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 ABSTRACT 

Purpose: In this single-institution phase II investigator- 
initiated study, we assessed the ability of MAPK and VEGF 
pathway blockade to overcome resistance to immunotherapy in 
microsatellite-stable metastatic colorectal cancer (MSS mCRC). 

Patients and Methods: Patients with MSS, BRAF wild-type 
mCRC who progressed on ≥2 prior lines of therapy received 
pembrolizumab, binimetinib, and bevacizumab until disease 
progression or unacceptable toxicity. After a safety run-in, pa-
tients were randomized to a 7-day run-in of binimetinib or 
simultaneous initiation of all study drugs, to explore whether 
MEK inhibition may increase tumor immunogenicity. The 
primary endpoint was objective response rate (ORR) in all pa-
tients combined (by Response Evaluation Criteria in Solid 
Tumors v1.1). 

Results: Fifty patients received study drug treatment; 54% were 
male with a median age of 55 years (range, 31–79). The primary 

endpoint, ORR, was 12.0% [95% confidence interval (CI) 4.5%– 
24.3%], which was not statistically different than the historical 
control data of 5% (P ¼ 0.038, exceeding prespecified threshold 
of 0.025). The disease control rate was 70.0% (95% CI, 55.4%– 
82.1%), the median progression-free survival 5.9 months (95% 
CI, 4.2–8.7 months), and the median overall survival 9.3 months 
(95% CI, 6.7–12.2 months). No difference in efficacy was ob-
served between the randomized cohorts. Grade 3 and 4 adverse 
events were observed in 56% and 8% of patients, respectively; the 
most common were rash (12%) and increased aspartate amino-
transferase (12%). 

Conclusions: Pembrolizumab, binimetinib, and bev-
acizumab failed to meet its primary endpoint of higher ORR 
compared with historical control data, demonstrated a high 
disease control rate, and demonstrated acceptable tolerability 
in refractory MSS mCRC. 

Introduction 
Colorectal cancer has remained one of the most common and 

fatal cancers despite widespread population-based screening. It is 
estimated that in the Unites States in 2023, colorectal cancer will 
again rank among the top four in both new cases, with 153,020, and 
in deaths, with 52,550 (1). 

Proficient mismatch-repair/microsatellite-stable (pMMR/MSS) 
metastatic colorectal cancer (mCRC) is treated with combinations of 
conventional chemotherapy, including fluoropyrimidine, oxalipla-
tin, and irinotecan, and biologic agents targeting VEGF receptor or, 
if appropriate based on tumor sidedness and molecular profile, 

EGFR (2–4). In the majority of patients without other actionable 
molecular findings including BRAF V600E mutation, HER-2 am-
plification, or mismatch-repair deficiency/microsatellite-instability 
high (dMMR/MSI-H), additional treatment options in the refrac-
tory setting are limited to regorafenib, fruquintinib, and trifluridine/ 
tipiracil with or without bevacizumab; these are minimally effective 
with survival benefit of just a few months (5–9). In MSS mCRC, 
there is an enormous unmet need for additional safe and effective 
treatment options. 

The emergence of immune checkpoint inhibitors has been one of 
the most promising advances in oncology in decades. Its efficacy in 
the fields of melanoma, renal cell carcinoma, non–small cell lung 
cancer, and other tumor types has been revolutionary. In colorectal 
cancer, immunotherapy has led to very impressive response rates in 
both metastatic (10) and neoadjuvant (11, 12) settings in patients 
with dMMR/MSI-H tumors, though unfortunately this population 
represents only approximately 5% of patients with mCRC (13). 
Ongoing research aims to identify effective immunotherapeutic 
approaches for pMMR/MSS tumors, which are immunologically 
cold with abundant inhibitory immune cells and insufficient cyto-
toxic T-cell activation and tumor infiltration. Combinations of 
targeted therapy, particularly multikinase and VEGF inhibitors, 
with immunotherapy have proven to be efficacious in many other 
tumor types and are the topic of much investigation in mCRC 
(14–18). 

The MAPK pathway is activated by stimulation of membrane 
tyrosine kinase receptors including VEGF receptor and EGFR and 
leads to cell proliferation, angiogenesis, and metastasis in colorectal 
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cancer (19, 20). Inhibition of MEK is already approved alone or in 
combination for BRAF-mutated melanoma and has been studied in 
mCRC (21, 22). Aside from disrupting a pivotal signaling pathway, 
inhibition of the MAPK pathway can have immunomodulatory 
properties on the tumor microenvironment (TME). In the TME of 
patients with melanoma, treatment with combined BRAF and MEK 
inhibition increases CD4+ and CD8+ lymphocytes and increases 
tumor PDL1 expression in some patients (23). In triple-negative 
breast cancer as well as other in vitro/in vivo studies in several 
tumor models, increased MAPK activation correlates with fewer 
tumor-infiltrating lymphocytes (24, 25). However, combined MEK 
and PD(L)1 inhibition seems insufficient to overcome the cold TME 
in pMMR/MSS mCRC; a phase III trial with cobimetinib and 
atezolizumab failed to meet its primary endpoint of improved 
overall survival (OS) compared with regorafenib, and objective 
response rate (ORR) was 0% in a small cohort of patients treated 
with binimetinib and pembrolizumab in a separate trial (26, 27). 

