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ABSTRACT

Background. The purpose of this nonrandomized, open-
label, phase I study (NCT01285037) was to evaluate the
safety and tolerability of merestinib, an oral antiprolifera-
tive and antiangiogenic kinase inhibitor, and to determine
a recommended phase II dose and schedule for patients
with advanced cancer.
Materials and Methods. This was a multicenter, nonrando-
mized, open-label, phase I study of oral merestinib consist-
ing of six parts: dose escalation (part A), followed by a
four-cohort dose-confirmation study (part B) and subse-
quently a four-part dose expansion and combination safety
testing of merestinib with standard doses of cetuximab
(part C), cisplatin (part D), gemcitabine and cisplatin (part
E), and ramucirumab (part F) in patients with specific types

of advanced cancers. Safety, tolerability, antitumor activity,
and pharmacokinetics were evaluated in all cohorts.
Results. The dose escalation, confirmation, and expansion
results support the dosing of merestinib at 120 mg once
daily, based on acceptable exposure and safety at this
dose. One complete response was observed in a patient
with cholangiocarcinoma, and three patients with cholan-
giocarcinoma achieved a partial response. Overall, 60 (32%)
of the 186 patients enrolled in the study had a best response
of stable disease.
Conclusion. This study demonstrates that merestinib has a
tolerable safety profile and potential anticancer activity
and warrants further clinical investigation. The Oncologist
2019;24:e930–e942

Implications for Practice: Merestinib treatment in patients with advanced cancer demonstrated an acceptable safety pro-
file and potential antitumor activity, supporting its future development in specific disease populations as a monotherapy
and/or in combination with other therapies.

INTRODUCTION

The tyrosine kinase receptor MET, also known as the hepa-
tocyte growth factor (HGF) receptor, promotes a metastatic
and invasive tumor phenotype [1, 2]. The MET signaling
pathway regulates normal cellular functions that can be
subverted to support neoplasia, including cell proliferation,
survival, apoptosis, invasion, and angiogenesis [1, 3]. Both
MET amplification and MET exon 14 skipping mutations of

the juxtamembrane receptor domain result in upregulation
of MET expression and activity [4]. Aberrant MET signaling
plays a key role in tumorigenesis and angiogenesis [3]
and, in many cases, correlates with poor prognosis [5, 6].
Amplification of MET is also present in tumor cells with
acquired resistance to treatments such as erlotinib and
gefitinib [7, 8].
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Merestinib (LY2801653), developed initially to target the
MET kinase, is an oral kinase inhibitor with antitumor prolifer-
ative and antiangiogenic activity in MET-amplified and MET
autocrine xenograft tumor models [9, 10]. Merestinib is also
active against other receptor tyrosine kinases (MST1R [RON],
AXL, ROS1, PDGFRA, FLT3, TEK, DDR1, DDR2, MERTK, TYR03,
TRKA, TRKB, and TRKC) [9, 11] and serine/threonine kinases
(MKNK1 and MKNK2) [9]. Recent studies demonstrated mer-
estinib inhibits MKNK1- and MKNK2-induced phosphorylation
of eukaryotic translation initiation factor 4E [12, 13] and may
represent a unique approach to treatment of acute myeloid
leukemia or tumors with mitogen-activated protein kinase
pathway activation [12].

Many human cancers have upregulated MET expression
[14–31]. In colorectal cancer (CRC), MET overexpression
has been linked to metastatic progression [14]. In head
and neck squamous cell cancer (HNSCC), the MET pathway
was expressed or overexpressed in 52%–68% of cases;
11%–27% of HNSCC cases may have activating mutations in
MET [18]. Patients with CRC were treated with merestinib
monotherapy; patients with HNSCC were treated with mer-
estinib monotherapy or in combination with cetuximab in
this study.

MET receptor expression is a common feature of intrahe-
patic or extrahepatic cholangiocarcinoma (CCA), with approxi-
mately 50%–70% of cases demonstrating MET expression by
immunohistochemistry (IHC) [26, 31]. c-Met expression was
correlated with epidermal growth factor receptor (EGFR)
overexpression in CCA and was also a significant prognostic
factor in intrahepatic CCA [31]. Given the high rate of MET
expression in CCA and evidence that MET expression may
confer resistance to cisplatin across tumor types [[32]; Lilly
data on file], the combinations of merestinib with gemcita-
bine and/or cisplatin were tested in CCA in this study.

Uveal melanoma (UM) is the most common primary
intraocular malignancy and represents approximately 5% of
all melanoma diagnoses [27]. Approximately 30%–50% of
UM will metastasize [28], usually to the liver [27–30].
Expression of MET is a frequent finding in this disease,
occurring in almost 60%–90% of primary UMs [29]. MET
expression is associated with greater tumor invasiveness
and worse overall survival (OS). Existing chemotherapy, tar-
geted therapy, and immunotherapy regimens lack efficacy
[29, 33]. Patients with UM were treated with merestinib
monotherapy in this study.

Gastric cancer remains a significant health problem and
is the third leading cause of cancer-related death worldwide
[34]. In some preclinical tumor models, selective inhibition
of vascular endothelial growth factor (VEGF) signaling by
anti-VEGF antibody reduced tumor burden but increased
invasion, metastasis, tumor hypoxia, and c-Met activation
[35]. However, concurrent inhibition of c-Met reversed these
effects. Given these observations and the upregulation of
c-Met and/or elevated HGF expression in gastric cancer,
merestinib with a VEGF inhibitor was tested in patients with
gastric cancer.

This phase I study (I3O-MC-JSBA [JSBA]) evaluating
the safety and tolerability of merestinib in patients with
advanced cancer opened to enrollment in November
2009. We report the results of all cohorts, including

dose-escalation and dose-confirmation cohorts and the mul-
tiple phase Ib combination arms in specific tumor types.

MATERIALS AND METHODS

Objectives and Study Design
A six-part, multicenter, nonrandomized, open-label, dose-
escalation (part A), phase I study (NCT01285037) of meresti-
nib was performed, followed by a dose-confirmation study
(part B) with four cohorts to confirm the dose of merestinib
as monotherapy, followed by a dose-expansion evaluation
with standard doses of concomitant cetuximab (part C), cis-
platin (part D), gemcitabine and cisplatin (part E), and ramucir-
umab (part F) in patients with advanced cancer (supplemental
online Table 1).

