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Summary
Combining a checkpoint inhibitor with an inhibitor of extracellular signal-regulated kinase (ERK) may result in synergis-
tic antitumor activity. We evaluated MK-8353, an ERK1 and ERK2 inhibitor, plus pembrolizumab in a phase 1b study in 
patients with advanced solid tumors. This open-label, nonrandomized, dose-escalation study (NCT02972034) enrolled 
adults with advanced solid tumors previously treated with 1‒5 prior lines of therapy. MK-8353 was administered orally in 
combination with pembrolizumab 200 mg every 3 weeks as follows: twice daily (arm A; MK-8353 50‒350 mg), once daily 
(arm B; MK-8353 50‒600 mg), or once daily every other week (arm C; MK-8353 50‒300 mg). The primary objective 
was evaluation of safety via occurrence of dose-limiting toxicities (DLTs). A secondary objective was objective response 
by RECIST v1.1 per investigator assessment. Among 110 evaluable patients (arm A, n = 22; arm B, n = 50; arm C, n = 38), 
median age was 58.0 (range, 35‒79) years and 50% had received 1 or 2 prior lines of therapy. DLTs occurred in 19 patients 
(n = 6 [27%], n = 8 [16%], and n = 5 [13%], respectively); the most frequent was grade 3 maculopapular rash (n = 15). Grade 
3/4 treatment-related AEs occurred in 35% of patients; the most common were maculopapular rash (13%) and increased 
lipase (5%); none were grade 5. Eight patients (7%) attained an objective response (arm B, n = 7 [complete response, n = 1; 
partial response, n = 6]; arm C, n = 1 [complete response]). In conclusion, MK-8353 once daily plus pembrolizumab could 
be administered with a manageable toxicity profile but had modest antitumor activity in patients with advanced solid tumors.

Keywords  Pembrolizumab · MK-8353 · Programmed cell death protein 1 · Immune checkpoint inhibitor · Extracellular 
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Introduction

Extracellular signal‒regulated kinase (ERK) is a compo-
nent of the mitogen-activated protein kinase (MAPK) path-
way, which has a key role in cellular signaling including 
cell proliferation, differentiation, apoptosis, and survival 
[1–3]. Constitutive activation of the MAPK pathway is often 
observed in human cancers and is associated with high rates 
of cancer cell proliferation. For example, dysregulation of 
the pathway through genetic mutations is implicated in a 
number of tumor types including melanoma, thyroid, ovar-
ian, colorectal, and lung cancer [1, 2]. Furthermore, elevated 
ERK expression has been reported in ovarian, colon, breast, 
and lung cancers [1].

MK-8353 is an orally available, adenosine triphosphate‒
competitive, small-molecule inhibitor of ERK1 and ERK2. 
MK-8353 inhibits ERK1 and ERK2 activity and induces 
conformational change in these kinases that prevents their 
phosphorylation and activation by mitogen-activated protein/
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extracellular signal-regulated kinase (MEK) [4]. Mono-
therapy with MK-8353 was evaluated in a phase 1 study of 
patients with advanced solid tumors [5]. In that study, twice-
daily doses of MK-8353 up to 400 mg were safe and well 
tolerated, and 3/15 patients who received a 300- to 400-mg 
dose achieved a partial response. Notably, all 3 responses 
occurred among the 8 patients who had BRAF V600‒mutant 
melanoma. The combination of MK-8353 with selumetinib 
was evaluated in a phase 1b study of patients with advanced 
or metastatic solid tumors [6]. The maximum tolerated dose 
was MK-8353 100 mg twice daily (BID) plus selumetinib 
50 mg BID, but there were no objective responses [6].