Angiogenesis inhibition may further sensitize tumors to check-
point blockade. Anti-VEGF therapy increases dendritic cell matu-
ration, increases trafficking of CD8+ T cells into the TME, and 
decreases expression of inhibitory molecules mediating CD8+ T-cell 
exhaustion (28–32). In patients with melanoma, anti-CTLA4 ther-
apy induces immune-mediated vasculopathy with associated tumor 
necrosis, which may synergize with VEGF blockade, and combi-
nation VEGF and CTLA4 blockade increases CD8+ T-cell infiltra-
tion into the tumor compared with anti-CTLA4 alone (33, 34). It is 
based on these data and other similar findings that there is a ra-
tionale for studying a three-drug regimen targeting three pillars of 
cancer biology: proliferative signaling, immune evasion, and an-
giogenesis. We hypothesized that dual blockade of MAPK and 
VEGF pathways would potentiate immune checkpoint blockade in 
typically recalcitrant refractory MSS colorectal cancer. 

Patients and Methods 
Patients 

Patients were eligible for this study if they were 18 years of age or 
older, had an Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0 to 1, and had histologically confirmed pMMR/ 
MSS mCRC with a measurable tumor burden as defined by Re-
sponse Evaluation Criteria in Solid Tumors v1.1 (RECIST v1.1; 

Supplementary Table S1; ref. 35). Additionally, patients must have 
had disease progression or intolerance on at least two prior lines of 
chemotherapy given in the metastatic setting. Prior treatment with 
bevacizumab and/or EGFR inhibitors were allowed. Key exclusion 
criteria included known BRAF V600E mutation; personal history of 
autoimmune disease or autoimmune disease requiring systemic 
treatment in the prior 2 years; prior treatment with CD137 agonists, 
immune checkpoint blockade agents (anti-PD1, anti-PDL1), or in-
hibitors of the MAPK pathway (BRAF, MEK, or ERK inhibitors); 
current or recent use of aspirin (>325 mg/day), clopidogrel, or 
therapeutic anticoagulation unless coagulation studies were within 
parameters and dose was stable for over 2 weeks; diagnosis of im-
munodeficiency or chronic need for steroids or immunosuppressive 
agents; and known retinal pathology. 

Study design 
This was a single-institution, open-label, and investigator- 

initiated phase II clinical trial conducted at the University of Col-
orado Comprehensive Cancer Center (NCT03475004). The trial was 
performed in two stages. In stage 1 (safety run-in), 10 patients were 
planned to enroll to ensure safety of this novel combination of 
drugs; patients in the safety run-in started all three agents concur-
rently. Following this, stage 2 (expansion) consisted of the planned 
enrollment and randomization of 40 additional patients into one of 
two cohorts: cohort A received a 7-day run-in of binimetinib prior 
to receiving pembrolizumab and bevacizumab, and cohort B started 
all three agents simultaneously. A binimetinib run-in was included 
to explore the hypothesis that MEK inhibition may increase tumor 
immunogenicity, as was previously observed in a mCRC clinical 
trial with a run-in of MEK inhibition combined with Wnt pathway 
modulation (36). 

Patients received pembrolizumab at a dose of 200 mg and bev-
acizumab at a dose of 7.5 mg/kg on day 1 of every 21-day cycle. In 
addition, they received binimetinib continuously at a starting dose 
of 45 mg twice daily (BID), with patients in cohort A beginning 
binimetinib 7 days prior to the start of cycle 1 day 1. In stage 2, 
peripheral blood was collected for biomarker analysis prior to in-
fusion on cycle 1 day 1 (after the 7-day binimetinib run-in in cohort 
A and prior to starting infusions in all patients) and either prior to 
infusion on cycle 4 day 1 (if response or stable disease) or end of 
study. Required paired tumor biopsies were performed prior to 
binimetinib run-in and prior to cycle 1 day 1 (cohort A), and prior 
to cycle 1 day 1 and on cycle 1 day 21 (±5 days, cohort B). To be 
eligible, patients must have had disease amenable to biopsy and 
stated willingness to undergo study-related biopsies. The on-study 
biopsy was performed as long as the tumor was accessible and it 
would not expose the patient to substantially increased risk of 
complications. Treatment was continued until disease progression 
by RECIST v1.1, death, unacceptable toxicity, or a decision to 
withdraw from the study by the patient or the treating physician. 
The maximum number of cycles of pembrolizumab was 35, whereas 
there was no maximum duration of binimetinib and bevacizumab. 
Under certain circumstances in which there seemed to be a clinical 
benefit despite progressive disease by imaging, patients could con-
sent to continuing the study treatments beyond progression. 

