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Simple Summary: The prognosis for gastric cancer remains poor, with a median overall survival of
approximately 1 year. Ramucirumab and pembrolizumab have each demonstrated antitumor activity
and a favorable safety profile as treatments for patients with advanced gastric/gastroesophageal
junction (G/GE]) cancer in the second and third-line setting respectively. However, both agents failed to
demonstrate survival benefit over chemotherapy in the first-line setting. Twenty-eight treatment-naive
patients with advanced/metastatic G/GE] adenocarcinoma were treated with ramucirumab plus
pembrolizumab in this phase 1a/b trial. Our results showed that this combination was well tolerated
with no unexpected toxicities, and promising durable survival results, particularly among patients
with PD-ligand 1 positive tumors. The results of our study therefore support modulating the tumor
microenvironment with dual inhibition of VEGFR2 and PD-1 pathways in the first-line patients with
advanced G/GE]J cancer.
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Abstract: Ramucirumab (anti-VEGFR2) plus pembrolizumab (anti-PD1) demonstrated promising
antitumor activity and tolerability among patients with previously treated advanced cancers,
supporting growing evidence that combination therapies modulating the tumor microenvironment
may expand the spectrum of patients who respond to checkpoint inhibitors. Here we present
the results of this combination in first-line patients with metastatic G/GE] cancer. Twenty-eight
patients (>18 years) with no prior systemic chemotherapy in the advanced/metastatic setting received
ramucirumab (8 mg/kg days 1 and 8) plus pembrolizumab (200 mg day 1) every 3 weeks as
part of JVDF phase 1a/b study. The primary endpoint was safety. Secondary endpoints included
progression-free survival (PFS), objective response rate (ORR), and overall survival (OS). Tumors
were PD-L1-positive (combined positive score > 1) in 19 and -negative in 6 patients. Eighteen
patients experienced grade 3 treatment-related adverse events, most commonly hypertension
(14%) and elevated alanine/aspartate aminotransferase (11% each), with no grade 4 or 5 reported.
The ORR was 25% (PD-L1-positive, 32%; PD-L1-negative, 17%) with duration of response not reached.
PFS was 5.6 months (PD-L1-positive, 8.6 months; PD-L1-negative, 4.3 months), and OS 14.6 months
(PD-L1-positive, 17.3 months; PD-L1-negative, 11.3 months). Acknowledging study design limitations,
ramucirumab plus pembrolizumab had encouraging durable clinical activity with no unexpected
toxicities in treatment-naive biomarker-unselected metastatic G/GE]J cancer, and improved outcomes
in patients with PD-L1-positive tumors.

Keywords: gastric/gastroesophageal junction adenocarcinoma; pembrolizumab; phase 1b; ramucirumab

1. Introduction

Gastric cancer is the fifth most common malignancy and the third leading cause of cancer mortality
globally [1]. Platinum and fluoropyrimidine-based regimens are used worldwide for the first-line
treatment of advanced incurable gastric or gastroesophageal junction (G/GE]J) cancer, and have been
shown to significantly improve overall survival (OS) compared with best supportive care, but prognosis
is still poor [2—4]. The addition of epirubicin or docetaxel to platinum and fluoropyrimidine-based
regimens may be considered in selected patients [3,4]. Treatment with trastuzumab improves survival
for approximately 15-20% of patients who have human epidermal growth factor receptor 2 (HER2)
over-expressing G/GE] cancer [2,5].

For patients with HER2-negative G/GE] cancers, there have been multiple failures in the first-line
setting to improve survival with the addition of a new agent to chemotherapy based regimens,
including: the anti-epidermal growth factor receptor antibodies cetuximab [6] and panitumumab [7];
vascular endothelial growth factor (VEGF) pathway targeting antibodies ramucirumab [8,9]
and bevacizumab [10]; antibodies targeting the MET receptor ligand rilotumumab [11] and
onartuzumab [12]; and the antibody targeting matrix metalloproteinase-9 andecaliximab [13].
More recently, the addition of the checkpoint inhibitor pembrolizumab (an inhibitor of programmed
death [PD]-1 protein) to chemotherapy, in patients with a PD-ligand 1 (L1) combined positive score
(CPS) > 1 (PD-L1, per 22C3 assay), also failed to improve OS compared with chemotherapy alone,
while the monotherapy treatment arm reported non-inferiority for OS [14].

