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Summary
Background Preclinical studies have shown synergistic antitumour effects between ibrutinib and immune-checkpoint 
blockade. The aim of this study was to assess the safety and activity of ibrutinib in combination with nivolumab in 
patients with relapsed or refractory B-cell malignant diseases.

Methods We did a two-part, open-label, phase 1/2a study at 21 hospitals in Australia, Israel, Poland, Spain, Turkey, and 
the USA. The primary objective of part A (dose escalation) was to assess the safety of daily oral ibrutinib (420 mg or 
560 mg) in combination with intravenous nivolumab (3 mg/kg every 2 weeks) to ascertain a recommended phase 2 
dose in patients with relapsed or refractory high-risk chronic lymphocytic leukaemia or small lymphocytic lymphoma 
(del17p or del11q), follicular lymphoma, or diffuse large B-cell lymphoma. Dose optimisation was investigated using 
a modified toxicity probability interval design. The primary objective of the part B expansion phase was to establish 
the preliminary activity (the proportion of patients who achieved an overall response) of the combination of ibrutinib 
and nivolumab in four cohorts: relapsed or refractory high-risk chronic lymphocytic leukaemia or small lymphocytic 
lymphoma (del17p or del11q), follicular lymphoma, diffuse large B-cell lymphoma, and Richter’s transformation. All 
participants who received at least one dose of treatment were included in the primary analysis and analyses were done 
by disease cohort. This trial is registered with ClinicalTrials.gov, number NCT02329847. The trial is ongoing.

Findings Between March 12, 2015, and April 11, 2017, 144 patients were enrolled in the study. Three patients died 
before receiving study treatment; thus, 141 patients were included in the analysis, 14 in part A and 127 in part B. One 
dose-limiting toxicity (grade 3 hyperbilirubinaemia) was reported at the 420 mg dose in the diffuse large B-cell 
lymphoma cohort, which resolved after 5 days. The combination of ibrutinib and nivolumab led to overall responses 
in 22 (61%) of 36 patients with high-risk chronic lymphocytic leukaemia or small lymphocytic lymphoma, 13 (33%) of 
40 patients with follicular lymphoma, 16 (36%) of 45 patients with diffuse large B-cell lymphoma, and 13 (65%) 
of 20 patients with Richter’s transformation. The most common all-grade adverse events were diarrhoea (47 [33%] 
of 141 patients), neutropenia (44 [31%]), and fatigue (37 [26%]). 11 (8%) of 141 patients had adverse events leading to 
death; none were reported as drug-related. The most common grade 3–4 adverse events were neutropenia (40 [28%] 
of 141 patients) and anaemia (32 [23%]). The incidence of grade 3–4 neutropenia ranged from eight (18%) of 45 patients 
with diffuse large B-cell lymphoma to 19 (53%) of 36 patients with chronic lymphocytic leukaemia or small lymphocytic 
lymphoma; incidence of grade 3–4 anaemia ranged from five (13%) of 40 patients with follicular lymphoma to 
seven (35%) of 20 patients with Richter’s transformation. The most common serious adverse events included anaemia 
(six [4%] of 141 patients) and pneumonia (five [4%]). The most common grade 3–4 immune-related adverse events 
were rash (11 [8%] of 141 patients) and increased alanine aminotransferase (three [2%]). 

Interpretation The combination of ibrutinib and nivolumab had an acceptable safety profile and preliminary activity 
was similar to that reported with single-agent ibrutinib in chronic lymphocytic leukaemia or small lymphocytic 
lymphoma, follicular lymphoma, and diffuse large B-cell lymphoma. The clinical response in patients with Richter’s 
transformation was promising and supports further clinical assessment.
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Introduction
The emergence of targeted treatments and immune-
checkpoint inhibitors has transformed the treatment of 
several haematological malignancies. Substantial clinical 

benefit has been shown by these drugs, even in difficult-to-
treat populations including patients with high-risk 
chromosomal abnormalities or relapsed or refractory 
disease.1–10 However, efficacy of these treatments might be 
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limited by acquired resistance and variability in patient 
response, which can lead to disease relapse and progression. 
Overcoming these limitations is a goal in the development 
of new treatments or therapeutic combinations.

Ibrutinib is a Bruton’s tyrosine kinase (BTK) inhibitor 
indicated for the treatment of chronic lymphocytic 
leukaemia or small lymphocytic lymphoma (including 
del17p subtype), mantle-cell lymphoma, Waldenström’s 
macroglobulinaemia, marginal zone lymphoma, and 
chronic graft-versus-host disease.11,12 The inhibition of 
BTK by ibrutinib disrupts B-cell signalling, leading to 
decreased survival, migration, and adhesion of malignant 
B cells.13

Nivolumab—a human monoclonal antibody against 
programmed cell death protein 1 (PD-1)—blocks the 
interaction of PD-1 with its ligands PD-L1 and PD-L2, 
thereby releasing the checkpoint inhibition and restoring 
T-cell-mediated antitumour responses.14 Nivolumab is 
approved for the treatment of several cancer types, 
including Hodgkin lymphoma.9,15

Preclinical studies have shown synergistic antitumour 
effects between ibrutinib and inhibition of the PD-1 and 
PD-L1 pathway. In animal models of lymphoma, the 
combination of ibrutinib and an antibody against PD-L1 
enhanced the modest effects seen with PD-L1 inhibition 
alone.16 Decreased tumour growth and increased survival 
were recorded with the combination, even in models that 
were insensitive to ibrutinib treatment alone or did not 
express BTK.16 These results suggest that ibrutinib might 
have a role in modulating the immune system, possibly 

through its effect as an inhibitor of interleukin 2-inducible 
T-cell kinase, which plays a part in T-cell proliferation and 
differentiation.17,18 The enhanced effects seen with the 
addition of ibrutinib to PD-1 and PD-L1 blockade could 
point to a role for ibrutinib in potentiating the antitumour 
activity of immune-checkpoint inhibition.16

We did a phase 1/2a study to assess the safety and 
efficacy of ibrutinib in combination with nivolumab in 
patients with relapsed or refractory haematological 
malignancies including high-risk chronic lymphocytic 
leukaemia or small lymphocytic lymphoma, follicular 
lymphoma, diffuse large B-cell lymphoma, and Richter’s 
transformation.

Methods
Study design and participants
We did an open-label, two-part, phase 1/2a study at 
21 hospitals in Australia, Israel, Poland, Spain, Turkey, 
and the USA (for a full list of investigators and sites see 
appendix p 1). The study was approved by an independent 
ethics committee, and all patients provided written 
informed consent. The protocol is available in the 
appendix (pp 9–139).

