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BACKGROUND: MMR proficient (pMMR) colorectal cancer (CRC) is usually unresponsive to immunotherapy. Recent data suggest
that ibrutinib may enhance the anti-tumour activity of anti-PD-1 immunotherapy. In this study, we evaluated the safety and efficacy
of ibrutinib plus pembrolizumab in refractory metastatic CRC.
METHODS: This was a phase 1/2 study in patients with refractory metastatic pMMR CRC. The primary endpoints for phases 1 and 2
were maximum tolerated dose (MTD) and disease control rate, respectively. The secondary endpoints were safety, progression-free
survival (PFS) and overall survival (OS).
RESULTS: A total of 40 patients were enrolled. No dose-limiting toxicity was observed, and MTD was not identified. The highest
tested dose of ibrutinib, 560 mg once daily, was combined with a fixed dose of pembrolizumab 200mg every 3 weeks for the phase
2 portion. The most common grade 3/4 treatment-related adverse events were anaemia (21%), fatigue (8%) and elevated alkaline
phosphatase (8%). Among 31 evaluable patients, 8 (26%) achieved stable disease, and no objective response was observed. The
median PFS and OS were 1.4 and 6.6 months, respectively.
CONCLUSION: Ibrutinib 560 mg daily plus pembrolizumab 200 mg every 3 weeks appears to be well tolerated with limited anti-
cancer activity in metastatic CRC.
CLINICALTRIALS.GOV IDENTIFIER: NCT03332498.

British Journal of Cancer (2021) 124:1803–1808; https://doi.org/10.1038/s41416-021-01368-z

BACKGROUND
Colorectal cancer (CRC) is one of the most common malignancies
worldwide, with nearly 50% of patients ultimately developing
metastatic disease.1 Despite the introduction of new cytotoxic and
targeted drugs in recent decades, median survival remains lower
than 3 years among patients with stage IV disease.2,3 Pembroli-
zumab, a human immunoglobulin G4 monoclonal antibody
blocking programmed cell death 1 protein (PD-1), has demon-
strated significant anti-cancer activity in patients with treatment-
naive and refractory microsatellite instability-high (MSI-H)/mis-
match repair deficiency (dMMR) metastatic CRC.4,5 However, fewer
than 5% of stage IV patients have MSI-H/dMMR disease, and
pembrolizumab is relatively inactive in microsatellite stable (MSS)/
MMR proficient (pMMR) metastatic CRC.4 Therefore, there is an
urgent need for the development of new therapeutic approaches
to improve clinical outcomes in patients with pMMR CRC.
Ibrutinib, a first-in-class inhibitor of Bruton’s tyrosine kinase (BTK)

inhibitor, is approved for the treatment of various B-cell
malignancies and chronic graft-versus-host-disease. BTK is a
cytoplasmic tyrosine kinase and has an essential role in B
lymphocyte development, differentiation and signalling.6 Interest-
ingly, BTK is expressed in up to 90% of colorectal cancers,7,8

overexpression of BTK in colorectal cancer is associated with
unfavourable clinical outcome,7 and inhibition of BTK using
ibrutinib induces significant cytotoxic effect in colon cancer cell
lines8 suggesting that BTK may be a potential therapeutic target in
CRC. In addition, preclinical studies reported that the combination
of ibrutinib and PD-1 blockade immunotherapy induced synergistic
anti-cancer activity in a mouse model of colorectal cancer by
enhancement of anti-tumour effector and memory T cell response
and inhibition of interleukin-2 inducible T cell kinase (ITK) which
potentiates T helper type 1 (Th1) based cancer immune
response.9,10 Based on the preclinical data supporting the rationale
of combining ibrutinib with pembrolizumab, we conducted a
phase 1/2 study to evaluate the safety and efficacy of ibrutinib and
pembrolizumab for patients with refractory metastatic pMMR CRC.

