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LESSONS LEARNED

• The combination of the antivascular endothelial growth factor receptor 2 monoclonal antibody, ramucirumab, and the
type II MET kinase inhibitor, merestinib, is tolerable.

• Preliminary efficacy data suggest that the combination may provide clinical benefit to patients with metastatic colorectal
cancer (mCRC).

• Further development of this combination would likely necessitate the identification of subsets of patients with mCRC
where the clinical benefit is of clinical relevance.

ABSTRACT

Background. This study evaluated safety, preliminary effi-
cacy, and pharmacokinetics of ramucirumab plus merestinib
in patients with MCR previously treated with oxaliplatin
and/or irinotecan.
Methods. Open-label phase Ia/b study comprising 3+3
dose-limiting toxicity (DLT) observation and expansion
parts. Treatment was ramucirumab 8 mg/kg on days 1 and
15 and merestinib 80 mg once daily (QD; 28-day cycle).
Primary objective was safety and tolerability. Secondary
objectives were pharmacokinetics and preliminary anti-
tumor activity. Exploratory objective was biomarker
associations.
Results. Safety findings: DLT (proteinuria) of 7 phase Ia patients
(the expansion part started at the initial recommended dose

level); 16 patients (70%) with grade ≥3 treatment-emergent
adverse events (TEAEs); 10 patients (43%) with grade ≥3
treatment-related TEAEs. The most common grade ≥3
treatment-related TEAEs were fatigue (4 patients [17%]) and
increased blood alkaline phosphatase, diarrhea, and hyperten-
sion (2 patients each [9%]). One patient discontinued treatment
because of cholestatic hepatitis. Geometric mean trough con-
centrations at cycle 1, day 15, were ramucirumab, 24.8 μg/mL;
merestinib, 130 ng/mL. No complete or partial response was
seen; 12 patients (52%) achieved stable disease. Median
progression-free survival was 3.3 months (95% confidence inter-
val [CI]: 1.6–4.4). Median overall survival was 8.9 months (95%
CI: 3.5–12.7). There were no associations between genetic alter-
ations and efficacy.
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Conclusion. Ramucirumab plus merestinib is tolerable
and may have clinical benefit in biomarker-unselected,
heavily pretreated patients with mCRC. The Oncologist
2020;25:e1628–e1639

DISCUSSION

Therapeutic cotargeting of vascular endothelial growth fac-
tor receptor (VEGFR) and c-MET could provide benefit in
the treatment of mCRC.

Ramucirumab, an anti-VEGFR2 monoclonal anti-
body, improved overall survival (OS) when added to
second-line FOLFIRI in patients with mCRC. Merestinib
is an oral type II MET kinase inhibitor that can also
inhibit other receptor tyrosine kinases. Recent find-
ings from the first-in-human phase I study indicated
that merestinib has a tolerable safety profile and
potential anticancer activity as a single agent and in
combination with other anticancer agents, including
ramucirumab.

The primary objective of this phase Ia/b study was to
evaluate the safety and tolerability of ramucirumab plus
merestinib in patients with mCRC previously treated with
oxaliplatin and/or irinotecan. Secondary objectives
were the evaluation of pharmacokinetics and preliminary
efficacy. Biomarker associations constituted the explor-
atory objectives. Treatment comprised ramucirumab
8 mg/kg on day 1 and 15 and merestinib 80 mg QD
(28-day cycle).

A total of 23 patients were enrolled and received one
or more doses of study drug. The combination of ram-
ucirumab and merestinib in patients was generally well
tolerated (Table 1). One patient discontinued because of a
treatment-related TEAE, and no patients died from TEAEs.
One patient experienced a dose-limiting toxicity (protein-
uria). The pattern and incidence of TEAEs were consistent
with the expected safety profiles for ramucirumab and
merestinib.

After administration of ramucirumab in combination
with merestinib, ramucirumab and merestinib concentra-
tions were consistent with corresponding monotherapy,
indicating that drug-drug interaction between these two
molecules is unlikely.