Assessments for the efficacy outcomes were made by CT which 
was performed within 4 weeks prior to initiating treatment and then 
every 9 (±1) weeks thereafter. Progression, stable disease, and 
complete or partial response were determined by RECIST v1.1 (37). 
Assessments for adverse events (AE) as classified by Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.03 

Translational Relevance 
The combination of pembrolizumab, binimetinib, and bev-

acizumab failed to meet its primary endpoint of higher objective 
response rate compared with historical control data of current 
treatment options for refractory microsatellite-stable colorectal 
cancer. However, a signal of improved efficacy was observed in 
patients without baseline liver metastases, supporting further 
development of pembrolizumab, binimetinib, and bevacizumab 
in this population. This study identified baseline peripheral 
blood PD1+ CD8+ T cells and effector memory CD8+ T cells as 
potential biomarkers predictive of response, and an increase in 
TIGIT+ CD8+ T cells and monocyte abundance in the peripheral 
blood during treatment as potential mechanisms of resistance. 
These exploratory pharmacodynamic findings should be 
further evaluated in future immunotherapy clinical trials in 
microsatellite-stable colorectal cancer. 
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were carried out by the treating clinician at the start of every 21-day 
cycle based on patient-reported symptoms and laboratory analysis 
(38). Echocardiograms and ophthalmologic examinations were also 
mandated at regular intervals. This study of human investigations 
was conducted in accordance with the Belmont Report after ap-
proval by an institutional review board and in accordance with an 
assurance filed with and approved by the U.S. Department of Health 
and Human Services. The investigators obtained written informed 
consent from each participant or each participant’s guardian and 
data were anonymized to protect the identities of patients involved 
in the research. The study followed the CONSORT statement 
guidelines. 

Study objectives and statistical methods 
The primary objective of the study was to assess the ORR (partial 

response or complete response) by RECIST v1.1 in patients treated 
with this triple combination of drugs. Additional efficacy endpoints 
included progression-free survival (PFS), OS, and disease control 
rate (DCR; stable disease, partial response, or complete response). In 
addition to these efficacy endpoints, safety, tolerability, and phar-
macodynamics were evaluated. 

The trial was designed as a superiority trial with ORR as the 
primary endpoint and tested using an upper one-sided exact bino-
mial test to test the hypotheses H0: P ≤ 0.05 versus H1: P > 0.05, in 
which P represents the population ORR. The null value of 0.05 was 
chosen based on historical results in trials of regorafenib or tri-
fluridine/tipiracil in the third line or beyond setting. The triple 
combination of drugs would be considered worthy of further study 
if the ORR (including all patients combined) is significantly larger 
than 0.05. A sample size of 40 subjects was chosen, which would 
provide the exact binomial test with 83.9% power to detect an al-
ternative ORR of 0.20, controlling the type 1 error rate at 0.025. 
Additionally, the ORR would be summarized using the sample 
proportion as the point estimate along with a Clopper–Pearson 
exact binomial 95% confidence interval (CI). Estimates and 95% CIs 
would also be calculated for each of the two randomized treatment 
cohorts to elucidate the effect of the binimetinib safety 7-day run-in. 
The secondary endpoint of DCR would be summarized in the same 
manner (excluding the hypothesis test). The time-to-event second-
ary endpoints of PFS and OS would be summarized using the 
nonparametric Kaplan–Meier methods to estimate the median time- 
to-event along with the associated 95% CI; results would again be 
generated for each randomized treatment cohort. Carcinoem-
bryonic antigen (CEA) kinetics were evaluated by performing a 
paired t test on the CEA change from cycle 1 to cycle 4. The safety 
outcomes would be presented using descriptive statistics of counts 
and percentages. All analyses were conducted in the safety-evaluable 
population, defined as patients who received any amount of 
study drugs. 

Exploratory correlative analyses 
Immune cells in the peripheral blood at both pre- and post-

treatment timepoints were analyzed by mass cytometry (Helios, 
Standard BioTools). Samples were individually stained with DNA- 
intercalating barcodes using Standard BioTools Barcoding kit for 
simultaneous sample processing, then mixed and stained with cell 
surface antibodies for 30 minutes at room temperature as previously 
described (39). Cells were stained with intracellular antibodies fol-
lowing permeabilization in Transcription Factor Phospho Buffer Set 
(BD Biosciences) and resuspended in DNA intercalator. Samples 
were normalized with internal calibration beads (Standard 

BioTools) and de-barcoded using ParkerICI/premessa (version 
0.3.4) R packages (github.com/ParkerICI/premessa). Cell pop-
ulations were analyzed with traditional Boolean gating using FlowJo 
10.9 software (BD Biosciences, RRID: SCR_008520) and frequencies 
were exported for further statistical analyses. 

