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Combination of ibrutinib with rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone (R-CHOP) for 
treatment-naive patients with CD20-positive B-cell 
non-Hodgkin lymphoma: a non-randomised, phase 1b study
Anas Younes, Catherine Thieblemont, Franck Morschhauser, Ian Flinn, Jonathan W Friedberg, Sandy Amorim, Benedicte Hivert, Jason Westin, 
Jessica Vermeulen, Nibedita Bandyopadhyay, Ronald de Vries, Sriram Balasubramanian, Peter Hellemans, Johan W Smit, Nele Fourneau, 
Yasuhiro Oki

Summary
Background Present fi rst-line therapy for diff use large B-cell lymphoma, a subtype of non-Hodgkin lymphoma, is 
rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). Ibrutinib, a novel oral Bruton’s 
tyrosine kinase inhibitor, has shown single-drug activity in relapsed or refractory B-cell malignancies. We investigated 
the safety and effi  cacy of ibrutinib in combination with R-CHOP for patients with previously untreated CD20-positive 
B-cell non-Hodgkin lymphoma.

Methods In this phase 1b, open-label, non-randomised study, patients were recruited across six centres in the USA 
and France. Eligibility was age 18 years or older and treatment-naive histopathologically confi rmed CD20-positive 
B-cell non-Hodgkin lymphoma. In the dose-escalation phase (part 1), patients with diff use large B-cell lymphoma, 
mantle-cell lymphoma, or follicular lymphoma were enrolled. The primary objective was to determine a recommended 
phase 2 dose of ibrutinib with a standard R-CHOP regimen, by assessing safety in all patients who received treatment. 
Patients received ibrutinib 280 mg, 420 mg, or 560 mg per day in combination with a standard R-CHOP regimen 
every 21 days. Safety of the recommended phase 2 dose was then assessed in a dose-expansion population, which 
consisted of patients with newly diagnosed diff use large B-cell lymphoma (part 2). Secondary objectives included 
assessments of the proportion of patients who had an overall response, pharmacokinetics, and pharmacodynamics. 
This trial is registered with ClinicalTrials.gov, number NCT01569750.

Findings From June 22, 2012, to March 25, 2013, 33 patients were enrolled (part 1: 17; part 2: 16) and 32 received 
ibrutinib plus R-CHOP treatment (one patient in the part 2 cohort withdrew). The maximum tolerated dose was not 
reached and the recommended phase 2 dose for ibrutinib was 560 mg per day. The most common grade 3 or greater 
adverse events included neutropenia (73% [24 of 33 patients]), thrombocytopenia (21% [seven patients]), and febrile 
neutropenia and anaemia (18% each [six patients]). The most frequently reported serious adverse events were febrile 
neutropenia (18% [six patients]) and hypotension (6% [two patients]). 30 (94%) of 32 patients who received one or 
more doses of combination treatment achieved an overall response. All 18 patients with diff use large B-cell lymphoma 
who received the recommended phase 2 dose had an overall response. For those subtyped and treated at the 
recommended phase 2 dose, fi ve (71%) of seven patients with the germinal centre B-cell-like subtype and two (100%) 
patients with the non-germinal centre B-cell-like subtype had a complete response. R-CHOP did not aff ect 
pharmacokinetics of ibrutinib, and ibrutinib did not alter the pharmacokinetics of vincristine. Pharmacodynamic 
data showed Bruton’s tyrosine kinase was fully occupied (>90% occupancy) at the recommended phase 2 dose.

Interpretation Ibrutinib is well tolerated when added to R-CHOP, and could improve responses in patients with B-cell 
non-Hodgkin lymphoma, but our fi ndings need confi rmation in a phase 3 trial.

Funding Janssen.

Introduction
Recent estimates show roughly 70 800 new cases of non-
Hodgkin lymphoma are expected to occur in the USA in 
2014, whereas throughout Europe the expected incidence 
should reach 96 788 new cases by 2015.1,2 Diff use large 
B-cell lymphoma, a subtype of non-Hodgkin lymphoma, 
accounts for 30–40% of all adult cases in high-income 
countries.3,4 Gene expression profi ling shows two major 
subtypes of diff use large B-cell lymphoma: activated 

B-cell-like and germinal centre B-cell-like, which arise by 
diff erent genetic mechanisms.5 The activated B cell-like  
(non-germinal centre B-cell-like) subtype generally has a 
poorer outcome.6

At present, rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone (R-CHOP) is frequently used 
as treatment for diff use large B-cell lymphoma because 
of proven effi  cacy.7–10 Both mantle-cell lymphoma and 
follicular lymphoma are also treated with R-CHOP.11–13 
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However, many patients are not cured by standard 
therapy and their prognosis is generally poor.14 As such, 
improved outcomes from present fi rst-line regimens 
are needed.