Preclinical evidence has suggested that combining 
inhibitors of programmed cell death protein 1 (PD-1) or 
programmed cell death ligand 1 (PD-L1) with agents that 
target the MAPK pathway might have a synergistic effect 
and lead to durable tumor regression [7, 8]. The preclinical 
findings were supported by early studies in patients with 
advanced BRAF V600‒mutated melanoma, including pre-
liminary findings from the phase 2 KEYNOTE-022 study of 
the PD-1 inhibitor pembrolizumab in combination with the 
MEK1 and MEK2 inhibitor trametinib and the BRAF inhibi-
tor dabrafenib [9] and the IMspire150 study of the PD-L1 
inhibitor atezolizumab in combination with the MEK1 and 
MEK2 inhibitor cobimetinib and the BRAF V600E inhibi-
tor vemurafenib [10]. Both studies demonstrated extended 
progression-free survival (PFS) with a regimen incorporat-
ing a checkpoint inhibitor and a MEK1 and MEK2 inhibi-
tor. Additionally, the combination of atezolizumab and cobi-
metinib demonstrated clinical benefit in a phase 1/1b study 
in patients with metastatic colorectal cancer, melanoma, or 
non-small-cell lung cancer [11].

Based on the preclinical and preliminary clinical findings 
for MK-8353 and early studies of MEK inhibitors in com-
bination with checkpoint inhibitors, we conducted a phase 
1b study of MK-8353 in combination with pembrolizumab 
in patients with previously treated advanced solid tumors 
(ClinicalTrials.gov, NCT02972034).

Methods

Patients

Adults (≥ 18 years old) were eligible if they had histologic or 
cytologic documentation of locally advanced or metastatic 
solid tumors and had received between 1 and 5 prior lines of 
anticancer treatment, excluding neoadjuvant, adjuvant, and 
maintenance treatment; ≥ 1 measurable lesion per Response 
Evaluation Criteria in Solid Tumors (RECIST) v1.1; an 
Eastern Cooperative Oncology Group (ECOG) performance 
status ≤ 1; and adequate organ function.

Key exclusion criteria included solid tumors suitable 
for local treatment with curative intent, Gilbert syndrome, 
immunodeficiency, additional malignancy that was pro-
gressing or required active treatment (exceptions: basal or 
squamous cell carcinoma of the skin or in situ cervical can-
cer), active central nervous system metastases and/or carci-
nomatous meningitis, active autoimmune disease requiring 
systemic treatment within 2 years, pneumonitis, history of 
interstitial lung disease, active infection requiring systemic 
therapy, or any other condition that might confound the trial 
results or interfere with the patient’s participation. Patients 
were excluded from parts 1 and 2 if they had received prior 
therapy with cancer vaccines, or compounds targeting PD-1 
(including pembrolizumab), PD-L1, PD-L2, CTLA-4, or 
MEK (including, but not limited to, trametinib and cobi-
metinib) and were also excluded from part 2 if they had 
previously received compounds targeting LAG-3, CD-137, 
OX-40, CD-40, GITR, BRAF, MEK or other molecules in 
the MAPK pathway; treatment that interfered with CYP3A4 
(including certain strong CYP3A4 inducers, inhibitors, 
moderate inhibitors, and substrates with narrow therapeu-
tic range) or CYP2C8 (including certain substrates with 
narrow therapeutic range) within 14 days of enrollment; 
received chronic systemic steroids or other immunosuppres-
sive therapy within 7 days of study treatment; received an 
anticancer monoclonal antibody within ≤ 4 weeks of study 
treatment; received chemotherapy, targeted small-molecule 
therapy, or radiation therapy within 14 days before study day 
1 or did not recover from adverse events (AEs) caused by a 
previously administered agent; or had transfusion of blood 
products or colony-stimulating factors within ≤ 4 weeks of 
study day 1.

Study design and treatment

This was a two-part, multicenter, open-label, nonrandomized 
study. Part 1 was a dose-escalation study with an objective of 
identifying the recommended phase 2 dose of MK-8353 in 
combination with pembrolizumab. Part 2 was an expansion 
study with an objective of assessing the efficacy and safety 
of the recommended phase 2 dose. Herein, we report the 
methodology and results of part 1.