The PD-1/PD-L1 signaling pathway is often hyperactivated in the tumor microenvironment as
a mechanism to evade cytotoxic T cell (CD8+) mediated cell death, with upregulation of the immune
checkpoint protein PD-L1 on immune and tumor cells playing a crucial immunosuppressive role.
This, along with an enhanced immunosuppressive regulatory T cell population, ultimately leads to
the downregulation of the cytotoxic response through the dysfunction of CD8+ T cells that express
PD-1 [15]. The expression of PD-L1 protein on the surface of tumor and immune cells, indicative of
a potentially inflamed but immune checkpoint-restrained tumor microenvironment, has been shown
to be predictive of response to anti PD-1/PD-L1 therapies in some tumor settings [15,16]. Additionally,
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multigene signatures comprised of IFNy-inducible and other inflammatory genes meant to capture
the complexities of the tumor microenvironment beyond PD-L1 protein expression were associated
with response to checkpoint inhibitors in some tumor types [17-19]. Despite this, increasing evidence
shows that an inflamed or PD-L1 positive tumor microenvironment is not always sufficient to achieve
clinical benefit from immune therapies targeting the PD-L1/PD-1 axis, and combination strategies may
be needed to expand the spectrum of patients who respond to them.

In a phase 2 study of G/GE] cancer patients who received > 2 lines of prior therapy, targeting
the PD-1 receptor with pembrolizumab benefited a minority of patients, with approximately 80% of
patients rapidly progressing, and a response rate of 15.5% in patients with PD-L1-positive tumors
(CPS = 1; per 22C3 assay) [16]. This led to the regulatory approval of pembrolizumab monotherapy in
this population [16]. In the subsequent phase 3 s-line trial, median progression-free survival (PFS) in
PD-L1-positive patients treated with pembrolizumab or paclitaxel was 1.5 months and 4.1 months,
respectively, with patients experiencing no survival benefit [20]. Similarly, in the first-line setting,
over 60% of patients with PD-L1-positive G/GE] cancer who received pembrolizumab monotherapy
progressed rapidly, with a median PFS of 2.0 months compared with 6.4 months for patients who
received chemotherapy, and no survival benefit despite a proportion of these patients sequenced onto
second- or third-line treatment [14].

Ramucirumab is approved as single agent or combined with paclitaxel as second-line treatment for
advanced/metastatic gastric cancer [21,22]. Targeting the VEGF/VEGF receptor 2 (VEGFR2) pathway
may improve the efficacy of checkpoint inhibitors by reprogramming the tumor microenvironment
to be more immunosupportive or inflammatory [23]. In a translational trial of metastatic renal cell
carcinoma, bevacizumab treatment alone increased the trafficking of CD8+ T cells into the tumor,
and the expression of immune related genes and cell markers, such as the major histocompatibility
complex and PD-L1 [24]. Further combination treatment with atezolizumab antibody targeting PD-L1
resulted in increased clinical response over that previously obtained with either monotherapy [24].
Targeting VEGFR2 with ramucirumab increased PD-L1 expression and CD8+ T cell infiltration in
the tumor microenvironment of patients with advanced gastric cancer and reduced the frequency of
immunosuppressive effector regulatory T cells in tumor-infiltrating lymphocytes [25]. Some results
from this multicohort trial have been previously reported [26]. In pretreated patients, ramucirumab
in combination with pembrolizumab was associated with promising survival and prolonged PFS for
patients with PD-L1-positive tumors (per an investigational version of the 22C3 assay) compared
with patients with PD-L1-negative tumors in G/GE] cancer, non-small-cell lung cancer, or urothelial
carcinoma [26]. Here, we report the results from the first-line cohort (Cohort A2) of patients with
advanced or metastatic G/GE]J cancer and PD-L1-positive or —-negative tumors who were treated with
ramucirumab plus pembrolizumab.