Ibrutinib, an oral Bruton’s tyrosine kinase inhibitor, 
forms a covalent bond at the cysteine 481 site on the 
Bruton’s tyrosine kinase enzyme. It has single-drug 
activity in relapsed and refractory B-cell malignancies 
with few toxic side-eff ects.15–18 In a phase 1 study, 
patients with relapsed or refractory B-cell malignancies 
had an overall response of 60%, with 16% of patients in 
complete remission when given ibrutinib.16 In phase 2 
studies of patients with relapsed B-cell malignancies, 
ibrutinib produced an overall response in 71% of 
patients with chronic lymphocytic leukemia and in 68% 
of patients with mantle-cell lymphoma,15,17 and showed 
an improvement in progression-free survival and 
overall survival in patients with relapsed or refractory 
chronic lymphocytic leukemia.19 In patients with 
relapsed diff use large B-cell lymphoma, ibrutinib 
showed preferential activity against tumours with the 
activated B-cell-like subtype with a response of 40%.20 
Because improvements are needed for outcomes in 
patients with diff use large B-cell lymphoma, especially 
those with activated B cell-like or non-germinal centre 
B-cell-like subtype, we did a phase 1b study to assess 
the safety and effi  cacy of ibrutinib in combination with 
R-CHOP in patients with untreated B-cell non-Hodgkin 
lymphoma.

Methods
Study design and participants
We did an open-label, non-randomised, dose-escalation, 
phase 1b study across six centres in the USA and France 
(appendix). The study consisted of two parts: dose 
escalation (part 1) and dose expansion (part 2). Patients 
received up to six cycles of R-CHOP with concurrent daily 
oral administration of ibrutinib. Cycles were repeated 
every 21 days.

Eligible patients were aged 18 years or older and had 
histopathologically confi rmed CD20-positive B-cell non-
Hodgkin lymphoma. In the dose-escalation phase 
(part 1), patients with diff use large B-cell lymphoma, 
mantle-cell lymphoma, or follicular lymphoma were 
enrolled. In the expansion cohort (part 2), only patients 
with newly diagnosed diff use large B-cell lymphoma 
were included. Other eligibility criteria included stage 
IAX (bulk defi ned as a single lymph node mass ≥10 cm 
in diameter) to stage IV disease; Eastern Cooperative 
Oncology Group (ECOG) performance status score 2 or 
less; one or more measurable disease sites based on the 
Revised Response Criteria for Malignant Lymphoma;21 
and adequate bone marrow, liver, and renal function.

Patients were excluded if they had any previous 
lymphoma treatment; history of stroke or intracranial 
haemorrhage within the 6 months before the fi rst dose of 
study drug; major surgery within 3 weeks before 
enrollment; known bleeding diatheses or platelet 
dysfunction disorders or need for therapeutic anti-

Figure 1: Trial profi le
*Completed six cycles of treatment (ie, six cycles of ibrutinib plus six cycles of R-CHOP).

17 patients enrolled 16 patients enrolled

1 patient withdrew 
because of an infusion 
reaction

7 patients (100%) given 
280 mg ibrutinib

4 patients (100%) given 
420 mg ibrutinib

6 patients (100%) given 
560 mg ibrutinib

15 patients (94%) given 
560 mg ibrutinib

1 patient discontinued 
due to non-compliance

6 patients (85%) completed 
first cycle of therapy

4 patients (100%) completed
 first cycle of therapy

6 patients (100%) completed
first cycle of therapy

15 patients (94%) completed
first cycle of therapy

1 patient discontinued
due to an adverse 
event

1 patient died by suicide 
at cycle 6 day 8

6 patients (85%) completed 
full treatment*

4 patients (100%) completed 
full treatment*

5 patients (83%) completed 
full treatment*

14 patients (88%) completed 
full treatment*

Part 1 Part 2

See Online for appendix
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coagulation; use of aspirin, low-molecular-weight 
heparin, or other anticoagulants; known CNS involve-
ment of lymphoma; uncontrolled heart disease; or any 
disorder that would compromise the patient or the study, 
in the opinion of the investigator.