Approximately 50% of patients achieved stable disease,
suggesting that the combination of ramucirumab plus
merestinib may have clinical benefit in this heavily
pretreated population. Median progression-free survival
(PFS) was 3.3 months, and median OS was 8.9 months
(Fig. 1).

There were no associations between genetic alter-
ations and efficacy; however, there was a significant
association between VEGF-A plasma concentrations
and OS.

In conclusion, we found that the combination of
ramucirumab 8 mg/kg every 2 weeks plus merestinib
80 mg QD is tolerable and may provide clinical benefit
in biomarker-unselected, heavily pretreated patients
with mCRC.

Table 1. Treatment-related TEAEsa

TEAE, n (%)

n = 23

Any
grade Grade ≥3

Any TEAE 21 (91.3) 10 (43.5)

Fatigue 7 (30.4) 4 (17.4)

Headache 7 (30.4) 0 (0.0)

Blood alkaline phosphatase
increased

6 (26.1) 2 (8.7)

Aspartate aminotransferase
increased

6 (26.1) 1 (4.3)

Decreased appetite 6 (26.1) 0 (0.0)

Alanine aminotransferase
increased

5 (21.7) 1 (4.3)

Proteinuria 4 (17.4) 1 (4.3)

Hypothyroidism 4 (17.4) 0 (0.0)

Nausea 4 (17.4) 0 (0.0)

Edema peripheral 4 (17.4) 0 (0.0)

Diarrhea 3 (13.0) 2 (8.7)

Dysphonia 3 (13.0) 0 (0.0)

Dyspnea 3 (13.0) 0 (0.0)

Pyrexia 3 (13.0) 0 (0.0)

Pruritus 3 (13.0) 0 (0.0)

Hypertension 2 (8.7) 2 (8.7)
aAny grade occurring in two or more patients. Presented by pre-
ferred term.

Figure 1. Kaplan-Meier plots of progression-free survival and
overall survival. Circles indicate censored patients. (A):
Progression-free survival. (B): Overall survival.
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TRIAL INFORMATION

Disease Colorectal cancer

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy 2 prior regimens

Type of Study Phase I, 3+3 dose-limiting toxicity (phase Ia) and expansion
(phase Ib)

Primary Endpoint Safety and tolerability

Secondary Endpoints Pharmacokinetics, efficacy, biomarker associations (exploratory)

Additional Details of Endpoints or Study Design

This was a phase Ia/b, multicenter (three sites across the U.S. and France), nonrandomized, open-label study. The study com-
prised a phase Ia DLT observation part (for one treatment cycle) and a phase Ib expansion part. The DLT observation part
followed a 3+3 design, in which if one of three patients experienced a DLT, three additional patients were to be enrolled.
Patients who completed the observation part without a DLT continued study treatment until a criterion for discontinuation
was met. The expansion part started when up to one of the six patients treated developed a DLT. In the expansion period,
15 additional patients were to be enrolled at the recommended dose for the expansion cohort identified in the DLT observa-
tion part. Thus, the treatment regimen during the expansion part was the same as during the DLT observation part.

The main inclusion criteria were: age ≥18 years; advanced or mCRC; measurable disease at the time of study enrollment;
had received prior second-line treatment with oxaliplatin and/or irinotecan (no prior immune checkpoint inhibitors had been
administered and patients with RAS wild-type CRC must also have received prior treatment with an epidermal growth factor
receptor monoclonal antibody); Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 1; and adequate
organ function. The main exclusion criteria were significant gastrointestinal bleeding within 3 months and significant venous
thromboembolic events or any arterial thromboembolic events within 6 months prior to enrollment; uncontrolled hyperten-
sion; treatment with chronic nonsteroidal anti-inflammatory drug or antiplatelet therapy at the time of enrollment; or other
serious uncontrolled medical disorders.