2. Results

2.1. Patients

Between 28 June 2016 and 3 March 2017, 29 patients were enrolled at 11 medical centers/hospitals
in the USA, UK, France, Spain and Germany, of whom 28 received study treatment (Figure SI).
The median age was 63 years, and all except 1 patient had metastatic disease at baseline. All patients
were negative for HER2 protein. Nineteen patients (68%) had PD-L1-positive tumors (10 were
CPS > 10), and 6 (21%) had PD-L1-negative tumors (data unavailable for 3 patients) (Table 1).
At data cutoff, 3 patients were still receiving treatment, 2 of whom had completed 35 cycles of
treatment (approximately 2 years). Median treatment duration for ramucirumab and pembrolizumab
was 4.5 months (Table S1). Median relative dose intensity was also similar for ramucirumab and
pembrolizumab: 94% and 98%, respectively (Table S1). Ramucirumab dose reductions occurred in
2 (7%) patients, while 19 (68%) patients experienced dose delays. Eleven (39%) patients experienced
pembrolizumab dose delays (dose reductions were not permitted).
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Table 1. Baseline demographic and clinical characteristics.

n (%), Unless Otherwise Indicated Ramucirumab + Pembrolizumab N = 28
Sex
Female 7 (25)
Male 21 (75)
Age
Median years (range) 63 (31-83)
<65 years 14 (50)
Race
Black or African American 1(4)
White 17 (61)
Unknown or not reported 10 (36)
Ethnicity
Hispanic or Latino 3(11)
Not Hispanic or Latino 16 (57)
Unknown or not reported 9 (32)
ECOG PS
0 16 (57)
1 12 (43)
Disease stage
Metastatic 27 (96)
Non-metastatic 1(4)
Histopathological diagnosis
Well differentiated 2(7)
Moderately differentiated 11 (39)
Poorly differentiated 13 (46)
Unable to determine 2(7)
Tumor location
Gastric 17 (61)
Gastroesophageal junction 11 (39)
HER?2 negative 28 (100)
PD-L1 status
Positive ! 19 (68)
Negative 6(21)
Not reported 2 3(11)
Microsatellite instability
High 2(7)
Stable 15 (54)
Not available 11 (39)
Prior surgery & 11 (39)
Prior radiotherapy 6(21)
Prior systemic therapy *
>1 prior systemic therapy 7 (25)
Adjuvant 4 (14)
Neoadjuvant 4 (14)

1 PD-L1-positive status is defined as combined positive score > 1. 2 Tissue was inadequate or failed testing.
3 Three patients had gastrectomy. # Two patients received >1 systemic therapy in the neoadjuvant and/or adjuvant
setting. Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal
growth factor receptor 2; n, number of patients in a given sample; N, number of patients in overall population;
PD-L1, programmed death-ligand 1.

2.2. Safety

All 28 patients experienced > 1 treatment-emergent AE (Table 52) and 27 patients (96%) experienced
> 1 treatment-related AE (TRAE). The most common any grade TRAEs were fatigue (n = 11; 39%),
hypertension (n = 8; 28%), and rash (n = 7; 25%). These were predominantly grade 1 or 2 (Table 2).
Eighteen patients (64%) reported grade 3 TRAEs, most commonly hypertension (1 = 4; 14%) and
elevated alanine/aspartate aminotransferase (1 = 3; 11% each) (Table 2). No grade 4 or 5 TRAEs
were reported.
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Table 2. Summary of treatment-related adverse events and treatment-emergent adverse events of
special interest !, irrespective of relatedness occurring in > 5% of the total patient population.

N =28 Grade 1 or Grade 2 Grade 32
n (%)
TRAEs by preferred term
Fatigue 3 11 (39) 0
Headache 6 (21) 0
Rash 4 6 (21) 1(4)
Epistaxis 5 (18) 0
Nausea 5 (18) 0
Proteinuria 5(18) 0
Stomatitis 5 (18) 0
Decreased appetite 4 (14) 0
Hypertension 4 (14) 4 (14)
Anemia 3(11) 0
Diarrhea 3 (11) 2 (7)
Peripheral edema 3(11) 0
ALT increased 2(7) 3(11)
AST increased 2(7) 3 (11)
Chills 2(7) 0
Colitis 2(7) 0
Dyspnea 2(7) 0
Hematuria 2(7) 0
Influenza-like illness 2(7) 0
Myalgia 2(7) 0
Decreased weight 1(4) 14)
Gastrointestinal hemorrhage 0 2(7)
AEs of special interest for
ramucirumab
Epistaxis 6 (21) 0
Hematuria 3(11) 0
Gastrointestinal hemorrhage 0 2(7)
Hypertension 4(14) 7 (25)
Proteinuria 5 (18) 14)
Deep vein thrombosis 2(7) 1(4)
Angina pectoris 2(7) 14)
Blood creatinine increased 14) 14)
Immune-related AEs for
pembrolizumab
Diarrhea 9 (32) 2(7)
Colitis 2(7) 0
Rash maculo-papular 2(7) 1(4)
Rash 2(7) 0
ALT increase 2(7) 3(11)
AST increased 2(7) 3(11)
Acute kidney injury 1(4) 14)
Blood creatinine increased 14) 14)
Pneumonitis 2(7) 0