An institutional review board approved the protocol at 
every study site. The study was conducted according to 
the principles of the Declaration of Helsinki and the 
International Conference of Harmonisation Guideline 
for Good Clinical Practice. Before any study-related 
activity, all patients provided written informed consent.

Procedures 
During the dose-escalation period, the standard 3 + 3 
design was applied. However, if four patients were 
eligible, the site investigator allowed them to start a 
new dose level, and patients were assigned to increasing 
doses of ibrutinib (Pharmacyclics Inc, Sunnyvale, CA, 
USA; 280, 420, and 560 mg) taken at roughly the same 
time every day in combination with R-CHOP 
(intravenous rituximab 375 mg/m², intravenous 
cyclophosphamide 750 mg/m², intravenous doxorubicin 
50 mg/m², intravenous vincristine 1·4 mg/m² 
[maximum total of 2 mg] on day 1, and oral prednisone 
100 mg on days 1–5 of every 21 day cycle). During the 
fi rst cycle, the ibrutinib dosing started on day 3 to allow 
pharmacokinetic assessments for vincristine.

A study evaluation team, consisting of the principal 
investigators, and the sponsor’s medical monitors and 
clinical pharmacologist or their designees, reviewed all 
data after cycle 1 to determine dose-limiting toxicities; 
they recommended if dose escalation was acceptable. 
Dose escalation continued until a maximum tolerated 
dose was achieved. A dose-limiting toxicity was defi ned 
as the occurrence of any of the following: any grade 3 or 
greater non-haematological toxicity at least possibly 
related to study drug, any grade 2 or greater 
haemorrhagic event requiring medical intervention or 
any intracranial haemorrhage, grade 4 thrombocytopenia 
or neutropenia for more than 7 days, or any complete, 
continuous dose interruption more than 7 days for 
ibrutinib-related toxicities of grade 2 or greater within 
cycle 1. If a dose-limiting toxicity defi nitely attributed to 
ibrutinib per the investigator’s assessment occurred, 
dosing with ibrutinib was withheld. Ibrutinib treatment 
resumed at a lower dose only after toxicity was resolved. 
Dose re-escalations for ibrutinib were not allowed for 
patients after recovery from toxicity. No intrapatient 
dose escalation was allowed. For dose adjustments with 
R-CHOP components, the investigator referred to the 
prescribing information for the respective chemo-
therapeutic drug.

Upon completion of part 1, the study evaluation team 
determined a recommended phase 2 dose for ibrutinib 
in combination with R-CHOP based on an observed 
maximum tolerated dose, defi ned as the highest dose at 
which 33% or less of patients had a dose-limiting toxicitiy. 

Pharmacokinetic assessments were completed to 
determine the systemic exposure of ibrutinib when 
combined with standard R-CHOP. The systemic 
exposure of vincristine was also assessed in the presence 
of ibrutinib as both drugs are CYP3A4 substrates and a 
potential drug–drug interaction might have resulted. 
The pharmacokinetics parameters were derived from 
the nominal plasma concentration–time curves. 
Pharmaco dynamic assessments were done in peripheral 
blood mononuclear cells collected before and 4 h after 
the fi rst dose of ibrutinib (on cycle 1, day 3) to measure 
the level of drug binding to Bruton’s tyrosine kinase 
using a labeled probe (Bruton’s tyrosine kinase 
occupancy). Cell-of-origin subtypes of diff use large 
B-cell lymphoma were determined by central immuno-
histochemistry (IHC) analysis according to the Hans 
algorithm.22

Outcomes
The primary outcome, safety, was assessed by physical 
examination, clinical laboratory tests, and ECOG 
performance status at screening, day 1 of every cycle, and 

Ibrutinib plus R-CHOP All* (n=33)

280 mg
(n=7)

420 mg
(n=4)

560 mg
(n=21)

Combined
(n=32)

Age (years) 68·0 (60–81) 58·0 (46–74) 54·0 (22–77) 60·5 (22–81) 61·0 (22–81)

Sex

Male 4 (57%) 3 (75%) 10 (48%) 17 (53%) 17 (52%)

Female 3 (43%) 1 (25%) 11 (52%) 15 (47%) 16 (48%)

Ethnic origin

White 5 (71%) 3 (75%) 16 (76%) 24 (75%) 25 (76%)