Key eligibility requirements were age 18 years or 
older, Eastern Cooperative Oncology Group (ECOG) 
performance status score of 2 or less, and adequate bone 
marrow, liver, and renal function (for definitions of 
adequate bone marrow, liver, and renal function see 
appendix p 2). Additional inclusion criteria for part A of 
the study (dose escalation cohort) were histologically 

Research in context

Evidence before this study
We searched PubMed from database inception up to 
March 20, 2018, using combinations of the terms “ibrutinib”, 
“nivolumab”, “pembrolizumab”, “PD-1”, “programmed cell death 
protein 1”, “PD-L1”, “programmed death ligand 1”, “BTK”, and 
“Bruton’s tyrosine kinase”. The combination search terms were 
also combined with “CLL”, “chronic lymphocytic leukaemia”, 
“SLL”, “small lymphocytic lymphoma”, “FL”, “follicular lymphoma”, 
“DLBCL”, “diffuse large B-cell lymphoma”, “Richter”, or “Richter’s 
transformation”. The searches were not limited by language. 
We did not find publications on completed clinical trials 
evaluating the combination of ibrutinib and nivolumab in 
patients with B-cell non-Hodgkin lymphomas. We also searched 
abstracts from the American Society of Clinical Oncology and the 
American Society of Haematology (ASH) annual meetings from 
2015 to 2017 and the European Society for Medical Oncology 
congress from 2016 to 2017. We identified one abstract from the 
ASH 2016 meeting presenting interim phase 2 results on the 
efficacy and safety of ibrutinib combined with nivolumab in 
patients with chronic lymphocytic leukaemia and Richter’s 
transformation. Preliminary results from this study showed 
encouraging efficacy for the combination of ibrutinib and 
nivolumab in patients with Richter’s transformation.

Added value of this study
In the present study, the combination of ibrutinib with 
nivolumab had a safety profile that was consistent with 
the known profile of each agent alone. The proportion of 
patients achieving an overall response with ibrutinib in 
combination with nivolumab was similar to that for 
single-agent ibrutinib in patients with relapsed or refractory 
chronic lymphocytic leukaemia or small lymphocytic 
lymphoma, follicular lymphoma, and diffuse large B-cell 
lymphoma. The clinical response in patients with Richter’s 
transformation indicated promising activity.

Implications of all the available evidence
Ibrutinib combined with nivolumab showed preliminary 
activity and manageable safety for the treatment of 
haematological malignancies, with notable benefits in 
patients with Richter’s transformation. The safety profile of 
the combination regimen was consistent with safety data 
from previous clinical studies of single-agent ibrutinib and 
nivolumab. The findings of this study warrant further clinical 
assessment of ibrutinib combined with nivolumab for the 
treatment of Richter’s transformation.

See Online for appendix
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confirmed and documented (by local laboratory) chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
(del17p or del11q confirmed by fluorescence in-situ 
hybridisation [FISH] analysis), follicular lymphoma, or 
diffuse large B-cell lymphoma; relapsed or refractory 
disease after at least one but not more than four previous 
lines of systemic treatment; and measurable disease, 
defined per Lugano classification19 for follicular 
lymphoma and diffuse large B-cell lymphoma, and 
5000 leukaemia cells per µL or more for chronic 
lymphocytic leukaemia or small lymphocytic lymphoma.

For part B of the study (dose expansion cohort), 
additional eligibility requirements for the chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
expansion cohort were diagnosis of chronic lymphocytic 
leukaemia (lymphocytosis with ≥5000 B lymphocytes 
per µL and prolymphocytes ≤55% of total blood 
lymphocytes) or small lymphocytic lymphoma (diagnosis 
required measurable disease per Lugano classification);19 
del17p or del11q confirmed by FISH analysis; relapsed or 
refractory disease after at least one previous line of 
systemic treatment, consisting of at least two cycles of a 
chemotherapy-containing regimen; and active disease, as 
defined by the International Workshop on Chronic 
Lymphocytic Leukaemia (IWCLL) criteria.20 For the 
follicular lymphoma expansion cohort, additional 
eligibility criteria were histologically confirmed grade 1, 
2, or 3a follicular lymphoma, according to WHO criteria;21 
relapsed or refractory disease, defined as previous 
treatment with at least two previous lines of treatment 
using different regimens and separated by disease 
progression or relapse, or if the patient either received or 
was not eligible for previous treatment with anti-CD20 
combination chemo therapy regimen; and at least 
one measurable site of disease per Lugano classification.19 
Additional inclusion criteria for the diffuse large B-cell 
lymphoma expansion cohort were histologically 
confirmed diffuse large B-cell lymphoma; previous 
treatment with a standard systemic chemotherapy 
regimen containing rituximab and anthracycline, or 
either received or were not eligible for high-dose 
chemotherapy and autologous stem-cell transplantation; 
and at least one measurable site of disease based on the 
Revised Response Criteria for Malignant Lymphoma.19 
For the Richter’s transformation expansion cohort, 
eligible patients had histologically confirmed Richter’s 
transformation, defined as trans formation of chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
into an aggressive lymphoma; at least one previous line 
of systemic chemotherapy, or ineligible for treatment; 
and at least one measurable site of disease, based on the 
Revised Response Criteria for Malignant Lymphoma.19

Exclusion criteria were major surgery within 4 weeks of 
the first dose of ibrutinib; diagnosis or treatment of 
malignant disease other than the indication under study; 
required treatment with warfarin or equivalent vitamin K 
antagonists or strong CYP3A inhibitors; clinically 

signifi  cant cardiovascular disease; history of HIV, 
hepatitis B, or hepatitis C; CNS lymphoma; previous 
allogenic haemo poietic stem-cell transplant; active systemic 
infection, autoimmune disease, or any syndrome requiring 
cortico steroids; previous treatment with ibrutinib or other 
BTK inhibitors; and previous exposure to immune-
checkpoint inhibitors. Additional antitumour treatments 
that were excluded are described in the appendix (p 2).

Procedures
In part A of the study (dose escalation), patients with 
relapsed or refractory chronic lymphocytic leukaemia or 
small lymphocytic lymphoma, follicular lymphoma, or 
diffuse large B-cell lymphoma were assigned by disease 
cohort to receive oral daily doses of 420 mg (chronic 
lymphocytic leukaemia or small lymphocytic lymphoma, 
follicular lymphoma, diffuse large B-cell lymphoma) or 
560 mg (follicular lymphoma, diffuse large B-cell 
lymphoma) ibrutinib in combination with nivolumab at 
a dose of 3 mg/kg given as a 1 h intravenous infusion 
every 2 weeks. The duration of each treatment cycle was 
14 days. Study drug was administered until disease 
progression or unacceptable toxicity, whichever occurred 
first. Dose reductions for ibrutinib to 280 mg were 
allowed; no dose reductions for nivolumab were allowed. 

