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Abstract
Aim: We evaluated MK-8353 (small molecule inhibitor of extracellular signal-regulated kinase 1/2) plus selumetinib 
(mitogen-activated extracellular signal-regulated kinase 1/2 inhibitor) in patients with advanced solid tumors. Methods: 
This phase 1b, open-label, dose-escalation study (NCT03745989) enrolled adults with histologically/cytologically docu-
mented, locally advanced/metastatic solid tumors. MK-8353/selumetinib dose combinations were intended to be inves-
tigated in sequence: 50/25, 100/50, 150/75, 200/75, 200/100, and 250/100. Each agent was administered orally BID 4 
days on/3 days off in repeating cycles every 21 days. Primary objectives were safety and tolerability and to establish 
preliminary recommended phase 2 doses for combination therapy. Results: Thirty patients were enrolled. Median (range) 
age was 61.5 (26−78) years and 93% had received previous cancer therapy. Among 28 patients in the dose-limiting tox-
icities [DLT]-evaluable population, 8 experienced DLTs: 1/11 (9%) in the MK-8353/selumetinib 100/50-mg dose level 
experienced a grade 3 DLT (urticaria), and 7/14 (50%) in the 150/75-mg dose level experienced grade 2/3 DLTs (n = 2 
each of blurred vision, retinal detachment, vomiting; n = 1 each of diarrhea, macular edema, nausea, retinopathy). The 
DLT rate in the latter dose level exceeded the prespecified target DLT rate (~30%). Twenty-six patients (87%) experi-
enced treatment-related adverse events (grade 3, 30%; no grade 4/5), most commonly diarrhea (67%), nausea (37%), 
and acneiform dermatitis (33%). Three patients (10%) experienced treatment-related adverse events leading to treatment 
discontinuation. Best response was stable disease in 14 patients (n = 10 with MK-8353/selumetinib 150/75 mg). Conclu-
sion: MK-8353/selumetinib 50/25 mg and 100/50 mg had acceptable safety and tolerability, whereas 150/75 mg was not 
tolerable. No responses were observed.
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Introduction

Selumetinib, an oral selective mitogen-activated extracellu-
lar signal-regulated kinase (MEK) 1/2 inhibitor, is approved 
for the treatment of pediatric patients ≥ 2 years old with neu-
rofibromatosis type 1 and symptomatic inoperable plexiform 
neurofibromas [1–3]. Although MEK inhibitors alone have 
shown promise in certain cancers, not all patients respond 
to these agents [4]. Selumetinib monotherapy had modest 
activity in patients with advanced cancers, with objective 
response rates of up to 15% [5]. Moreover, despite an initial 
response to MEK inhibitors, acquired resistance can often 
develop through different mechanisms including reactiva-
tion of the mitogen-activated protein kinase pathway and 
subsequent restoration of extracellular signal-regulated 
kinase [ERK] 1/2 signaling) [4, 6]. MK-8353, a selective, 
orally available, adenosine triphosphate−competitive, small 
molecule inhibitor of ERK1/2, inhibits the kinase activity of 
ERK1/2 and induces a conformational change in ERK1/2 
that prevents its phosphorylation and activation by MEK 
[7, 8]. Antitumor activity of MK-8353 was demonstrated in 
various human cancer xenograft models [7]. In a phase 1 
study, 20% (3/15) of patients with advanced solid tumors 
receiving MK-8353 300−400 mg twice daily experienced 
a partial response, and 400 mg twice daily was considered 
safe and well tolerated [7]. Evidence also indicates the 
potential for acquired resistance to ERK inhibitors, with 
preclinical data suggesting this might be overcome by MEK 
inhibition [9]. The potential benefit of combination therapy 
with ERK and MEK inhibitors is therefore of interest. In 
preclinical models, investigational ERK inhibitors (AZ6197 
or AZD0364) plus selumetinib demonstrated greater antitu-
mor activity versus each agent alone [10, 11]. We conducted 
a phase 1b study (NCT03745989) to evaluate safety and 
tolerability of MK-8353 plus selumetinib in patients with 
advanced solid tumors.

