gov number: NCT02689141. 

Bendamustine followed by ofatumumab and
ibrutinib in chronic lymphocytic leukemia: 
primary endpoint analysis of a multicenter,
open-label, phase II trial (CLL2-BIO)
Paula Cramer,1 Julia von Tresckow,1 Sandra Robrecht,1 Jasmin Bahlo,1 Moritz
Fürstenau,1 Petra Langerbeins,1 Natali Pflug,1 Othman Al-Sawaf,1 Werner J.
Heinz,2 Ursula Vehling-Kaiser,3 Jan Dürig,4 Eugen Tausch,5 Manfred Hensel,6

Stephanie Sasse,1 Anna-Maria Fink,1 Kirsten Fischer,1 Karl-Anton Kreuzer,1

Sebastian Böttcher,7, 8 Matthias Ritgen,8 Michael Kneba,8 Clemens-Martin
Wendtner,1,9 Stephan Stilgenbauer,5 Barbara Eichhorst1 and Michael Hallek1

1Department I of Internal Medicine, Center for Integrated Oncology Aachen Bonn
Cologne Dusseldorf, Faculty of Medicine and University Hospital of Cologne, University
of Cologne, Cologne; 2Medical Center, Medical Clinic II, University of Würzburg,
Würzburg; 3Tagesklinik Landshut, Landshut; 4Department of Hematology, West German
Cancer Center, University Hospital Essen, Essen; 5Department III of Internal Medicine,
University Hospital Ulm, Ulm; 6Mannheimer Onkologie Praxis, Mannheim; 7Department
III of Internal Medicine, Rostock University Medical Center, Rostock; 8Department of
Internal Medicine II, Campus Kiel, University of Schleswig-Holstein, Kiel and
9Department of Hematology, Oncology, Immunology, Palliative Care, Infectious Diseases
and Tropical Medicine, Klinikum Schwabing, Munich, Germany 

ABSTRACT

Introduction

The introduction of targeted agents has led to profound changes in the treatment
of chronic lymphocytic leukemia (CLL)1 and the Bruton tyrosine kinase inhibitor
ibrutinib has become a preferred treatment option not only in relapsed/refractory
and high-risk patients, but also for first-line therapy.2-6 However, only very few
patients treated with single-agent ibrutinib achieve a complete remission (CR) and



minimal residual disease (MRD) negativity and therefore a
continuous treatment appears to be necessary to maintain
responses.7-9 This prolonged treatment duration increases
the risk of toxicities, non-compliance and selection of
resistant clones, as well as inflating the costs of treatment.  
We hypothesized that the combination of ibrutinib

with the second-generation, fully humanized antibody
ofatumumab10 might have the potential to increase the
depth of responses and achieve CR and MRD negativity,
i.e., eradicate the disease below the detection limit and
thus enable treatment discontinuations without risk of
immediate relapse. Several phase II and III studies are test-
ing the combination of ibrutinib with the anti-CD20 anti-
bodies rituximab,5,11,12 ofatumumab13 and obinutuzumab;4,14
the CLL2-BIO trial is evaluating ibrutinib with ofatumum-
ab after an optional debulking with bendamustine.

Methods

The CLL2-BIO trial is a prospective, open-label, multicenter,
investigator-initiated trial by the German CLL Study Group with
the University of Cologne, Germany being the legal sponsor (par-
ticipating sites are listed in the Online Supplementary Appendix,
page 1). The design of this phase II trial is based on the previously
published so-called “sequential triple-T concept” of a tailored and
targeted treatment aiming at a total eradication of MRD.15,16 It is
evaluating a sequential treatment consisting of two cycles of ben-
damustine debulking, followed by six induction cycles and up to
24 months of maintenance treatment with ofatumumab and
ibrutinib (Online Supplementary Appendix, Figure S1, page 5). The
debulking (bendamustine 70 mg/m2 on days 1 and 2 repeated
after 28 days) was recommended for patients with an absolute
lymphocyte count ≥25,000/mL and/or lymph nodes with a diam-
eter ≥5 cm, unless the patients had contraindications (e.g., refrac-
toriness or known hypersensitivity to the drug). In the subse-
quent induction treatment, 300 mg ofatumumab was adminis-
tered on day 1 of the first cycle and 1,000 mg on days 8 and 15
of the first cycle and every 4 weeks in cycles 2 to 6. Daily oral
intake of 420 mg ibrutinib started on day 1 of the second cycle.
In the maintenance treatment, ibrutinib (420 mg) was continued
daily and ofatumumab (1,000 mg) administered every 3 months
until unacceptable toxicity, progression/new CLL treatment or
for up to 24 months. Furthermore, treatment was stopped in the
case of a CR and MRD negativity in peripheral blood in two
assessments within an interval of 3 months.
The trial was designed for adult patients with treatment-naïve

or relapsed/refractory CLL requiring treatment according to
International Workshop on CLL (IWCLL) criteria;17 eligibility cri-
teria are described  in the Online Supplementary Appendix (pages 1-
3). All patients provided written informed consent. Responses
were evaluated by the investigators according to IWCLL criteria17

and reviewed centrally. Computed or magnetic resonance
tomography (CT/MRI), as well as a bone marrow aspirate were
required for confirmation of a CR or CR with incomplete mar-
row recovery (CRi). The response of patients fulfilling all IWCLL
criteria of a CR/CRi (no evidence of lymphadenopathy, hepato-
or splenomegaly on clinical examination and ultrasound or other
imaging investigations, no disease-related symptoms and nor-
malization of the hematologic parameters) but lacking one or
both of these diagnostic modalities were termed “clinical CR” or
“clinical CRi”, respectively, and graded as a partial response (PR). 
Samples for detection of MRD, which were mostly peripheral