Black or 
African–American

2 (29%) 0 1 (5%) 3 (9%) 3 (9%)

Other 0 1 (25%) 1 (5%) 2 (6%) 2 (6%)

Not reported 0 0 3 (14%) 3 (9%) 3 (9%)

Height (cm) 170·00 
(155·0–186·0)

169·50 
(159·5–175·0)

165·00 
(151·0–190·5)

165·50 
(151·0–190·5)

165·00 
(151·0–190·5)

Weight (kg) 86·10 
(58·2–111·9)

87·90 
(73·9–135·5)

81·00 
(47·0–145·7)

81·30 
(47·0–145·7)

81·00 
(47·0–145·7)

Body surface area (m²) 2·00 
(1·6–2·4)

2·05 
(1·9–2·5)

1·90 
(1·4–2·7)

1·90 
(1·4–2·7)

1·90 
(1·4–2·7)

ECOG performance status

0 1 (14%) 1 (25%) 10 (48%) 12 (38%) 12 (36%)

1 5 (71%) 3 (75%) 9 (43%) 17 (53%) 17 (52%)

2 1 (14%) 0 2 (10%) 3 (9%) 4 (12%)

Type

Diff use large B-cell 
lymphoma

3 (43%) 2 (50%) 18 (86%) 23 (72%) 24 (73%)

Mantle-cell 
lymphoma

3 (43%) 0 2 (10%) 5 (16%) 5 (15%)

Follicular lymphoma 1 (14%) 2 (50%) 1 (5%) 4 (13%) 4 (12%)

Previous radiotherapy

No 7 (100%) 4 (100%) 21 (100%) 32 (100%) 33 (100%)

Data are n (%) or median (range). ECOG=Eastern Cooperative Oncology Group. *One patient received only rituximab.

Table 1: Baseline characteristics 
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at the end of treatment. Patients were monitored weekly 
for adverse events, which were graded for severity with 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events (version 4.03). Thereafter, 
long term safety assessments were done every 3 months.

Secondary assessments included response, pharmaco-
kinetics of ibrutinib with R-CHOP, potential drug–drug 
interactions between ibrutinib and vincristine, and 
pharmacodynamic markers of ibrutinib in peripheral 
blood mononuclear cells. Response assessments were 
done with computed tomography and whole body PET 
scans, after three and six cycles and every 3 months 
thereafter, according to the Revised Response Criteria for 
Malignant Lymphoma.21 Bone marrow aspiration, biopsy 
sampling, or both were done to confi rm a complete 
response in patients who initially had bone marrow 
involvement.

Statistical analysis
No hypothesis testing, or formal sample size calculations 
were made in this study because we used a 3 + 3 design. 
All patients who received any component of the study 

therapy were included, per protocol, in the treatment 
evaluation, safety, and effi  cacy analyses. Summary 
statistics were provided for continuous, categorical, and 
time-to-event data. All statistical analyses were done with 
SAS version 9.2.

This study is registered with ClinicalTrials.gov, number 
NCT01569750.

Role of the funding source
The authors and funders were responsible for designing 
the study protocol and statistical analysis. The 
investigators and their respective research teams 
collected the data, and the sponsor confi rmed the 
accuracy of the data and compiled them for summation 
and analysis. Statistical analyses were done by Janssen. 
All authors had full access to the data and analyses. 
Report drafts were prepared by authors with editorial 
support from a professional medical writer paid by 
Janssen. All authors attest to the accuracy and integrity of 
the data report. The corresponding author had full access 
to all of the data and had fi nal responsibility to submit for 
publication.

Results
From June 22, 2012, to March 25, 2013, 33 patients were 
enrolled (fi gure 1). 32 patients received one or more 
doses of ibrutinib plus R-CHOP; one patient assigned to 
the ibrutinib 560 mg expansion cohort received rituximab 
only and had a grade 3 rituximab infusion reaction. Of 
those who received therapy, the median age was 
60·5 years (range 22–81; table 1). Most (66%) patients 
had stage IV disease and no patients had received 
previous lymphoma or radiotherapy. The median follow-
up time for the population who received one or more 
doses of ibrutinib plus R-CHOP was 7·1 months (IQR 
5·26–10·38).