1 TRAEs, AEs of special interest for ramucirumab, and immune-related AEs for pembrolizumab in > 5% of
patients are presented. AEs are presented at grade 1-2 and grade 3, according to preferred term, unless otherwise
indicated, and presented as consolidated events. > No grade 4 or 5 events were reported. 3 Consolidated events
were: fatigue, where the terms fatigue and asthenia were combined; and rash, where the terms rash maculo-papular,
rash, dermatitis acneiform, and rash pruritic were combined. Abbreviations: AE, adverse event; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; 1, number of patients in a given sample; N, number of patients
in overall population; TRAE, treatment-related adverse event.

Irrespective of treatment relatedness, the most common AE of special interest based on the known
safety profiles of ramucirumab (AESI) and pembrolizumab (immune-related AE [irAE]) included:
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bleeding/haemorrhage events (any grade = 43%, grade > 3 = 14%) and hypertension (any grade = 39%,
grade > 3 = 25%) for ramucirumab; gastrointestinal (any grade = 43%, grade > 3 = 11%) and skin
adverse events (any grade = 25%; grade > 3 = 4%) for pembrolizumab. All AESI/irAE occurred at grade
3 or lower severity, of which a higher percentage of hypertension AESI and hepatic irAEs (AST/ALT
increase) were of grade 3 severity. AESI/irAEs by preferred term are reported in Table 2. Serious
AEs (SAEs) occurred in 16 (57%) patients, of which 11 (39%) were treatment-related SAEs (Table S3).
Discontinuation due to AE occurred in 3 (10%) patients; 1 patient had grade 2 hypophysitis and 1
patient had grade 3 cholecystitis (SAE), both deemed related to study treatment. The third patient
had grade 3 angina pectoris (SAE), not deemed related. Death occurred for 17 (61%) patients, all after
treatment discontinuation (16 occurred > 30 days post-discontinuation): 16 due to study disease and 1
due to an SAE of weight loss deemed unrelated to treatment.

Thirteen of 28 (47%) patients received post-discontinuation treatment (PDT) (Table S4).
Pharmacokinetics for ramucirumab are shown in Table S5 and Table S6.

2.3. Response and Survival

Confirmed objective responses occurred in 7 of 28 patients (ORR: 25%), with 1 CR (4%), 6 PRs
(21%), and a time to response of 2.7 months. Six of these 7 patients had PD-L1-positive tumors at
baseline (CPS > 1), 4 of which were CPS > 10 (Table 3). Two patients had MSI-high tumor samples,
while 4 had microsatellite stable (MSS) samples and 1 was not available (Figure 1). The ORR for the
PD-L1-positive tumors was 32%, and 40% for CPS > 10 tumors, and was numerically higher than what
was observed for PD-L1-negative tumors (17%). At data cutoff, median DOR had not yet been reached,
with a lower confidence limit of 9.7 months (Table 3). DCR was similar in patients with PD-L1-negative
(67%) and -positive tumors (68%), and higher in the subset with CPS > 10 (80%) (Table 3). The greatest
reduction in tumor size was achieved in patients with PD-L1-positive tumors who received the longest
duration of treatment and exhibited longer disease control (Figure 1).

Table 3. Response, as confirmed per RECIST, and survival.