We used a modified toxicity probability interval (mTPI) 
design22,23 for dose escalation in part A, using Toxicity 
Probability Intervals, version 2.1.24 The mTPI method is a 
Bayesian-based approach that extends the traditional 
3 + 3 design for maximum tolerated dose identification by 
providing guidance for dose assignments in a tabulated 
form, called the decision table. The dose assignment 
decision table we used for the study is based on the 
variation of mTPI table generated for the target toxicity 
probability of 0·30 using the equivalence interval 
(0·25–0·30).24 We assessed operating characteristics of the 
mTPI decision table by simulations using internal 
software.

A study evaluation team reviewed all available data after 
completion of the first two cycles for all patients at each 
dose to establish dose-limiting toxicity. Patients remained 
on their assigned dose once the recommended phase 2 
dose was identified in part A; those on the lower dose were 
not escalated. 

In part B of the study (dose expansion), patients received 
the recommended phase 2 daily oral dose of ibrutinib in 
combination with 3 mg/kg intravenous nivolumab 
as a 1 h infusion every 2 weeks. In the chronic lympho-
cytic leukaemia or small lymphocytic lymphoma and 
folli cular lymphoma cohorts, ibrutinib was given at the 
recommended phase 2 dose over an initial period of 7 days 
before the first dose of nivolumab, for assessment of the 
pharmacokinetics and pharmaco dynamics of ibrutinib 
alone.

We assessed preliminary activity and clinical response 
by CT radiological assessments every five cycles for the 
first 15 months, then every 12 cycles until disease 
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progression, at the end of treatment, and every 6 months 
during the follow-up period. Lymphoma—including 
Richter’s transformation—was assessed according to the 
Lugano classification;19 chronic lymphocytic leukaemia 
was assessed according to IWCLL criteria.20

We obtained a few blood samples from all patients for 
determination of plasma concentrations of ibrutinib and 
serum concentrations of nivolumab. Plasma samples for 
assessment of ibrutinib were obtained before dosing and 
post dose at 1 h, 2 h, and 4 h on day –7 (for the chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
and follicular lymphoma expansion cohorts) or on day 1 
(for the diffuse large B-cell lymphoma and Richter’s 
transformation expansion cohorts) of cycle 1 and on day 1 
of cycle 13, and before dosing on day 1 of cycle 3.

We obtained tumour tissue specimens, blood samples, 
fine-needle aspirates, and bone marrow aspirates or 
biopsy specimens for biomarker analyses. Diffuse large 
B-cell lymphoma subtyping was done by analysis of 
MAS5-normalised gene expression data generated using 
the GeneChip Human Genome U133 Plus 2.0 Array 
(Affymetrix, Santa Clara, CA, USA) on the basis of the 
classification algorithm of Wright and colleagues.25 
We assessed PD-L1 expression (percentage of tumour 
cells showing plasma membrane PD-L1 staining of any 
intensity in a minimum of 100 assessable tumour 
cells) using the Dako PD-L1 immunohistochemistry 
28-8 pharmDx assay (Agilent Technologies, Glostrup, 
Denmark). The cutoff for elevated expression of PD-L1 
was 5% or higher.26

Safety assessments were based on adverse events graded 
according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCI CTCAE) 
version 4. Adverse event monitoring was done on an 
ongoing basis throughout the study. Safety was also 
assessed through vital sign measurements, electro- 
cardiograms, physical examination, clinical laboratory 
tests, and ECOG performance status. Details on laboratory 
monitoring are described in the appendix (p 2).

Outcomes
The primary objective of part A was to ascertain the 
recommended phase 2 dose for the combination of 
ibrutinib and nivolumab. The recommended phase 2 
dose was established by dose modification of ibrutinib, 
while the dose of nivolumab was not changed. The 
objective of part B was to assess the preliminary clinical 
activity (efficacy) of ibrutinib in combination with 
nivolumab at the recommended phase 2 dose. These 
secondary efficacy endpoints were overall response (ie, 
the proportion of evaluable patients who achieved a 
complete response or partial response, as assessed by the 
investigators), duration of response, duration of stable 
disease, progression-free survival, and overall survival. 
Standard response criteria were applied.19,20 Other 
secondary objectives were to assess the safety profile of 
the ibrutinib and nivolumab combination regimen and 

to characterise the pharmacokinetic profile of ibrutinib 
and nivolumab compared with existing single-agent 
profiles. Exploratory objectives included iden tification of 
biomarkers of response or resistance to the combination.

Statistical analysis
We aimed to assess whether ibrutinib combined with 
nivolumab could result in more than 20% of patients in 
each cohort of part B achieving an overall response 
(complete responses plus partial responses). A sample 
size of approximately 35 patients in each cohort 
was needed based on the following assumptions: the 
proportion of patients achieving an overall response 
under the null hypothesis is 20%; the proportion 
achieving an overall response under the alternative 
hypothesis is at least 38%; the probability of mistakenly 
rejecting the null hypothesis when it is actually true is 
0·1 (one-sided); and the probability of correctly rejecting 
the null hypothesis when the alternative hypothesis is 
true is at least 0·8.

The treated population consisted of all patients who 
received at least one dose of either study drug and was 
used for all safety and activity analyses. The response-
assessable population consisted of all patients who 
received at least one dose of both study drugs and had a 
pretreatment and at least one post-treatment disease 
assessment. The pharmacokinetics population consisted 
of all patients who received at least one dose of either 
study drug and had at least one post-treatment sample 
collected during treatment. All patients who received 
study drug were assessable.

We used SAS version 9.4 for statistical analyses. 
Summary statistics for continuous variables included 
mean (SD) and median (IQR). Categorical data were 
presented as frequencies and percentages. The proportion 
of patients achieving an overall response was assessed by 
investigators and calculated with 95% CIs for each disease-
specific cohort. Progression-free survival and overall 
survival were assessed using the Kaplan-Meier method. 
We did a sensitivity analysis in the response-evaluable 
population. We summarised plasma concentrations of 
ibrutinib and serum concentrations of nivolumab at 
each timepoint using descriptive statistics. Population 
pharmacokinetic analysis of ibrutinib concentration–time 
data was done by estimating individual empirical Bayesian 
pharmacokinetic variables for ibrutinib using a 
Bayesian feedback method. We used Kaplan-Meier survival 
probability to analyse clinical response or time-to-event 
endpoints for the PD-L1-positive and PD-L1-negative 
subgroups, with a threshold of 5% or higher (elevated 
expression of PD-L1 vs not elevated) or positive versus 
negative. The association of biomarkers with clinical 
response was assessed using appropriate statistical 
methods (ANOVA, categorical, or survival model) based 
on the endpoint.

This study is registered with ClinicalTrials.gov, number 
NCT02329847.
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Role of the funding source
The funder contributed to study design, data collection, 
data analysis, data interpretation, writing of the report 
(in addition to funding writing assistance), and the 
decision to submit for publication. All authors had access 
to raw data, and the corresponding author had full access 
to all data in the study and had final responsibility for the 
decision to submit for publication.