The primary endpoints for safety and tolerability were DLTs and TEAEs. DLTs were defined as grade 4 hematologic toxicity
persisting >5 days; grade ≥3 febrile neutropenia; grade 4 thrombocytopenia (unless recovered in 24 hours and in the absence
of bleeding) or grade 3 thrombocytopenia complicated with grade ≥2 bleeding; grade 3 nonhematologic toxicity occurring
despite maximal supportive medical management; or any other clinically significant toxicity deemed by the investigator and
the sponsor’s clinical research physician to be dose limiting (such as grade 2 seizures or severe tremors). TEAEs were coded
per the Medical Dictionary for Regulatory Activities version 21.1. For phase Ib, the final analysis occurred approximately
1 year after the last patient received his or her first dose of study treatment. Predetermined adverse events of special inter-
est (AESIs) included infusion-related reactions, hypertension, proteinuria, thromboembolic events, bleeding or hemorrhagic
events, gastrointestinal perforation, reversible posterior leukoencephalopathy syndrome, congestive heart failure, fistula for-
mation, surgery and impaired wound healing, and liver failure or liver injury.

Pharmacokinetic endpoints were the minimum concentrations of ramucirumab (serum) and merestinib (plasma), which were
analyzed using a validated enzyme-linked immunosorbent assay and a validated protein precipitation method, respectively.

Preliminary efficacy endpoints included overall response rate (proportion of patients who achieved a complete response
[CR] or partial response [PR] as their best overall response) and PFS. OS was also evaluated. Scans for restaging were per-
formed every 6 weeks (�7 days) for the first 6 months after enrollment and every 9 weeks (�7 days) thereafter until radio-
graphic disease progression, death, or study completion, whichever occurred first.

Exploratory endpoints included PFS and OS by biomarker status. Plasma collected at baseline was evaluated for circulating
cell-free tumor DNA using the Archer® Reveal ctDNA™ 28-gene next generation sequencing assay (ArcherDX, Inc., Boulder,
CO), which evaluates 28 genes including HRAS (exons 2, 3), KRAS (exons 2, 3, 4), NRAS (exons 2, 3), and TP53 (all exons).
Samples were classified as HRAS, KRAS, NRAS, or TP53 mutation positive if the analysis identified genetic variants that are
confirmed somatic/germline mutations in publications annotated in COSMIC [1] or predicted somatic/germline mutations via
the FATHMM algorithm [2]; samples were classified as negative if analysis identified no variants or only variants of unknown
significance. VEGF-A, VEGF-D, and soluble VEGFR3 (sVEGFR3) concentrations were evaluated as described previously [3] in
plasma samples collected at baseline.

Safety analyses included all patients who received one or more doses of ramucirumab and/or merestinib. Efficacy analyses
included all patients who received any quantity of study treatment (intent-to-treat analysis). Pharmacokinetic analyses included
all patients who received one or more doses of ramucirumab and merestinib and had baseline and one or more postbaseline
evaluable pharmacokinetic samples. PFS and OS were estimated by Kaplan-Meier methodology. Cox regression analysis was
performed to evaluate the association between response outcomes and biomarkers (treated as binary outcomes; mutation pos-
itive vs. negative for genetic markers and high vs. low for VEGF-A, VEGF-D, and sVEGFR3 [dichotomized at the median concen-
tration for each marker]). Multiplicity adjustment was applied, adjusted for all biomarkers. The data cutoff date was
November 5, 2018. Statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC).

Investigator’s Analysis Drug tolerable, hints of efficacy
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DRUG INFORMATION

Drug 1

Generic/Working Name Merestinib

Trade Name NA

Company Name Eli Lilly and Company

Drug Type Multikinase inhibitor

Drug Class Small molecule

Dose 80 mg

Route oral (po)

Schedule of Administration Continuous QD

Drug 2

Generic/Working Name Ramucirumab

Trade Name Cyramza®

Company Name Eli Lilly and Company

Drug Type VEGFR2 inhibitor

Drug Class Antibody

Dose 8 mg/kg

Route IV

Schedule of Administration Day 1 and day 15 over a 28-day cycle

PATIENT CHARACTERISTICS

Number of Patients, Male 13

Number of Patients, Female 10

Stage All metastatic/advanced

Age Median (range): 59 (18–79) years

Number of Prior Systemic Therapies Median (range): 4 (1–10)