blood and also bone marrow, were taken for the final restaging
after the induction treatment onwards and were analyzed cen-

trally with four-color flow cytometry.18,19 Results were catego-
rized into three different MRD levels: low (<10-4), intermediate
(≥10-4 and <10-2) and high (≥10-2)20 and MRD "negativity" was
defined as <10-4.
The primary endpoint of the CLL2-BIO trial was the overall

response rate (ORR) after induction treatment. Further details on
statistical analyses are provided in the Online Supplementary
Appendix (page 4).
The study was approved by the health authorities and the insti-

tutional review board of each participating site, was registered at
clinicaltrials.gov (NCT02689141) and was conducted in accordance
with the Declaration of Helsinki and International Conference on
Harmonization-Good Clinical Practice.

Results

Between February 4 and October 4, 2016, 66 patients
were enrolled. One patient treated first-line who received
fewer than two induction cycles (treatment discontinuation
due to a generalized seizure on day 4 of induction cycle 2)
was excluded from the efficacy analysis as predefined by
the protocol but remained in the safety population. The
patients flow through the study is summarized in Figure 1.
The patients’ baseline characteristics are shown in Table 1.

Of note, 21 of 65 patients (32%) had a del(17p) and/or TP53
mutation and 45 patients (69%) had unmutated IGHV. 
Thirty-nine of the 65 patients (60%) were treatment-

naïve and 26 patients (40%) had relapsed/refractory CLL
with a median of 1.5 prior therapies (range, 1-5; interquar-
tile range, 1-2). The prior therapies are presented in the
Online Supplementary Appendix (page 6); most common
therapies were bendamustine plus rituximab (15 times in
14 patients) and fludarabine, cyclophosphamide plus rit-
uximab (8 times in 8 patients); five patients had received
novel agents (3 idelalisib with rituximab and 2 veneto-
clax).
Fifty-one of 65 patients (78%) received bendamustine

debulking and 44 patients completed the planned two
cycles; 14 patients (22%) started the induction therapy
immediately. Sixty-three of 65 patients (97%) received all
six induction cycles; two patients discontinued treatment
in the fourth cycle, one due to bronchial carcinoma and
one due to atrial fibrillation. The majority of patients
received all eight ofatumumab infusions in the induction
phase (62 of 65 patients, 95%) and the mean dose intensi-
ty of ofatumumab was 99% of the planned dose.
Regarding the daily oral intake of ibrutinib in the induc-
tion phase, more than half of the patients had at least one
dose reduction (40 patients, 62%) and/or treatment inter-
ruption (37 patients, 57%). The median duration of the
treatment interruptions was 1 day (range, 1-83 days); 19
patients (29%) had treatment interruptions lasting ≥7
days, which were mainly due to adverse events. The ibru-
tinib dose was modified in 89 of the total of 384 treatment
cycles (23%); this was due to adverse events in 42 cycles
given to 24 patients. Despite these dose modifications, the
mean dose intensity of ibrutinib in the induction treat-
ment was 94% of the planned dose. The administration of
debulking treatment with bendamustine appeared not to
increase the rate of dose reductions and treatment inter-
ruptions or to have an adverse impact on the dose intensi-
ty (Online Supplementary Appendix, Table S5, page 8).
Adverse events leading to dose modifications of ibrutinib
and/or ofatumumab were mainly infusion-related reac-

P. Cramer et al.

544 haematologica | 2021; 106(2)



tions (n=18), infections (n=13), hematologic and gastroin-
testinal adverse events (9 each), as well as atrial fibrilla-
tion, nervous system and respiratory/thoracic disorders (4
each). Maintenance treatment was started in 59 patients

(91%) and up to the data-cutoff all 59 patients have com-
pleted the second cycle.
At the final restaging after induction treatment, all 39

patients being treated first-line (100%) and 21 of the 26
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Table 1. Patients’ characteristics.
                                                                                           Treatment-naïve                          Relapse/refractory                        All patients
                                                                                                  (n=39)                                           (n=26)                                      (n=65)