In the original protocol, there was a single dose-finding 
arm (later became arm A) with a starting dose of MK-8353 
350 mg BID plus pembrolizumab 200 mg every 3 weeks. 
The protocol was amended based on the occurrence of 
dose-limiting toxicities (DLTs) at that dose level to restart 
MK-8353 at a dose of 100 mg BID and potentially de-
escalate to 50 mg BID. Following the development of 
grade 3 toxicities at the MK-8353 100 mg BID dose level, 
the protocol was amended further to lower the starting 
dose for arm A to MK-8353 50 mg BID and added arm B, 
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which used once-daily (QD) dosing of MK-8353 50 mg in 
combination with pembrolizumab 200 mg every 3 weeks, 
as well as the option to enroll arm C (administration of 
MK-8353 QD for 1 week on/1 week off in combination 
with pembrolizumab 200 mg every 3 weeks) and arm D 
(2-week run-in with MK-8353 monotherapy followed by 
continuous MK-8353 plus pembrolizumab 200 mg every 
3 weeks).

During dose escalation, a minimum of 3 patients were 
required at each dose. At the starting dose in arm A, 1 
patient was enrolled and then subsequent patients were 
enrolled once the first patient had reached cycle 1, day 15. 
All dose escalation and de-escalation decisions were based 
on the occurrence of DLTs from a given dose during the 
DLT-evaluable period and were made jointly by the investi-
gators and the sponsor.

Study treatment continued for up to 35 cycles in arms 
A, B and C, and for up to 36 cycles in arm D, or until dis-
ease progression, unacceptable toxicity, intercurrent illness, 
investigator’s decision, or patient withdrawal. Patients who 
discontinued one study drug could continue the other study 
drug. Enrollment was planned to alternate between arms 
A and B.

Dose escalation for each treatment arm followed a 
modified toxicity probability interval (mTPI) design as 
described by Ji et al. (Supplemental Fig. 1) [12], with a 
target DLT rate of approximately 30% during treatment 
cycle 1 (21 days; ie, the DLT window) to confirm the 
maximum tolerated dose of combination therapy. DLTs 
were defined as any of the following toxicities determined 
by the investigator to be possibly, probably, or definitely 
related to study drug administration that occurred during 
the DLT window: grade 4 nonhematologic (nonlaboratory) 

toxicity; grade 4 hematologic toxicity (except thrombo-
cytopenia) lasting ≥ 7 days; grade 4 thrombocytopenia of 
any duration or grade 3 thrombocytopenia associated with 
bleeding; grade 3 nonhematologic (nonlaboratory) toxic-
ity lasting more than 3 days despite optimal supportive 
care; grade 3 or 4 nonhematologic laboratory finding that 
required medical intervention or persisted for more than 
1 week, except for clinically nonsignificant, treatable, or 
reversible abnormalities (eg, liver function tests, uric acid); 
grade 3 or 4 febrile neutropenia (grade 3: absolute neutro-
phil count < 1000/mm3 with single temperature of 38.3 °C 
or with temperature ≥ 38 °C sustained for more than 1 h; 
grade 4: similar criteria as for grade 3 febrile neutropenia 
with life-threatening consequences and urgent intervention 
indicated); more than 2-week delay in initiating treatment 
cycle 2 due to treatment-related toxicity; treatment-related 
toxicity that leads to treatment discontinuation during cycle 
1; missing > 25% of the MK-8353 doses due to treatment-
related AEs during cycle 1; and death.

The protocol was approved by an independent institu-
tional review board or institutional ethics committee at each 
study site. Patients provided written informed consent.

Endpoints

The primary endpoint was the occurrence of DLTs. Other 
safety endpoints included AEs, serious AEs, laboratory 
assessments, ECGs, vital signs, and physical examinations. 
The secondary endpoint was objective response rate (ORR) 
per RECIST v1.1 assessed by the investigator; objective 
response was defined as a confirmed complete response 
(CR) or partial response (PR).