Methods

Patients

Eligible patients were ≥ 18 years old with a histologically/
cytologically documented, locally advanced or metastatic 
solid tumor; had received or been intolerant to all treatments 
known to confer clinical benefit; had ≥ 1 measurable lesion 
by Response Evaluation Criteria in Solid Tumors (RECIST) 
v1.1; had Eastern Cooperative Oncology Group (ECOG) 
performance status of 0−1; and had adequate organ function.

Key exclusion criteria included clinically active central 
nervous system metastases and/or carcinomatous meningi-
tis; thromboembolic or cerebrovascular events within ≤ 6 

months; neuromuscular disorders associated with elevated 
creatine kinase; and certain ophthalmologic findings (intra-
ocular pressure > 21 mmHg or uncontrolled glaucoma; cur-
rent or history of central serous retinopathy or retinal vein 
occlusion; or retinal degenerative disease). Previous treat-
ment with a MEK, ERK, or BRAF inhibitor was also an 
exclusion criterion.

Study design and treatment

This phase 1b, international, open-label, dose-escalation 
study used a modified toxicity probability interval (mTPI) 
design [12], with a target dose-limiting toxicity (DLT) rate 
of ~30% applied to identify the maximum tolerated dose 
(MTD) for combination therapy. Up to 5 dose levels for 
each drug were planned to be evaluated in combination: 
MK-8353 50, 100, 150, 200, and 250 mg and selumetinib 
25, 50, 75, 100, and 125 mg. The following MK8353/selu-
metinib dose combinations were investigated in sequence: 
50/25, 100/50, 150/75, 200/75, 200/100, 250/100, and 
250/125 mg. Each drug was administered orally twice daily 
(morning and evening) in a repeating cycle of 4 days on/3 
days off per week for each 3-week cycle to minimize toxic-
ity relative to continuous dosing. Patients received treatment 
until radiographically documented disease progression per 
RECIST v1.1, unacceptable toxicity, intercurrent illness, 
investigator decision, or patient withdrawal.

Starting doses were based on pharmacokinetic (PK) 
data and the MTD of each agent when administered alone. 
Dose escalation and de-escalation decisions were based on 
the mTPI and were dependent upon the number of patients 
enrolled and number of DLTs at each dose level. Online 
resource, Table S1 describes the definition for DLTs, and 
Table S2 describes the dose-finding rules per mTPI design.

Assessments and endpoints

The primary objective was to determine safety and toler-
ability and to establish preliminary recommended phase 
2 doses for combination therapy. Associated endpoints 
were DLTs, adverse events (AEs), and study drug discon-
tinuations because of AEs. The secondary objective was 
to evaluate PK. Exploratory objectives included prelimi-
nary evaluation of efficacy and biomarker analyses (phos-
phorylation of ERK [pERK], serum interleukin-8 [IL-8], 
18F-fluoro-deoxy-glucose positron emission tomography 
[FDG-PET]).

The DLT window of observation was cycle 1. AEs were 
monitored from study treatment initiation through 30 days 
(90 days for serious AEs) following cessation of study treat-
ment and graded using National Cancer Institute Common 
Terminology Criteria for Adverse Events v4.0. Ophthalmic 
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examinations were completed at screening, on day 1 of 
cycle 2, and every 8 weeks thereafter.

PK concentrations of MK-8353 and selumetinib (and its 
metabolite, desmethyl selumetinib) were used to derive PK 
parameters. Serial plasma samples were collected for PK 
analysis on days 1 and 4 of cycle 1 before the morning dose; 
at 1, 2, 4, 6, and between 8−12 h after the morning dose. 
Additional samples were taken before the morning dose and 
1 and 4 h after the morning dose on days 1 and 4 of cycle 2 
and days 1 and 4 of cycle 5. PK parameters were determined 
using standard noncompartmental methods with Phoenix 
WinNonlin v8.1 (Certara, Princeton, NJ). Area under the 
plasma concentration−time curve (AUC) was calculated 
using the linear up/log down trapezoidal rule.