Data availability 
The data generated in this study are available upon request from the 

corresponding author and on ClinicalTrials.gov (NCT03475004), as a 
community-recognized, structured repository does not exist. 

Results 
Patient characteristics 

Between October 2018 and June 2021, 72 patients were screened, 
53 patients were enrolled in the study, and 50 patients received at 
least one dose of the study drug (Fig. 1). 

The data cutoff was October 16, 2023. Twenty-seven (54%) pa-
tients were male, and the median age was 55 years (range, 31–79). 
Most patients had an ECOG performance status of 0 (66%), with the 
remainder of patients (34%) having an ECOG performance status of 
1. A mutation in KRAS was noted in 24 (48%) patients, with 25 
(50%) found to be KRAS wild type and one patient with unknown 
KRAS status. All patients with known BRAF (n ¼ 42) and NRAS 
(n ¼ 40) status were wild type. The population was heavily pre-
treated, with a median of six prior lines of therapy. Baseline char-
acteristics of all patients who received at least one dose of study drug 
are summarized in Table 1. Forty-five patients completed the first 
response evaluation imaging (after 9 weeks); 5 patients exited the 
study prior to this and were considered to have disease progression 
for response evaluation. 

Efficacy 
The primary endpoint of this study was ORR per RECIST v1.1. 

No patients had a complete response. A partial response was seen in 
6 patients (12.0%; 95% CI, 4.5%–24.3%), which was not statistically 
significantly different than the historical control data with regor-
afenib and trifluridine/tipiracil of 5% (P ¼ 0.038, exceeding the 
prespecified threshold of 0.025). Stable disease was seen in an ad-
ditional 29 patients (58.0%). The disease control rate was 70.0% 
(95% CI, 55.4%–82.1%). Fifteen patients (30.0%) had disease pro-
gression as the best response; among these, 2 patients elected to 
continue study treatments beyond progression and neither had a 
subsequent response. Using Fisher exact test, there was no statisti-
cally significant difference between the two randomized cohorts in 
ORR (15.0% in cohort A, 10.0% in cohort B, P ¼ 1.00) or DCR 
(65.0% in cohort A, 70.0% in cohort B, P ¼ 1.00). Among the 6 
patients with response, the mean duration of response was 7.3 
months, with a range of 2.0 to 20.1 months. Depth and duration of 
response are demonstrated in Fig. 2A and B, respectively. Stable 
disease by RECIST v1.1 was further supported by CEA kinetics. 
Among the 25 patients with stable disease by RECIST at the first 
response assessment (around cycle 4 day 1) who also had CEA 
values available at cycle 1 day 1 and cycle 4 day 1, CEA decreased by 
a mean 130 ng/mL from cycle 1 day 1 to cycle 4 day 1 (95% CI, �263 to 
+3 ng/mL; P ¼ 0.055; Supplementary Fig. S1A and S1B). 

Of the 6 patients with a response, 4 (66.7%) had a KRAS muta-
tion. Disease control (stable disease or better) at the first restaging 
was seen in 14/23 (60.9%) patients with KRAS mutation and 20/26 
(76.9%) patients with KRAS wild type. The ORR in patients with 
baseline liver metastases was 7.9% (3/38 responses), whereas the 
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ORR in patients with no baseline liver metastases was 25.0% (3/12 
responses; P ¼ 0.141). Objective response was observed regardless 
of tumor sidedness, with ORR 20.0% (2/10), 100.0% (1/1; distal 

transverse colon with 20.1-month duration of response), and 6.8% (3/ 
44) for patients with right, transverse, and left-sided tumors. The 
patient with 20.1-month duration of response was enrolled in cohort 
A and the tumor was KRAS G12V, NRAS wild type, and BRAF wild 
type. This patient had previously undergone resection of the primary 
tumor and resection of metastatic disease to the liver (approximately 
2.5 years prior to enrollment) and peritoneum. At the time of en-
rollment, the patient had only lung metastases present. Two other 
patients had lung-only metastases at the study entry, both of whom 
experienced stable disease as best response. Of the 4 patients who had 
not received prior bevacizumab, 3 of them had a response, whereas 
the other had stable disease. 

The observed median PFS was 5.9 months (95% CI, 4.2–8.7 
months; Fig. 3A) and median OS was 9.3 months (95% CI, 6.7–12.2 
months; Fig. 3B). There was no statistically significant difference 
between the randomized cohorts in median PFS (5.8 months in both 
cohort A and cohort B, P ¼ 0.18) or median OS (9.3 months in 
cohort A vs. 8.5 months in cohort B, P ¼ 0.49; Supplementary Figs. 
S2 and S3). Although median PFS was comparable between patients 
without and with liver metastases (5.3 months vs. 5.8 months, re-
spectively, P ¼ 0.63), patients without liver metastases had signifi-
cantly longer median OS (20.9 months vs. 8.0 months, P ¼ 0.03; 
Supplementary Figs. S4 and S5). 