111 patients enrolled

Arm A
22 allocated to MK-8353 BID plus 
pembrolizumab

Arm C
39 allocated to MK-8353 QD every 
other week plus pembrolizumab

22 started planned study treatment
0 completed planned study treatment
22 discontinued planned study 
treatment

17 clinical/radiologic progression
3 adverse event
1 patient withdrawal
1 physician decision

38 started planned study treatmenta
1 completed planned study treatment
37 discontinued planned study 
treatment

31 clinical/radiologic progression
5 adverse event
1 patient withdrawal

22 included in all analyses 38 included in all analyses

Arm B
50 allocated to MK-8353 QD plus 
pembrolizumab

50 started planned study treatment
2 completed planned study treatment
48 discontinued planned study 
treatment

36 clinical/radiologic progression
8 adverse event
4 patient withdrawal

50 included in all analyses

Fig. 1   Patient disposition. BID, twice daily; Q3W, every 3 weeks; QD, once daily. aOne patient did not receive treatment due to screen failure
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Assessments

Adverse event monitoring began during screening and con-
tinued through 90 days after the last dose of study drug. 
AEs were graded based on investigator assessment using 
the National Cancer Institute Common Terminology Crite-
ria for Adverse Events version 4.0 or later. Tumor imaging 
was done at baseline, every 9 weeks during treatment, and 
at treatment discontinuation. Response was evaluated by 
investigators per RECIST v1.1.

Statistical analysis

The safety population included all patients who received at least 
1 dose of study treatment (ie, all patients as-treated [APaT] pop-
ulation). The DLT-evaluable population included all patients 
in the APaT population who were observed for ≥ 21 days after 
the first dose of assigned treatment or experienced a DLT prior 
to 21 days after the first dose of assigned treatment. The effi-
cacy population included all patients with RECIST-measurable 
disease at baseline who received ≥ 1 dose of study treatment.

Dose-limiting toxicities were summarized by dose level 
and DLT rates estimated using the pool adjacent-violators 
algorithm, which forces rate estimates to be nondecreasing 
with increasing dose levels and pools adjacent violators for 

weighted samples by sample size [12]. Estimates were pro-
vided for DLT rates among patients treated at the maximum 
tolerated dose, and 80% CIs were provided based on Bayes-
ian credible intervals with a prior distribution of beta (1, 1). 
For safety assessments, AEs were summarized as counts and 
frequencies at each dose level. ORR was estimated using an 
exact method based on the binomial distribution (Clopper-
Pearson interval).

Results

Patients

The study was conducted between January 13, 2017, and 
December 2, 2022. 111 patients were enrolled, one of whom 
did not receive study treatment. 110 patients across arms A 
(n = 22), B (n = 50), and C (n = 38) were evaluable for DLTs, 
safety, and efficacy; although planned, arm D was not initi-
ated (Fig. 1). Across treatment arms, median age was 58.0 
(range, 35‒79) years, 61 patients (55%) were men, 69 (63%) 
had a baseline ECOG performance status of 1, and 55 (50%) 
had received either 1 or 2 prior lines of anticancer therapy 
(Table 1). Colorectal cancer was the most common tumor 
type (n = 37 [34%]).

Table 1   Patient demographics 
and baseline disease 
characteristics

BID twice daily, ECOG Eastern Cooperative Oncology Group, Q3W every 3 weeks, QD once daily

MK-8353 BID 
Plus 
Pembrolizumab 
200 mg Q3W 
(Arm A)
n = 22

MK-8353 QD 
Plus 
Pembrolizumab 
200 mg Q3W 
(Arm B)
n = 50

MK-8353 QD Every 
Other Week Plus 
Pembrolizumab 
200 mg Q3W 
(Arm C)
n = 38

Age, median (range), y 52.5 (38–73) 60.0 (44–79) 59.0 (35–79)
Sex
    Men 13 (59) 30 (60) 18 (47)
    Women 9 (41) 20 (40) 20 (53)

ECOG performance status
    0 7 (32) 17 (34) 17 (45)
    1 15 (68) 33 (66) 21 (55)