The primary objective of this study was to determine a
recommended phase II dose and schedule of merestinib
that could be safely administered alone or in combination
to patients with advanced cancer. Secondary objectives
included documentation of antitumor activity, characteriza-
tion of the safety and toxicity profile, and estimation of
pharmacokinetic (PK) parameters.

Eligibility Criteria
Patients aged ≥18 years with advanced cancer (supplemental
online Table 1) refractory to prior or standard therapies, an
Eastern Cooperative Oncology Group (ECOG) performance sta-
tus (PS) of 0–1, and an estimated life expectancy of ≥12 weeks
were eligible. Patients were excluded if they were pregnant or
had decompensated liver cirrhosis (≥Child-Pugh stage B), hepa-
tocellular cancer (HCC), or symptomatic central nervous sys-
tem malignancy or metastasis. In the dose-escalation (part A)
and dose-confirmation (part B) portions of the study, patients
with adenocarcinoma of the colon or rectum were eligible if
they received ≥2 prior chemotherapy regimens. Patients with
HNSCC (part C) who were previously treated with cetuximab,
as well as cetuximab-naïve patients, were eligible if they
received ≥1 and ≤3 prior systemic therapies. Patients with
CCA were eligible if they had adequate biliary drainage prior
to enrollment. Patients with UM were required to have liver
metastasis. Part D patients with CCA were required to have
one prior line of therapy, whereas part E patients with CCA
were not eligible if they received prior therapy for metastatic
or advanced disease. Part E also enrolled patients with gall-
bladder or ampulla of Vater cancer. Patients with histologically
or cytologically confirmed gastric carcinoma, including gastric
adenocarcinoma or gastroesophageal junction (GEJ) adenocar-
cinoma, who were ramucirumab naïve were included in part F.

Treatment
Eligible patients received oral merestinib once daily in 28-day
(parts A, B, C, and F) or 21-day (parts D and E) cycles (supple-
mental online Table 1). This study included multiple parts
evaluating a range of doses of merestinib, with or without
concomitant therapies (supplemental online Table 1).

The study commenced with a drug-in-capsule formulation
of merestinib. PK evaluation at the end of the second dose
level showed negligible systemic exposure and prompted a
pause in enrollment to allow the development of an enabled

© AlphaMed Press 2019www.TheOncologist.com

He, Cohen, Denlinger et al. e931



Gastric and GEJ
Merestinib and 
ramucirumab
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Protocol violation 0

Subject decision 2 (12.5) 

Adverse event 0
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Dizziness 1 (9.1)
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Figure 1. Consolidated Standards of Reporting Trials diagram.
Abbreviations: AST, aspartate aminotransferase; CCA, cholangiocarcinoma; GEJ, gastroesophageal junction; HNSCC, head and neck
squamous cell cancer.

Table 1. Baseline patient demographics and disease characteristics

Demographics and characteristics

Dose
escalation
Merestinib

Dose
confirmation
Merestinib

HNSCC
Merestinib
and cetuximab

CCA
Merestinib
and cisplatin

CCA Merestinib,
gemcitabine,
and cisplatin

Gastric and
GEJ cancer
Merestinib and
ramucirumab

(n = 50) (n = 69) (n = 20) (n = 20) (n = 16) (n = 11)

Median age, years (range) 60 (30–82) 61 (35–78) 63 (27–78) 59 (41–77) 68 (54–77) 64 (36–74)

Age group, n (%)

≤65 years 34 (68.0) 49 (71.0) 11 (55.0) 14 (70.0) 7 (43.8) 7 (63.6)

>65 years 16 (32.0) 20 (29.0) 9 (45.0) 6 (30.0) 9 (56.3) 4 (36.4)

Sex, n (%)

Female 24 (48.0) 27 (39.1) 5 (25.0) 10 (50.0) 6 (37.5) 2 (18.2)

Male 26 (52.0) 42 (60.9) 15 (75.0) 10 (50.0) 10 (62.5) 9 (81.8)

Race, n (%)

Asian 6 (12.0) 1 (1.4) 1 (5.0) 1 (5.0) 0 0

Black 5 (10.0) 4 (5.8) 2 (10.0) 4 (20.0) 1 (6.3) 3 (27.3)

White 39 (78.0) 64 (92.8) 16 (80.0) 15 (75.0) 15 (93.8) 8 (72.7)

Ethnicity, n (%)

Hispanic or Latino 3 (6.1) 2 (2.9) 0 1 (5.3) 0 1 (9.1)

Not Hispanic or Latino 46 (93.9) 66 (97.1) 20 (100.0) 18 (94.7) 16 (100.0) 10 (90.9)

ECOG performance status, n (%)a

0 17 (34.7) 33 (47.8) 10 (50.0) 5 (25.0) 2 (12.5) 6 (54.5)

1 32 (65.3) 36 (52.2) 10 (50.0) 15 (75.0) 14 (87.5) 5 (45.5)

Prior radiotherapy, n (%)

Patients with ≥1 prior radiotherapy 24 (48.0) 47 (68.1) 20 (100.0) 4 (20.0) 1 (6.3) 7 (63.6)

Adjuvant/curative intent 14 (28.0) 28 (40.6) 17 (85.0) 3 (15.0) 1 (6.3) 3 (27.3)

Prior systemic therapy, n (%)

Patients with ≥1 prior regimen(s) 49 (98.0) 68 (98.6) 20 (100) 15 (75.0) 5 (31.3) 11 (100.0)

Patients with ≥2 prior regimens 48 (96.0) 61 (88.4) 12 (60.0) 14 (70.0) 4 (25.0) 11 (100.0)

Patients with ≥3 prior regimens 46 (92.0) 54 (78.3) 8 (40.0) 5 (25.0) 2 (12.5) 11 (100.0)
aOne patient in part A had a missing ECOG value.
Abbreviations: CCA, cholangiocarcinoma; ECOG, Eastern Cooperative Oncology Group; GEJ, gastroesophageal junction; HNSCC, head
and neck squamous cell cancer.
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Table 2. Treatment-emergent adverse events: any-grade events ≥15% by study part, regardless of relatedness