29 patients completed treatment (six cycles), and four 
(12%) patients prematurely discontinued (three patients 
because of an adverse event [one grade 3 rituximab 
infusion reaction, one patient with grade 2 gastritis, and 
one death] and one patient because of non-compliance 
with the study drug) and were withdrawn from the 
study. Of 24 patients with diff use large B-cell lymphoma, 
23 (96%) received one or more doses of ibrutinib plus 
R-CHOP, and 21 patients (88%) completed six cycles of 
study treatment. Most (61%) patients with diff use large 
B-cell lymphoma who received one or more doses of 
combination therapy had stage IV disease. 21 (91%) of 
23 patients had low-intermediate to high-intermediate 
risk of disease (ie, International Prognostic Index score23 
ranging from 0 to 3) and two patients (9%) had high-
risk disease (ie, score of 4 or 5). The median time in the 
study for the patients with diff use large B-cell lymphoma 
who received one or more doses of ibrutinib plus 
R-CHOP was 5·6 months  (range 0·7–13·3). Of the 
population with diff use large B-cell lymphoma who 
received one or more doses of ibrutinib plus R-CHOP, 

Ibrutinib plus R-CHOP (n=33*)

Grade 1–2  Grade 3  Grade 4  Grade 5

Nausea 22 (67%) 1 (3%) 0 0

Vomiting 19 (58%) 1 (3%) 0 0

Fatigue 15 (45%) 0 0 0

Constipation 14 (42%) 0 0 0

Thrombocytopenia 14 (42%) 7 (21%) 0 0

Diarrhoea 12 (36%) 1 (3%) 0 0

Headache 11 (33%) 0 0 0

Peripheral sensory neuropathy 10 (30%) 0 0 0

Alopecia 9 (27%) 0 0 0

Dyspnoea 9 (27%) 0 0 0

Anaemia 8 (24%) 6 (18%) 0 0

Hypomagnesaemia 7 (21%) 0 0 0

Insomnia 7 (21%) 0 0 0

Muscle spasms 7 (21%) 0 0 0

Peripheral neuropathy 7 (21%) 1 (3%) 0 0

Asthenia 6 (18%) 0 0 0

Gastro-oesophageal refl ux disease 6 (18%) 0 0 0

Paraesthesia 6 (18%) 0 0 0

Dysgeusia 5 (15%) 0 0 0

Hypersensitivity 5 (15%) 0 0 0

Hypokalemia 5 (15%) 0 0 0

Peripheral oedema 5 (15%) 0 0 0

Pruritus 5 (15%) 0 0 0

Upper respiratory tract infection 5 (15%) 0 0 0

Bone pain 4 (12%) 1 (3%) 0 0

Chills 4 (12%) 0 0 0

Cough 4 (12%) 0 0 0

Decreased appetite 4 (12%) 0 0 0

(Table 2 continues on next page)



Articles

www.thelancet.com/oncology   Vol 15   August 2014 1023

13 patients were available for cell-of-origin subtyping 
data: nine (69%) patients had germinal centre B-cell-like 
diff use large B-cell lymphoma and four (31%) patients 
had non-germinal centre B-cell-like diff use large B-cell 
lymphoma.22

Three dose-limiting toxicities were noted in the study; two 
were reported with ibrutinib 280 mg (one transient syncope 
event and one periorbital cellulitis requiring intravenous 
administration of antibiotics). Because intervention was 
required, National Cancer Institute Common Terminology 
Criteria for Adverse Events defi nes this as a grade 3 event, 
but the study evaluation team determined that enrolling 
one additional patient would allow for six patients evaluable 
for dose-limiting toxicities at this dose, and further dose 
escalation was allowed. The third dose-limiting toxicity was 
reported at ibrutinib 560 mg in one patient with a previous 
history of grade 2 gastro-oesophageal refl ux disease who 
had grade 2 gastritis that resulted in a dose interruption of 
more than 7 days during the fi rst treatment cycle, and 
qualifi ed as a dose-limiting toxicity per protocol defi nition. 
After the six patients at the highest dose in part 1 were 
assessed through cycle 1, the study evaluation team 
concluded that the maximum tolerated dose had not been 
reached and that the recommended phase 2 daily dose 
should be ibrutinib 560 mg.