PD-L1-Negative PD-L1-Positive

1 2
o (CPS <1) (CPS>1) sz
N=6 N=19
Best overall response, 1 (%)
Complete response 14) 0 1(5) 0
Partial response 6 (21) 1(17) 5(26) 4 (40)
Stable disease 12 (43) 3 (50) 7 (37) 4 (40)
Progressive disease 7 (25) 1(17) 6 (32) 2 (20)
Not evaluable 2(7) 1(17) 0 0
Objective response rate, % (95% CI) 25 (10.7-44.9) 17 (0.4-64.1) 32 (12.6-56.6) 40 (12.2-73.8)
Disease control rate, % (95% CI) 68 (47.6-84.1) 67 (22.3-95.7) 68 (43.4-87.4) 80 (44.4-97.5)
Time to response, median months (95% CI) 2.7 (1.3-2.8) 2.8 (NC) 2.1(1.3-9.8) 1.4 (1.3-2.8)
Duration of response, median months (95% CI) NR (9.7-NC) NR (NC) NR (9.7-NC) NR (9.7-NC)
Duration of stable disease, median months (95% CI) 5.6 (3.9-12.3) 5.1 (4.3-5.8) 8.6 (4.1-13.5) 5.0 (4.1-13.5)
Progression-free survival
Number of events 20 4 14 8
Median duration, months (95% CI) 5.6 (2.7-11.5) 4.3 (24-NR) 8.6 (1.5-13.5) 8.3 (1.2-13.5)
6-month rate, % (95% CI) 429 (23.9-60.6)  20.8(0.9-59.5)  52.6 (28.7-71.9)  50.0 (18.4-75.3)
12-month rate, % (95% CI) 30.3 (14.0-48.4)  20.8(0.9-59.5)  35.5(15.2-56.6)  30.0 (7.1-57.8)
18-month rate, % (95% CI) 20.8 (7.3-38.9) 20.8 (0.9-59.5) 22.2 (6.3-44.0) 20.0 (3.1-47.5)
Opverall survival
Number of events 17 3 11 5
Median duration, months (95% CI) 14.6 (5.4-27.7) 11.3 (2.4-NR) 17.3 (8.6-NR) 24.7 (5.4-NR)
6-month rate, % (95% CI) 69.4 (48.0-83.4) 625(14.2-89.3) 77.8(51.1-91.0)  90.0 (47.3-98.5)

12-month rate, % (95% CI)
18-month rate, % (95% CI)

54.0 (33.4-70.7)
40.9 (21.7-59.2)

41.7 (5.6-76.7)
417 (5.6-76.7)

(
66.7 (40.4-83.4)
48.1 (23.6-69.0)

80.0 (40.9-94.6)
57.1 (21.7-81.5)

! Includes patients with unknown PD-L1 status. 2 The CPS > 10 group is a subset of the CPS > 1 group. Abbreviations:
ClI, confidence interval; CPS, combined positive score; #, number of patients in a given sample; N, number of patients
in overall population; NC, not calculable; NR, not reached; PD-L1, programmed death-ligand 1; RECIST, Response

Evaluation Criteria in Solid Tumors.
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Figure 1. (a) Best percentage change of targeted lesions from baseline versus treatment duration.
Patients (x-axis) are arranged by percentage change in size of targeted lesions from baseline (y-axis)
and color-coded for best response according to PD-L1 expression. Treatment duration (green) is shown
on the z-axis. Dotted lines indicate RECIST boundaries (20% to 30%); (b) Change in tumor burden by
PD-L1 status over time. PD-L1-positive is equivalent to CPS > 1 and PD-L1-negative is equivalent to
CPS < 1. Abbreviations: BL, baseline; CPS, combined positive score; PD-L1, programmed death-ligand 1.
* Confirmed response. # Microsatellite instability high. + CPS > 10.

Median PFS and OS were 5.6 months (95% confidence interval [CI] 2.7-11.5) and 14.6 months
(95% C1 5.4-27.7), respectively, in all patients. Patients with PD-L1-positive tumors had numerically
higher median PFS compared to PD-L1-negative tumors (8.6 vs. 4.3 months), and median OS
(17.3 vs. 11.3 months) (Table 3; Figure 2). Patients with PD-L1 CPS > 10 tumors had a median
OS of 24.7 months (Table 3). Twelve-month OS rates were numerically higher in the subset of patients
with PD-L1-positive tumors and CPS > 10 compared to PD-L1-negative (66.7% vs. 80.0% vs. 41.7%,
respectively) (Table 3). Median OS follow-up was 26.4 months (95% CI 14.8-27.1).

2.4. Immune Profiling Analysis

The expression of 3 immune-related gene signatures and associated inflammatory genes was
examined in 10 patient tumor RNA samples. The expression of the PD-L1 gene correlated with T
cell-inflamed and T-effector gene signatures expression in this subset of patients (Figure S2). The z-score
for the 3 gene signatures and the expression of additional genes involved in IFNy signaling, antigen
presentation, T cell activation and recruitment (chemokines/cytokines) appeared elevated in 3 patients
who achieved stable disease and in 2 patients with partial responses (Figure S2). Although a trend was
observed suggesting gene signatures profiling score was higher in responders versus non-responders
(per RECIST), particularly with the T-cell effector signature, these associations did not reach statistical
significance (Figure S2). Across all 3 signatures, higher signature z-scores were not associated with
longer PFS or OS (Figure S3).
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Figure 2. Kaplan-Meier curves of progression-free survival for all patients (a) and by PD-L1 status
(b), and overall survival for all patients (c) and by PD-L1 status (d). PD-L1-positive is equivalent to
CPS > 1 and PD-L1-negative is equivalent to CPS < 1; CPS > 10 is a subset of CPS > 1. Abbreviations:
CPS, combined positive score; PD-L1, programmed death-ligand 1.