Dose
escalation
Merestinib

Dose
confirmation
Merestinib

HNSCC
Merestinib

and cetuximab

CCA Merestinib
and

cisplatin

CCA Merestinib,
gemcitabine,
and cisplatin

Gastric and GEJ
cancer Merestinib
and ramucirumab

(n = 50) (n = 69) (n = 20) (n = 20) (n = 16) (n = 11)

Preferred term, by SOC

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

All TEAEs 48 (96.0) 20 (40.0) 67 (97.1) 31 (44.9) 20 (100) 9 (45.0) 20 (100) 15 (75.0) 16 (100) 15 (93.8) 10 (90.9) 7 (63.6)

Blood and lymphatic system disorders

Anemia 3 (6.0) 1 (2.0) 13 (18.8) 1 (1.4) 3 (15.0) 0 4 (20.0) 1 (5.0) 8 (50.0) 3 (18.8) 0 0

Thrombocytopenia 0 0 1 (1.4) 0 3 (15.0) 0 2 (10.0) 0 3 (18.8) 0 1 (9.1) 0

Leukopenia 0 0 1 (1.4) 0 1 (5.0) 0 0 0 2 (12.5) 2 (12.5) 0 0

Neutropenia 0 0 0 0 0 0 0 0 2 (12.5) 2 (12.5) 1 (9.1) 0

Gastrointestinal disorders

Nausea 13 (26.0) 1 (2.0) 16 (23.2) 0 9 (45.0) 0 9 (45.0) 0 8 (50.0) 0 4 (36.4) 1 (9.1)

Constipation 14 (28.0) 0 13 (18.8) 0 6 (30.0) 0 8 (40.0) 0 7 (43.8) 0 3 (27.3) 1 (9.1)

Vomiting 9 (18.0) 2 (4.0) 11 (15.9) 1 (1.4) 6 (30.0) 0 7 (35.0) 0 4 (25.0) 0 5 (45.5) 0

Abdominal pain 7 (14.0) 0 13 (18.8) 2 (2.9) 2 (10.0) 0 7 (35.0) 0 5 (31.3) 0 1 (9.1) 1 (9.1)

Diarrhea 11 (22.0) 0 11 (15.9) 0 3 (15.0) 0 1 (5.0) 0 1 (6.3) 1 (6.3) 1 (9.1) 0

Abdominal distension 3 (6.0) 0 8 (11.6) 1 (1.4) 1 (5.0) 0 5 (25.0) 0 2 (12.5) 1 (6.3) 0 0

Abdominal pain upper 3 (6.0) 0 3 (4.3) 0 2 (10.0) 0 6 (30.0) 0 1 (6.3) 0 1 (9.1) 0

Ascites 3 (6.0) 0 3 (4.3) 1 (1.4) 0 0 3 (15.0) 1 (5.0) 1 (6.3) 1 (6.3) 0 0

Dysphagia 0 0 3 (4.3) 2 (2.9) 3 (15.0) 1 (5.0) 1 (5.0) 0 1 (6.3) 0 1 (9.1) 0

Dyspepsia 1 (2.0) 0 0 0 1 (5.0) 0 3 (15.0) 0 1 (6.3) 0 0 0

Gastroesophageal reflux disease 0 0 1 (1.4) 0 0 0 3 (15.0) 0 0 0 0 0

Odynophagia 0 0 1 (1.4) 0 3 (15.0) 0 0 0 0 0 0 0

Small intestinal obstruction 1 (2.0) 1 (2.0) 0 0 0 0 0 0 2 (12.5) 2 (12.5) 0 0

General disorders and administration site conditions

Fatigue 17 (34.0) 0 28 (40.6) 3 (4.3) 7 (35.0) 0 10 (50.0) 4 (20.0) 9 (56.3) 1 (6.3) 6 (54.5) 0

Edema peripheral 9 (18.0) 0 15 (21.7) 1 (1.4) 2 (10.0) 0 7 (35.0) 0 5 (31.3) 0 0 0

Pyrexia 4 (8.0) 0 9 (13.0) 0 0 0 3 (15.0) 0 4 (25.0) 0 0 0

Chills 2 (4.0) 0 7 (10.1) 0 0 0 2 (10.0) 0 2 (12.5) 0 2 (18.2) 0

Early satiety 1 (2.0) 0 0 0 0 0 6 (30.0) 0 1 (6.3) 0 2 (18.2) 0

Asthenia 3 (6.0) 0 1 (1.4) 0 1 (5.0) 0 0 0 1 (6.3) 0 2 (18.2) 0

Pain 2 (4.0) 0 0 0 1 (5.0) 0 1 (5.0) 1 (5.0) 0 0 2 (18.2) 0

Hepatobiliary disorders

Hyperbilirubinemia 1 (2.0) 0 3 (4.3) 2 (2.9) 1 (5.0) 0 3 (15.0) 3 (15.0) 0 0 1 (9.1) 1 (9.1)

Cholangitis 0 0 0 0 0 0 0 0 3 (18.8) 3 (18.8) 0 0

Infections and infestations

Upper respiratory tract infection 1 (2.0) 0 5 (7.2) 0 0 0 0 0 3 (18.8) 0 0 0

Sepsis 0 0 1 (1.4) 1 (1.4) 1 (5.0) 1 (5.0) 2 (10.0) 2 (10.0) 1 (6.3) 1 (6.3) 0 0

Investigations

Alanine amino-transferase increased 10 (20.0) 5 (10.0) 30 (43.5) 1 (1.4) 5 (25.0) 1 (5.0) 5 (25.0) 3 (15.0) 7 (43.8) 1 (6.3) 3 (27.3) 0

Aspartate amino-transferase increase 9 (18.0) 3 (6.0) 24 (34.8) 7 (10.1) 8 (40.0) 2 (10.0) 5 (25.0) 1 (5.0) 5 (31.3) 1 (6.3) 3 (27.3) 0

Blood alkaline phosphatase increase 8 (16.0) 1 (2.0) 11 (15.9) 4 (5.8) 4 (20.0) 0 2 (10.0) 2 (10.0) 5 (31.3) 3 (18.8) 3 (27.3) 1 (9.1)

Weight decreased 4 (8.0) 0 5 (7.2) 0 6 (30.0) 0 4 (20.0) 0 0 0 3 (27.3) 1 (9.1)