Safety and tolerability 
Safety and tolerability were as expected for this three-drug regi-

men. Thirteen patients (27%) had no dose reduction in binimetinib, 
22 (45%) required one dose reduction to 30 mg BID, 13 (37%) had a 
further dose reduction to 15 mg BID, and 1 (2%) patient had to 
discontinue binimetinib completely (N ¼ 49, as one patient did not 
receive binimetinib). Among patients who required dose reduction, 
the most common reasons were rash (51%), vision changes/reti-
nopathy (18%), diarrhea (18%), and fatigue (5%). 

72 Screened

53 Eligible

19 Ineligible

0 Not Enrolled

53 Enrolled

11 Safety Run-In

1 Never Started Tx
(Patient Refusal)

21 Cohort A
(binimetinib run-in)

21 Cohort B
(simultaneous drug start)

53 Total Assigned Tx

3 Never Started Tx

50 Started Study20 Started Study 20 Started Study10 Started Study

1 Never Started Tx
(Death)

1 Never Started Tx
(PI Discretion)

Trial TotalsStage 2 1:1 Randomization

Stage 1

Figure 1. 
CONSORT diagram illustrating the trial flow. The diagram indicates patients who were screened, eligible, and enrolled into stages 1 and 2 of the trial. PI, principal 
investigator; Tx, treatment. 

Table 1. Baseline characteristics of all patients who received at 
least one dose of study drug. 

Characteristic 
Number of patients 
(N = 50), n (%) 

Age (years; median, min–max) 55 (31–79) 
Sex 

Male 27 (54) 
Female 23 (46) 

ECOG performance status 
0 33 (66) 
1 17 (34) 

Tumor sidednessa 

Right 11 (22) 
Left 39 (78) 

Gene mutation 
KRAS (n ¼ 49 known) 24 (49) 
BRAF (n ¼ 43 known) 0 (0) 
NRAS (n ¼ 41 known) 0 (0) 

Prior bevacizumabb 46 (92) 
Baseline liver metastases 

Yes 38 (76) 
No 12 (24) 

Prior lines of therapy (median, min-max) 6 (2–10) 

aTumor sidedness is defined as right (ascending colon, hepatic flexure, and 
transverse colon) or left (splenic flexure, descending colon, and rectum). 
bAmong the n ¼ 4 patients who did not previously receive bevacizumab, 
bevacizumab was avoided in 1 patient due to an intracranial aneurysm (later 
evaluated and deemed appropriate to proceed on this trial) and the rationale 
for avoiding bevacizumab in the other 3 patients was unknown (treated at 
outside facilities). 
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Figure 2. 
Depth and duration of response by subject. A, Waterfall plot of best percent change in aggregate size of target lesions. B, Swimmer plot of duration of response. 
Note: No patients remain on study treatment. PD, progressive disease; PR, partial response; SD, stable disease. 
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Treatment-emergent AEs were common but also as expected. All 
patients experienced at least one AE. AEs were limited to grade 1 or 
2 in 26% of patients; grade 3 and 4 AEs were seen in 56% and 8% of 
patients, respectively. There were five grade 5 AEs (10% of patients), 
all of which were assessed as unrelated to study treatments. 
Acneiform rash was the most common AE, occurring in 39 (78%) 
patients though with the vast majority (85%) limited to grade 1 or 2. 
Following rash, the most common AEs included diarrhea (60%), 
nausea (40%), proteinuria (32%), increased serum creatinine phos-
phokinase (CPK, 28%), hypertension (26%), fatigue (24%), in-
creased aspartate aminotransferase (22%), increased alkaline 
phosphatase (20%), and vomiting (20%). Of all grade 3 and 4 AEs, 
the most common per patient were acneiform rash (12%), increased 
aspartate aminotransferase (12%), diarrhea (8%), hypertension 
(8%), increased alanine aminotransferase (8%), anemia (8%), 

increased serum CPK (6%), and increased alkaline phosphatase 
(6%). Table 2 summarizes the AE profile per patient. 

Correlative analyses 
Immune cells in the peripheral blood from all study participants 

with paired samples (N ¼ 27 patients, including N ¼ 14 in cohort A 
and N ¼ 13 in cohort B) were analyzed at baseline (in cohort A, 
after the 7-day binimetinib run-in and prior to infusion on cycle 
1 day 1, and in cohort B, prior to starting all treatments on cycle 
1 day 1) and posttreatment (either prior to infusion on cycle 4 day 1, 
if partial response or stable disease, or end of study) by mass 
cytometry. At baseline, there were no differences in any measured 
cell population between patients in cohorts A and B and between 
patients with and without liver metastases (data not shown, due to 
numerous cell populations analyzed and no differences observed), 
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Figure 3. 
Survival outcomes of the trial. Kaplan–Meier curves for 
PFS (A) and OS (B). 