All 33 treated patients were evaluable for adverse events 
(table 2) and of 32 patients that received one or more 
doses of ibrutinib and R-CHOP, 15 (47%) patients 
received full doses of R-CHOP. All patients had one or 
more adverse events, and 27 (82%) had a grade 3 event or 
worse. The most common grade 3 or greater adverse 
events included neutropenia (73% [24 of 33 patients]), 
thrombocytopenia (21% [seven patients]), and febrile 
neutropenia and anaemia (18% each [six patients]). The 
most frequently reported serious adverse events were 
febrile neutropenia (18% [six patients]) and hypotension 
(6% [two patients]). 13 (39%) of 33 patients had an 
adverse event leading to dose modifi cation of any of the 
study drugs; three (9%) patients had serious adverse 
events leading to dose reduction (grade 3 febrile 
neutropenia and pyrexia, grade 3 febrile neutropenia, 
and grade 3 diarrhoea, in one patient, each). 11 (34%) of 
32 patients had single-dose reductions of vincristine and 
one patient (3%) each had one or two dose reductions of 
cyclophosphamide, doxorubicin, or prednisone; no 
rituximab dose reductions were noted. Five (16%) 
patients had an ibrutinib dose reduction. Nine (27%) 
patients had an adverse event leading to treatment 
discontinuation of one or more study drug. One patient 
died during the study, but cause of death (suicide) was 
considered unrelated to treatment.

30 (94%) of 32 patients who received one or more doses 
of combination treatment achieved an overall response.  
Table 3 shows the best response to treatment for each 
treatment group. 23 (72%) of 32 patients who received one 
or more doses of ibrutinib plus R-CHOP had a complete 
response.

22 (95%) of 23 patients with diff use large B-cell 
lymphoma who received one or more doses of ibrutinib 
plus R-CHOP had an overall response. Of 13 patients 
who were subtyped for cell-of-origin of tumour, 11 were 
assessable. Seven tumours were confi rmed to be 
germinal centre B-cell-like subtype and four were non-
germinal centre B-cell-like; the overall response was 
100% regardless of subtype. Five patients with germinal 
centre B-cell-like subtype achieved a complete response 
and two had a partial response, leading to a complete 

Ibrutinib plus R-CHOP (n=33*)

Grade 1–2  Grade 3  Grade 4  Grade 5

(Continued from previous page)

Dizziness 4 (12%) 1 (3%) 0 0

Dry skin 4 (12%) 0 0 0

Oropharyngeal pain 4 (12%) 0 0 0

Pneumonia 4 (12%) 0 0 0

Rash 4 (12%) 0 0 0

Febrile neutropenia 0 6 (18%) 0 0

Hypotension 1 (3%) 2 (6%) 0 0

Syncope 0 2 (6%) 0 0

Acute coronary syndrome 0 1 (3%) 0 0

Back pain 2 (6%) 1 (3%) 0 0

Cellulitis 1 (3%) 1 (3%) 0 0

Escherichia coli urinary tract infection 1 (3%) 1 (3%) 0 0

Herpes zoster 0 1 (3%) 0 0

Hyperglycaemia 1 (3%) 1 (3%) 0 0

Hypertensive crisis 0 1 (3%) 0 0

Hypophosphataemia 0 1 (3%) 0 0

Infusion-related reaction 1 (3%) 1 (3%) 0 0

Leukocytosis 0 1 (3%) 0 0

Neutropenia 1 (3%) 1 (3%) 23 (70%) 0

Parainfl uenzae virus infection 0 1 (3%) 0 0

Periorbital cellulitis 0 1 (3%) 0 0

Pyrexia 3 (9%) 1 (3%) 0 0

Testicular oedema 0 1 (3%) 0 0

Urinary tract infection 2 (6%) 1 (3%) 0 0

Completed suicide 0 0 0 1 (3%)

Data are n (%). *One patient received only rituximab.

Table 2: Adverse events that occurred in 10% or more of patients and all grade 3–5 events

280 mg
(n=7)

420 mg
(n=4)

560 mg
(n=21)

Combined
(n=32)

All (n=33)*

Overall response 6 (86%) 4 (100%) 20 (95%) 30 (94%) 30 (91%)

Complete response 5 (71%) 3 (75%) 15 (71%) 23 (72%) 23 (70%)

Partial response 1 (14%) 1 (25%) 5 (24%) 7 (22%) 7 (21%)

Stable disease 0 0 0 0 0

Progressive disease 0 0 0 0 0

Not evaluable 1 (14%) 0 1 (5%) 2 (6%) 3 (9%)

Data are n (%). *One patient received only rituximab. 