Tumor imaging was performed at baseline, every 9 
weeks in year 1, and every 12 weeks thereafter. Samples for 
assessment of biomarkers (including IL-8) were collected 
predose on days 1 and 4 of cycle 1 and on day 4 of cycles 2 
and 5; additional blood samples for pERK assessment were 
collected on day 1 of cycles 2 and 5. FDG-PET was done 
at baseline and on day 4 of cycle 2 as a pharmacodynamic 
biomarker reflective of the study drug–induced effects.

Statistical analysis

Safety data were analyzed in the all-patients-as-treated 
(APaT) population, which included all patients who 
received ≥ 1 dose of study treatment. The DLT-evaluable 
population included patients in the APaT population who 
had ≥ 75% of the planned dose per cycle for both agents and 
were observed for safety for 21 days as well as those who 
had < 75% of the planned dose but experienced a DLT.

DLT rates across different dose combinations in each 
dose combination sequence were estimated using isotonic 
regression under the assumption of monotonicity between 
the DLT rates and dose levels for each drug; 80% CIs were 
provided based on the Bayesian posterior credible interval 
with a prior distribution of Beta (1, 1).

Results

Patients

The study was conducted between February 22, 2019, 
and March 19, 2021. Thirty patients were enrolled 
(n = 3, MK-8353 50 mg + selumetinib 25 mg; n = 12, 
MK-8353 100 mg + selumetinib 50 mg; n = 15, MK-8353 
150 mg + selumetinib 75 mg). Median (range) age was 61.5 
(26−78) years, 16 patients (53%) were men, 21 patients 
(70%) had a baseline ECOG performance status of 1, and 
93% had received previous cancer therapy (Table 1).

All patients discontinued study treatment (n = 17, dis-
ease progression; n = 6, physician decision; n = 4, AE; n = 3, 
patient withdrawal). Median (range) time on therapy was 49 
(3−246) days, and patients participated in a median (range) 
of 3 (1−11) treatment cycles.

Dose-finding

Among 3 patients who received MK-8353 50 mg + selu-
metinib 25 mg (lowest dose), no DLTs were observed 
and the dose was escalated to MK-8353 100 mg + selu-
metinib 50 mg. Among 11 patients who received MK-8353 

Table 1 Patient Demographics and Baseline Characteristics (APaT Population)
Characteristic MK-8353 50 mg + 

Selumetinib 25 mg
n = 3

MK-8353 100 mg + 
Selumetinib 50 mg
n = 12

MK-8353 150 mg + 
Selumetinib 75 mg
n = 15

Total
N = 30

Age, median (range), y 59.0
(48−64)

59.5
(26−73)

66.0
(27−78)

61.5
(26−78)

Sex
 Men 3 (100) 5 (42) 8 (53) 16 (53)
 Women 0 7 (58) 7 (47) 14 (47)
ECOG performance status score
 0 1 (33) 3 (25) 5 (33) 9 (30)
 1 2 (67) 9 (75) 10 (67) 21 (70)
Received previous cancer therapy 3 (100) 12 (100) 13 (87) 28 (93)
 First line 1 (33) 2 (17) 1 (7) 4 (13)
 Second line 1 (33) 3 (25) 5 (33) 9 (30)
 Third line 1 (33) 6 (50) 2 (13) 9 (30)
 Fourth line 0 0 3 (20) 3 (10)
 ≥ Fifth line 0 1 (8) 2 (13) 3 (10)
 Missing 0 0 2 (13) 2 (7)
APaT, all patients as treated; ECOG, Eastern Cooperative Oncology Group
Data are presented as n (%) unless specified otherwise
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plus selumetinib 50-mg group died because of aspiration 
pneumonia, which was not treatment related.

In the 2 lower dose combination groups, no patient expe-
rienced treatment-related eye disorders. In the MK-8353 
150-mg plus selumetinib 75-mg group, 8 patients (53%) 
experienced grade 1/2 treatment-related eye disorders 
(n = 2 each of blurred vision, retinal detachment, and visual 
impairment; n = 1 each of eye irritation, glaucoma, macular 
edema, periorbital edema, and retinopathy).