AACRJournals.org Clin Cancer Res; 30(17) September 1, 2024 3773 

Pembrolizumab, Binimetinib, and Bevacizumab in MSS CRC 

https://aacrjournals.org/


except phospho-ERK+ monocytes were significantly lower in cohort 
A (after the binimetinib run-in) compared with cohort B (prior to 
initiation of all treatments; Supplementary Fig. S6). Although this 
indicates that the binimetinib run-in induced pharmacodynamic 
effect, markers of immune activation related to this run-in were not 
identified in the peripheral blood. 

In all patients at baseline, a higher percentage of PD1+ CD8+ 

T cells and effector memory CD8+ T cells correlated with longer 
PFS; the latter also correlated with increased tumor shrinkage from 
baseline (Fig. 4A–C). The coefficients of determination (R2) were 
low. Similar correlation was observed between baseline percentage 
of PD1+ CD8+ T cells and effector memory CD8+ T cells and PFS in 
cohort A but not cohort B (Supplementary Fig. S7A–F); this seems 
to be driven by several patients with long PFS in cohort A. No 
correlation was observed between baseline percentage of PD1+ 
CD8+ T cells and effector memory CD8+ T cells and PFS or best 
tumor response in patients with or without liver metastases (Sup-
plementary Fig. S8A–F). Patients with disease progression as best 
response, compared with disease control (stable disease or partial 
response), demonstrated an increase in T-cell immunoreceptor with 
immunoglobulin and immunoreceptor tyrosine-based inhibitory 
motif domain (TIGIT) expression on CD8+ T cells and an increase 
in monocytes posttreatment versus baseline (Fig. 4D–F). Changes 
in TIGIT+ CD8+ T cells and monocytes seem to be driven by pa-
tients in cohort A (Fig. 4E and F); however, the low number of 
patients in cohort B with disease progression as best response limits 
conclusions. This suggests that increased TIGIT expression on 
T cells and increased monocyte abundance may mediate resistance 
to this treatment regimen. Correlative analyses from paired tumor 
biopsies are ongoing and will be separately reported. 

Discussion 
pMMR/MSS mCRC does not respond to single-agent anti-PD1 

therapy, with response rates of 0% (40). Our study is one of the 

several recent trials to investigate novel immunotherapy combina-
tions in MSS mCRC; although efficacy has varied, patients without 
liver metastases seem to achieve more favorable outcomes. 

The phase Ib REGONIVO trial evaluated regorafenib and nivo-
lumab in Japanese patients with refractory gastric and colorectal 
cancer (all but one patient was MSS). Among 25 patients with co-
lorectal cancer, the ORR was 36% with median PFS 7.9 months; 
ORR was higher in patients without (58%) versus with (15%) liver 
metastases (17). A subsequent study in MSS colorectal cancer with 
the same treatments in the United States was disappointing, with an 
ORR of 7% in all patients; ORR was higher (22%) in patients 
without liver metastases (41). In patients without liver metastases, 
the combination of regorafenib, ipilimumab, and nivolumab led to 
36% ORR and median OS was more than 22 months (42). Trials 
evaluating regorafenib + pembrolizumab or regorafenib + avelumab 
(REGOMUNE) were unsuccessful, with 0% ORR (43, 44). Some 
responses were observed in patients with MSS colorectal cancer in 
the phase II LEAP-005 trial with lenvatinib + pembrolizumab (ORR 
22% and median PFS 2.3 months) and phase II CAMILLA trial with 
cabozantinib + durvalumab (ORR 28% and median PFS 4.4 months; 
refs. 16, 45). Among patients without liver metastases treated with 
botensilimab and balstilimab in the phase I trial, the ORR was 23%, 
DCR was 80%, and median OS was 20.9 months (46). To date, there 
are two randomized phase III trials in this patient population. The 
IMblaze370 trial randomized patients with refractory colorectal 
cancer (95% MSS) to atezolizumab and cobimetinib, atezolizumab 
alone, or standard-of-care regorafenib. ORR, PFS, and OS were 
similar among all three treatment groups; partial responses were 
observed in 3% of patients treated with atezolizumab and cobime-
tinib, and 2% of patients treated with atezolizumab alone or 
regorafenib (26). The second randomized phase III trial was LEAP- 
017, which randomized patients with refractory pMMR/MSS colo-
rectal cancer (70% with liver metastases) to either lenvatinib and 
pembrolizumab or standard-of-care therapy (investigator’s choice of 
regorafenib or trifluridine/tipiracil). In abstract format at final 

Table 2. Summary of treatment-emergent AEs occurring in at least 10% of patients by CTCAE v4.03, by patient (N¼50). 