Age, years
      median (range)                                                                                 60 (32-80)                                              68 (41-81)                                        61 (32-81)
Time from initial diagnosis, months
      median (range)                                                                                 25 (4-134)                                              84 (2-335)                                        48 (2-335)
Sex, n (%)
      female                                                                                                  16 (41%)                                                 8 (31%)                                           24 (37%)
      male                                                                                                      23 (59%)                                                18 (69%)                                          41 (63%)
Binet stage, n (%)
      A                                                                                                              9 (23%)                                                  7 (27%)                                           16 (25%)
      B                                                                                                             16 (41%)                                                10 (38%)                                          26 (40%)
      C                                                                                                             14 (36%)                                                 9 (35%)                                           23 (35%)
Presence of B-symptoms, n (%)                                                         23 (59%)                                                10 (38%)                                          33 (51%)
ECOG performance status, n (%)
      0                                                                                                             28 (72%)                                                16 (62%)                                          44 (68%)
      I                                                                                                              11 (28%)                                                                                                           19 (29%)
      II                                                                                                                    -                                                          2 (8%)                                              2 (3%)
CIRS score (comorbidity) 
      median, range                                                                                     3 (0 - 16)                                                3 (0 - 10)                                          3 (0 - 16)
      > 6, n (%)                                                                                             6 (15%)                                                  6 (23%)                                           12 (18%)
Creatinine-clearance, mL/min
      median (range)                                                                           81.9 (42.9-149.2)                                   75.3 (31.3-131.5)                            80.5 (31.3-149.2)
      30-69 mL/min, n (%)                                                                         10 (26%)                                                 9 (35%)                                           19 (29%)
Bulky disease with lymph nodes >5 cm, n (%)                                 7 (18%)                                                  6 (23%)                                           13 (20%)
Massive splenomegaly >20 cm, n (%)                                                 2 (5%)                                                    2 (8%)                                              4 (6%)
Cytogenetics*, n (%)
      del(17p)                                                                                                6 (15%)                                                  6 (23%)                                           12 (18%)
      del(11q)                                                                                                8 (21%)                                                  4 (15%)                                           12 (18%)
      trisomy 12                                                                                             6 (15%)                                                  4 (15%)                                           10 (15%)
      none                                                                                                      13 (33%)                                                 5 (19%)                                           18 (28%)
      del(13q)                                                                                                6 (15%)                                                  7 (27%)                                           13 (20%)
Molecular genetics, n (%)
      TP53                                                                                                        7 (18%)                                                 13 (50%)                                          20 (31%)
      NOTCH1                                                                                                 9 (23%)                                                  3 (12%)                                           12 (18%)
      SF3B1                                                                                                      3 (8%)                                                   5 (19%)                                            8 (12%)
IGHV status, n (%)                                                                                          
      unmutated                                                                                           27 (69%)                                                18 (69%)                                          45 (69%)
Serum β2-microglobulin,** mg/dL
      median (range)                                                                            3.7 (2.1 – 11.6)                                      4.7 (2.4 – 15.5)                               4.2 (2.1 – 15.5)
      > 3.5 mg/dL, n (%)                                                                            21 (55%)                                                18 (72%)                                          39 (62%)
Serum thymidine kinase, U/L**
      median (range)                                                                         29.8 (11.5 – 258.0)                                38.9 (4.0 – 343.5)                           36.3 (4.0 – 343.5)
      > 10 U/L, n (%)                                                                                 38 (100%)                                               23 (92%)                                          61 (97%)
ZAP-70 expression, n (%)
      >20%                                                                                                     15 (38%)                                                14 (54%)                                          29 (45%)
CD38 expression
      >30%                                                                                                     16 (41%)                                                13 (50%)                                          29 (45%)
CLL-IPI,** n (%)
      low                                                                                                          5 (13%)                                                   1 (4%)                                             6 (10%)
      intermediate                                                                                       11 (29%)                                                 4 (16%)                                           15 (24%)
      high                                                                                                       17 (45%)                                                 8 (32%)                                           25 (40%)
      very high                                                                                               5 (13%)                                                 12 (48%)                                          17 (27%)
CIRS: Cumulative Illness Rating Scale; ECOG: Eastern Cooperative Oncology Group; IGHV: immunoglobulin heavy-chain variable region; CLL: IPI: chronic lymphocytic leukemia
International Prognostic Index; ZAP-70: zeta-chain associated protein kinase 70. *according to the hierarchical model by Döhner et al.; **data for five patients missing.



relapsed/refractory patients (81%) had responded (Table
2). With a 92% ORR for the mixed population at the end
of induction staging, the primary endpoint was met (95%
confidence interval [95% CI]: 83–98%; P=0.0013 when
tested against the null hypothesis of an ORR of 75%).
Fifty-nine patients achieved a PR according to IWCLL cri-
teria and one had a PR with lymphocytosis; no CR/CRi
were documented, but 18 patients with a PR lacked a
bone marrow biopsy (18 patients) and/or a CT scan (14
patients) but fulfilled all other criteria for a CR. MRD was
assessed in peripheral blood at the final restaging in 62 of

65 patients and nine patients (14%) had achieved MRD
"negativity" (<10-4). The MRD "negativity" rate at the final
restaging was 18% among patients treated first-line and
8% among the relapsed/refractory patients. Patients with
adverse prognostic markers such as del(17p) and unmutat-
ed IGHV had lower overall response and MRD negativity
rates: the ORR were 75% and 89%, respectively, for
patients with these markers, while the MRD negativity
rates were 0% and 9%, respectively (Online Supplementary
Appendix, Table S2, page 6).
After up to two cycles of the initial debulking treatment
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Figure 1. CONSORT diagram. Patients’ flow through the study. pts: patients; AE: adverse event; MRD: minimal residual disease. 



with bendamustine, 30 of 51 patients (59%) achieved a
response according to IWCLL criteria, including 23 of 35
(66%) patients treated first-line and seven of 16 (44%)
relapsed/refractory patients. Nineteen patients (37%) had
stable disease and two patients (4%) had progressive dis-
ease but proceeded with induction treatment on study.
Eleven of the 21 patients with a del(17p)/TP53 mutation
received debulking treatment: six achieved a response
according to IWCLL criteria and the other five had stable
disease. Nine of 15 patients who had previously been
treated with bendamustine were re-exposed to ben-
damustine in the trial and four of them (44%) responded
to the debulking treatment. 
Over time, the responses of the patients improved