Pharmacokinetics

Plasma concentration versus time curves are shown in 
Fig. 1a–c. In cycle 1, geometric mean maximum plasma 
concentration (Cmax) and area under the plasma concentra-
tion−time curve (AUC) of MK-8353, selumetinib, and des-
methyl selumetinib increased with the dose level (Table 4). 
The observed median time of maximum plasma concentra-
tion ranged from 1.97−2.05 h for MK-8353 and 1.00−1.96 h 
for selumetinib and 1.00−1.96 h for desmethyl selumetinib. 
Geometric mean minimum plasma concentration (Ctrough) 
increased with increasing dose (0.695−1.47 µmol/L with 
MK-8353, 0.101−0.456 µmol/L with selumetinib, and 
0.008–0.026 µmol/L with desmethyl selumetinib from low-
est to highest dose). Minimal accumulation of up to approx-
imately 2-fold was observed at steady state upon twice 
daily dosing for MK-8353, selumetinib, and desmethyl 
selumetinib.

100 mg + selumetinib 50 mg, 1 patient experienced a grade 
3 DLT of urticaria. As designated by the mTPI design, dose 
was escalated to MK-8353 150 mg + selumetinib 75 mg. 
Among 14 patients in the MK-8353 150-mg plus selu-
metinib 75-mg group, 7 patients (50% [80% CI, 34−66%]) 
experienced grade 2/3 DLTs (n = 2 each of blurred vision 
[grade 2], retinal detachment [grade 2], and vomiting [grade 
3]; n = 1 each of diarrhea [grade 3], macular edema, nausea, 
and retinopathy [all grade 2]; Table 2). In accordance with 
dose-finding rules per mTPI design, the occurrence of DLTs 
in 7/14 patients in the MK-8353 150-mg plus selumetinib 
75-mg group dictated to deescalate to the next lower dose; 
thus further dose escalation was not conducted beyond 
this dose level and the MTD dose identified was MK-8353 
100 mg + selumetinib 50 mg. All DLTs, except for grade 
2 macular edema and grade 3 vomiting (n = 1 each), were 
resolved at data cutoff.

Safety

Twenty-six patients (87%) experienced treatment-related 
AEs (all grade 1−3; Table 3). Grade 3 treatment-related 
AEs occurred in 9 patients (30%) overall; those occurring  
in > 1 patient were diarrhea and vomiting (n = 3 each). Three 
patients (10%) experienced treatment-related AEs leading 
to discontinuation of study treatment: 2 in the MK-8353 
100-mg plus selumetinib 50-mg group (diarrhea, n = 1; urti-
caria, n = 1) and 1 in the MK-8353 150-mg plus selumetinib 
75-mg group (retinal detachment); each of these treatment-
related AEs subsequently resolved. Study treatment was 
interrupted because of treatment-related AEs in 13 patients 
(43%; see Table 3). One patient in the MK-8353 100-mg 

Table 2 Dose-Limiting Toxicities (DLTs) in the DLT-Evaluable Populationa

Treatment Group Patients, 
N

DLT Patients 
with DLTs, 
n

DLT by Maximum Gradeb

Grade 1 Grade 2 Grade 3

MK-8353 50 mg + selumetinib 25 mg 3 Any DLT 0
MK-8353 100 mg + selumetinib 50 mg 11 Any DLT 1

Urticaria 1 0 0 1
MK-8353 150 mg + selumetinib 75 mg 14 Any DLT 7

Diarrhea 1 0 0 1
Macular edema 1 0 1 0
Nausea 1 0 1 0
Retinal 
detachment

2 0 2 0

Retinopathy 1 0 1 0
Vision blurred 2 0 2 0
Vomiting 2 0 2 0

aDLT-evaluable population consists of patients that received ≥1 dose of study medication and satisfy 1 of the following criteria: (a) were 
observed for safety for 21 days after the first dose of assigned treatment, or (b) experienced a DLT prior to 21 days after the first dose of assigned 
treatment
bOnly the highest reported grade for a given DLT is counted for the individual patient. There were no grade 4/5 DLTs.