Prior lines of anticancer therapy
    Neoadjuvant 2 (9) 3 (6) 4 (11)
    First line 4 (18) 9 (18) 11 (29)
    Second line 6 (27) 16 (32) 9 (24)
    Third line 6 (27) 9 (18) 5 (13)
    Fourth line 3 (14) 5 (10) 5 (13)
    Fifth line or greater 4 (5) 5 (10) 4 (11)
    Not provided 0 3 (6) 0

Primary cancer diagnosis
    Colorectal 9 (41) 17 (34) 11 (29)
    Pancreatic 1 (5) 9 (18) 5 (13)
    Ovarian 2 (9) 3 (6) 1 (3)
    Breast 0 1 (2) 3 (8)
    Other 10 (45) 20 (40) 18 (47)
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As of the data cutoff date (December 2, 2022), 3 patients 
(3%) had completed study treatment and 107 patients (97%) 
had discontinued study treatment. The most common rea-
sons for treatment discontinuation were disease progression 
(n = 84 [76%]) and AEs (n = 16 [15%]). Median time on 
therapy across all arms was 2.0 (range, 0.1‒25.8) months; 
patients received a median of 3 (range, 1‒35) cycles of pem-
brolizumab treatment. Part 2 of this study did not open.

Dose finding

Overall, 19 of 110 patients experienced at least 1 DLT (arm 
A, n = 6; arm B, n = 8; arm C, n = 5) with MK-8353 plus 
pembrolizumab. In arm A, 3 of 4 patients (75% [80% CI, 
48%‒93%]) enrolled at the MK-8353 350 mg BID starting 
dose experienced a DLT (all grade 3 maculopapular rash; 
Supplemental Table 1). Following the first protocol amend-
ment, the single patient that was enrolled at the MK-8353 
100 mg BID dose experienced a DLT (grade 3 maculopapu-
lar rash). The dose was de-escalated to MK-8353 50 mg in 

the morning plus 100 mg in the evening, and 2 of 3 patients 
(67% [80% CI, 37%‒89%]) experienced a DLT (grade 3 
maculopapular rash). None of the 13 patients enrolled when 
the MK-8353 dose was further de-escalated to 50 mg BID 
experienced a DLT.

In arm B, no DLTs were observed at increasing MK-8353 
dose levels of 50 mg QD (n = 4), 100 mg QD (n = 3), and 
150 mg QD (n = 4) each given with pembrolizumab (Supple-
mental Table 2). One of 7 patients at the MK-8353 200 mg 
QD plus pembrolizumab dose level (14% [80% CI, 3%‒35%]) 
experienced a DLT (grade 3 maculopapular rash). No DLTs 
occurred at the MK-8353 300 mg QD plus pembrolizumab 
dose level. At the MK-8353 400 mg QD dose level, 4 of 13 
enrolled patients (31% [80% CI, 17%‒47%]) experienced 
DLTs (grade 2 maculopapular rash, n = 1; grade 3 maculopap-
ular rash, n = 3). At the MK-8353 600 mg QD dose level, 3 of 
7 enrolled patients (43% [80% CI, 23%‒65%]) experienced 4 
total DLTs (grade 4 hypotension, n = 1; grade 3 fatigue, n = 1; 
and grade 3 maculopapular rash, n = 2).

In arm C, in which MK-8353 was dosed QD every other 
week, no DLTs occurred in the 3 patients enrolled at the 

Table 2   Summary of AEs

AE adverse event, BID twice daily, Q3W every 3 weeks, QD once daily

MK-8353 BID 
Plus 
Pembrolizumab 200 mg Q3W 
(Arm A)
n = 22

MK-8353 QD 
Plus 
Pembrolizumab 200 mg Q3W 
(Arm B)
n = 50

MK-8353 QD Every 
Other Week Plus 
Pembrolizumab 200 mg 
Q3W 
(Arm C)
n = 38

Any AE 22 (100) 50 (100) 38 (100)
Treatment-related AEs 19 (86) 41 (82) 20 (53)
    Grade 3/4 9 (41) 17 (34) 12 (32)
    Serious 7 (32) 11 (22) 5 (13)
    Led to discontinuation of any study drug 4 (18) 9 (18) 2 (5)
    Led to death 0 0 0