(Figure 2A). The best response achieved until 6 months
after the final restaging was CR/CRi in four patients (6%),
clinical CR/CRi without confirmatory CT scan and/or
bone marrow biopsy in 28 patients (43%) and PR in 33
patients (51%). By the time of the data cut-off, 12 patients
had stopped maintenance treatment: five due to a MRD-
negative response, four with progressive disease, two due
to adverse events and one patient died (Figure 2B).
At the time of the data cut-off (median observation time

of 20 months) six patients (all in the relapsed/refractory
cohort) had progressed and two had died. One of the
deaths was due to sepsis with multi-organ failure after the
sixth induction cycle in a 73-year old female patient who
had received five prior therapies. The other death was
caused by ischemic cerebral infarction in the second main-
tenance cycle in an 73-year old male patient who had not
received prior therapy and was initially hospitalized
because of pneumonia, developed a tachyarrhythmia and
in whom anticoagulant treatment was discontinued due
to a fall and hemoptysis (see Online Supplementary
Appendix, Table S3, page 7). The median progression-free
and overall survival were not reached. The estimated 15-
month progression-free survival rate was 94% (95% CI:
88-100%) for the entire cohort, being 97% (93-100%)
among those treated first-line and 89% (76-100%) among
the relapsed/refractory patients (Figure 3A). Estimated 15-
month overall survival rates were 97% (95% CI: 93-
100%) for the entire cohort, 97% (93-100%) among
patients treated first-line and 96% (89-100%) among the
relapsed/refractory patients (Figure 3B).
By the time of data cut-off, a total of 959 adverse events

had been reported in all 66 patients: 602 (63%) occurred in
the treatment-naïve patients and 357 (37%) in the
relapsed/refractory cohort (Online Supplementary Appendix,
Table S4, page 7). In total, 158 adverse events (16%)
occurred during the debulking treatment, 547 (57%) dur-
ing induction and 254 (26%) in the maintenance/follow-
up phase. According to investigator assessment, 600
(63%) were deemed related to the study treatment. The
majority of the adverse events (742, 77%) resolved and
796 adverse events (83%) did not require an adjustment of
the study drug. Most adverse events were mild (Common
Toxicity Criteria [CTC] grade 1: n=468, 49%) or moderate
(CTC grade 2: n=355, 37%), although 120 adverse events
(13%) were severe/medically significant (CTC grade 3), 14
(1%) were considered life-threatening (CTC grade 4) and
two had a fatal outcome. Both deaths and 97 of the 134
grade 3 or 4 adverse events (72%) were considered related
to the study treatment. Eighty-seven of the 959 adverse
events (9%) were reported as serious adverse events and
69 of them (79%) were considered treatment-related. 

During the two cycles of bendamustine debulking, 45 of
52 patients (87%) experienced adverse events of any grade
(Table 3A), including 16 patients (31%) with grade 3 and
three patients (6%) with grade 4 toxicities. Most common
grade 1 or 2 toxicities were nausea (14 patients, 27%),
rash/exanthema (8 patients, 15%) and fatigue (7 patients,
13%) and most common grade 3 or 4 toxicities were neu-
tropenia (6 patients, 12%) and anemia (5 patients, 10%).
Debulking did not lead to an increased rate of cytopenias
or infections in the induction phase; 17% of patients with
debulking had grade 3 or 4 hematologic toxicities and 8%
experienced grade 3 or 4 infections in the induction phase
compared to 50% and 21% among the 14 patients with-
out prior debulking (Online Supplementary Appendix, Table
S5, page 8). The rate of infusion-related reactions was
38%, including 4% grade 3 or 4 reactions among patients
with prior debulking compared to 64% and 21%, respec-
tively, among patients without debulking.
During the induction treatment with ofatumumab and

ibrutinib, all 66 patients experienced adverse events (Table
3B), including 25 (38%) who had grade 3 events, eight
(12%) who had grade 4 adverse events, and one patient
(2%) who died of septic shock. The most common grade 1
or 2 toxicities were infusion-related reactions (24 patients,
36%), upper respiratory tract infections (20 patients, 30%),
diarrhea (18 patients, 27%), muscle disorders (17 patients,
26%), fatigue (14 patients, 21%) and rash/exanthema (13
patients, 20%). The most common grade 3 or 4 toxicities
were neutropenia (14 patients, 21%), infusion-related reac-
tions (5 patients, 8%) and diarrhea (4 patients, 6%). 
Cytopenias, including neutropenia and thrombocytope-

nia, as well as epistaxis and hematoma occurred more
often among the relapsed/refractory patients, while CTC
grade 1 or 2 infections, mild gastrointestinal toxicities and
skin/subcutaneous disorders, as well as hypertension
were reported more often among the treatment-naïve
patients.
Of note, four of 66 patients (6%) reported paresthesia or

dysesthesia (all CTC grade 1 or 2) during the induction

Table 2. Response at the end of induction (efficacy population).
                                                    Treatment-naïve    Rel./refractory   All patients
                                                            (n=39)                  (n=26)              (n=65)

Overall response rate, n (%)                 39 (100%)                 21 (81%)             60 (92%)
exact 95% CI                                                91 - 100%                  61 - 94%              83 - 98%
Response, n (%)
      CR                                                                   -                                 -                            -
      clinical CR/CRi*                                   15 (38%)                   3 (12%)              18 (28%)
      PR                                                            24 (62%)                  17 (65%)             41 (63%)
      PR with lymphocytosis                               -                            1 (4%)                 1 (2%)
      SD                                                                   -                           3 (12%)                3 (5%)
      PD                                                                   -                            2 (8%)                 2 (3%)
MRD in peripheral blood, n (%)                     
      negative (< 10-4)                                   7 (18%)                     2 (8%)                9 (14%)
      intermediate (≥ 10-4 and < 10-2)        9 (23%)                    3 (12%)              12 (18%)
      positive (≥ 10-2)                                   21 (54%)                  20 (77%)            41 (63%) 
      missing                                                    2 (5%)                      1 (4%)                 3 (5%)

95% CI: 95% confidence interval; CR: complete remission; CRi: CR with incomplete recovery of
bone marrow; MRD: minimal residual disease; PD: progressive disease; PR: partial response; SD:
stable disease. *Clinical CR/CRi is a remission fulfilling all criteria of a CR/CRi according to
International Workshop on Chronic Lymphocytic Leukemia criteria except a bone marrow
examination and/or computed tomography/magnetic resonance imaging scan: the lympho-
cyte count had to be normalized, patients had to be asymptomatic and have no evidence of
lymphadenopathy and hepatosplenomegaly in clinical examination and ultrasound or other
imaging.
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treatment and three other patients had paresthesia or
dysesthesia or sensory abnormalities during debulking
treatment.