METHODS
This study was an open-label, single-arm phase 1/2 open-label trial
to assess the safety, tolerability, and efficacy of pembrolizumab
plus ibrutinib in patients with refractory metastatic pMMR CRC.
This study was done in accordance with Good Clinical Practice and
the principles of the Declaration of Helsinki. The protocol was
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approved by the Institutional Review Boards. All patients provided
written, informed consent.

Patients selection and study design
Pertinent eligibility criteria were as follows: histologically con-
firmed MSS or pMMR metastatic colorectal adenocarcinoma,
refractory or intolerant to fluoropyrimidine, oxaliplatin and
irinotecan, and if RAS wild type, cetuximab or panitumumab
containing therapies, age ≥18 years, Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 or 1 and adequate
organ function.
Patients were enrolled in 3+ 3 dose-escalation design with 3–6

patients at each cohort for the phase 1 portion. All patients were
administered oral ibrutinib once daily and a fixed dose of
pembrolizumab 200 mg intravenously every 3 weeks until disease
progression or unacceptable toxicity. The starting dose of
ibrutinib was 420 mg daily (Cohort 1), and the ibrutinib dose
was escalated up to 560mg (Cohort 2) based on the safety and
tolerability profile of the combination in Cohort 1. Dose-limiting
toxicities (DLTs) were considered during the first 42 days on the
study. DLTs included any grade ≥4 immune-related adverse
events (irAEs), any grade ≥3 non-infectious pneumonitis, any
grade ≥ 3 irAEs that did not downgrade to grade ≤2 within 3 days
or grade ≤1 within 14 days, any grade ≥2 pneumonitis or
interstitial lung disease that did not resolve to grade 1 within
3 days and any grade ≥3 non-hematologic toxicity that did not
resolve within 4 days.
Per protocol, no dose escalation of ibrutinib beyond 560mg

was permitted. The recommended phase 2 dose would be 560mg
if the maximal tolerated dose (MTD) is not identified on the phase
1 portion of the trial.

Study endpoint and assessment
The primary endpoint of the phase 1 portion was the MTD of
ibrutinib (established as no more than 560mg) in combination
with pembrolizumab. The primary endpoint of the phase 2 part
was disease control rate (DCR) at 4 months. Secondary endpoints
of phases 1 and 2 included safety profile, objective response rates,
overall survival (OS) and progression-free survival (PFS). Toxicities
were monitored according to common terminology criteria for
adverse events (CTCAE) criteria, version 4.0. Tumour assessment
was performed with computed tomography (CT) and/or magnetic
resonance imaging (MRI) at baseline and every 9 weeks until
disease progression or treatment discontinuation. The objective
response rate (ORR) was evaluated using RECIST 1.1 criteria.
Survival was monitored every 12 weeks after discontinuation of
the treatment.

Biomarkers
Neutrophil to lymphocyte ratio (NLR) was defined as the absolute
neutrophil count divided by the absolute lymphocyte count
obtained from complete blood count (CBC) with differential. The
change of NLR between baseline and on-treatment (week 3) was
obtained for the biomarker study. RAS mutation status of each
patient was also collected for evaluation of the potential
prognostic value.

Statistical methods
For the phase 2 portion, Simon two-stage design was used to
assess disease control rate based on radiologic assessment, with
null and alternative hypothesis disease control rates of 5 and 20%,
with α= 0.10 and 90% power. In the first stage, 18 patients were
accrued and if at least one patient had disease control, the plan
was to accrue an additional 14 patients, with a target of at least 4
patients with disease control among 32 patients enrolled and
treated. PFS and OS were estimated using the Kaplan–Meier
method. All statistical analyses were performed using IBM SPSS
Statistics 24.