Performance Status: ECOG 0 — 4
1 — 19
2 —
3 —
Unknown —

DETAILED PATIENT CHARACTERISTICS (n = 23)
Male sex, n (%) 13 (56.5)

Age, median (range), yr 59 (18–79)

Age group, n (%)

<65 yr 14 (60.9)

≥65 yr 9 (39.1)

Race, n (%)

Black 5 (21.7)

White 18 (78.3)

ECOG Performance Status, n (%)

0 4 (17.4)

1 19 (82.6)

Primary tumor site, n

Colon 14 (60.9)

Rectum 8 (34.8)

Unknown 1 (4.3)

© AlphaMed Press 2020www.TheOncologist.com

Saleh, Cassier, Eberst et al. e1631



Primary tumor side, n (%)

Left 17 (73.9)

Right 5 (21.7)

Unknown 1 (4.3)

Prior surgery, n (%) 22 (95.7)

Prior radiotherapy, n (%) 8 (34.8)

Prior systemic therapy, n (%) 23 (100)

Neoadjuvant 6 (26.1)

Adjuvant 15 (65.2)

Locally advanced setting 1 (4.3)

Metastatic setting 23 (100)

1 regimen 1 (4.3)

2 regimens 3 (13.0)

≥3 regimens 19 (82.6)

Cancer Types or Histologic Subtypes Colon, 14; rectum, 8; unknown, 1

Outcome Notes

A total of 23 patients were enrolled (7 patients in phase Ia, 16 patients in phase Ib) and received at least one dose of study
drug. Of these patients, 16 (70%) discontinued study treatment because of progressive disease (PD). Other causes for discon-
tinuation of study treatment were physician decision (3 patients [13%]; 1 due to clinical decline, 1 due to cancer worsening,
and 1 due to nonradiologic progression), withdrawal by patient (2 patients [9%]), TEAE (1 patient [4%], grade 4 cholestatic
hepatitis), and death due to study disease (1 patient [4%]). The median (range) OS follow-up time was 15.3 months
(0.4–15.3). All patients had received prior systemic therapy in the metastatic setting, with a median (range) of 4 (1–10) prior
regimens. The most common (received by ≥7 patients) prior systemic anticancer therapies in the metastatic setting were
irinotecan (22 patients [96%]), 5 FU/capecitabine (22 patients [96%]), bevacizumab (18 patients [78%]), oxaliplatin (17 patients
[74%]), cetuximab/panitumumab (13 patients [57%]), regorafenib (8 patients [35%]), and TAS 102 (7 patients [30%]). Expo-
sure and dose modifications are summarized in Table 2. One patient had a ramucirumab dose reduction due to a TEAE of
weight decreased. One patient each had a merestinib dose reduction due to TEAEs of blood bilirubin increased and fatigue,
respectively. No patients underwent a postdiscontinuation surgical procedure. One patient (4.3%) received radiotherapy and
four patients (17.4%) received a postdiscontinuation systemic therapy with investigational antineoplastic agents.

PRIMARY ASSESSMENT METHOD

Title Safety and tolerability

Number of Patients Screened 29

Number of Patients Enrolled 23

Number of Patients Evaluable for Toxicity 23

Number of Patients Evaluated for Efficacy 23

Evaluation Method RECIST 1.1

SECONDARY ASSESSMENT METHOD

Title Efficacy

Number of Patients Screened 29

Number of Patients Enrolled 23

Number of Patients Evaluable for Toxicity 23

Number of Patients Evaluated for Efficacy 23

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 0 (0%)

Response Assessment SD n = 12 (52%)

Response Assessment PD n = 6 (26%)

Response Assessment Nonevaluable n = 5 (22%)

(Median) Duration Assessments PFS 3.3 months, 95% CI: 1.6–4.4

(Median) Duration Assessments OS 8.9 months, 95% CI: 3.5–12.7
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Outcome Notes

Five patients (22%) were nonevaluable for response, because of either lack of postbaseline tumor assessment (4 patients) or
discontinuation due to nonradiographic progression. The overall disease control (DC) rate was 52% (95% CI: 31–73). The median
duration of DC was 5.5 months (95% CI: 2.9–6.7). Figure 2 summarizes the best percentage change from baseline in tumor size
for each patient. Five patients experienced tumor shrinkage and no patient experienced tumor shrinkage ≥30%.