Discussion

This paper reports on a sequential combination treat-
ment strategy, consisting of bendamustine debulking, fol-
lowed by ofatumumab and ibrutinib in induction and a
maintenance phase in a mixed population of treatment-
naïve and relapsed/refractory patients. The primary end-

point of the trial was met: at the end of the induction
treatment, an ORR of 92% and a MRD negativity rate of
14% in peripheral blood were achieved. As expected,
response and MRD negativity rates were somewhat lower
in patients with relapsed/refractory disease or with the
high-risk markers del(17p)/TP53 mutation or unmutated
IGHV. The response and MRD negativity rates achieved
are inferior to those reported with standard chemoim-
munotherapies,21-24 venetoclax either as a single agent or in
combination with rituximab or obinutuzumab,25-27 and
with ibrutinib plus obinutuzumab4,14 (Online Supplementary
Appendix, Table S6, page 9). The efficacy results after 8
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Figure 2. Improvement of
response, time to first
minimal residual disease
negativity and treatment
discontinuation. (A)
Change in response with
continued treatment. (B)
Time to first documenta-
tion of minimal residual
disease negativity and
treatment discontinua-
tion. CR: complete remis-
sion; CRi: CR with incom-
plete recovery of bone
marrow; PD: progressive
disease; PR: partial
response;  SD: stable dis-
ease; *Clinical CR/CRi is
a remission fulfilling all
criteria of a CR/CRi
according to International
Workshop on Chronic
Lymphocytic Leukemia
criteria except a bone
marrow examination
and/or computed tomog-
raphy/magnetic reso-
nance imaging scan: the
lymphocyte count had to
be normalized, patients
had to be asymptomatic
and have no evidence of
lymphadenopathy and
hepatosplenomegaly in
clinical examination and
ultrasound or other imag-
ing.
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Figure 3. Progression-free and overall survival. (A) Progression-free
survival. (B) Overall survival. FL: patients treated first-line; RR:
relapsed/refractory patients

A
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months of induction therapy are comparable to those
reported for ibrutinib as a single agent3,5,12,28,29 (although
MRD negativity is seen infrequently) or combined with
the antibodies rituximab5,11,12 or ofatumumab.13 Two ran-
domized trials showed faster and deeper remissions with
the addition of rituximab to ibrutinib, but this did not
translate into progression-free or overall survival differ-
ences.5,12 However, this might change with continued
treatment and longer follow-up. Several trials showed that
continued ibrutinib treatment is able to increase the rates
of CR and MRD-negative remissions - responses also
deepened in our study during the maintenance phase with
continued ibrutinib and ofatumumab.
No unexpected or cumulative toxicities were seen with

the combination of bendamustine, followed by ofatu-
mumab and ibrutinib. The majority of adverse events
were mild/moderate (CTC grade 1 or 2). The most com-
mon CTC grade 3 or 4 adverse events were neutropenia
and anemia during the debulking with bendamustine and
neutropenia, infusion-related reactions and diarrhea dur-
ing the induction with ofatumumab and ibrutinib. Except
for two fatal adverse events, the toxicities were generally

manageable: only six patients discontinued treatment pre-
maturely due to toxicity and the mean dose intensity of
both ibrutinib and ofatumumab in the induction phase
was more than 90% of the planned dose. The rates of neu-
tropenia, thrombocytopenia and infections in both
cohorts compare favorably to those with chemoim-
munotherapy and other targeted therapies (Online
Supplementary Appendix, Table S6, page 9).3-5,12,14,21-31 The tox-
icities seen in this trial are in accordance with those
reported in a phase-Ib/II trial evaluating different adminis-
tration sequences of ibrutinib and ofatumumab in 71
patients with relapsed CLL, small lymphocytic lym-
phoma, prolymphocytic leukemia or Richter transforma-
tion.13 Importantly, the high incidence of peripheral senso-
ry neuropathy reported in that trial (31 of 71 patients,
mostly CTC grade 1 or 2) was not confirmed in our study
despite a longer period of observation.
The primary goal of the initial debulking with ben-

damustine was to reduce the tumor load before initiation
of treatment with ofatumumab and ibrutinib to improve
treatment tolerability. As intended, the rate of infusion-
related reactions was lower among patients who had

Table 3A. Adverse events during debulking with bendamustine reported in ≥5% of all patients: data are number of patients (%)
                                                                               Treatment-naïve                                                 Relapsed/refractory                                                   All patients
                                                                                      (n=36)                                                                   (n=16)                                                                  (n=52)
Maximum grade                                 1/2                3                 4               5                1/2                3                  4                5               1/2                 3                  4                5

Patients with AE                           17 (47%)     13 (36%)      2 (6%)           0             9 (56%)       3 (19%)        1 (6%)            0            26 (50%)      16 (31%)      3 (6%)           0
Blood and lymphatic                      2 (6%)        4 (11%)       1 (3%)           0              1 (6%)          1 (6%)         1 (6%)            0              3 (6%)         5 (10%)       2 (4%)           0
system disorders
Anemia                                                        0                 3 (8%)          1 (3%)             0                 1 (6%)            1 (6%)                 0                    0                 1 (2%)             4 (8%)           1 (2%)              0
Neutropenias                                            0                5 (14%)               0                   0                       0                       0                 1 (6%)              0                      0                 5 (10%)          1 (2%)              0
Thrombocytopenia                             3 (8%)           1 (3%)                0                   0                       0                       0                       0                    0                 3 (6%)             1 (2%)                 0                    0