RESULTS
Baseline characteristics
A total of 40 patients were enrolled between January 2018 and
July 2019 and received pembrolizumab plus ibrutinib 420mg
(N= 4) and ibrutinib 560 mg (N= 3) in phase 1 portion and
pembrolizumab plus ibrutinib 560mg (N= 31) in phase 2. Two
patients did not receive any treatment due to clinical deterioration
after enrolment. Baseline characteristics of 38 patients who
received at least 1 dose of pembrolizumab and ibrutinib are
summarised in Table 1. The median age of the patients was 59
years (range: 24–73), and 22 (58%) patients were male. The
median number of prior lines of systemic therapy was 3 (range:
1–7), and 22 (58%) patients had an ECOG performance status of 1.
A majority of patients (76%) had left-side colon or rectum as
primary sites and liver (71%) and/or lung (68%) as metastatic sites.
RAS mutations were identified in 19 (50%) patients.

Treatment
A total of 38 patients received at least 1 dose of pembrolizumab
and ibrutinib. In phase 1 (dose escalation) portion, 4 patients were
enrolled at dose level 1 (ibrutinib 420 mg) due to consent
withdrawal of 1 patient before completion of DLT evaluation
period, and 3 patients received ibrutinib 560mg (dose level 2). No
DLTs were observed with 420 or 560mg of ibrutinib in the phase 1
dose-escalation cohort. MTD of ibrutinib was not identified, and
560mg of ibrutinib, the higher protocol-defined dose, was used
for the phase 2 (dose expansion) portion. The median number of
treatment cycles was 2 (range: 1–17) in all cohorts, 5 (range: 1–17)
in the phase 1 portion and 2 (range: 1–9) in phase 2. Thirty-one
patients discontinued treatment due to disease progression
including clinical progression (N= 5). Two patients discontinued
treatment due to an adverse event (AE) including treatment-
related rash, treatment-unrelated acute renal insufficiency, and
five discontinued treatment due to consent withdrawal. While
dose interruption was required in four patients on ibrutinib 560
mg due to AEs, dose modification was not required in this study.

Safety
The most common drug-related AEs were fatigue (45%) followed
by anaemia (42%), diarrhoea (32%), elevated alkaline phosphatase
(29%) and rash (26%) (Table 2). Grades 3 and 4 drug-related AEs
occurred in 16 patients including 2 patients at a dose of 420mg
ibrutinib. The observed grade 3 or 4 AEs were anaemia (21%),
fatigue (8%), elevated alkaline phosphatase (8%), rash (5%) and
elevated bilirubin (5%) (Table 2). There were no drug-related
Grade 5 events. Grade 3 immune-mediated AE was observed in 4
patients including rash (N= 2), elevated amylase (N= 1) and
elevated aspartate aminotransferase (AST) (N= 1). Two of them
received systemic steroid for rash and elevated AST, and ibrutinib
and pembrolizumab were discontinued.

Efficacy
While 31 patients reached the first set of scans to evaluate disease
response, 7 patients were not evaluable for tumour response due
to clinical progression (N= 5) and consent withdrawal (N= 2). 8
patients (26%) achieved stable disease, and no objective response
was observed (Table 3). Disease control at 4 months was achieved
in 3 patients in phase 1 and 1 patient in phase 2 (Table 3). The
median PFS and OS were 1.4 months (95% CI: 1.4–1.5) and
6.6 months (95% CI: 4.3–12.2) with survival rates of 52% at
6 months, 35% at 12 months and 22% at 18 months (Fig. 1).

Biomarkers
Baseline neutrophil to lymphocyte ratio (NLR), the change of NLR
between baseline and on-treatment (week 3) and KRAS mutation
status of each patient were obtained to identify potential
prognostic values of these markers in this study. Patients were
separated in two categories of NLR < 5 vs ≥5 or change of NLR
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between baseline and week 3 of <0.9 vs ≥0.9, as previously
reported.11,12 No correlation was observed between clinical
outcome and baseline NLR (Supplementary Figs. 1 and 2), change
of NLR (Fig. 2) or KRAS mutations (Fig. 3).