SERIOUS ADVERSE EVENTS

Name Grade Attribution

Abdominal pain 3 Unrelated

Blood bilirubin increased 3 Unrelated

Hemorrhoidal hemorrhage 2 Unrelated

Cholestatic hepatitis 3 Definite

Pulmonary embolism 3 Unrelated

Small intestinal obstruction 3 Unrelated

Small intestinal obstruction 3 Unrelated

Small intestinal obstruction 2 Unrelated

Upper gastrointestinal hemorrhage 3 Unrelated

Adverse Events Notes

TEAEs and grade ≥3 TEAEs were reported by 23 (100%) and 16 (70%) patients, respectively (Table 3). No patients died because
of a TEAE. A total of six patients (26%) experienced hypothyroidism; all events were grade 1 or 2 (3 patients each). These patients
were treated with levothyroxine, and none discontinued study treatment or had a dose reduction due to hypothyroidism. A
review of available thyroid stimulating hormone and thyroxine laboratory data from patients did not indicate any pattern associ-
ated with study drug treatment. Treatment-related TEAEs (per investigator assessment) and grade ≥3 treatment-related TEAEs
were reported by 21 (91%) and 10 (43%) patients, respectively (Table 1). The most commonly reported treatment-related TEAEs
were fatigue; headache; increased blood alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase; and
decreased appetite. Fatigue was the most commonly reported grade ≥3 treatment-related TEAE (4 patients [17%]). The only seri-
ous adverse event considered related to the study treatment was grade 3 cholestatic hepatitis in cycle 3. The event occurred
7 days after the last dose of ramucirumab and on the same day as the last scheduled dose of merestinib, which was omitted. This
patient discontinued study treatment after the event worsened to grade 4. No other patients discontinued study treatment due
to a TEAE. A total of 20 patients (87%) experienced AESIs for ramucirumab, of whom 10 (43%) had grade ≥3 AESIs (Table 4). AESIs
experienced by ≥3 patients included liver injury or failure events (liver function abnormalities and other hepatic events), bleeding
or hemorrhagic events, proteinuria, hypertension, and thromboembolic events. Fourteen patients (61%) experienced liver func-
tion abnormalities, of whom five experienced grade 3 or 4 events. Of these patients, 11 had liver metastases at baseline, and
2 developed liver metastases at progression. The majority of liver events were reversible laboratory abnormalities of mild or
moderate severity. Five patients (22%) experienced a bleeding or hemorrhagic event. There were no events of gastrointestinal
perforation, reversible posterior leukoencephalopathy syndrome, fistula formation, or surgery and impaired wound healing.

DOSE-LIMITING TOXICITIES

Dose level
Number
enrolled

Number
evaluable
for toxicity

Number
with
a DLT Dose-limiting toxicity information

Ramucirumab 8 mg/kg on
days 1 and 15 and merestinib
80 mg QD (28-day cycle)

7 7 1 One male patient, aged 47 years, had a DLT of grade
3 proteinuria. The patient received ramucirumab on
cycle 1, days 1 and 15 and merestinib from day 1 to
28 as per the recommended dosing schedule for
phase Ia. On day 15, the patient experienced grade 2
treatment-related proteinuria. By day 27, the event
worsened to grade 3 proteinuria. On day 29,
ramucirumab was permanently discontinued and
merestinib dosing was halted for the following
2 weeks. On day 43, merestinib dosing resumed at
the same dose level. Grade 3 proteinuria persisted
until day 71, after which the severity of the TEAE
decreased to grade 1 until merestinib
discontinuation on day 85 due to PD.
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PHARMACOKINETICS/PHARMACODYNAMICS

Day 15 of cycle 1 (n = 17) Geometric mean trough concentration (% coefficient of variation)
Ramucirumab 24.8 μg/mL (53%)

Merestinib 130 ng/mL (88%)

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Drug tolerable, hints of efficacy

Despite major advances in systemic chemotherapy, meta-
static colorectal cancer (mCRC), which composes approxi-
mately 20% of all colorectal cancer (CRC) at presentation, is
associated with a high rate of mortality (the 5-year survival
rate in the U.S. is 14%) [4]. Further optimization of treatment
strategies is needed to improve patient survival.