Blood bilirubin increased 1 (2.0) 0 4 (5.8) 3 (4.3) 1 (5.0) 0 4 (20.0) 1 (5.0) 1 (6.3) 0 0 0

Blood creatinine increased 1 (2.0) 0 1 (1.4) 0 0 0 5 (25.0) 2 (10.0) 3 (18.8) 0 0 0

Platelet count decreased 0 0 3 (4.3) 0 0 0 3 (15.0) 0 4 (25.0) 2 (12.5) 0 0

Neutrophil count decreased 0 0 0 0 0 0 1 (5.0) 1 (5.0) 8 (50.0) 7 (43.8) 0 0

White blood cell count decreased 0 0 2 (2.9) 0 0 0 1 (5.0) 0 4 (25.0) 1 (6.3) 0 0

Metabolism and nutrition disorders

Decreased appetite 6 (12.0) 0 12 (17.4) 1 (1.4) 6 (30.0) 1 (5.0) 9 (45.0) 1 (5.0) 2 (12.5) 0 3 (27.3) 1 (9.1)

Hypoalbuminemia 4 (8.0) 0 13 (18.8) 2 (2.9) 4 (20.0) 1 (5.0) 2 (10.0) 2 (10.0) 3 (18.8) 0 2 (18.2) 0

Hyperglycemia 3 (6.0) 1 (2.0) 13 (18.8) 0 2 (10.0) 0 2 (10.0) 0 3 (18.8) 0 2 (18.2) 0

Dehydration 4 (8.0) 0 7 (10.1) 0 2 (10.0) 2 (10.0) 6 (30.0) 2 (10.0) 2 (12.5) 1 (6.3) 2 (18.2) 0

(continued)
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(solid dispersion) formulation. Enrollment resumed with the
solid dispersion formulation at a starting daily dose of 5 mg,
and dose escalation continued to 240 mg daily.

Safety
The safety population included all patients who received
≥1 dose of merestinib. Safety measures included adverse
events (AEs), dose-limiting toxicities (DLTs), and electrocar-
diograms (ECGs). All AEs were graded using the National
Cancer Institute Common Terminology Criteria for Adverse
Events version 4.0.

Patients with a corrected QT (QTc) >470 ms were excluded.
An ECG was performed at baseline, at the beginning of cycle
1 (predose and 2, 5–8, and 24 hours after dose), and at the
beginning of cycle 2 (predose and 2 and 5–8 hours after dose).
Absolute QT interval (Fridericia correction [QTcF]) and QTcF
changes from baseline were evaluated by the investigator.

A DLT was defined as an AE occurring in cycle 1 that
was possibly related to the study drug and fulfilled any of

the following criteria: (a) grade ≥ 3 nonhematologic toxicity
(except manageable nausea, vomiting, anorexia, fatigue,
constipation, and diarrhea), (b) grade ≥ 3 thrombocytopenia
with bleeding, (c) grade 4 hematologic toxicity of >7 days
duration, (d) febrile neutropenia, or (e) other significant toxic-
ity deemed by the primary investigator and clinical research
physician to be dose limiting (e.g., grade 2 seizures, symp-
tomatic or asymptomatic arrhythmias, or severe tremors).

Antitumor Activity
Best overall response, progression-free survival (PFS), and
duration of response (DoR) were documented in all parts of
the study. Response analyses were based on the Response
Evaluation Criteria in Solid Tumors version 1.1 [36] for
patients with solid tumors and were performed every
56 days (�5 days), starting at the end of cycle 2 or sooner
as clinically indicated. To better understand tumor growth
kinetics at the time of study enrollment, information was col-
lected on size of target lesions obtained on the radiological

Table 2. (continued)

Dose
escalation
Merestinib

Dose
confirmation
Merestinib

HNSCC
Merestinib

and cetuximab

CCA Merestinib
and

cisplatin

CCA Merestinib,
gemcitabine,
and cisplatin

Gastric and GEJ
cancer Merestinib
and ramucirumab

(n = 50) (n = 69) (n = 20) (n = 20) (n = 16) (n = 11)

Preferred term, by SOC

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Any
grade
n (%)

Grade
≥ 3
n (%)

Hypocalcemia 5 (10.0) 0 6 (8.7) 0 5 (25.0) 1 (5.0) 4 (20.0) 0 2 (12.5) 1 (6.3) 1 (9.1) 0

Hyponatremia 1 (2.0) 0 4 (5.8) 4 (5.8) 4 (20.0) 2 (10.0) 3 (15.0) 2 (10.0) 3 (18.8) 2 (12.5) 1 (9.1) 1 (9.1)

Hypokalemia 1 (2.0) 0 3 (4.3) 0 7 (35.0) 1 (5.0) 2 (10.0) 1 (5.0) 2 (12.5) 1 (6.3) 0 0

Hypomagnesemia 0 0 0 0 4 (20.0) 0 3 (15.0) 0 3 (18.8) 0 0 0

Hyperuricemia 0 0 5 (7.2) 0 0 0 3 (15.0) 1 (5.0) 0 0 1 (9.1) 0

Musculoskeletal and connective tissue disorders

Back pain 3 (6.0) 0 9 (13.0) 0 0 0 2 (10.0) 0 4 (25.0) 1 (6.3) 0 0

Arthralgia 0 0 5 (7.2) 0 4 (20.0) 0 2 (10.0) 0 2 (12.5) 0 2 (18.2) 0

Musculoskeletal chest pain 1 (2.0) 0 1 (1.4) 0 1 (5.0) 0 3 (15.0) 0 0 0 1 (9.1) 1 (9.1)

Musculoskeletal pain 0 0 1 (1.4) 0 1 (5.0) 0 4 (20.0) 0 1 (6.3) 0 0 0

Nervous system disorders

Dizziness 6 (12.0) 0 9 (13.0) 0 1 (5.0) 0 5 (25.0) 0 2 (12.5) 0 2 (18.2) 0

Headache 5 (10.0) 0 6 (8.7) 0 3 (15.0) 0 1 (5.0) 0 2 (12.5) 0 3 (27.3) 0

Psychiatric disorders

Insomnia 5 (10.0) 0 6 (8.7) 0 1 (5.0) 0 2 (10.0) 0 1 (6.3) 0 2 (18.2) 0

Depression 1 (2.0) 0 3 (4.3) 0 1 (5.0) 0 4 (20.0) 0 0 0 2 (18.2) 0

Renal and urinary disorders

Acute kidney injury 1 (2.0) 1 (2.0) 0 0 0 0 5 (25.0) 2 (10.0) 3 (18.8) 0 1 (9.1) 0