Ear and labyrinth disorders           1 (3%)              0                  0                0             2 (13%)              0                   0                 0              3 (6%)               0                   0                 0
Vertigo                                                    1 (3%)                 0                     0                   0                2 (13%)                 0                       0                    0                 3 (6%)                  0                      0                    0

Gastrointestinal disorders           15 (42%)       1 (3%)             0                0             8 (50%)         1 (6%)              0                 0            23 (44%)        2 (4%)              0                 0
Nausea                                                  8 (22%)                0                     0                   0                6 (38%)           1 (6%)                 0                    0               14 (27%)           1 (2%)                 0                    0
Diarrhea                                               4 (11%)                0                     0                   0                       0                       0                       0                    0                 4 (8%)                  0                      0                    0
Constipation                                         2 (6%)                 0                     0                   0                 1 (6%)                  0                       0                    0                 3 (6%)                  0                      0                    0
Abdominal pain                                   1 (3%)                 0                     0                   0                2 (13%)                 0                       0                    0                 3 (6%)                  0                      0                    0

General disorders and                  9 (25%)        1 (3%)             0                0             5 (31%)              0                   0                 0            14 (27%)        1 (2%)              0                 0
administration site conditions
Fatigue                                                   3 (8%)                 0                     0                   0                4 (25%)                 0                       0                    0                7 (13%)                 0                      0                    0
Pyrexia                                                  4 (11%)                0                     0                   0                 1 (6%)                  0                       0                    0                5 (10%)                 0                      0                    0
Edema                                                    2 (6%)                 0                     0                   0                 1 (6%)                  0                       0                    0                 3 (6%)                  0                      0                    0

Immune system disorders                1 (3%)           3 (8%)                0                   0                       0                       0                       0                    0                 1 (2%)             3 (6%)                 0                    0
Infections and infestations          7 (19%)        3 (8%)             0                0             4 (25%)              0                   0                 0            11 (21%)        3 (6%)              0                 0
Upper repiratory tract inf.               2 (6%)                 0                     0                   0                2 (13%)                 0                       0                    0                 4 (8%)                  0                      0                    0
Oral herpes                                          2 (6%)                 0                     0                   0                 1 (6%)                  0                       0                    0                 3 (6%)                  0                      0                    0

Metabolism and nutrition            4 (11%)       4 (11%)            0                0                   0               1 (6%)              0                 0              4 (8%)         5 (10%)             0                 0
disorders
Hyperuricemia                                     1 (3%)           2 (6%)                0                   0                       0                       0                       0                    0                 1 (2%)             2 (4%)                 0                    0

Nervous system disorders              3 (8%)                 0                     0                   0                2 (13%)                 0                       0                    0                5 (10%)                 0                      0                    0
Renal and urinary disorders        4 (11%)             0                  0                0                   0                    0                   0                 0              4 (8%)               0                   0                 0
Acute kidney injury                            4 (11%)                0                     0                   0                       0                       0                       0                    0                 4 (8%)                  0                      0                    0

Respiratory, thoracic and              3 (8%)         1 (3%)             0                0             2 (13%)              0                   0                 0             5 (10%)         1 (2%)              0                 0
mediastinal disorders
Cough                                                    2 (6%)                 0                     0                   0                 1 (6%)                  0                       0                    0                 3 (6%)                  0                      0                    0

Skin and subcutaneous               12 (33%)       1 (3%)        1 (3%)           0             2 (13%)              0                   0                 0            14 (27%)        1 (2%)        1 (2%)           0
tissue disorders
Rash, exanthema                               7 (19%)          1 (3%)                0                   0                 1 (6%)                  0                       0                    0                8 (15%)            1 (2%)                 0                    0
Pruritus                                                  3 (8%)                 0                     0                   0                       0                       0                       0                    0                 3 (6%)                  0                      0                    0
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Table 3B. Adverse events during induction with ofatumumab and ibrutinib reported in ≥5% of patients: data are number of patients (%).
                                                                              Treatment-naïve                                                Relapsed/refractory                                                    All patients
                                                                                     (n=40)                                                                  (n=26)                                                                   (n=66)
Maximum grade                                 1/2                3                 4               5               1/2                3                  4                5               1/2                 3                  4               5  

Patients with AE                           21 (53%)     14 (35%)     5 (13%)         0            11 (42%)     11 (42%)      3 (12%)      1 (4%)      32 (48%)      25 (38%)     8 (12%)     1 (2%)
Blood and lymphatic system              0             4 (10%)      4 (10%)         0             4 (15%)       5 (19%)       3 (12%)           0              4 (6%)         9 (14%)      7 (11%)          0
disorders
Neutropenia                                              0                 3 (8%)         4 (10%)            0                       0                 5 (19%)          2 (8%)              0                      0                 8 (12%)          6 (9%)              0
Thrombocytopenia                                  0                       0                     0                   0                 2 (8%)            1 (4%)           1 (4%)              0                 2 (3%)             1 (2%)           1 (2%)              0

Cardiac disorders                           5 (13%)        2 (5%)             0                0              2 (8%)          1 (4%)              0                 0             7 (11%)         3 (5%)              0                 0
Atrial fibrillation                                  1 (3%)           2 (5%)                0                   0                 1 (4%)            1 (4%)                 0                    0                 2 (3%)             3 (5%)                 0                    0