Therapeutic cotargeting of vascular endothelial growth
factor receptor (VEGFR) and c-MET may provide benefit
in the treatment of mCRC. Evidence to support such an
approach includes the demonstration of cross talk between
hepatocyte growth factor/c-MET signaling and VEGFR in
endothelial cells mediating angiogenesis [5], which may
play a role in CRC progression. In addition, c-MET has been
implicated in mediating resistance to antiangiogenic therapy
[6]. Specifically, an increase in tumor hypoxia (due to an
antiangiogenic-associated decrease in tumor vascularization)
has been shown to increase c-MET expression and, conse-
quently, metastatic potential [7]. Finally, overexpression of
the c-MET protein is common in CRC, occurring in approxi-
mately 60% of cases [8], and is associated with advanced
tumor stages and poor clinical outcomes [8, 9].

Ramucirumab is approved as a second-line treatment for
mCRC. Merestinib is an oral MET kinase inhibitor that can also
inhibit oncokinases, including AXL, RON, MERTK, TYRO3, ROS1,
FLT3, MKNK1/2, DDR1/2, and NTRK 1/2/3 [10, 11]. Multiple
merestinib targets are potentially actionable in the treatment
of CRC. Preclinical studies have shown that merestinib retains
inhibitory activity against MET-activating mutations and that
merestinib displays in vivo antitumor effects [10]. More
recently, findings from the first-in-human phase I study of mer-
estinib indicate that merestinib has a tolerable safety profile
and potential anticancer activity at doses of 120 mg once daily
(QD) as a single agent and 80 mg QD in combination with
other anticancer agents, including ramucirumab [12].

This phase Ia/b study is the first to evaluate the combi-
nation of ramucirumab plus merestinib in patients with pre-
viously treated mCRC. We found that this combination
was generally well tolerated; no patients died because of
treatment-emergent adverse events (TEAEs), and only one
patient discontinued because of a treatment-related TEAE.
Furthermore, only one patient experienced a dose-limiting
toxicity, with the recommended dose for the expansion
cohort being the initial recommended dose of ramucirumab
8 mg/kg on day 1 and day 15 with merestinib 80 mg QD. The
most commonly reported treatment-related TEAEs (fatigue,
headache, increased blood alkaline phosphatase, increased
aspartate aminotransferase, decreased appetite, and increased
alanine aminotransferase) have been reported in previous

studies with either ramucirumab [13] or merestinib [12], and
the pattern and incidence of adverse events of special interest
(AESIs) observed were consistent with the predetermined AESIs
of ramucirumab. Several low-grade hypothyroidism events
were observed, and approximately 40% of patients experi-
enced grade 3 treatment-related TEAEs. Overall, the pattern
and incidence of TEAEs observed are consistent with the
expected individual safety profiles for ramucirumab [13–15]
and merestinib [12].

Following administration of ramucirumab 8 mg/kg every
2 weeks in combination with merestinib 80 mg QD, ram-
ucirumab and merestinib plasma concentrations were consis-
tent with corresponding monotherapy [16], indicating that
drug-drug interaction between these 2 molecules is unlikely.

Overall, results from the efficacy analysis, whereby
approximately 50% of patients achieved stable disease, sug-
gest that the combination of ramucirumab plus merestinib
may have clinical benefit in this heavily pretreated mCRC
population. Of note, median progression-free survival was
3.3 months and median overall survival (OS) was
8.9 months. These values compare well with data in the lit-
erature from similar settings [17, 18]; however, our efficacy
evaluations are limited by the small number of patients and
the lack of a control group, which make it difficult to draw
definitive conclusions regarding the magnitude of effect
and whether the effect is due to the combination of treat-
ments or just one of the components.