1 3

383



Investigational New Drugs (2023) 41:380–390

Exploratory analysis: biomarkers

In the subset of patients evaluated for biomarkers, maxi-
mal pERK inhibition in blood was observed at dose level 
1 (~ 100% inhibition at 1 h postdose with return to near 

Exploratory analysis: antitumor activity

No patient achieved a complete or partial response. Four-
teen patients experienced stable disease (n = 2, n = 2, and 
n = 10 at the 3 ascending dose levels, respectively).

Table 3 Summary of AEs (APaT Population)
MK-8353 50 mg + 
Selumetinib 25 mg
n = 3

MK-8353 100 mg + 
Selumetinib 50 mg
n = 12

MK-8353 150 mg + 
Selumetinib 75 mg
n = 15

Total
N = 30

Any AE 3 (100) 12 (100) 15 (100) 30 (100)
Treatment-related AEsa 2 (67) 9 (75) 15 (100) 26 (87)
 Grade 1 0 4 (33) 1 (7) 5 (17)
 Grade 2 1 (33) 2 (17) 9 (60) 12 (40)
 Grade 3 1 (33) 3 (25) 5 (33) 9 (30)
 Grade 4/5 0 0 0 0
 Serious 0 0 2 (13)b 2 (7)
 Led to discontinuation of study treatment 0 2 (17)c 1 (7)c 3 (10)
 Led to interruption of study treatment 1 (33)d 1 (8)d 11 (73)d 13 (43)
Treatment-related AEs occurring in ≥ 10% of patients
 Diarrhea 1 (33) 7 (58) 12 (80) 20 (67)
  Grade 1 0 6 (50) 3 (20) 9 (30)
  Grade 2 1 (33) 0 7 (47) 8 (27)
  Grade 3 0 1 (8) 2 (13) 3 (10)
 Nausea 0 4 (33) 7 (47) 11 (37)
  Grade 1 0 1 (8) 3 (20) 4 (13)
  Grade 2 0 3 (25) 4 (27) 7 (23)
 Acneiform dermatitis 1 (33) 3 (25) 6 (40) 10 (33)
  Grade 1 1 (33) 3 (25) 3 (20) 7 (23)
  Grade 2 0 0 3 (20) 3 (10)
 Vomiting 0 2 (17) 5 (33) 7 (23)
  Grade 1 0 1 (8) 2 (13) 3 (10)
  Grade 2 0 1 (8) 0 1 (3)
  Grade 3 0 0 3 (20) 3 (10)
 Fatigue 0 0 5 (33) 5 (17)
  Grade 1 0 0 2 (13) 2 (7)
  Grade 2 0 0 3 (20) 3 (10)
 Blood creatine phosphokinase increase 0 0 4 (27) 4 (13)
  Grade 1 0 0 4 (27) 4 (13)
 Abdominal pain 0 1 (8) 2 (13) 3 (10)
  Grade 1 0 0 2 (13) 2 (7)
  Grade 2 0 1 (8) 0 1 (3)
AE, adverse event; APaT, all patients as treated
aDetermined by the investigator to be related to study treatment. Patients could have experienced ≥ 1 treatment-related AE.
bVomiting (n = 2), diarrhea (n = 1)
cMK-8353 100 mg + selumetinib 50 mg: diarrhea (n = 1), urticaria (n = 1); MK-8353 150 mg + selumetinib 75 mg: retinal detachment (n = 1)
dMK-8353 50 mg + selumetinib 25 mg: diarrhea (n = 1); MK-8353 100 mg + selumetinib 50 mg: mucosal inflammation (n = 1); MK-8353 
150 mg + selumetinib 75 mg: diarrhea and vomiting (n = 4 each); alanine aminotransferase increase, blurred vision, nausea, and retinal detach-
ment (n = 2 each); aspartate aminotransferase increase, acneiform dermatitis, bacterial enterocolitis, fatigue, hypomagnesemia, macular edema, 
myalgia, rectal tenesmus, and retinopathy (n = 1 each)
Data are presented as n (%)
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100 mg + selumetinib 50 mg). However, treatment with 
MK-8353 150 mg plus selumetinib 75 mg had unacceptable 
toxicity, with 50% of patients experiencing DLTs affecting 
the eyes and gastrointestinal system. Dose escalation was 
therefore stopped according to mTPI algorithm. The MTD 
(and therefore the recommended phase 2 dose) for the com-
bination was MK-8353 100 mg plus selumetinib 50 mg. 
There were no responders at the dose levels assessed.