Proteinuria 0 0 1 (1.4) 0 3 (15.0) 1 (5.0) 0 0 1 (6.3) 0 2 (18.2) 0

Respiratory, thoracic and mediastinal disorders

Dyspnea 8 (16.0) 1 (2.0) 7 (10.1) 0 6 (30.0) 0 3 (15.0) 1 (5.0) 3 (18.8) 0 2 (18.2) 1 (9.1)

Cough 5 (10.0) 0 9 (13.0) 0 2 (10.0) 0 3 (15.0) 0 2 (12.5) 0 1 (9.1) 0

Pleural effusion 1 (2.0) 0 2 (2.9) 0 3 (15.0) 0 0 0 0 0 1 (9.1) 1 (9.1)

Skin and subcutaneous tissue disorders

Rash 1 (2.0) 0 1 (1.4) 0 7 (35.0) 0 1 (5.0) 0 2 (12.5) 0 1 (9.1) 0

Dermatitis acneiform 0 0 6 (8.7) 0 4 (20.0) 1 (5.0) 0 0 0 0 0 0

Skin fissures 0 0 1 (1.4) 0 4 (20.0) 0 0 0 0 0 0 0

Vascular disorders

Hypertension 0 0 4 (5.8) 3 (4.3) 3 (15.0) 0 2 (10.0) 0 0 0 2 (18.2) 1 (9.1)

Hypotension 1 (2.0) 0 4 (5.8) 0 3 (15.0) 1 (5.0) 0 0 0 0 1 (9.1) 1 (9.1)

Deep vein thrombosis 0 0 1 (1.4) 0 0 0 3 (15.0) 1 (5.0) 0 0 0 0

Abbreviations: CCA, cholangiocarcinoma; GEJ, gastroesophageal junction; HNSCC, head and neck squamous cell cancer; SOC, system organ class; TEAEs, treatment-
emergent adverse events.

© AlphaMed Press 2019

Merestinib in Patients with Advanced Cancere934



assessment done prior to this study’s baseline measurement.
A radiological assessment performed ≥3 weeks prior to the
baseline study and using the same imaging modality as the
baseline was used as the reference.

PFS analysis was defined as the elapsed time from the
date of enrollment to the date of either objectively deter-
mined progressive disease (PD) or death. DoR analyses
identified responding patients not known to have died as
of the data cutoff date of November 13, 2017, and who did
not have objective PD, or responders who received subse-
quent systemic anticancer therapy (after discontinuation from
the study chemotherapy) before objectively determined PD.

Pharmacokinetics
PK parameters of merestinib were analyzed on plasma sam-
ples from patients who received ≥1 dose of the enabled for-
mulation and had appropriate sampling to allow calculation of
noncompartmental PK parameters using Phoenix WinNonlin,
Certara USA Inc, Princeton, NJ, USA version 6.4. Maximum
observed postdose concentration (Cmax) and time to Cmax

(tmax) were reported directly from the raw data. Other calculated
parameters included area under the concentration-time curve
from time 0 through 24 hours (AUC0–24), apparent clearance
(CL/F), apparent volume of distribution (VZ/F), and elimination
half-life (t1/2). Descriptive analyses were performed to assess
plasma concentrations over time and exposure by dose and
cohort. In addition, Cmax and AUC0–24 obtained after the first
dose (cycle 1, day 1) during dose escalation were evaluated to
assess dose proportionality by the method of Smith et al. [37].

Statistical Analysis
All analyses were descriptive; no p values were calculated.
For continuous variables, summary statistics included number
of patients, mean, median, standard deviation, minimum, and
maximum. Categorical endpoints were summarized using the
number of patients, frequency, percentages, and standard
errors. Missing data were not imputed.

RESULTS

Baseline Characteristics
All patients were enrolled in the U.S. between November
10, 2009, and February 20, 2017. Of the 254 patients
screened, 186 were subsequently enrolled and received ≥1
dose of merestinib (Fig. 1). In each cohort, most patients
were white (73%–94%), male (50%–82%), and over age
59 (range, 27–82 years). All patients had a baseline ECOG
PS of 0 (73 of 185 patients; 39.5%) or 1 (112 of 185 patients;
60.5%). Baseline patient demographics and disease charac-
teristics are summarized in Table 1.

Dose Escalation
With the enabled formulation, daily dosing began at 5 mg
and doubled in each subsequent cohort until the 160 mg
dose in cohort 8 (supplemental online Table 1). For the first
three patients treated at 160 mg, no DLTs were observed,
and the dose was increased to 240 mg in cohort 9. Two of
the patients experienced a reversible and transient (<7 days)
grade 3 increase in liver function tests (LFTs) at 240 mg.
Therefore, the 160 mg dose level was reopened to enroll-
ment, and a total of 11 evaluable patients were treated at
this dose level, with two DLTs (reversible grade 3 increases
in LFTs) observed. Thereafter, the starting daily dose was de-
escalated to 120 mg. This 120 mg cohort enrolled 10 patients,
6 of whom were evaluable. One patient in the 120 mg cohort
had a reversible grade 3 LFT increase. Supplemental online
Table 2 summarizes the dose escalation. The 120 mg daily
dose was selected for subsequent study in the dose-
confirmation part of the study (part B), which enrolled
four separate cohorts of patients with CRC, HNSCC, CCA,
and metastatic UM. In the combination cohorts parts C
and D, three patients observed DLTs at the 120 mg dose:
grade 3 increased aspartate aminotransferase (AST) and
grade 3 increased alanine aminotransferase (ALT; part C)
and grade 3 hyperbilirubinemia (part D). These DLTs were

Table 3. Best overall response

Dose
escalation
Merestinib

Dose
confirmation
Merestinib

HNSCC
Merestinib
and cetuximab

CCA
Merestinib
and cisplatin

CCA Merestinib,
gemcitabine,
and cisplatin

Gastric and GEJ
cancer Merestinib
and ramucirumab

(n = 50) (n = 69) (n = 20) (n = 20) (n = 16) (n = 11)