Biomarker findings for each patient are summarized in
Figure 3. There were no significant associations between
genetic alterations detected at baseline from ctDNA in RAS
(KRAS and NRAS; there were no alterations detected for
HRAS) and/or TP53, baseline plasma VEGF-D concentrations,
or plasma sVEGFR3 concentrations and efficacy (Table 5).
VEGF-A plasma levels below the median were significantly
associated with longer OS (Table 5; hazard ratio, 17.0; p =
.006). This finding of longer OS in patients with lower plasma
VEGF-A concentrations (Figure 4) is consistent with a previous
report that VEGF-A is a negative prognostic factor in patients
with CRC [19]. The biomarker analyses are limited by the
small sample size and the lack of tissue sample analysis.

We found that the combination of ramucirumab 8 mg/kg
every 2 weeks plus merestinib 80 mg QD is tolerable and
may have clinical benefit in biomarker-unselected, heavily
pretreated patients with mCRC. However, considering the
current development landscape, which is highly competitive
for resources, these findings may not be sufficiently promis-
ing to warrant further development of the combination in
unselected patients.
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TABLES AND FIGURES

Table 2. Exposure and dose modifications

Parameter
Ramucirumab,
n = 23

Merestinib,
n = 23

Exposure, median
(range)

Duration of therapy,
wk

10.0 (2.0–60.7) 12.0
(4.0–60.7)

Number of cycles 3.0 (1.0–15.0) 3.0 (1.0–15.0)

Relative dose
intensity, %

99.4 (73.6–103.1) 84.8
(50.0–100.0)

Dose modifications

Dose reduction, n (%) 1 (4.3) 2 (8.7)

Dose delay, n (%) 12 (52.2) NA

Dose omission, n (%) 4 (17.4) 14 (60.9)

Dose omission
length,a %

9.4 10.3

aPercentage of dose holding time with respect to total time on
treatment.
Abbreviation: NA, not applicable.

Table 3. Study treatment-emergent adverse eventsa

TEAE, n (%)

n = 23

Any
grade Grade ≥3

Any TEAE 23 (100.0) 16 (69.6)

Blood alkaline phosphatase
increased

11 (47.8) 5 (21.7)

Fatigue 10 (43.5) 5 (21.7)

Aspartate aminotransferase
increased

10 (43.5) 3 (13.0)

Headache 9 (39.1) 0

Decreased appetite 9 (39.1) 0

Alanine aminotransferase
increased

7 (30.4) 2 (8.7)

Abdominal painb 6 (26.1) 1 (4.3)

Edema peripheral 6 (26.1) 0

Constipation 6 (26.1) 0

Hypothyroidism 6 (26.1) 0

Hyperbilirubinemia 5 (21.7) 2 (8.7)

Nausea 5 (21.7) 0

Rashc 5 (21.7) 0

Proteinuria 4 (17.4) 1 (4.3)

Dyspnea 4 (17.4) 0

Diarrhea 3 (13.0) 2 (8.7)

Small intestinal obstruction 3 (13.0) 2 (8.7)

Gamma-glutamyl transferase
increased

3 (13.0) 2 (8.7)

Hypertension 3 (13.0) 2 (8.7)

Blood creatine phosphokinase
increased

3 (13.0) 1 (4.3)

Dysphonia 3 (13.0) 0 (0.0)

Pruritus 3 (13.0) 0 (0.0)

Pyrexia 3 (13.0) 0 (0.0)

Somnolence 3 (13.0) 0 (0.0)

Vomiting 3 (13.0) 0 (0.0)

Supraventricular tachycardia 2 (8.7) 2 (8.7)
aAny grade occurring in two or more patients. Presented by pre-
ferred term.
bConsolidated term including abdominal pain (4 patients), abdomi-
nal pain upper (1 patient), and hepatic pain (1 patient).
cConsolidated term including maculopapular rash (3 patients), der-
matitis (1 patient), and follicular rash (1 patient).
Abbreviation: TEAE, treatment-emergent adverse event.
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Table 4. Adverse events of special interest