In a previous phase 1 study of patients with advanced 
solid tumors, no eye disorders occurred at the MTD of 
MK-8353 (400 mg twice daily), but visual impairment 
(n = 3), blurred vision (n = 2), and vitreous floaters (n = 1) 
occurred among 6 patients treated with the highest dose 
(800 mg twice daily) [7, 14]. As MEK inhibitors are known 
to cause ocular toxicity [15, 16], care was taken in our study 
to exclude patients with significant preexisting ophthalmo-
logic conditions and to monitor for potential ocular AEs. 
Although the 2 lower dose combinations were not associ-
ated with any treatment-related eye disorders, the highest 
dose combination was associated with protocol-specified 
DLTs of grade 2 blurred vision (n = 2), retinal detachment 

baseline levels after 3 days off treatment) and thus sub-
sequent analyses were not deemed to provide additional 
information. Data regarding change in serum IL-8 were 
inconclusive owing to limited patient samples.

Exploratory Analysis: FDG-PET Scans

Baseline and on-treatment FDG-PET scans were obtained 
from 15 patients (Fig. 1d). Greater than 30% decrease (the 
threshold for assessment of response in the PET Response 
Criteria in Solid Tumors [13]) from baseline in standardized 
uptake value was observed in 3/15 patients with no clear 
trend of dose-response relationship.

Discussion

Combination therapy with the investigational ERK inhibi-
tor MK-8353 and the MEK inhibitor selumetinib was 
tolerable at the 2 lower dose combinations evaluated 
(MK-8353 50 mg + selumetinib 25 mg and MK-8353 

Fig. 1 (a) Arithmetic mean plasma concentration versus time curves 
for MK-8353 following oral administration of the combination, (b) 
arithmetic mean plasma concentration versus time curves for selu-
metinib following oral administration of the combination, (c) arith-
metic mean plasma concentration versus time curves for desmethyl 
selumetinib following oral administration of the combination, and 

(d) 18F-fluoro-deoxy-glucose positron emission tomography (FDG-
PET) results in patients treated at a cycle 1, day 1 dose of MK-8353 
100 mg + selumetinib 50 mg, MK-8353 150 mg + selumetinib 75 mg, 
and in patients where the dose reduction occurred before cycle 2, day 4 
PET scans. CFB, change from baseline; SD, standard deviation; SUV, 
standardized uptake value
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infarction, grade 3 rash and acneiform dermatitis) [21]. 
Cumulative toxicity could not be managed with supportive 
care, and the intolerability of the combination did not permit 
sustained dosing at levels that might have been therapeutic 
[21].

In our study, toxicity resulted in both study selumetinib 
and MK-8353 being administered at doses below their 
single-agent dose level which may have resulted in limited 
pathway inhibition [5, 7]. Such incomplete inhibition of the 
MEK and ERK signaling may also result in resistance via 
associated pathways (including the PI3K-AKT-mTOR path-
way). If combinations of MEK and ERK inhibitors are to 
be evaluated in future studies, biomarker-based selection of 
patients whose tumors are oncogenically driven by MAPK 
pathway activation may be appropriate.

In summary, the combination of the ERK inhibitor 
MK-8353 plus the MEK inhibitor selumetinib did not dem-
onstrate antitumor activity at tolerable doses. These findings 
are consistent with those from other studies that have evalu-
ated combinations of MEK and ERK inhibitors in patients 
with advanced solid tumors.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s10637-
022-01326-3.
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