Treatment-related AEs occurring in > 2 patients 
in any arm

Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4

    Diarrhea 5 (23) 1 (5) 11 (22) 2 (4) 8 (21) 2 (5)
    Maculopapular rash 7 (32) 6 (27) 13 (26) 6 (12) 3 (8) 2 (5)
    Fatigue 6 (27) 0 8 (16) 1 (2) 5 (13) 0

     Nausea 2 (9) 0 8 (16) 0 4 (11) 1 (3)
    Increased aspartate aminotransferase 2 (9) 1 (5) 8 (16) 1 (2) 1 (3) 0
    Pruritus 2 (9) 0 7 (14) 1 (2) 2 (5) 1 (3)
    Increased blood bilirubin 3 (14) 0 6 (12) 1 (2) 1 (3) 0
    Increased blood creatinine 2 (9) 0 7 (14) 0 1 (3) 0
    Vomiting 1 (5) 0 6 (12) 1 (2) 3 (8) 0
    Increased alanine aminotransferase 1 (5) 1 (5) 6 (12) 1 (2) 1 (3) 0
    Dermatitis acneiform 2 (9) 0 6 (12) 0 0 0
    Rash 2 (9) 1 (5) 3 (6) 0 3 (8) 1 (3)
    Pyrexia 4 (18) 0 2 (4) 0 1 (3) 0
    Decreased appetite 0 0 3 (6) 0 2 (5) 0
    Increased lipase 1 (5) 1 (5) 1 (2) 1 (2) 3 (8) 3 (8)
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MK-8353 starting dose of 100 mg (Supplemental Table 3). 
At the MK-8353 150 mg dose level, 2 of 12 enrolled patients 
(17% [80% CI, 6%‒32%]) experienced DLTs (grade 3 coli-
tis, n = 1; grade 3 rash, n = 1). At the MK-8353 200 mg 
dose level, 1 of 9 patients (11% [80% CI, 2%‒28%]) 
experienced a DLT (grade 3 maculopapular rash). At the 
MK-8353 300 mg dose level, 2 of 10 patients (20% [80% CI, 
8%‒38%]) experienced a DLT (grade 4 immune-mediated 
hepatitis, n = 1; grade 3 maculopapular rash, n = 1).

Safety

Eighty of 110 patients (73%) experienced treatment-related 
AEs (Table 2 and Supplemental Tables 4–6). Across treatment 
arms, the most common treatment-related AEs were diarrhea 
(22%), maculopapular rash (21%), fatigue (17%), and nausea 
(13%). Grade 3/4 treatment-related AEs occurred in 38 patients 
(35%). The most common grade 3/4 treatment-related AEs 
were maculopapular rash (13%), increased lipase (4%), diar-
rhea (4%), and increased gamma-glutamyltransferase (3%). No 
deaths were attributed to treatment-related AEs. Fifteen of 110 
patients (14%) discontinued 1 or more components of study 
treatment because of a treatment-related AE. Serious treatment-
related AEs occurred in 23 patients (21%). The most common 
serious treatment-related AEs were maculopapular rash (7%), 
abdominal pain, diarrhea, immune-mediated hepatitis (all 2%).

Immune-mediated AEs and infusion reactions, which 
were based on a list of preferred terms intended to capture 
known risks of pembrolizumab and were considered regard-
less of attribution to study treatment by the investigator, 
were reported for 28 patients (25%). Across treatment arms, 
the most common immune-mediated AEs were severe skin 
reactions (14%), colitis (5%), pneumonitis (4%), and hypo-
thyroidism (3%). Twenty-two patients (20%) experienced 
grade 3/4 immune-mediated AEs.