AESI a, n (%)

n = 23

Any
grade Grade ≥3

Any AESI 20 (87.0) 10 (43.5)

Alanine aminotransferase
increased

9 (39.1) 2 (8.7)

Blood bilirubin increased 5 (21.7) 2 (8.7)

Proteinuria 5 (21.7) 1 (4.3)

Gamma-glutamyl transferase
increased

4 (17.4) 1 (4.3)

Hypertension 3 (13.0) 2 (8.7)

Blood creatinine increased 2 (8.7) 0

Hematuria 2 (8.7) 0

Hypoalbuminemia 2 (8.7) 0

Pulmonary embolism 2 (8.7) 2 (8.7)

Ascites 1 (4.3) 1 (4.3)

Bilirubin conjugated increased 1 (4.3) 1 (4.3)

Cholestatic hepatitis 1 (4.3) 1 (4.3)

Ejection fraction decreased 1 (4.3) 1 (4.3)

Glomerular filtration rate
decreased

1 (4.3) 0

Hemorrhoidal hemorrhage 1 (4.3) 0

Hepatic pain 1 (4.3) 0

Jaundice 1 (4.3) 0

Upper gastrointestinal hemorrhage 1 (4.3) 1 (4.3)

Vaginal hemorrhage 1 (4.3) 0

Venous thrombosis 1 (4.3) 1 (4.3)
aPresented by preferred term.
Abbreviation: AESI, adverse event of special interest.

Table 5. Summary of associations between response outcomes and biomarkers

Marker Median concentration (pg/mL) Hazard ratioa (95% CI) p-value Adjusted p-value
Progression-free survival

TP53 mutation NA 1.29 (0.48–3.45) .613 1

RAS mutation NA .78 (0.3–2.04) .619 1

RAS and TP53 mutationb NA .88 (0.34–2.25) .786 1

VEGF-A 1.118 2.08 (0.73–5.92) .166 .996

VEGF-D .043 .97 (0.38–2.5) .951 1

sVEGFR3 126.075 .92 (0.35–2.43) .865 1

Overall survival

TP53 mutation NA .75 (0.26–2.18) .598 1

RAS mutation NA 1.26 (0.43–3.71) .671 1

RAS and TP53 mutationb NA 1.11 (0.38–3.26) .850 1

VEGF-A 1.118 16.95 (2.04–141.22) .001 .006

VEGF-D .043 1.11 (0.39–3.2) .843 1

sVEGFR3 126.075 1.22 (0.4–3.7) .728 1

aThe reference group for mutation status is the “mutation negative” group and the reference group for the VEGF biomarkers is the “low concen-
tration” group.
bComparison of patients with concurrent RAS and TP53 mutations versus patients with only RAS mutations, only TP53 mutations, or no
mutations.
Abbreviations: CI, confidence interval; NA, not applicable; RAS, KRAS or NRAS; sVEGFR3, soluble vascular endothelial growth factor receptor 3;
VEGF, vascular endothelial growth factor.

Figure 2. Waterfall plot of best percentage change from base-
line in tumor size.
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Figure 3. Summary of biomarker findings for each patient. (A): genetic mutations and (B) VEGF expression. For (A), the text in cells
shows the specific genetic variant type. For (B), missing expression value is denoted in gray (all units are ng/mL). In both parts of
the figure, patients are ordered by ascending PFS. PFS measurement unit is months. All 23 patients had ctDNA and VEGF-D data
available; 22 of 23 patients had VEGF-A and sVEGFR3 data available.
Abbreviations: del, deletion; PFS, progression-free survival; snv, single nucleotide variant; sVEGFR3, soluble vascular endothelial
growth factor receptor 3; VEGF, vascular endothelial growth factor.
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Click here to access other published clinical trials.

Figure 4. Kaplan-Meier plot of overall survival by VEGF-A concentration (above or below the median concentration). Circles indicate
censored patients.
Abbreviations: CI, confidence interval; NA, not applicable; VEGF, vascular endothelial growth factor.
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