Table 3: Best response to treatment, assessed by Revised Response Criteria for Malignant Lymphoma21 
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response rate of 71% (fi ve of seven patients). All four 
patients with confi rmed non-germinal centre B-cell-like 
subtype achieved a complete response.

Of the 18 patients with diff use large B-cell lymphoma 
who received the recommended phase 2 dose, 
15 complete responses and three partial responses were 
achieved (one patient who was initially reported as 
having a partial response was confi rmed as having a 
complete response based on bone marrow aspirate data 
that were available after database lock). Of these, nine 
patients had confi rmed subtyping data, with a complete 
response of 71% (fi ve of seven patients) for the germinal 
centre B-cell-like subtype and 100% (two of two patients) 
for the non-germinal centre B-cell-like subtype.

Figure 2 shows the average concentration–time profi les 
of ibrutinib after a single dose or at steady state after intake 
of ibrutinib 280 mg, 420 mg, and 560 mg per day. Steady-
state conditions were considered achieved at cycle 2, day 1. 
In the fi rst period (cycle 1, day 3) of observation, the area 
under the curve in the fi rst 24 h (AUC0–24) was not evaluable 
for ibrutinib 280 mg and 420 mg, but was 502 ng·h/mL 
for a single dose of ibrutinib 560 mg. Ibrutinib Cmax and 

AUC increased across the dose range tested and were 
higher during cycle 2 compared with cycle 1 (table 4). After 
one cycle of ibrutinib administration, mean vincristine 
(CYP3A4 substrate) concentrations were similar to those 
observed after vincristine administration alone (appendix). 
The systemic exposure of ibrutinib seemed not to have 
been aff ected by the presence of the other components of 
R-CHOP. Pharmacodynamic measurements in peripheral 
blood mononuclear cells 4 h after receiving the fi rst dose of 
ibrutinib showed that Bruton’s tyrosine kinase was fully 
occupied (>90% occupancy) at the recommended ibrutinib 
dose of 560 mg (data not shown).

Discussion
Our study has shown that ibrutinib 560 mg is well tolerated 
when added to R-CHOP in treatment-naive patients with 
CD20-positive B-cell non-Hodgkin lymphoma. Three 
dose-limiting toxicities were reported during the study 
(escalation part only) but a maximum tolerated dose was 
not reached, establishing ibrutinib 560 mg once daily as 
the recommended phase 2 dose in combination with 
R-CHOP. In patients treated with the ibrutinib 560 mg 
plus R-CHOP, most (95%) patients (100% of patients with 
diff use large B-cell lymphoma) completed six cycles of 
R-CHOP and most adverse events were manageable with 
concomitant drugs or dose modifi cations.

The safety profi le of ibrutinib plus R-CHOP was 
assessed in all patients who received one or more doses of 
any of the study drugs. All patients had one or more 
adverse events and 82% of patients had a grade 3 or more 
adverse event. Primarily, these adverse events aff ected the 
haematological system. Neutropenia was managed with 
colony-stimulating factors, and no clinically relevant 
diff erences in the incidence of neutropenia and febrile 
neutropenia were noted, although the number of patients 
in each dose cohort was small. In a study of more than 
1000 patients with diff use large B-cell lymphoma, 
standard R-CHOP 21-day therapy resulted in 71% of 
patients having an serious adverse event, with neutropenia 
(60%), febrile neutropenia (11%), and infection (23%) the 
most commonly (≥10% of patients) reported events.24 An 
observational study assessing the eff ect of febrile 
neutropenia on chemotherapy in patients with diff use 
large B-cell lymphoma showed that febrile neutropenia 
occurs in the fi rst cycle of R-CHOP in both 14-day (24/81 
[30%]) and 21-day cycles (63/133 [47%]).25 Because febrile 
neutropenia resulted in suboptimum chemotherapy 
delivery and increased incidence of admissions to 
hospital, international guidelines recommend use of 
granulocyte colony-stimulating factors for primary 
prophylaxis of febrile neutropenia,26,27 which were used in 
the present study. The combination regimen was 
generally well tolerated and in line with known toxicities 
associated with R-CHOP treatment (panel). Notably, the 
addition of ibrutinib to R-CHOP did not lead to any new 
toxicities, including no increased incidence of substantial 
bleeding adverse events.

tmax (h) Cmax (ng/mL) AUC24 (ng·h/mL) AUClast (ng·h/mL)