Results
Between March 12, 2015, and April 11, 2017, 144 patients 
were enrolled in the study; three patients died before 
receiving study treatment and were not included in the 
analysis. 141 patients were analysed in this study, 14 patients 
in part A and 127 patients in part B (figure 1). Patients’ 
demographics and baseline disease character istics are 
presented in table 1. The all-treated patient population 

included 30 patients with relapsed or refractory chronic 
lymphocytic leukaemia (del17p [n=19] and del11q [n=17]), 
six patients with small lymphocytic lymphoma, 40 patients 
with follicular lymphoma, 45 patients with diffuse large 
B-cell lymphoma (inclu ding nine patients with trans- 
formed diffuse large B-cell lymphoma), and 20 patients 
with Richter’s transformation. The median age of patients 
was 65·0 years (IQR 54·0–71·0) and the median number 
of previous lines of treatment was 3·0 (2·0–3·0). 35 (88%) 
of 40 patients with follicular lymphoma and 32 (71%) of 
45 patients with diffuse large B-cell lymphoma received 
between two and four previous lines of treatment, 
compared with 19 (53%) of 36 patients with chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
and 11 (55%) of 20 patients with Richter’s transformation. 
The previous systemic treatments received by patients 
with chronic lymphocytic leukaemia or small lymphocytic 

Figure 1: Participant flow through the study

7 received 420 mg ibrutinib         
plus 3 mg/kg nivolumab
1 with chronic lymphocytic 

leukaemia or small lymphocytic 
lymphoma 

2 with follicular lymphoma 
4 with diffuse large B-cell 

lymphoma

7 received 560 mg ibrutinib       
plus 3 mg/kg nivolumab
3 with follicular lymphoma
4 with diffuse large B-cell 

lymphoma

35 received 420 mg ibrutinib    
plus 3 mg/kg nivolumab
35 with chronic lymphocytic 

leukaemia or small 
lymphocytic lymphoma

92 received 560 mg ibrutinib      
plus 3 mg/kg nivolumab
35 with follicular lymphoma 
37 with diffuse large B-cell 

lymphoma 
20 with Richter’s transformation

14 included in dose escalation cohort (part A)

141 received study treatment

141 included in analysis

35 still receiving treatment

144 enrolled

180 patients screened

3 died before initiating treatment

106 discontinued treatment
55 due to progressive disease or relapse 
39 due to an adverse event 

3 due to doctor’s decision 
3 patients died 
5 patients withdrew consent 
1 other reason

36 excluded because they did not meet eligibility criteria

127 included in dose expansion cohort (part B)
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lymphoma included fludarabine-based treatments 
(27 [75%] of 36 patients), bendamustine plus rituximab-
based treatments (12 [33%]), and rituximab, cyclophos-
phamide, daunorubicin, vincristine, and prednisone 
(R-CHOP) or CHOP (four [11%]). The previous systemic 
treatments received by patients with follicular lymphoma 
included R-CHOP or CHOP (32 [80%] of 40 patients), 
benda mustine plus rituximab-based treatments (20 [50%]), 
rituximab, cyclophos phamide, vincristine, and prednisone 
(R-CVP) or CVP (nine [23%]), and fludarabine-based 
treatments (four [10%]). The previous systemic treatments 
received by patients with diffuse large B-cell lymphoma 
included R-CHOP or CHOP (42 [93%] of 45 patients), 
rituximab, ifosfamide, carboplatin, etoposide (R-ICE) or 
ICE (17 [38%]), rituximab, dexamethasone, cisplatin, and 
cytarabine (R-DHAP) or DHAP (ten [22%]), rituximab, 
etoposide, methylprednisonolone, cytarabine, and cisplatin 
(R-EHSAP) or EHSAP (seven [16%]), and bendamustine 
plus rituximab-based treatments (five [11%]). Among 
patients with Richter’s transformation, seven (35%) had 
received cancer-related surgery and two (10%) had received 
radiotherapy. The previous systemic treatments received 
by patients with Richter’s transformation included 

R-CHOP or CHOP (15 [75%] of 20 patients), fludarabine-
based treatments (seven [35%]), and bendamustine plus 
rituximab-based treatments (five [25%]).

At the time of clinical cutoff (Oct 10, 2017), median 
treatment duration with ibrutinib was 14·4 months 
(IQR 4·5–21·7) for the chronic lymphocytic leukaemia 
or small lymphocytic lymphoma cohort, 5·0 months 
(2·3–14·8) for the follicular lymphoma cohort, 
3·2 months (1·4–13·0) for the diffuse large B-cell 
lymphoma cohort, and 3·6 months (1·3–8·0) for the 
Richter’s transformation cohort. At clinical cutoff, 
106 (75%) of 141 patients had discontinued treatment, 
23 (64%) of 36 patients with chronic lymphocytic 
leukaemia or small lymphocytic lymphoma, 33 (83%) 
of 40 patients with follicular lymphoma, 36 (80%) of 
45 patients with diffuse large B-cell lymphoma, and 
14 (70%) of 20 patients with Richter’s transformation. 
Reasons for treatment discontinuation in all patients 
were progressive disease or relapse (55 [39%] of 141), 
adverse events (39 [28%]; 28 [20%] were drug-related), 
doctor’s decision (three [2%]), death (three [2%]), 
withdrawal of consent (five [4%]), and other (one [1%]; 
figure 1). Treatment discontinuation due to adverse 
events occurred in 11 (31%) of 36 patients with chronic 
lymphocytic leukaemia or small lymphocytic lymphoma, 
11 (28%) of 40 patients with follicular lymphoma, eight 
(18%) of 45 patients with diffuse large B-cell lymphoma, 
and nine (45%) of 20 patients with Richter’s 
transformation. Of the three deaths, one patient with 
small lymphocytic lymphoma died of an unknown cause, 
and the causes of death for two patients with diffuse 
large B-cell lymphoma were respiratory arrest and gastric 
bleeding attributable to disease. At clinical cutoff, 
35 (25%) of 141 patients remained on treatment.

In part A of the study, two doses of ibrutinib in 
combination with nivolumab were assessed, 420 mg and 
560 mg. At the 420 mg ibrutinib dose with nivolumab, 
one dose-limiting toxicity was reported (grade 3 
hyperbilirubinaemia) in the diffuse large B-cell 
lymphoma cohort, which resolved after 5 days. No dose-
limiting toxicities were noted at the higher dose. 
Eight (6%) of 141 patients required dose reductions of 
ibrutinib: two patients in the chronic lymphocytic 
leukaemia or small lymphocytic lymphoma cohort had 
their doses reduced from 480 mg to 280 mg, five patients 
in the diffuse large B-cell lymphoma cohort had their 
doses reduced from 560 mg to 420 mg, and one patient 
in the Richter’s transformation cohort had a dose 
reduction from 560 mg to 420 mg. The recommended 
phase 2 doses for part B were 420 mg ibrutinib plus 
3 mg/kg nivolumab for patients with chronic lymphocytic 
leukaemia or small lymphocytic lymphoma and 560 mg 
ibrutinib plus 3 mg/kg nivolumab for patients with 
follicular lymphoma, diffuse large B-cell lymphoma, and 
Richter’s transformation.