Antitumor activity

Eight of 110 evaluable patients (7% [95% CI, 3%‒14%]) 
achieved an objective response (Table 3). An additional 
20 patients (18%) had stable disease. None of the 22 
patients in arm A achieved a CR or PR (Supplemen-
tal Table 7). In arm B, 7 of 50 patients (14% [95% CI, 
6%‒27%]) had an objective response, including 1 CR 
and 1 PR at the MK-8353 300 mg QD dose level (n = 10), 
3 PRs at the MK-8353 400 mg QD dose level (n = 14) 
and 2 PRs at the MK-8353 600 mg QD dose level (n = 8) 
(Supplemental Table 8). Median duration of response 
in arm B was not reached (range, 4.0‒37.8 + months). 
The patient with a CR had a tumor type of alveolar soft 
part sarcoma. The patients with PR had tumor types of 
pancreatic cancer (excluding islets; n = 2), skin cancer 
(not otherwise specified, n = 1), salivary duct squamous 
cell carcinoma (n = 1), cervical cancer (n = 1), and colo-
rectal cancer (n = 1). Only the patient with salivary duct 
squamous cell carcinoma had received prior immune 
checkpoint inhibitor therapy (urabrelimab, an anti-CD47 
monoclonal antibody). In arm C (n = 38), 1 patient at 
the 150 mg QD every other week dose level achieved a 
CR, for an ORR of 3% (95% CI, 0%‒14%; Supplemen-
tal Table 9). Duration of response for this patient was 
35.3 months (ongoing). This patient had a tumor type 
of colorectal cancer and had not received prior immune 
checkpoint inhibitor therapy.

Discussion

In this phase 1b study of patients with previously treated 
advanced solid tumors, BID dosing of MK-8353 in com-
bination with pembrolizumab led to DLTs above the 30% 

Table 3   Best overall response 
by investigator assessment per 
RECIST version 1.1

BID twice daily, ORR  objective response rate, Q3W  every 3  weeks, QD  once daily, RECIST  Response 
Evaluation Criteria in Solid Tumors

MK-8353 BID 
Plus 
Pembrolizumab 
200 mg Q3W 
(Arm A)
n = 22

MK-8353 QD 
Plus 
Pembrolizumab 
200 mg Q3W 
(Arm B)
n = 50

MK-8353 QD 
Every Other Week 
Plus 
Pembrolizumab 
200 mg Q3W 
(Arm C)
n = 38

ORR (95% CI), % 0 14 (6–27) 3 (0–14)
Best overall response, n (%)
    Complete response 0 1 (2) 1 (3)
    Partial response 0 6 (12) 0
    Stable disease 5 (23) 6 (12) 9 (24)
    Progressive disease 14 (64) 28 (56) 20 (53)
    Not evaluable 0 1 (2) 1 (3)
    No assessment 3 (14) 8 (16) 7 (18)
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threshold and required de-escalation of the MK-8353 dose to 
50 mg QD. Tolerability was improved with both continuous 
QD dosing and with QD dosing every other week, permit-
ting the evaluation of MK-8353 at doses up to 600 mg QD 
in combination with pembrolizumab. Based on the totality 
of the safety data in the study, MK-8353 400 mg QD plus 
pembrolizumab 200 mg Q3W was identified as a potential 
recommended phase 2 dose. However, the antitumor activ-
ity of the combination was modest, with an ORR of 7% in 
the overall population. Of the 8 patients who experienced a 
response, 7 were in arm B (QD dosing), in which the ORR 
was 14% across all dose levels, and 21% with MK-8353 
400 mg QD (the recommended phase 2 dose). Across all 
dose levels, the ORR was 0% in arm A, 14% in arm B, and 
3% in arm C. Although the number of patients in each treat-
ment arm was sufficient to determine clinical viability, these 
responses were not considered clinically meaningful given 
the heterogeneity of the population. Although tumor PD-L1 
status was assessed in this study, the sample sizes for this 
and other biomarker measurements were too small after the 
initial treatment cycles to justify analyses according to bio-
marker status.