3. Discussion

Ramucirumab demonstrated antitumor activity and a favorable safety profile, which led to its
approval in several indications, including second-line advanced G/GE] cancer as single agent and
in combination with paclitaxel [21,22]. Pembrolizumab also demonstrated antitumor activity and
tolerable safety profile across different tumor types, and is currently approved for advanced G/GE]
PD-L1 CPS > 1 (per 22C3 assay) patients who have received > 2 lines of chemotherapy [16]. However,
both agents failed to demonstrate survival benefit over chemotherapy in the first-line setting [8,14].

Here we report the results from the JVDF phase 1a/b trial, where a first-line advanced/metastatic
G/GE]J adenocarcinoma cohort of 28 patients was treated with ramucirumab and pembrolizumab.
This combination was well tolerated, and the overall safety profile was similar to that reported for 92
patients in late line JVDF G/GE], non-small cell lung cancer and urothelial carcinomas cohorts [26].
The frequency of TRAEs was higher compared with pembrolizumab monotherapy [14,16,20] or other
JVDF [26] cohorts, but there was not more treatment-related discontinuations, with only 2 patients
discontinuing due to a TRAE. No grade 4 treatment-related AEs or deaths were reported. All AEs were
manageable with supportive care alone and/or with dose delays, without a substantial reduction in the
planned dose intensity for either study drug.
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In the KEYNOTE-062 phase 3 pembrolizumab monotherapy study of first-line patients with
PD-L1-positive tumors (CPS > 1, per 22C3 assay), most patients rapidly progressed and sequenced
into second- or third-line treatment, with a median PFS of 2.0 months compared to 6.4 months for
the chemotherapy arm [14]. PFS for patients with CPS > 10 was similar (2.9 months) [14]. Although
response rate and median OS (14.5% and 10.6 months, respectively, in KEYNOTE-062) for PD-L1
CPS > 1 patients [14] was lower than rates initially reported in the first-line monotherapy arm phase
2 study (KEYNOTE-059: ORR, 25.8%; OS, 20.7 months) [27], pembrolizumab alone was noninferior
to chemotherapy for OS as first-line treatment for patients with CPS > 1 advanced G/GE] cancer.
In our JVDF study, we observed a durable ORR of 25% in the total PD-L1 unselected population
(median DOR was yet to be reached at the time of data cutoff, with lower limit CI of 9.7 months),
with a higher response rate in patients with PD-L1-positive CPS > 1 (32%) versus PD-L1-negative
(17%) tumors, as well as longer median PFS (8.6 month vs 4.3 months) and median OS (17.3 months
vs 11.3 months). Although the prevalence of patients with PD-L1-negative tumors was low (21%),
these results suggest an association between PD-L1-positive expression on tumor and immune cells
measured by the investigational 22C3 assay and increased antitumor activity, which has also been
observed in the second- and third-line G/GE] cohort in JVDEF [26], and in the pretreated G/GE] cohort of
KEYNOTE-059 [16]. Moreover, the 12-month OS rate of 66.7% with ramucirumab plus pembrolizumab
compared favorably to the 47% observed in KEYNOTE-062 with pembrolizumab alone for CPS > 1
tumors [14]. For CPS > 10 tumors, the 12-month OS rate was 80% in this study compared to 57% in
KEYNOTE-062 [14]. We observed a 12-month PFS rate of 35.5% for PD-L1 CPS > 1 tumors compared to
14% with pembrolizumab alone in KEYNOTE-062 [14]. Recognizing caveats of cross-trial comparisons
and a small sample size within our study, our results suggest there could be an enhanced effect when
combining ramucirumab with pembrolizumab in the first-line setting.