In both parts of the study, the most common all-grade 
adverse events were diarrhoea (47 [33%] of 141 patients), 

Total 
(n=141)

Chronic 
lymphocytic 
leukaemia and 
small 
lymphocytic 
lymphoma 
(n=36)

Follicular 
lymphoma 
(n=40)

Diffuse large 
B-cell 
lymphoma 
(n=45)

Richter’s 
transformation 
(n=20)

Age (years) 65·0 
(54·0–71·0)

65·0 
(57·0–71·0)

62·0 
(52·5–70·0)

64·0 
(46·0–74·0)

67·5 
(56·0–70·5)

Sex

Male 87 (62%) 27 (75%) 23 (58%) 29 (64%) 8 (40%)

Female 54 (38%) 9 (25%) 17 (43%) 16 (36%) 12 (60%)

Ethnic origin

White 134 (95%) 36 (100%) 37 (93%) 41 (91%) 20 (100%)

Asian 5 (4%) 0 2 (5%) 3 (7%) 0

Other 1 (1%) 0 1 (3%) 0 0

Unknown or 
not reported

1 (1%) 0 0 1 (2%) 0

ECOG performance status

0 70 (50%) 17 (47%) 30 (75%) 19 (42%) 4 (20%)

1 60 (43%) 18 (50%) 8 (20%) 21 (47%) 13 (65%)

2 11 (8%) 1 (3%) 2 (5%) 5 (11%) 3 (15%)

Previous lines 
of treatment

3·0 (2·0–3·0) 2·0 (1·0–2·5) 3·0 (2·5–4·0) 3·0 (2·0–3·0) 2·0 (1·0–3·0)

Previous 
alkylating 
agents

141 (100%) 36 (100%) 40 (100%) 45 (100%) 20 (100%)

Previous 
purine 
analogues

82 (58%) 28 (78%) 11 (28%) 32 (71%) 11 (55%)

Bulky disease 
(≥5 cm)

68 (48%) 26 (72%) 15 (38%) 17 (38%) 10 (50%)

Data are median (IQR) or n (%). ECOG=Eastern Cooperative Oncology Group.

Table 1: Baseline demographic and disease characteristics
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neutropenia (44 [31%]), and fatigue (37 [26%]). Adverse 
events by grade are presented in table 2 and the appendix 
(pp 3–6).

Grade 3–5 adverse events were reported in 115 (82%) of 
141 patients, irrespective of the relation to study drug 
(table 3). 82 (58%) patients had grade 3–4 adverse events 
considered to be related to study treatment by the 
investigators; no grade 5 adverse events were reported as 
drug-related. The most common haematological 
grade 3–4 adverse events were neutropenia (40 [28%] of 
141 patients) and anaemia (32 [23%]); no grade 5 haemato-
logical adverse events were recorded. The incidence of 
grade 3–4 neutropenia ranged from eight (18%) of 
45 patients with diffuse large B-cell lymphoma to 19 (53%) 
of 36 patients with chronic lymphocytic leukaemia or 
small lymphocytic lymphoma; incidence of grade 3–4 
anaemia ranged from five (13%) of 40 patients with 
follicular lymphoma to seven (35%) of 20 patients 
with Richter’s transformation. The most common 

non-haematological grade 3–5 adverse events were rash 
(14 [10%] of 141 patients) and pneumonia (12 [9%]). 
All grade 5 adverse events are described in the appendix 
(pp 3–6).

77 patients had serious adverse events. Serious adverse 
events reported in at least two patients were anaemia 
(six [4%] of 141 patients), pneumonia (five [4%]), 
febrile neutropenia (three [2%]), bacterial pneumonia 
(three [2%]), and atrial fibrillation, cardiac failure, 
dyspnoea, gastroenteritis, haematuria, neutropenia, 
and Pneumocystis jirovecii pneumonia (two [1%] each). 
30 (21%) of 141 patients had drug-related serious adverse 
events; the most common were febrile neutropenia 
(three [2%]) and anaemia (three [2%]), followed by bacterial 
pneumonia (two [1%]), neutropenia (two [1%]), cardiac 
failure (two [1%]), and pneumonitis (two [1%]). 25 drug-
related serious adverse events were single events 
(encephalitis, otitis media, otitis media chronic, viral upper 
respiratory tract infection, cellulitis, P jirovecii pneumonia, 
pneumonia, respiratory syncytial virus infection, sepsis, 
lymph adeno pathy, gastritis, colitis, diarrhoea, enterocolitis, 
gastro intes tinal inflammation, stomatitis, hyper sensi tivity, 
increased amino    trans ferases, increased alanine amino-
trans ferase, asthenia, mucosal inflammation, pyrexia, 
chronic obstructive pulmonary disease, organising 
pneumonia, and maculopapular rash).

Major haemorrhage was reported in five (4%) of 
141 patients, including four (3%) grade 3 events, which 
were deemed unrelated to study treatment. Four of the 

Grade 1–2 Grade 3 Grade 4 Grade 5

Diarrhoea 44 (31%) 3 (2%) 0 0

Neutropenia 4 (3%) 19 (13%) 21 (15%) 0

Fatigue 34 (24%) 3 (2%) 0 0

Anaemia 3 (2%) 31 (22%) 1 (1%) 0

Upper respiratory 
tract infection

34 (24%) 1 (1%) 0 0

Pyrexia 32 (23%) 2 (1%) 0 0

Cough 29 (21%) 0 0 0

Hypokalaemia 19 (13%) 7 (5%) 1 (1%) 0

Rash 19 (13%) 8 (6%) 0 0

Thrombocytopenia 13 (9%) 7 (5%) 4 (3%) 0

Nausea 23 (16%) 0 0 0

Arthralgia 19 (13%) 2 (1%) 0 0

Increased lipase 10 (7%) 6 (4%) 3 (2%) 0

Back pain 18 (13%) 0 0 0

Peripheral oedema 16 (11%) 2 (1%) 0 0

Increased alanine 
aminotransferase

10 (7%) 4 (3%) 2 (1%) 0

Muscle spasms 16 (11%) 0 0 0

Headache 15 (11%) 0 0 0

Pain in extremities 10 (7%) 3 (2%) 0 0

Dyspnoea 7 (5%) 2 (1%) 0 2 (1%)

Increased amylase 4 (3%) 6 (4%) 0 0

Pneumonia 5 (4%) 4 (3%) 0 1 (1%)

Hypertension 5 (4%) 4 (3%) 0 0

Hyponatraemia 1 (1%) 7 (5%) 0 0

Hypotension 4 (3%) 4 (3%) 0 0

Bacterial 
pneumonia

1 (1%) 5 (4%) 0 0

Maculopapular rash 3 (2%) 3 (2%) 0 0

Acute kidney injury 2 (1%) 3 (2%) 0 0

Febrile neutropenia 0 5 (4%) 0 0

Data are n (%). Adverse events occurring in 10% or more of patients for grades 1–2 
and 2% or more of patients for grades 3–5 are reported.