Best overall
response, n (%)

CR 0 0 0 1 (6) 0 0

PR 0 0 0 0 3 (19) 0

SD 14 (28) 22 (32) 8 (40) 6 (30) 8 (50) 2 (18)

PD 26 (52) 33 (48) 10 (50) 10 (50) 4 (25) 7 (64)

Not evaluable/
not assessed

10 (20) 14 (20) 2 (10) 3 (15) 1 (6) 2 (18)

PFS rate (95% CI)

3 months N/A N/Aa 42.9% (18.8–65.1)b 29.8% (8.2–55.6)b 66.0% (36.5–84.3) 20.0% (3.1–47.5)

6 months N/A N/Aa 17.9% (3.0–42.2)b 19.8% (3.4–46.0)b 58.7% (30.0–79.0) 10.0% (0.6–35.8)
aRates for each disease cohort are included in text.
bRate based on n = 17.
Abbreviations: CCA, cholangiocarcinoma; CI, confidence interval; CR, complete response; GEJ, gastroesophageal junction; HNSCC, head and
neck squamous cell cancer; N/A, not available; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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reversible, and patients resumed and tolerated study treat-
ment at the reduced dose of 80 mg.

Safety
In the dose-escalation part of the study, 48 patients (96%) expe-
rienced treatment-emergent adverse events (TEAEs), regardless
of causality, and 20 patients (40%) experienced grade ≥ 3
TEAEs (Table 2). The most common (≥5%) grade ≥ 3 TEAEs
were ALT increased (five patients [10%]) and AST increased

(three patients [6%]). Analysis of ECG results across cohorts
showed no QTcF prolongation trends by dose or over time.

In the dose-confirmation part of the study, 67 patients
(97%) experienced TEAEs, regardless of causality, and 31
patients (45%) experienced grade ≥ 3 TEAEs (Table 2). The
most common (≥5%) grade ≥ 3 TEAEs were AST increased
(seven patients [10%]), blood alkaline phosphatase increased
(four patients [6%]), and hyponatremia (four patients [6%]).

Twenty patients (100%) with HNSCC treated with mer-
estinib and cetuximab experienced TEAEs, regardless of
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Figure 2. Duration of treatment by study part. (A): Dose escalation. (B): Dose confirmation. (C): Head and neck squamous cell can-
cer. (D): Cholangiocarcinoma (CCA) treated with merestinib and cisplatin. (E): CCA treated with merestinib, gemcitabine, and cis-
platin. (F): Gastric and gastroesophageal junction cancer.
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causality, and nine patients (45.0%) experienced grade ≥ 3
TEAEs (Table 2). The most common (≥10%) grade ≥ 3 TEAEs,
each experienced by two patients (10%), were AST increased,
dehydration, and hyponatremia.

Twenty patients (100%) with CCA treated with merestinib
and cisplatin experienced TEAEs, regardless of causality, and
15 patients (75%) experienced grade ≥ 3 TEAEs (Table 2). The
most common (≥10%) grade ≥ 3 TEAEs were fatigue (four
patients [20%]); hyperbilirubinemia (three patients [15%]);
ALT increased (three patients [15%]); and sepsis, blood alka-
line phosphatase increased, blood creatinine increased, hypo-
natremia, dehydration, hypoalbuminemia, and acute kidney
injury, each experienced by two patients (10%).

Sixteen patients (100%) with CCA treated with merestinib,
gemcitabine, and cisplatin experienced TEAEs, and 15 patients
(94%) experienced grade ≥ 3 TEAEs, regardless of causality
(Table 2). The most common (≥10%) grade ≥ 3 TEAEs were
neutrophil count decreased (seven patients [44%]); anemia
(three patients [19%]); cholangitis (four patients [25%]); blood
alkaline phosphate increased (three patients [19%]); and leu-
kopenia, neutropenia, small intestinal obstruction, platelet
count decreased, and hyponatremia, each experienced by
two patients (13%).

Ten patients (90.9%) with gastric or GEJ cancer experi-
enced TEAEs, regardless of causality, and seven patients
(63.6%) experienced grade ≥ 3 TEAEs (Table 2). No grade ≥ 3
TEAEs were experienced by more than one patient (Table 2).

Reasons for treatment discontinuation are summarized
in Figure 1. Overall, nine patients discontinued from the
study because of AEs. Serious AEs, regardless of causality
(supplemental online Table 3), and serious AEs possibly
related to merestinib (supplemental online Table 4) are
detailed by study part in the supplemental online data.

Thirty-six patients died during the study. Twelve patients
died during the dose-escalation part of the study, 10 from
PD. The remaining two patient deaths (cardiac arrest, perito-
neal infection) were determined by the investigator to be
unrelated to merestinib. Eleven patients died during the
dose-confirmation part of the study, all from PD. Two
patients with HNSCC died, both from PD. Six patients with
CCA treated with merestinib and cisplatin died during the
study, all from PD. One patient with CCA treated with
merestinib, gemcitabine, and cisplatin died from PD dur-
ing the study. Four patients with gastric or GEJ cancer
died during the study, three (75.0%) from PD. The remain-
ing patient death was an AE of dyspnea.

Antitumor Activity
Of the 50 patients enrolled in the dose-escalation part of
the study, 14 (28%) had a best overall response of stable
disease (SD), and 26 patients (52%) had a best overall
response of PD (Table 3). PFS for patients across all dose
levels ranged from 0.3 to >40 months. Duration on study
ranged from 4 days to 45 months (Fig. 2A).

Of the 69 patients enrolled in the dose-confirmation part
of the study, 22 (32%) had a best response of SD (Table 3).
The estimated median PFS by cohort was 1.8 months (CRC),
1.7 months (HNSCC), 1.9 months (CCA), and 1.8 months
(UM). The PFS rate at 3 months was 43.1% (95% confi-
dence interval [CI] 17.9–66.2) for the CRC cohort, 24.5%
(95% CI 6.1–49.3) for the HNSCC cohort, 26.9% (95% CI
8.4–50.0) for the CCA cohort, and 40.0% (95% CI 16.5–62.8)
for the UM cohort. The PFS rate at 6 months was 7.2%
(95% CI 0.5–27.6) for the CRC cohort, 16.3% (95% CI 2.7–40.4)
for the HNSCC cohort, 20.2% (95% CI 4.9–42.7) for the CCA
cohort, and 20.0% (95% CI 4.9–42.4) for the UM cohort. Dura-
tion on study ranged from 6 days to 40 months (Fig. 2B).