DISCUSSION
Although PD-1 blockade immunotherapy demonstrated remark-
able anti-cancer activity in dMMR CRC, a majority of patients with
CRC have pMMR which does not lead to a favourable response to
anti-PD-1 immunotherapy. Extensive efforts have been made to
enhance the anti-tumour activity of PD-1 blockade immunother-
apy by conversion of immunosuppressive ‘cold tumour’ to
immunogenic ‘hot tumour’ in pMMR CRC. In this study, ibrutinib
was evaluated to boost anti-tumour immunity of pembrolizumab
in patients with pMMR CRC based on the preclinical data
demonstrating cytotoxic and immunomodulatory effects of
ibrutinib in CRC. Our study did not meet the primary endpoint.
The primary endpoint of phase 2 part was disease control rate at
4 months with a target of at least 4 patients with disease control
among 32 patients enrolled and treated. Only one of 31 patients
archived disease control over 4 months in the phase 2 portion.
Despite encouraging preclinical data, the anti-cancer activity of
ibrutinib combined with pembrolizumab was not clinically mean-
ingful. The disappointing clinical outcome may be explained
by the dose of ibrutinib. In this study, we evaluated 420mg and

560mg doses of ibrutinib based on the studies reporting that BTK
occupancy ≥95% is achieved with these doses in peripheral blood
mononuclear cells (PBMCs).13,14 However, a 560 mg dose of
ibrutinib may not sufficiently inhibit BTK in colorectal cancer or
ITK on immune cells in the tumour microenvironment. Another
possible explanation is inhibition of a Tec family protein tyrosine
kinase (TXK), which is expressed in T cells and acts as a Th1 cell-
specific transcription factor, regulating IFN-ɣ gene expression.15

Inhibition of TXK by ibrutinib has been reported as an off-target
effect,16 and ibrutinib may suppress anti-tumour immunity of
pembrolizumab by inhibition of TXK and Th1 response in this
study. Unfortunately, we could not confirm these possibilities with
correlative studies due to insufficient tumour samples.
In our study, we did not observe any DLT at the highest tested

dose of ibrutinib 560mg daily combined with pembrolizumab
200mg every 3 weeks. No clinically relevant safety findings were
observed. Overall, 16 (42%) patients experienced a grade 3/4 AEs.
There were no treatment-related deaths. The most common grade
3/4 AEs included anaemia, fatigue, increased alkaline phosphatase,
rash and increased blood bilirubin. The most common adverse
events of any grade included fatigue, anaemia, diarrhoea,
increased alkaline phosphatase, rash and increased bilirubin.
Fatigue, diarrhoea and nausea are all commonly reported with
ibrutinib17 and pembrolizumab,4 so their presence with the
combination therapy is not surprising. We did observe a
significant number of treatment-related hepatotoxicity (21–29%)

Table 1. Patients characteristics.

Phase I Phase II Total (N= 38)

Ibrutinib 420mg + Pembrolizumab
(N= 4)

Ibrutinib 560mg + Pembrolizumab
(N= 3)

Ibrutinib 560mg + Pembrolizumab
(N= 31)

Median age (range) 62 (50–67) 49 (47–58) 59 (24–73) 59 (24–73)

Gender

Male 4 (100%) 2 (66.7%) 16 (51.6%) 22 (57.9%)

Female 0 1 (33.3%) 15 (48.4%) 16 (42.1%)

Race

White 4 (100%) 3 (100%) 23 (74.2%) 30 (78.9%)

Hispanic 0 0 1 (3.2%) 1 (2.6%)

Blacks 0 0 5 (16.1%) 5 (13.2%)

Asian 0 0 1 (3.2%) 1 (2.6%)

Unknown 0 0 1 (3.2%) 1 (2.6%)

ECOG

0 2 (50%) 3 (100%) 11 (35.5%) 16 (42.1%)

1 2 (50%) 0 20 (64.5%) 22 (57.9%)

Site of primary tumour

Right 1 (25%) 0 8 (25.8%) 9 (23.7%)

Left 3 (75%) 3 (100%) 23 (74.2%) 29 (76.3%)

Previous chemotherapy

1 line 0 0 3 (9.7%) 3 (7.9%)