AE term Grade 1/2 (%) Grade 3/4 (%) Total (%) 

Rash acneiform 33 (66) 6 (12) 39 (78) 
Diarrhea 26 (52) 4 (8) 30 (60) 
Nausea 18 (36) 2 (4) 20 (40) 
Proteinuria 16 (32) 0 16 (32) 
CPK increased 11 (22) 3 (6) 14 (28) 
Hypertension 9 (18) 4 (8) 13 (26) 
Fatigue 11 (22) 1 (2) 12 (24) 
Aspartate aminotransferase increased 5 (10) 6 (12) 11 (22) 
Alkaline phosphatase increased 7 (14) 3 (6) 10 (20) 
Vomiting 9 (18) 1 (2) 10 (20) 
Alanine aminotransferase increased 5 (10) 4 (8) 9 (18) 
Urinary tract infection 7 (14) 1 (2) 8 (16) 
Retinopathy 7 (14) 1 (2) 8 (16) 
Constipation 6 (12) 1 (2) 7 (14) 
Hypothyroidism 7 (14) 0 7 (14) 
Blurred vision 7 (14) 0 7 (14) 
Fever 7 (14) 0 7 (14) 
Anemia 1 (2) 4 (8) 5 (10) 
Dehydration 4 (8) 1 (2) 5 (10) 
Abdominal pain 4 (8) 1 (2) 5 (10) 
Edema limbs 5 (10) 0 5 (10) 
Mucositis oral 5 (10) 0 5 (10) 
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analysis, lenvatinib and pembrolizumab trended toward longer OS, 
PFS, and ORR but did not meet statistical significance thresholds 
(47). The multikinase inhibitor XL092 with atezolizumab is being 
evaluated in the ongoing phase III STELLAR-303 trial (48), as 
are fruquintinib with tislelizumab in another phase II trial 
(NCT04716634). 

The ORR of 12% in our trial was numerically higher than prior 
studies with anti-PD1 checkpoint blockade alone (0%) and a prior 
study with binimetinib and pembrolizumab (0%). Although the 
primary endpoint, ORR, was not statistically significant better than 
the prespecified 5% historical control threshold in refractory MSS 
colorectal cancer (regorafenib, fruquintinib, and trifluridine/ 
tipiracil ± bevacizumab, 1%–6%), a trend was observed (5–9, 27). 
The patient population was heavily pretreated (median 6 prior lines 
of therapy), which may contribute to the relatively low ORR ob-
served. Acknowledging limitations of cross-trial comparisons and 
the single-institution nature of this study, ORR observed here is 
similar to that observed in multiple recent studies investigating 

combination immunotherapy in MSS colorectal cancer. We also 
observed a potential signal of increased effectiveness of pem-
brolizumab, binimetinib, and bevacizumab in patients without liver 
metastases, with a trend toward better ORR, statistically longer 
median OS than patients with liver metastases, and a 20.1-month 
duration of response in one patient; this is similar to results of other 
studies in this patient population. There was no difference in effi-
cacy between the randomized cohorts (binimetinib run-in vs. con-
current treatment initiation), which were included to explore the 
hypothesis that MEK inhibitor “run-in” may increase tumor im-
munogenicity. Although the primary endpoint was not met, the 
DCR of 70% (supported by both imaging and CEA kinetics), me-
dian PFS of 5.9 months, and longest partial response of 20.1 months 
are encouraging that pembrolizumab, binimetinib, and bev-
acizumab may be immunomodulatory and synergistically repro-
gram the TME in some heavily pretreated patients and confer 
improved efficacy compared with prior results with cobimetinib and 
atezolizumab. 
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Figure 4. 
Correlative peripheral blood immune cell 
characterization pre- and posttreatment. Cor-
relation of (A and B) baseline % PD1+ CD8+ 

T cells and % effector memory CD8+ T cells 
(CD8+CD45RO+/�CD27lowCD127lowPD1lowCD11b+ 

CD25+TbetlowCCR4HighCCR6+CCR7�) with PFS; 
(C) baseline % effector memory CD8+ T cells with 
best tumor response; (D) % TIGIT+ CD8+ T cells 
at baseline and posttreatment in patients with 
disease control (SD or PR and PD); and (E and F) 
correlation of change in % TIGIT+ CD8+ T cells and 
monocytes (CD3�CD19�CD56�CD11c+) posttreat-
ment vs. baseline (% in the posttreatment 
sample � % in the baseline sample)/% in the 
baseline sample, with a positive number indicating 
an increase from baseline to posttreatment. 
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Toxicity was consistent with the known profiles of pem-
brolizumab, binimetinib, and bevacizumab. The most common AE 
was acneiform rash, occurring in 78% of patients, and was grade 3 to 
4 in 12%. Other common AEs included diarrhea, nausea, vomiting, 
proteinuria, increased CPK, hypertension, fatigue, and increased 
transaminases. Binimetinib dose reduction was frequently required 
(73% of patients), whereas only one patient required permanent 
discontinuation. 