The combination of anti-VEGF/VEGFR2 signaling inhibitors with checkpoint inhibitors has
shown efficacy over standard-of-care treatment in multiple tumor types, including lung cancer [28],
renal cell carcinoma [29-31], and hepatocellular carcinoma [32]. Therefore, the results of our study
and others support modulating the tumor microenvironment with a combination of VEGF-pathway
agents and PD-1/PD-L1-targeting agents. Ramucirumab and other anti-VEGF-VEGFR?2 agents may
modulate the tumor microenvironment to be more immunosupportive or inflammatory, and increase
the efficacy of checkpoint inhibitors via several possible mechanisms, including increasing the
trafficking and infiltration of CD8+ T cells into the tumor, increasing the expression of major
histocompatibility complex-1 and PD-L1, and reducing the frequency of immunosuppressive regulatory
T cells markers [23-25].

A pre-existing inflamed tumor microenvironment characterized by active IFNYy signaling and
activated T cells was previously described to predict for clinical response to anti-PD-1/PD-L1 therapies
in various tumor types [18,19,33]. To better understand the clinical activity of ramucirumab and
pembrolizumab, we investigated the expression of 3 immune-related gene signatures and possible
relation with clinical outcomes after ramucirumab and pembrolizumab treatment. We did not see a
significant association of high T-effector and T cell-inflamed signature median scores with benefit after
treatment with ramucirumab in combination with pembrolizumab in our subset of first line metastatic
G/GE] cancer patients that had available gene expression data, consistent with the recent analysis in
the combined G/GE] cohorts [34]. Limitations of this exploratory analysis included the small number
of tumor samples, and lack of tissue tumor mutational burden status and of post-treatment samples.

While the combination of ramucirumab with pembrolizumab has produced durable antitumor
activity, the small size of this G/GE] first-line cohort and the single-treatment arm design of our
study do not allow for efficacy conclusions, and further randomized controlled studies are required.
Translational studies are also needed to better understand the biology of the tumor microenvironment
and the immunomodulatory role of ramucirumab when combined with a checkpoint inhibitor.
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4. Materials and Methods

4.1. Pateints

Cohort A2 included patients > 18 years old with untreated locally advanced or metastatic
unresectable G/GE] cancer who were ineligible for or refused standard chemotherapy for first-line
treatment (patients whose disease had progressed after > 12 months following the last dose of
systemic treatment in the adjuvant/neoadjuvant setting were eligible), and had measurable disease,
as determined by the study site team, per Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 [35]. Other criteria were an Eastern Cooperative Oncology Group performance status of 0
or 1, a newly obtained tumor biopsy prior to enrollment (archived samples were allowed in certain
circumstances), and adequate organ function.

Exclusion criteria included squamous cell or undifferentiated G/GE]J cancer, previous systemic
chemotherapy for advanced or metastatic disease, and a HER-2-positive or -unknown status. More
detailed inclusion and exclusion criteria have been previously published [26].

4.2. Study Design and Treatment

This open-label, single arm, non-randomized phase 1a/b study-commenced based on an acceptable
number of dose-limiting toxicities (<1) in the observation period of phase 1a as previously reported [26].
A protocol amendment in February 2016 [26] included 3 new phase 1b expansion cohorts, including
Cohort A2, the first-line advanced Gastric/GE] cohort reported here. Patients received ramucirumab
8 mg/kg intravenously on days 1 and 8 plus pembrolizumab 200 mg intravenously on day 1 every
3 weeks (1 cycle). Treatments were continued for up to 35 cycles, until confirmed progressive disease
or discontinuation for any other reason. A protocol amendment in February 2019 allowed patients
to continue ramucirumab treatment after cycle 35. Dose delays and discontinuation of either study
drug were allowed if deemed necessary by the principal investigator to manage adverse events
(AEs), or for other reasons. Dose reductions were allowed for ramucirumab only (pembrolizumab
could be withheld).

This study was conducted in accordance with the International Conference on Harmonization
Good Clinical Practice guidelines, the Declaration of Helsinki, applicable local regulations, and was
approved by each institution’s ethical review board and registered at Clinicaltrials.gov (registration
number NCT02443324). Patients provided written informed consent before study entry.

4.3. Outcomes and Assessments

The primary endpoint, assessed by AE incidence, was safety and tolerability of ramucirumab
plus pembrolizumab. Secondary endpoints included PFS, OS, objective response rate (ORR), disease
control rate (DCR), time to response (TTR), duration of response (DOR), and pharmacokinetics of
ramucirumab when administered with pembrolizumab. Definitions of efficacy endpoints are listed in
Table S7. Exploratory endpoints included the association between biomarkers and clinical outcomes.