ORRs were modest across all 3 arms, with little evi-
dence of an association between dose and antitumor 
activity. The optional arm D (run-in dosing of MK-8353 
followed by continuous treatment with MK-8353 plus 
pembrolizumab) was not enrolled. Although pharmacoki-
netic data were not collected in the current analysis, a prior 
study of MK-8353 monotherapy in patients with advanced 
cancer found that MK-8353 was well tolerated at doses up 
to 400 mg BID [5]. Findings from the MK-8353 monother-
apy study showed that doses between 300 and 400 mg led 
to pharmacokinetic exposure that resulted in tumor growth 
inhibition or regression in preclinical models [5]. Based 
on these pharmacokinetic data, the MK-8353 400 mg QD 
dose in the current study should have yielded exposure to 
inhibit tumor growth or regression. However, we cannot 
exclude the possibility that the inability to dose BID may 
have meant that sufficient steady-state exposure could not 
be achieved and that this may explain, at least in part, the 
limited activity observed.

While this study was ongoing, results were published 
from several studies of MEK pathway inhibitors in combi-
nation with PD-1 or PD-L1 inhibition for the treatment of 
advanced solid tumors, all of which demonstrated high tox-
icity and/or lack of clinical benefit. For example, the com-
bination of the MEK inhibitor cobimetinib plus the PD-L1 
inhibitor atezolizumab had high toxicity and limited antitu-
mor activity in patients with previously treated solid tumors 
[11] and had a less tolerable safety profile without PFS ben-
efit as first-line therapy in patients with BRAF V600 wild-
type advanced melanoma [13]. Furthermore, trametinib plus 
pembrolizumab had limited antitumor activity in patients 

with BRAF wild-type melanoma and advanced solid tumors 
[14], and atezolizumab plus cobimetinib had limited anti-
tumor activity in patients with (predominantly microsat-
ellite-stable) metastatic colorectal cancer [15]. Together, 
the results from the previously mentioned studies suggest 
that combinations of a MEK inhibitor with a PD-1/PD-L1 
inhibitor have limited clinical benefit in patients whose 
tumors lack a BRAF mutation or that are not microsatellite-
stable. Additionally, response can vary by tumor type and 
prior PD-1/PD-L1 inhibitor treatment [16]. Furthermore, 
the combination of spartalizumab plus dabrafenib and 
trametinib was associated with higher AE rates than dab-
rafenib and trametinib alone, with ORRs of 69% versus 64%, 
and without significantly improving the median PFS (16.2 
[95% CI, 12.7‒23.9] months vs 12.0 [95% CI, 10.2‒15.4] 
months, respectively) in patients with BRAF V600‒mutant 
advanced melanoma [17]. Secondly, in a phase 1 study, 
the combination of pembrolizumab and vemurafenib with 
or without cobimetinib demonstrated an ORR of 78% and 
median overall survival of 35.3 months [18]; however, DLTs 
were reported for 8 of 9 enrolled patients, and the study was 
closed early due to unacceptable toxicity. Finally, the com-
bination of atezolizumab plus vemurafenib and cobimetinib 
improved investigator-assessed PFS versus vemurafenib and 
cobimetinib (hazard ratio [HR], 0.79 [95% CI, 0.64‒0.97]) 
but did not improve median overall survival (HR, 0.84 [95% 
CI, 0.66‒1.06]) in patients with BRAF V600-mutation‒pos-
itive advanced melanoma [19]. Together with the findings 
from the current analyses, these results suggest the combina-
tion of agents targeting MAPK signaling and PD-1/PD-L1 
has limited clinical utility in this setting.

In conclusion, the combination of MK-8353 plus pem-
brolizumab had a generally manageable safety profile and 
had modest antitumor activity in patients with previously 
treated advanced solid tumors. Since the initiation of this 
study, several studies have reported high toxicity with lim-
ited antitumor activity with PD-1 and PD-L1 inhibitors 
in combination with inhibitors of the MAPK pathway in 
patients with advanced tumors. MK-8353 plus pembroli-
zumab did not elicit sufficient antitumor activity to warrant 
additional study of this combination.
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