Table 2: Adverse events by grade

Total 
(n=141)

Chronic 
lymphocytic 
leukaemia and 
small lymphocytic 
lymphoma (n=36)

Follicular 
lymphoma 
(n=40)

Diffuse large 
B-cell 
lymphoma 
(n=45)

Richter’s 
transformation 
(n=20)

Haematological adverse events

Neutropenia 40 (28%) 19 (53%) 8 (20%) 8 (18%) 5 (25%)

Anaemia 32 (23%) 9 (25%) 5 (13%) 11 (24%) 7 (35%)

Thrombocytopenia 11 (8%) 5 (14%) 1 (3%) 3 (7%) 2 (10%)

Febrile neutropenia 5 (4%) 4 (11%) 0 1 (2%) 0

Non-haematological adverse events

Rash* 14 (10%) 2 (6%) 4 (10%) 6 (13%) 2 (10%)

Pneumonia† 12 (9%) 5 (14%) 4 (10%) 1 (2%) 2 (10%)

Increased lipase 9 (6%) 5 (14%) 1 (3%) 3 (7%) 0

Hypokalaemia 8 (6%) 3 (8%) 1 (3%) 4 (9%) 0

Hyponatraemia 7 (5%) 0 2 (5%) 5 (11%) 0

Increased amylase 6 (4%) 3 (8%) 0 2 (4%) 1 (5%)

Increased alanine 
aminotransferase

6 (4%) 1 (3%) 2 (5%) 3 (7%) 0

Dyspnoea 4 (3%) 0 0 2 (4%) 2 (10%)

Hypertension 4 (3%) 2 (6%) 2 (5%) 0 0

Hypotension 4 (3%) 0 0 1 (2%) 3 (15%)

Data are n (%). Adverse events occurring in 2% or more of patients are reported. *Includes rash, erythaematous rash, 
generalised rash, macular rash, and maculopapular rash. †Includes pneumonia, bacterial pneumonia, Pneumocystis 
jirovecii pneumonia, and Klebsiella spp pneumonia.

Table 3: Grade 3–5 adverse events, by disease cohort
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five cases occurred in the diffuse large B-cell lymphoma 
cohort and were all grade 3–5. The fifth case occurred in 
the chronic lymphocytic leukaemia cohort. Atrial fibrill-
ation was reported in nine (6%) of 141 patients, with 
eight grade 1–2 events and one grade 3 event. Immune-
related adverse events are presented in the appendix (p 7) 

and were mostly grad e 1–2. Grade 3–4 immune-related 
adverse events included rash (11 [8%] of 141 patients), 
increased alanine aminotransferase (three [2%]), diarrhoea 
(two [1%]), and increased aspartate aminotransferase, 
increased γ-glut amyl  transferase, increased amino trans-
ferases, hyper  bilirubinaemia, enterocolitis, and colitis 
(one [1%] of each).

11 (8%) of 141 patients had grade 5 adverse events, 
none of which were reported as drug-related. Three 
patients died in the chronic lymphocytic leukaemia or 
small lympho cytic lymphoma cohort, one in the follicular 
lymphoma cohort, three in the diffuse large B-cell lymph-
oma cohort, and four in the Richter’s transformation 
cohort. 

Clinical responses were reported in all disease cohorts 
(table 4). An overall response was achieved by 22 (61%) of 
36 patients with chronic lymphocytic leukaemia or small 
lymphocytic lymphoma, with an overall response 
including partial response with lymphocytosis achieved 
by 27 (75%) patients. 13 (33%) of 40 patients with 
follicular lymphoma and 16 (36%) of 45 patients with 
diffuse B-cell lymphoma achieved an overall response. 
The best overall response was seen in the Richter’s 
transformation cohort (13 [65%] of 20 patients), with 
two complete responses and 11 partial responses.

Reductions in the sum of perpendicular diameters of 
target lesions from baseline were reported for most 
patients in each disease cohort (figure 2). Among 
28 patients with diffuse large B-cell lymphoma who had 
gene expression data for subtyping, 19 (68%) were 
germinal centre B-cell subtype, five (18%) were activated 
B-cell subtype, and four (14%) were considered 
intermediate. In 27 subtyped patients with diffuse large 
B-cell lymphoma who had reported responder or non-
responder status, an overall response was achieved by 
eight (30%) patients; six (33%) of 18 patients with the 
germinal centre B-cell subtype achieved an overall 
response. Too few patients had the activated B-cell 
subtype to permit robust analysis.

The median duration of stable disease or better 
(≥12 months) was 19·7 months (IQR 17·0–20·5) for the 
chronic lymphocytic leukaemia or small lymphocytic 
lymphoma cohort, 15·9 months (14·1–20·0) for the 
follicular lymphoma cohort, 18·4 months (15·6–19·4) for 
the diffuse large B-cell lymphoma cohort, and 13·0 months 
(12·1–13·8) for the Richter’s transformation cohort. 
The median duration of response was 19·2 months 
(IQR 9·4–19·4) for the chronic lymphocytic leukaemia or 
small lymphocytic lymphoma cohort, 10·2 months 
(6·7–14·2) for the follicular lymphoma cohort, not 
estimable (NE) for the diffuse large B-cell lymphoma 
cohort, and 6·9 months (1·4–NE) for the Richter’s 
transformation cohort.

At a median follow-up of 19·7 months (IQR 16·0–20·9), 
17 patients with chronic lymphocytic leukaemia or small 
lymphocytic lymphoma had disease progression or died; 
median progression-free survival for the cohort was not 
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Figure 2: Percentage change from baseline in the sum of perpendicular diameters of target lesions
Changes in the sum of perpendicular diameters are shown for patients with chronic lymphocytic leukaemia or 
small lymphocytic lymphoma (A; n=34 [two patients missing data]), follicular lymphoma (B; n=37 [three patients 
missing data]), diffuse large B-cell lymphoma (C; n=38 [seven patients missing data, two with GCB, one with 
intermediate subtype, and four with unknown subtype]; 25 patients had target lesion assessments), and Richter’s 
transformation (D; n=19 [one patient missing data]). Horizontal line at –50% represents the reduction in the sum 
of perpendicular diameters needed to achieve a partial response.19 ABC=activated B-cell subtype. GCB=germinal 
centre B-cell subtype.