Of the 20 patients with HNSCC, a combined total of
8 patients (40%) had a best response of SD (Table 3;
Fig. 3A). The estimated median PFS by dose cohort was
2.8 months (120 mg) and 2.3 months (80 mg). The PFS
rates at 3 months and 6 months are in Table 3. Duration
on study ranged from 1 to 11 months (Fig. 2C).
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Figure 3. Tumor size percent change from baseline by study part.
(A): Part C: Head and neck squamous cell cancer. (B): Part D: Cholan-
giocarcinoma (CCA), treated with merestinib and cisplatin. (C): Part
E: CCA, treatedwithmerestinib, gemcitabine, and cisplatin. (D): Part
F: Gastric and gastroesophageal junction cancer. Patients who had
more or fewer target lesions at postbaseline than baseline, or
whose target lesions that were assessed at baseline were not all
assessed at postbaseline, are excluded from thewaterfall plot.
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Of the 20 patients with CCA who were treated with mer-
estinib and cisplatin (all dose cohorts), 1 (6%) had a com-
plete response (CR) and 6 (30%) had a best response of SD
(Table 3; Fig. 3B). The estimated median PFS by dose cohort
was 1.8 months (80 mg) and 3.5 months (120 mg). The PFS
rates at 3 months and 6 months are in Table 3. Duration on
study ranged from 22 days to 15 months (Fig. 2D).

Of the 16 patients with treatment-naïve CCA treated with
merestinib, gemcitabine, and cisplatin (all dose cohorts),
3 (19%) had a partial response (PR). A total of eight patients
(50%) had a best response of SD (Table 3; Fig. 3C). The estimated
median PFS was 8.57 months. The PFS rates at 3 months and
6 months are in Table 3. Duration on study ranged from 1 to
20 months (Fig. 2E).

Of the 11 patients with gastric and GEJ cancer, 2 (18.2%)
had a best response of SD (Table 3; Fig. 3D). The estimated
median PFS in part F was 1.7 months. The PFS rates at
3 months and 6 months are in Table 3. Duration on study
ranged from 8 days to 16 months (Fig. 2F).

Supplemental online Figures 1 and 2 show the esti-
mated tumor growth kinetics per patient from 100 days

prior to start of treatment through the end of treatment
with merestinib monotherapy or merestinib in combination
with other therapies, respectively.

Pharmacokinetics Analysis
Data from patients who received the enabled formulation
exhibited a notable increase in exposure compared with
cohorts receiving the drug-in-capsule formulation, which
was minimally absorbed and hence exhibited negligible
exposure (data not shown). Figure 4A illustrates the mean
concentration-time profiles following the first dose of mer-
estinib on day 1 of cycle 1 in patients receiving the enabled
formulation. In a noncompartmental analysis, Cmax and
AUC0–24 following the first dose of merestinib (cycle 1, day 1)
indicated exposures increased with dose in an approximately
proportional manner from 5 to 240 mg of the enabled formula-
tion in part A (supplemental online Fig. 3). Individual AUC0–24
values following the first dose across all study parts, plotted by
dose level, likewise increased with dose (Fig. 4B). Exposure
thresholds (AUC0–24) associated with efficacy in a mouse
(U87MG) xenograft model were overlaid for comparison.

A

B

Time (hours)

12,000

10,000

8,000

6,000

4,000

2,000

Figure 4. Pharmacokinetics of merestinib. (A): Pharmacokinetics following the first dose of merestinib on day 1 of cycle 1 in
patients receiving enabled formulation. (B): Exposure to merestinib following first dose, AUC0–24. Note: Dose levels on the x-axis
are categorical, not continuous. The axis is not drawn to scale.
Abbreviation: AUC0–24, area under the concentration-time curve over 24 hours.
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Across all dose levels, the geometric mean of oral volume of
distribution (Vz/F) was 284 L (49% coefficient of variation
[CV]), and CL/F was 19.6 L/hour (37% CV), leading to a typi-
cal t1/2 of 10.0 hours (41% CV). The wide range of tmax sug-
gests variability in the rate of absorption, which in part may
account for differences in exposure over the postdose sam-
pling period. Table 4 provides a summary of PK parameters
by treatment following the first dose of merestinib calcu-
lated for each cohort receiving the enabled formulation.

DISCUSSION

Results of the dose-escalation and dose-confirmation parts
of this study support dosing of merestinib as a single agent
at 120 mg once daily, based on the acceptable exposure and
safety at this dose level. During the dose-escalation phase,
DLTs of reversible and transient asymptomatic grade 3
increases in AST and/or ALT were observed. These increases
were not accompanied by changes in bilirubin or other LFTs
and reversed when dosing was interrupted. One CR was
observed in a patient with CCA, and three patients with CCA
achieved a PR. Overall, 60 (32%) of the 186 patients enrolled
had a best response of SD.

Exposures of merestinib reflected in AUC or Cmax in-
creased in an approximately dose-proportional manner
across a dose range of 5 to 240 mg following drug refor-
mulation. Patients treated at the 120 mg daily proposed
monotherapy dose exhibited similar exposures regardless
of tumor type. Overall, exposures (AUC0–24) following sin-
gle doses of 80 mg or higher reached or exceeded corre-
sponding thresholds associated with efficacy in a preclinical
(mouse) U87MG xenograft PK-PD model, equal to or greater

than the EC50 threshold associated with tumor growth inhi-
bition in this model.