2 lines 1 (25%) 0 9 (29%) 10 (26.3%)

≥3 lines 3 (75%) 3 (100%) 19 (61.3%) 25 (65.8%)

Site of metastasis

Liver 3 (75%) 1 (33.3%) 23 (74.2%) 27 (71.1%)

Lung 4 (100%) 2 (66.7%) 20 (64.5%) 26 (68.4%)

Lymph node 2 (50%) 3 (100%) 19 (61.3%) 22 (57.9%)

Peritoneum 2 (50%) 1 (33.3%) 11 (35.5%) 14 (36.8%)

KRAS/NRAS

Wild type 1 (25%) 2 (66.7%) 16 (51.6%) 19 (50%)

Mutant 3 (75%) 1 (33.3%) 15 (48.4%) 19 (50%)
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including increased aspartate transferase, alanine transferase,
alkaline phosphatase and bilirubin. However, this observation is
more likely due to the majority of patients in our study having
liver metastases (71%) which may predispose them to develop
hepatic toxic effects. Recent data demonstrated the correlation
between hepatic metastasis and hepatoxicity from pembrolizu-
mab,18 which is consistent with our finding.
Baseline neutrophil to lymphocyte ratio (NLR) and change in

NLR during immunotherapy treatment have been reported as a

potential predictive biomarker of immune checkpoint inhibitors in
diverse cancers,11,19,20 and pre-treatment NLR and change of NLR
were evaluated as potential biomarkers in this study. We also
evaluated the potential prognostic value of KRAS mutations in this
study since it has been reported that BTK is a potent oncoprotein
acting downstream of the RAS pathway in colorectal cancer,8 and
inhibition of BTK induces significant anti-cancer activity in
preclinical models of KRAS mutated colorectal cancer.8 We did
not observe a statistical correlation between clinical outcome and

Table 3. Best overall response and disease control rate.

Best overall response of
evaluable patients

Phase I Phase II Total Evaluable
(N= 31)

Ibrutinib 420mg +
Pembrolizumab 200mg (N= 3)

Ibrutinib 560mg +
Pembrolizumab 200mg (N= 3)

Ibrutinib 560mg +
Pembrolizumab 200mg (N= 25)

CR (%) 0 0 0 0

PR (%) 0 0 0 0

SD (%) 2 (66.7%) 1 (33.3%) 5 (20%) 8 (25.8%)

PD (%) 1 (33.3%) 2 (66.7%) 20 (80%) 23 (74.2%)

DCR (CR+ PR+ SD) 2 (66.7%) 1 (33.3%) 5 (20%) 8 (25.8%)

Primary endpoint Ibrutinib 420mg +
Pembrolizumab 200mg (N= 4)

Ibrutinib 560mg +
Pembrolizumab 200mg (N= 3)

Ibrutinib 560mg +
Pembrolizumab 200mg (N= 31)

Total treated (N=
38)

DCR at 4 months of
treated patients

2 (50%) 1 (33.3%) 1 (3.2%) 4 (10.5%)

CR complete response, PR partial response, PD progressive disease, SD stable disease, DCR disease control rate, evaluable patients patients’ tumour response is
evaluable with scans, treated patients patients received at least 1 dose of study drugs.

Table 2. Treatment-related adverse events.

Phase I Phase II Total (N= 38)

Ibrutinib 420mg +
Pembrolizumab (N= 4)

Ibrutinib 560mg +
Pembrolizumab (N= 3)

Ibrutinib 560mg +
Pembrolizumab (N= 31)

All grades Grades ≥ 3 All grades Grades ≥ 3 All grades Grades ≥ 3 All grades Grades ≥ 3

Fatigue 1 (25%) 1 (25%) 2 (66.7%) 0 14 (45.2%) 2 (6.5%) 17 (44.7%) 3 (7.9%)

Anaemia 1 (25%) 1 (25%) 2 (66.7%) 1 (33.3%) 13 (41.9%) 6 (19.4%) 16 (42.1%) 8 (21.1%)