Chronic 
lymphocytic 
leukaemia and 
small 
lymphocytic 
lymphoma 
(n=36)

Follicular 
lymphoma 
(n=40)

Diffuse large 
B-cell 
lymphoma 
(n=45)

Richter’s 
transformation 
(n=20)

Overall response* 22 (61%) 13 (33%) 16 (36%) 13 (65%)

Overall response including partial 
response with lymphocytosis

27 (75%) NA NA NA

Complete response 0 4 (10%) 7 (16%) 2 (10%)

Partial response 22 (61%) 9 (23%) 9 (20%) 11 (55%)

Partial response with lymphocytosis 5 (14%) NA NA NA

Stable disease 5 (14%) 13 (33%) 6 (13%) 1 (5%)

Progressive disease 1 (3%) 11 (28%) 19 (42%) 5 (25%)

Treatment-related lymphocytosis 1 (3%) 0 0 0

Missing data 2 (6%) 3 (8%) 4 (9%) 1 (5%)

Data are n (%). NA=not applicable. *Patients achieving a complete response plus those achieving a partial response. 
Response assessed using International Workshop on Chronic Lymphocytic Leukaemia criteria for chronic lymphocytic 
leukaemia20 and Lugano classification for small lymphocytic lymphoma, follicular lymphoma, diffuse large B-cell 
lymphoma, and Richter’s transformation.19

Table 4: Summary of responses achieved by patients
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estimable because of the small number of patients, 
which made it difficult to draw definitive conclusions 
(figure 3A). Median progression-free survival for the 
follicular lymphoma cohort was 9·1 months (95% CI 
3·1–14·0) at a median follow-up of 19·6 months 
(IQR 14·1–20·7); 28 patients had disease progression or 
died. In the diffuse large B-cell lymphoma cohort, 
median progression-free survival was 2·6 months 
(95% CI 1·9–7·6) at a median follow-up of 18·4 months 
(IQR 14·8–19·4); 30 patients had disease progression or 
died. In the Richter’s transformation cohort, median 
progression-free survival was 5·0 months (95% CI 
2·4–NE) at a median follow-up of 8·7 months 
(IQR 6·5–12·1); 11 patients had disease progression 
or died.

At the time of clinical cutoff (Oct 10, 2017), 51 deaths 
had been reported during the study, three of which led to 
treatment discontinuation. The causes of death were 
disease progression in 29 patients, adverse events in 
16 patients (none were related to study drug), unknown 
cause in one patient, and other causes in five patients 
(unknown cause and disease progression [n=1],  multi-
organ failure [n=1], pleural empyema [n=1], septic shock 
[n=1], and grade 4 exacerbation of chronic obstructive 
pulmonary disease, grade 4 sepsis infection, and grade 4 
congestive heart failure [n=1]). 12 patients with chronic 
lymphocytic leukaemia or small lymphocytic lymphoma 
died; median overall survival was not reached at a median 
follow-up of 21·5 months (IQR 19·6–22·6; figure 3B). 
Ten patients with follicular lymphoma died; median 
overall survival was also not reached at a median 
follow-up of 19·2 months (IQR 18·6–21·0). 21 patients 
with diffuse large B-cell lymphoma died; median overall 
survival was 13·5 months (95% CI 6·5–NE) at a median 
follow-up of 19·6 months (IQR 14·3–20·9). Eight patients 
with Richter’s transformation died; median overall 
survival was 10·3 months (95% CI 4·8–NE) at a median 
follow-up of 8·9 months (IQR 6·5–11·9).

Pharmacokinetic data for ibrutinib are reported in the 
appendix (p 8); data for nivolumab are not shown. The 
frequency of nivolumab antibody formation was low 
(data not shown).

PD-L1 expression was assessed by immunohisto- 
chemistry in 84 patients’ samples. 18 (100%) of 
18 samples from the chronic lymphocytic leukaemia or 
small lymphocytic lymphoma cohort and 22 (88%) of 
25 samples from the follicular lymphoma cohort had 
low to no measurable PD-L1 expression. Measurable 
PD-L1 expression was seen in 13 (50%) of 26 samples 
from the diffuse large B-cell lymphoma cohort, eight of 
which had elevated (≥5%) PD-L1 expression. In post-hoc 
analyses, five (63%) of eight patients with elevated (≥5%) 
PD-L1 expression achieved an overall response compared 
with three (19%) of 16 without elevated expression of 
PD-L1, although this finding was not significant 
(p=0·065). A significant (p=0·028) association with 
complete response was noted in patients with elevated 

expression of PD-L1: reportable PD-L1 values were seen 
in three of five patients who achieved a complete 
response, and all three had elevated expression of PD-L1. 
In the Richter’s transformation cohort (n=15), three of 
five patients with measurable PD-L1 expression had 
elevated expression (≥5%) of PD-L1, and all three had a 
partial response with durable overall survival (data not 
shown).

Discussion
The combination of ibrutinib with nivolumab showed a 
manageable safety profile in patients with relapsed or 
refractory chronic lymphocytic leukaemia or small 
lymphocytic lymphoma, follicular lymphoma, diffuse 
large B-cell lymphoma, and Richter’s transformation. 
The safety of the combination regimen was generally 
similar to previously reported safety profiles of the single 
agents alone.2,4–7,9 Clinical response with the combination 

Figure 3: Progression-free survival and overall survival
Kaplan-Meier curves are shown for progression-free survival (A) and overall survival (B), by disease cohort. 
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regimen was observed in all disease cohorts, with a 
notable overall response in 13 (65%) of 20 patients in the 
Richter’s transformation cohort.

Pharmacokinetic data for ibrutinib were consistent with 
those reported in previous clinical studies in various B-cell 
malignant diseases,27–29 indicating that the combination of 
ibrutinib with nivolumab did not affect ibrutinib 
pharmacokinetics. Nivolumab pharmacokinetic data were 
also consistent with those in previous reports.30–33 The low 
frequency of nivolumab antibody formation was in line 
with observations in monotherapy studies.15,34

The proportion of grade 3–5 adverse events in our 
study (82%) was higher than equivalent data reported in 
studies of single-agent ibrutinib in similar patient 
populations of advanced and heavily pretreated haemato-
logical malig nant diseases. In the phase 3 RESONATE 
study,4 57% of patients with pretreated chronic 
lymphocytic leukaemia had grade 3–5 adverse events. 
In two phase 2 studies in patients with follicular 
lymphoma, 42·5%2 had grade 3–4 adverse events and 
61·8%10 had grade 3–5 adverse events. In a phase 1b 
study of nivolumab in patients with relapsed or refractory 
haematological malignancies,35 22% of patients had 
grade 3–5 adverse events.