Several MET pathway inhibitors have been tested in clinical
trials with disappointing results. Early results of rilotumumab
and onartuzumab in patients with gastric cancer and non-small
cell lung cancer (NSCLC) were promising but were not con-
firmed in larger phase III studies in various cancers [38–43].
Small-molecule MET inhibitors have also been disappointing.
The addition of tivantinib to cetuximab and irinotecan in
patients with metastatic CRC failed to meet the primary
endpoint of improved PFS [44]. The phase III MARQUEE trial
study of erlotinib with or without tivantinib in unselected
patients with previously treated nonsquamous NSCLC was
halted when the interim analysis demonstrated no improve-
ment in OS despite increased PFS [45]. A phase II placebo-
controlled trial of tivantinib as second-line treatment for HCC
demonstrated a prolonged time to disease progression, with a
more pronounced effect in patients with MET-high tumors
[46]. Unfortunately, the phase III trial of tivantinib as second-
line treatment for HCC in patients with high MET expression
did not meet its primary efficacy endpoint [47]. Originally
designed as a MET inhibitor, crizotinib distinguished itself in
clinical trials via tumor reduction treatment in patients with
anaplastic lymphoma kinase-positive NSCLC [48], although
more recent evidence suggests that crizotinib can benefit
patients with the MET exon 14 skipping mutation, which
occurs in 3%–4% of patients with lung adenocarcinoma and
less frequently in other tumor types [49–51]. Several other
small-molecule MET inhibitors are also under investigation for
use as NSCLC treatments in patients with exon 14 skipping
mutations [52]. These largely disappointing data underscore
the challenge of realizing the clinical utility of MET inhibition.

Table 4. Merestinib noncompartmental pharmacokinetic parameters for cycle 1, day 1 by dose

Cycle 1, day 1 (first dose)

Dose 5 mg 10 mg 20 mg 40 mg 80 mg 120 mg 160 mg 240 mg

n 3 4 4 3 47 40 16 3

Cmax, ng/mL 10.1 (90) 22.7 (122) 56.8 (47) 85.7 (17) 264 (62) 401 (49) 337 (67) 828 (15)

tmax, hours
a 5.00

(2.00–5.25)
3.03
(2.00–6.00)

3.00
(2.00–26.00)

5.08
(5.02–26.00)

4.88
(1.50–5.75)

4.45
(2.00–24.00)

5.03
(2.02–26.00)

5.00
(4.47–5.00)

t1/2, hours 12.6 (25)b 16.3 (55) 8.9 (64)c 12.2 (12)b 9.3 (40)d 9.9 (34)e 10.7 (51)f 8.0 (37)

AUC0–24,
ng•hours/mL

214 (7)b 316 (92) 583 (55) 1260 (4) 3160 (44)g 4560 (47)h 4360 (64) 9430 (9)

AUC0–∞,
ng•hours/mL

314 (4)b 543 (47) 750 (92)c 1810 (16)b 4260 (42)d 6190 (36)e 7560 (26)f 11400 (14)

AUC(0–tlast),
ng•hours/mL

90.6 (328) 332 (89) 607 (59) 1340 (6) 3250 (44) 4610 (49) 4600 (59) 9690 (8)

CL/F, L/hours 15.9 (4)b 18.4 (47) 26.7 (92)c 22.1 (16)b 18.8 (42)d 19.4 (36)e 21.1 (26)f 21.1 (14)

Vz/F, L 289 (21)b 433 (116) 342 (28)c 390 (4)b 252 (50)d 275 (45)e 327 (49)f 243 (25)

Note: Values reported as geometric mean (% coefficient of variation).
aMedian (min–max).
Some subjects were omitted from calculations based on insufficient data:
bn = 2.
cn = 3.
dn = 24.
en = 37.
fn = 10.
gn = 50.
hn = 39.
Abbreviations: AUC0–∞, area under the concentration-time curve from time 0 to infinity after the first dose; AUC0–24, area under the
concentration-time curve from 0 to 24 hours after the first dose; CL/F, apparent total body clearance of drug calculated after oral administra-
tion; Cmax, maximum concentration observed after first dose; t1/2, half-life; tmax, time when Cmax was observed; Vz/F, apparent volume of distri-
bution during the terminal phase after oral administration.
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Patient selection is likely key to improving outcomes; to
date, there is no validated biomarker useful in selecting
patients most or least likely to benefit from MET inhibition.
MET positivity by IHC has been the criterion for most of
the aforementioned negative studies. Results from a MET
tyrosine kinase inhibitor (AMG 337) study in advanced solid
tumors suggested greater antitumor effects in patients with
MET amplification as determined by fluorescence in situ
hybridization (FISH) analysis [53]. The FISH analysis threshold
that defines MET positivity, however, can vary across trials,
with more stringent criteria probably reducing inclusion of
patients whose tumors have oncogenic drivers other than
MET [54]. The proportion of patients with MET amplification
and MET mutation in any tumor type is generally very low,
which makes clinical trials aimed at such populations chal-
lenging to conduct. Nevertheless, given the high MET expres-
sion detected in different tumor types [14–30, 55], targeting
MET and related pathways may yet prove to be useful in
the effective treatment of various cancers, provided patients
most likely to respond can be identified.

Although designed to be an inhibitor of MET, merestinib
also inhibits the receptor tyrosine kinases MST1R, AXL, ROS1,
PDGFRA, FLT3, TEK, DDR1, DDR2, MERTK, TYR03, TRKA, TRKB,
and TRKC [9, 11], as well as the serine/threonine kinases
MKNK1 and MKNK2 [9]. This property may explain the occa-
sional observed responses in the few patients with tumor
regression in our study.

One limitation of this study was that the patient popula-
tion enrolled in the dose-confirmation part of the study
included treatment-refractory patients who were not selected
for a particular MET phenotype or genotype. Although the
search for candidate biomarkers has evolved since the trial
began in 2009, archived tumor samples of suitable quality
were not available from a sufficient number of patients to
conduct a meaningful retrospective biomarker analysis as part
of this study. However, it is interesting that among the tested
populations, the only group to demonstrate an objective
response was the patients with cholangiocarcinoma, an indica-
tion that has previously been associated with significant levels
of MET overexpression [26, 31, 32]. This finding has triggered
a follow-on study (NCT02711553), which includes prospective
sample collection for the interrogation of biomarkers that are
related to the pathways inhibited by merestinib.

CONCLUSION

Our study suggests that merestinib has a tolerable safety pro-
file and potential anticancer activity. On the basis of the results

in this and other studies of merestinib, subsequent disease-
directed development of merestinib as monotherapy and as
part of combination regimens is ongoing (NCT02711553).
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