Ear and labyrinth disorders           2 (5%)              0                  0                0              2 (8%)               0                   0                 0              4 (6%)               0                   0                 0
Eye disorders                                  6 (15%)        1 (3%)             0                0             5 (19%)              0                   0                 0            11 (17%)        1 (2%)              0                 0
Gastrointestinal disorders           21 (53%)       3 (8%)             0                0             9 (35%)         2 (8%)              0                 0            30 (45%)        5 (8%)              0                 0
Diarrhea                                              12 (30%)         3 (8%)                0                   0                6 (23%)           1 (4%)                 0                    0               18 (27%)           4 (6%)                 0                    0
Abdominal pain                                  4 (10%)                0                     0                   0                4 (15%)                 0                       0                    0                8 (12%)                 0                      0                    0
Oral soft tissue conditions            4 (10%)                0                     0                   0                 2 (8%)                  0                       0                    0                 6 (9%)                  0                      0                    0
Dyspepsia                                             3 (8%)                 0                     0                   0                 2 (8%)                  0                       0                    0                 5 (8%)                  0                      0                    0
Nausea                                                   3 (8%)                 0                     0                   0                 2 (8%)                  0                       0                    0                 5 (8%)                  0                      0                    0
Gastroesophageal reflux                 2 (5%)                 0                     0                   0                3 (12%)                 0                       0                    0                 5 (8%)                  0                      0                    0

General disorders and                 17 (43%)            0                  0                0             8 (31%)         1 (4%)              0                 0            25 (38%)        1 (2%)              0                 0
administration site conditions
Fatigue                                                  9 (23%)                0                     0                   0                5 (19%)                 0                       0                    0               14 (21%)                0                      0                    0
Edema                                                    3 (8%)                 0                     0                   0                3 (12%)                 0                       0                    0                 6 (9%)                  0                      0                    0

Immune system disorders             1 (3%)              0                  0                0             3 (12%)              0                   0                 0              4 (6%)               0                   0                 0
Infections and infestations           27 (68%)         2 (5%)                0                   0                8 (31%)          4 (15%)                0               1 (4%)         35 (53%)           6 (9%)                 0              1 (2%)
Upper repiratory tract inf.             16 (40%)               0                     0                   0                4 (15%)                 0                       0                    0               20 (30%)                0                      0                    0
Lower repiratory tract inf.               2 (5%)                 0                     0                   0                3 (12%)           2 (8%)                 0                    0                 5 (8%)             2 (3%)                 0                    0
Infections NEC                                    3 (8%)                 0                     0                   0                 2 (8%)            1 (4%)                 0                    0                 5 (8%)             1 (2%)                 0                    0
Dental/oral soft tissue inf.              4 (10%)                0                     0                   0                 1 (4%)                  0                       0                    0                 5 (8%)                  0                      0                    0
Urinary tract infections                   4 (10%)                0                     0                   0                 1 (4%)                  0                       0                    0                 5 (8%)                  0                      0                    0
Abdominal GI infections                  2 (5%)           1 (3%)                0                   0                       0                  1 (4%)                 0                    0                 2 (3%)             2 (3%)                 0                    0
Oral herpes                                         4 (10%)                0                     0                   0                       0                       0                       0                    0                 4 (6%)                  0                      0                    0
Conjunctivitis                                       3 (8%)                 0                     0                   0                 1 (4%)                  0                       0                    0                 4 (6%)                  0                      0                    0

Injury, poisoning and                   20 (50%)       3 (8%)             0                0             9 (35%)       3 (12%)             0                 0            29 (44%)        6 (9%)              0                 0
procedural complications
Infusion-related reaction              16 (40%)         2 (5%)                0                   0                8 (31%)          3 (12%)                0                    0               24 (36%)           5 (8%)                 0                    0

Investigations                                 4 (10%)             0                  0                0             3 (12%)              0                   0                 0             7 (11%)              0                   0                 0
Metabolism and nutrition            5 (13%)             0                  0                0             4 (15%)              0                   0                 0             9 (14%)              0                   0                 0
disorders
Musculoskeletal/connective        22 (55%)       2 (5%)             0                0            10 (38%)             0                   0                 0            32 (48%)        2 (3%)              0                 0
tissue disorders
Muscle disorders                             10 (25%)         1 (3%)                0                   0                7 (27%)                 0                       0                    0               17 (26%)           1 (2%)                 0                    0
Musculoskeletal/connective          9 (23%)          1 (3%)                0                   0                 2 (8%)                  0                       0                    0               11 (17%)           1 (2%)                 0                    0
tissue disorders NEC

Arthralgia                                              6 (15%)                0                     0                   0                3 (12%)                 0                       0                    0                9 (14%)                 0                      0                    0
Neoplasms benign/malignant*          0              1 (3%)        1 (3%)           0              1 (4%)          2 (8%)              0                 0              1 (2%)          3 (5%)        1 (2%)           0
Nervous system disorders           10 (25%)       2 (5%)             0                0             7 (27%)         2 (8%)              0                 0            17 (26%)        4 (6%)              0                 0
Dizziness                                               3 (8%)                 0                     0                   0                 2 (8%)                  0                       0                    0                 5 (8%)                  0                      0                    0
Headaches                                            3 (8%)                 0                     0                   0                 1 (4%)                  0                       0                    0                 4 (6%)                  0                      0                    0
Par-/dysesthesias                               3 (8%)                 0                     0                   0                 1 (4%)                  0                       0                    0                 4 (6%)                  0                      0                    0