The proportions of patients with grade 3–4 neutropenia 
(28%) and anaemia (23%) were slightly higher in our 
study than in studies of single-agent ibrutinib or 
nivolumab in similar patient populations. In patients 
with B-cell malignancies, 23% of patients reported 
grade 3–4 neutropenia and 3% of patients reported 
grade 3–4 anaemia.11 In a phase 1b study of single-agent 
nivolumab in patients with relapsed or refractory 
haematological malignancies,35 only 1% of patients had 
grade 3 or worse neutropenia and 4% had grade 3 or 
worse anaemia. The increased proportion of patients with 
grade 3–4 anaemia in the current study might be 
attributable to the requirement for blood transfusion and 
not to low haemoglobin levels. NCI CTCAE grade 3 
criteria were applied; therefore, for every transfusion that 
was reported, corresponding grade 3 anaemia was also 
reported. The frequency of potentially severe adverse 
events (grade ≥3) reported for single-agent ibrutinib in 
patients with haematological malignancies (eg, haem or-
rhage and infections)11 was similar to that reported with 
the combination regimen. Also, the proportion of 
immune-related adverse events with the combination 
regimen was similar to that noted in patients treated with 
single-agent nivolumab.35

The proportion of treatment discontinuations 
attributable to adverse events in the chronic lymphocytic 
leukaemia or small lymphocytic lymphoma cohort (31%), 
and in the follicular lymphoma cohort (28%), was higher 
with the combination regimen than with single-agent 
treatments. In studies undertaken in similar patient 
populations, discontinuation of single-agent ibrutinib 
because of adverse events occurred in only 4% of patients 
with chronic lymphocytic leukaemia4 and 7·5% of 

patients with relapsed or refractory follicular lymphoma.2 
For single-agent nivolumab, 15% of patients with 
relapsed or refractory haematological malignancies 
discontinued treatment because of adverse events.35 
Based on these data, the addition of nivolumab to 
ibrutinib might have contributed to the higher proportion 
of treatment discontinuations because of adverse events.

The proportion of patients achieving an overall response 
with chronic lymphocytic leukaemia or small lymphocytic 
lymphoma, follicular lymphoma, and diffuse large 
B-cell lymphoma was similar to that for single-agent 
ibrutinib or nivolumab in previous studies.1,2,4,8,27,35 
However, the proportion achieving an overall response 
with Richter’s transformation (65%) exceeded 
expectations. It should be noted that the 20 patients with 
Richter’s transformation were not exposed to previous 
ibrutinib treatment for their underlying chronic 
lymphocytic leukaemia. Previously, ibrutinib showed 
activity in Richter’s transformation in exploratory single-
institution studies. In a study of four patients with 
Richter’s transformation, Tsang and colleagues36 described 
responses in three patients—one complete response and 
two partial responses. In two separate case studies, Giri 
and colleagues37 described two patients with Richter’s 
transformation, of whom one had a partial response 
whereas the second patient had progressive disease within 
3 months of ibrutinib treatment. Master and colleagues38 
reported a patient with chronic lymphocytic leukaemia 
who developed Richter’s trans formation and achieved a 
response with single-agent ibrutinib that lasted for up to 
16 months. Interim results of a phase 2 trial assessing the 
combination of ibrutinib and nivolumab in chronic 
lymphocytic leukaemia also showed promising responses 
in patients with Richter’s transformation (n=5; 60% 
achieved an overall response),39 consistent with the 
findings of our study. In a study with the PD-1 inhibitor 
pembrolizumab, Ding and colleagues40 reported a 
44% overall response in patients with heavily pretreated 
Richter’s transformation. The median overall survival for 
patients with Richter’s transformation was similar 
between the pembrolizumab study and our study 
(10·7 months vs 10·3 months).

All patients with chronic lymphocytic leukaemia or small 
lymphocytic lymphoma in our study were high-risk 
patients with either del17p or del11q, or both. The 
proportion of patients in this high-risk cohort who 
achieved an overall response is in line with data reported 
previously41 in a population of relapsed or refractory 
patients with del17p chronic lymphocytic leukaemia or 
small lymphocytic lymphoma treated with single-agent 
ibrutinib. O’Brien and colleagues41 reported that 64% of 
patients in their study had an overall response, according 
to independent review committee assessment, and 
83% had an overall response, according to investigator 
assessment. 33% of patients with relapsed or refractory 
follicular lymphoma achieved an overall response in our 
study, which falls in between the 20·9% and 37·5% reported 
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in two phase 2 studies in similar populations.2,10 In the 
diffuse large B-cell lymphoma cohort, an overall response 
was achieved by 36% of patients in our study, which is 
better than the 25% overall response previously reported 
for ibrutinib alone.8 Six (33%) of 18 patients with the 
germinal centre B-cell subtype achieved an overall 
response, which is better than the 5% overall response 
reported for ibrutinib alone in germinal centre 
B-cell subtype;8 this finding could be attributed to the 
combination with nivolumab.

In the diffuse large B-cell lymphoma cohort, elevated 
PD-L1 expression (≥5%) was significantly associated with 
complete response (p=0·028), although the number of 
patients was small. In the Richter’s transformation cohort, 
three patients had elevated PD-L1 expression and all three 
had a partial response with durable overall survival. The 
biomarker results in the Richter’s transformation cohort 
are consistent with those reported in a study with 
pembrolizumab, in which increased PD-L1 expression was 
associated with confirmed responses in patients with 
Richter’s transformation.40 Because the number of patients 
assessed was small, these results will need to be confirmed 
in a larger cohort of patients.

Our study has several limitations. It was an exploratory 
study, and because of the relatively small number of 
patients in each disease cohort, definitive conclusions 
cannot be reached. Genetic aberrations were not 
confirmed centrally, and only local laboratory data were 
available. Because the clinical cutoff was 6 months after 
the last patient received the first dose, many patients had 
relatively short follow-up. This factor is important for the 
chronic lymphocytic leukaemia or small lymphocytic 
lymphoma cohort, in which responses have been shown 
to improve with time.42 The Richter’s transformation 
cohort was opened later than the other cohorts in the 
study and was challenging to enrol. Therefore, enrolment 
was stopped after 20 patients were enrolled, a population 
large enough to describe preliminary activity.

In conclusion, oral ibrutinib (420 mg or 560 mg daily) in 
combination with nivolumab (3 mg/kg every 2 weeks) 
showed an acceptable safety profile in high-risk patients 
with previously treated, relapsed or refractory B-cell 
malignant disease. The clinical activity of the combination 
regimen was generally similar to the activity reported for 
single-agent ibrutinib in patients with chronic lymphocytic 
leukaemia or small lymphocytic lymphoma, follicular 
lymphoma, and diffuse large B-cell lymphoma; however, 
because of the added toxic effects, the risk:benefit ratio 
does not favour the combination regimen for these 
patients. The overall response with the ibrutinib and 
nivolumab combination regimen in patients with Richter’s 
transformation was promising and warrants confirmation 
in patients with Richter’s transformation who did not 
respond to previous ibrutinib single-agent therapy.
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