Diarrhoea 1 (25%) 0 0 0 11 (35.5%) 1 (3.2%) 12 (31.6%) 1 (2.6%)

Alkaline phosphatase increased 0 0 1 (33.3%) 1 (33.3%) 10 (32.3%) 2 (6.5%) 11 (28.9%) 3 (7.9%)

Rash 1 (25%) 0 0 0 9 (29%) 2 (6.5%) 10 (26.3%) 2 (5.3%)

Blood bilirubin increased 0 0 1 (33.3%) 0 8 (25.8%) 2 (6.5%) 9 (23.7%) 2 (5.3%)

Alanine aminotransferase increased 0 0 1 (33.3%) 0 7 (22.6%) 0 8 (21.1%) 0

Aspartate aminotransferase increased 0 0 0 0 8 (25.8%) 1 (3.2%) 8 (21.1%) 1 (2.6%)

Nausea 0 0 2 (66.7%) 0 6 (19.4%) 0 8 (21.1%) 0

Vomiting 0 0 0 0 7 (22.6%) 0 7 (18.4%) 0

Myalgia 0 0 0 0 6 (19.4%) 0 6 (15.8%) 0

Anorexia 0 0 1 (33.3%) 0 4 (12.9%) 0 5 (13.2%) 0

Headache 0 0 0 0 5 (16.1%) 0 5 (13.2%) 0

Arthralgia 0 0 0 0 4 (12.9%) 0 4 (10.5%) 0

Constipation 1 (25%) 0 0 0 3 (9.7%) 0 4 (10.5%) 0

Lymphocyte count decreased 1 (25%) 1 (25%) 1 (33.3%) 0 2 (6.5%) 0 4 (10.5%) 1 (2.6%)

Serum amylase increased 0 0 0 0 4 (12.9%) 1 (3.2%) 4 (10.5%) 1 (2.6%)

Lipase increased 0 0 0 0 3 (9.7%) 0 3 (7.9%) 0

Platelet count decreased 0 0 0 0 3 (9.7%) 0 3 (7.9%) 0

QTc prolongation 1 (25%) 0 0 0 1 (3.2%) 0 2 (5.3%) 0

Hypertension 0 0 0 0 2 (6.5%) 0 2 (5.3%) 0

Pruritus 0 0 0 0 2 (6.5%) 0 2 (5.3%) 0

Sinusitis 0 0 0 0 2 (6.5%) 0 2 (5.3%) 0
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NLR or KRAS mutations in this study (Figs. 2 and 3), although this
may be related to the small sample size and limited anti-cancer
activity.

Interestingly, 3 patients achieved stable disease >6 months with
median PFS and OS of 7.9 and 17.4 months. All 3 patients had
metastatic rectal adenocarcinoma mainly involving the lung. Two
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Fig. 2 Clinical outcome by neutrophil to lymphocyte ratio change. Kaplan–Meier survival curves of progression-free survival and overall
survival by change of neutrophil to lymphocyte ratio between baseline and week 3 of <0.9 vs ≥0.9. NLR neutrophil to lymphocyte ratio.
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Fig. 3 Clinical outcome by KRAS mutation status. Kaplan–Meier survival curves of progression-free survival and overall survival by KRAS
mutation status. CI confidence interval, HR hazard ratio, MT mutation, WT wild type.
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Fig. 1 Kaplan–Meier survival curves. Kaplan–Meier survival curves of progression-free survival and overall survival and Kaplan–Meier survival
curves. CI confidence interval, OS overall survival, PFS progression-free survival.
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of them were on regorafenib, and one received local radiation as
subsequent therapy with stable disease >4 months after the trial.
Unfortunately, we could not find any potential markers to explain
the response in these patients and selection bias can easily explain
these findings.
In conclusion, the combination of ibrutinib and pembrolizumab

has an acceptable safety, which was consistent with known
profiles for these agents in pMMR patients with advanced CRC.
However, limited anti-cancer activity does not warrant further
study of this combination.
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