Psychiatric disorders                      2 (5%)              0                  0                0              2 (8%)               0                   0                 0              4 (6%)               0                   0                 0
Renal and urinary disorders         2 (5%)              0                  0                0             3 (12%)              0                   0                 0              5 (8%)               0                   0                 0
Urinary tract signs/symptoms        2 (5%)                 0                     0                   0                3 (12%)                 0                       0                    0                 5 (8%)                  0                      0                    0

Respiratory, thoracic and            10 (25%)       1 (3%)             0                0             9 (35%)         1 (4%)              0                 0            19 (29%)        2 (3%)              0                 0
mediastinal disorders                               
Cough                                                    5 (13%)                0                     0                   0                4 (15%)                 0                       0                    0                9 (14%)                 0                      0                    0
Epistaxis                                                3 (8%)                 0                     0                   0                4 (15%)                 0                       0                    0                7 (11%)                 0                      0                    0
Pneumonitis                                         2 (5%)                 0                     0                   0                 1 (4%)            1 (4%)                 0                    0                 3 (5%)             1 (2%)                 0                    0
Oropharyngeal pain                           3 (8%)                 0                     0                   0                 1 (4%)                  0                       0                    0                 4 (6%)                  0                      0                    0
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received bendamustine than in those who had not been
given debulking treatment, and especially compared to the
rate in patients in whom ibrutinib and ofatumumab were
started concurrently in the above-mentioned phase Ib/II
study.13 Although the majority of the patients experienced
adverse events during the debulking treatment, including
one third of patients with grade 3 or 4 toxicities, the
administration of bendamustine did not seem to make
patients more prone to cytopenias and infections in the
induction phase and did not increase the risk of dose
reductions and/or treatment interruptions. Due to low
numbers of patients, it is difficult to draw a definite con-
clusion on whether debulking therapy with bendamustine
is beneficial for all patients or only for certain subgroups.
Additional analyses including two other phase II trials
with a similar design also evaluating bendamustine
debulking, followed by obinutuzumab with either ibruti-
nib or venetoclax (NCT02345863 and NCT02401503), are
under way. First results suggest that the overall rate of
adverse events and especially of cytopenias and infections
are not increased, while infusion-related reactions seem to
be less common in patients with prior debulking. The
administration of single-agent ibrutinib over 2 to 3 months
might serve as an alternative approach for debulking, as it
effectively reduces the lymphadenopathy through a redis-
tribution of the CLL cells to the blood.32
The inclusion of an all-comer population led to a quite

heterogeneous group of patients. This might be seen as a
limitation of the study but it can also be argued that it
helps to transfer the results to routine clinical practice. The
lack of CR confirmed by CT/MRI scan and bone marrow
may also be criticized, but as the majority of patients con-
tinue treatment in a maintenance phase, it is planned that
the missing examinations will be performed later. These
assessments were not mandatory per study protocol at a
defined time point in order to avoid unnecessary and
repetitive CT scans or bone marrow biopsies. Instead it
was recommended to perform these examinations as soon
as the best clinical response was achieved, which is con-
sistent with the updated IWCLL guidelines.17 Figure 2A
suggests that the depth of response increases over time
and consequently also the rates of CR and MRD "negativ-
ity". However, so far, only a few patients have achieved a
deep, MRD-negative remission and have been able to stop
maintenance treatment. The efficacy results in the current
analysis are not superior to those achieved with ibrutinib
monotherapy. The findings of six other clinical trials eval-
uating a combination of ibrutinib with an anti-CD20 anti-
body in patients with CLL have been published. Three

evaluated the combination of ibrutinib with rituximab
(including 2 randomized studies with single-agent ibruti-
nib as a comparator arm),5,6,12 two with obinutuzumab4,14

and one with ofatumumab.13 Cumulative evidence from
these trials indicates that the addition of an antibody leads
to faster and deeper remissions and one study showed
that the achievement of a CR is associated with longer
progression-free survival.33 However, the two randomized
trials with ibrutinib with or without rituximab did not
show (or have not yet shown) a difference in survival
times.5,12 When comparing the results of this trial with
those of the CLL2-BIG trial, which evaluated the same
treatment regimen but with obinutuzumab instead of ofa-
tumumab, the responses appear to be deeper, as the MRD
"negativity" rate at the end of induction treatment was
48% compared to 14% in CLL2-BIO.34 The addition of an
antibody to ibrutinib cannot be recommended in routine
practice, but individual patients in whom a faster response
or clearance of the lymphocytes from the peripheral blood
is needed might benefit from a combination treatment.
However, in such situations obinutuzumab should be
favored over rituximab and ofatumumab based on the cur-
rent data and because ofatumumab is available only in the
USA but not in Europe anymore. 
Further follow-up is necessary to determine whether

bendamustine followed by ofatumumab and ibrutinib can
produce deep, MRD negative remissions in a relevant pro-
portion of patients and whether treatment can be stopped
in this situation. For the regimen with bendamustine
debulking followed by ibrutinib with obinutuzumab
instead of ofatumumab it was already shown that
patients, including those with high-risk cytogenetic abnor-
malities, remain in remission for a clinically meaningful
time after termination of treatment.35 Termination of ibru-
tinib monotherapy would constitute a novel paradigm, as
it overcomes the need for indefinite treatment, which is so
far needed to maintain responses with the B-cell receptor
signaling pathway inhibitors ibrutinib and idelalisib.7-9
Shortened treatment durations might reduce problems of
patient compliance as well as treatment costs. It could also
avoid resistance due to clonal evolution arising from a
therapeutic pressure selecting small subclones with resist-
ance mechanisms.9,36,37
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