Investigation of mechanisms of response, mechanisms of resis-
tance, and predictive biomarkers are critically important to better 
identify patients most likely to benefit from this or similar regimens. 
Correlative analysis suggests that higher baseline levels of peripheral 
blood PD1+ CD8+ T cells and effector memory CD8+ T cells cor-
related with response to therapy, however the coefficients of de-
termination are low and may be due to small sample size. Higher 
baseline PD1+ CD8+ T cells and PD1+ CD8+ T-cell receptor di-
versity in the peripheral blood has been correlated with improved 
outcomes in patients with non–small cell lung cancer treated with 
immunotherapy (49, 50). In melanoma, baseline peripheral blood 
effector memory CD8+ T cells were higher in responders to anti- 
CTLA4 therapy (51). These findings are intriguing and could serve 
as predictive biomarkers if validated in future immunotherapy 
clinical trials in MSS colorectal cancer. Although the binimetinib 
run-in demonstrated a pharmacodynamic effect in the peripheral 
blood (lower pERK+ monocytes compared with cohort B), there was 
no evidence of an immunomodulatory effect in the peripheral 
blood; this was consistent with similar efficacy in the randomized 
cohorts. Although patients in this trial without liver metastases 
experienced numerically higher ORR and statistically longer sur-
vival, there were no baseline peripheral blood predictive immune 
biomarkers identified. Additionally, increased TIGIT expression on 
CD8+ T cells and increased monocyte abundance in the peripheral 
blood on-treatment versus baseline was associated with disease 
progression. This highlights TIGIT expression and monocytes as 
possible mechanisms of resistance to pembrolizumab, binimetinib, 
and bevacizumab, and potential treatment targets in the future. 

There are several limitations with peripheral blood correlative 
analyses. First, a true “pretreatment” sample in cohort A was not 
obtained (the first sample was obtained after the binimetinib run- 
in), precluding intrapatient comparison of the pharmacodynamic 
effect of the binimetinib run-in. Second, the small sample size of 
patients with primary disease progression in cohort B (N ¼ 2) 
limited additional analyses between cohorts A and B. Finally, the 
peripheral blood immune profile may not reflect the TME. Cor-
relative analyses from paired tumor biopsies and ctDNA are on-
going, will be separately reported, and may further elucidate the 
impact of the binimetinib run-in and impact of liver metastases on 
treatment efficacy. Additional study limitations include the modest 
sample size and single-arm design, which makes efficacy compari-
son with historical and contemporary controls and subgroup ana-
lyses difficult. Detailed information on sites of metastatic disease 
outside the liver and lungs was not available, further limiting sub-
group analyses in these populations. Tumor molecular profiling was 
not repeated prior to study entry, raising the possibility of unde-
tected treatment-emergent BRAF, MAPK, or other alterations (52). 
Most patients had an ECOG performance status of 0, limiting the 
generalizability of results in a heavily pretreated population. Al-
though responses were seen regardless of KRAS mutational status, 
the small number of responses similarly limits further interpreta-
tion. Data on reason for trial discontinuation, performance status at 
trial discontinuation, and subsequent therapy are not available, 

making it difficult to comment on explanations for the observation 
that the median OS was only 3.4 months longer than median PFS. 

Conclusions 
The combination of pembrolizumab, binimetinib, and bev-

acizumab failed to meet its primary endpoint of higher ORR com-
pared with historical control data of current treatment options for 
refractory pMMR/MSS BRAF wild type mCRC while demonstrating 
a high disease control rate with an expected safety profile in this 
single-institution study. There was no difference in efficacy between 
MEK inhibitor run-in and concurrent treatment initiation in the 
randomized cohorts. A signal of improved efficacy was observed in 
patients without liver metastases at study entry, supporting further 
investigation of pembrolizumab, binimetinib, and bevacizumab in 
this population. At baseline, a higher percentage of peripheral blood 
PD1+ CD8+ T cells and effector memory CD8+ T cells correlated 
with longer PFS, which may serve as an accessible biomarker for 
selecting patients more likely to benefit from immunotherapy reg-
imens if appropriately validated. An increase in TIGIT expression 
on CD8+ T cells and increase in monocyte abundance in the pe-
ripheral blood during treatment may mediate resistance to this 
treatment regimen, providing rationale to investigate the inclusion 
of an anti-TIGIT agent in immunotherapy combinations in this 
patient population. Correlative analyses from paired tumor biopsies 
are ongoing and may further elucidate mechanisms of response and 
resistance. 
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