280 mg

Cycle 1 day 3 (n=6) 3·0 (0·5–8·0) 44·4 (16·4) NA 150 (48·1)

Cycle 2 day 1 (n=5) 4·0 (1·0–6·3) 80·3 (28·9) 619 (278) 619 (278)

420 mg

Cycle 1 day 3 (n=4) 2·0 (1·0–2·0) 92·0 (86·8) NA 322 (280)

Cycle 2 day 1 (n=7) 2·0 (1·0–3·0) 190 (135) 762 (465)* 785 (429)

560 mg

Cycle 1 day 3 (n=19) 2·0 (1·0–24·0) 147 (125) 502 (332) 554 (406)

Cycle 2 day 1 (n=18) 2·0 (0·0–3·0) 187 (198) 1014 (785)† 882 (741)

Data are mean (SD) or median (range). tmax=time to reach Cmax. Cmax=maximum plasma concentration. AUC24=area under 
the plasma concentration–time curve from time 0 h to 24 h. AUClast=area under the plasma concentration-time curve 
from time 0 h to the time of last quantifi able concentration. NA=not assessable, no 24 h samples. *n=6. †n=14.

Table 4: Ibrutinib pharmacokinetic parameters by dose

Figure 2: Mean plasma concentration-time profi les of ibrutinib
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Treatment with ibrutinib plus R-CHOP showed 
clinical activity across all dose cohorts, including in 
patients with treatment-naive diff use large B-cell 
lymphoma, follicular lymphoma, and mantle-cell 
lymphoma, with most patients achieving complete or 
partial response. 94% of patients in the combined 
population had an overall response. Excluding patients 
who did not undergo response evaluation because of 
premature termination of the study treatment because 
of toxicity, an overall response was noted in all patients, 
with more than three-quarters of patients having a 
complete response. For patients with treatment-naive 
diff use large B-cell lymphoma who received the 
recommended phase 2 dose of ibrutinib 560 mg plus 
R-CHOP, the overall response was 100%. Although 
single-drug ibrutinib showed a preferential activity 
against the non-germinal centre B-cell-like subtype,20 
we did not note any diff erence in the overall response 
rate in the 13 patients whose tumours were subtyped.

The pharmacokinetic evaluation of ibrutinib in 
combination with R-CHOP showed consistent exposure 
of ibrutinib when compared with pharmacokinetics data 
from previous trials.15 The Cmax and AUC increased with 
increasing doses after both a single dose and at steady 
state. Our exposure analysis also showed that neither 
ibrutinib nor vincristine aff ects the pharmacokinetic 
behaviour of the other drug.

The pharmacodynamic potency of ibrutinib was 
assessed in the presence of R-CHOP. The results of this 
study at the clinically recommended dose were similar to 
previous single-drug data for ibrutinib in which full 
receptor occupancy occurred in 4 h.15,16 This fi nding is 
promising, because preclinical models show the 
importance of probe binding and its tight correlation to 
blocking BCR signalling and in-vivo effi  cacy.28

In conclusion, the maximum tolerated dose was not 
reached in the phase 1 dose-escalation part of this study; 
the recommended phase 2 dose of ibrutinib was 
established at 560 mg once daily in combination with 
R-CHOP in treatment-naive patients with non-Hodgkin 
lymphoma. The combination of ibrutinib plus R-CHOP 
had an acceptable safety profi le, because no new clinically 
meaningful toxicities were noted with the addition of 
ibrutinib to this standard regimen. The recommended 
phase 2 daily dose regimen showed an overall response 
of 100% in the 18 patients with diff use large B-cell 
lymphoma. Although the data for median duration of 
response, progression-free survival, and overall survival 
were not mature at the time of this report, further clinical 
development is warranted. One patient with follicular 
lymphoma developed progressive disease and one patient 
with diff use large B-cell lymphoma died before disease 
progression. Final survival data will become available 
1 year after the last patient’s completion of study 
treatment; effi  cacy data will be updated accordingly. 
Because ibrutinib has shown preferential single-agent 
activity in relapsed or refractory non-germinal centre 

B-cell-like diff use large B-cell lymphoma,20 a phase 3 
clinical trial (NCT01855750) to assess the clinical 
outcome of ibrutinib 560 mg per day in combination 
with R-CHOP in patients with newly diagnosed non-
germinal centre B-cell-like subtype diff use large B-cell 
lymphoma is ongoing.
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