Safety was evaluated throughout the study and for 30 days after treatment discontinuation.
AEs were graded using the National Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0, and judged by the investigator as related or unrelated to study treatment.

Tumor response was assessed radiographically by the investigator according to RECIST
version 1.1 [35], with required investigator confirmation for partial or complete response (PR or CR).
Responses were assessed every 6 weeks (+7 days) for the first 24 weeks and every 12 weeks (+7 days)
thereafter. Study treatment could continue until confirmed progressive disease in a second scan
performed approximately 4 weeks after initial progressive disease was detected, to account for the
observation that some patients can have a transient tumor flare in the first few months after beginning
immunotherapy, but with subsequent disease response. Once progression was confirmed, treatment
was discontinued.
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If the patient was alive at data cutoff for the OS analysis, or was lost to follow-up, OS was censored
on the last date the patient was known to be alive.

Serum ramucirumab concentration was measured using a validated enzyme-linked
immunosorbent assay method (Charles River Laboratories, Senneville, QC, Canada).

4.4. Biomarker Analysis

Pre-treatment formalin-fixed paraffin-embedded tumor biopsy samples were collected prior
to treatment for the biomarker analysis described here. Microsatellite instability (MSI) status was
determined using polymerase chain reaction (Promega MSI Analysis System; Promega Corp., Madison,
WI, USA). Microsatellite high (MSI-H) was defined as alterations in > 2 of 5 microsatellite markers;
microsatellite stable (MSS) was defined as no alterations.

PD-L1 expression was assessed by immunohistochemistry (IHC) with an investigational version
of the PD-L1 IHC 22C3 pharmDx assay (Agilent, Carpinteria, CA, USA) using CPS which is the number
of PD-L1 stained tumor and immune cells divided by the total number of tumor cells and multiplied by
100. PD-L1 positivity was defined as CPS > 1. Additional exploratory analyses used a CPS cutoff > 10,
noting that CPS > 10 was a subset of CPS > 1.

Patient tumor samples were profiled on the Nanostring nCounter PanCancer Immune Profiling
panel using extracted RNA from 10 patients [36]. Adequate tumor tissue was not available for
other patients. Raw gene expression data was normalized to internal controls followed by log?2
transformation, and Z-scoring scaling across the 10 patients. Study parameters were visualized using
the ComplexHeatmap package in R [37].

Three immune-related gene expression signatures were selected and adapted based on the
genes present in the Nanostring panel for in-depth analysis: T cell-effector, T cell-inflamed/tumor
inflammation signature (TIS), and T cell-inflamed signature (modified Gajewski). These gene signatures
represent a means of quantifying the level of tumor microenvironment inflammation as characterized
by active IFNYy signaling, cytotoxic effector molecules, antigen presentation, and T cell recruitment [33].
Patient signature scores were calculated as the average of the constituent genes as previously
described [17].

4.5. Statistical Analysis

The data cutoff for all analyses was 21 April 2019. The sample size was selected to allow adequate
assessment of safety and efficacy at the recommended doses for ramucirumab and pembrolizumab.
The null hypothesis was based on the assumption that the ORR would be no greater than 30% to 35%
and the target treatment effect of the combination treatment on ORR would be greater than 45% to 55%.
Based on these assumptions, a sample size of n = 25 provided statistical power of approximately 65%
to 90%, with a 1-sided 0.20 significance level. All patients who received > 1 dose of ramucirumab or
pembrolizumab were evaluated for safety and efficacy. Time-to-event variables were estimated with
the Kaplan-Meier method. Safety and efficacy data were analyzed using SAS version 9.4; exploratory
analyses were analyzed with R versions 3.5 and 3.6.0.

Pearson correlations assessed the relationship between PD-L1 gene expression (CD274) and
immune related signatures. The association between T cell signatures and ORR was evaluated with
T-tests. Cox proportional hazards model assessed the association between T cell signatures and PFS/OS.

4.6. Nanostring Methods

RNA count data (.RCC files) were normalized using the geometric mean of the positive controls
and housekeeping genes using in-house implementation of the NanoStringNorm R package [36].
The lower limit of detection (LLOD) for counts was set at the maximum count of the background
(i.e., negative) controls; 114 genes with normalized counts less than the LLOD were flagged as
low-expressing genes and removed from downstream analyses and 616 genes passed quality control
and were further investigated.
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Genes constituting the T cell-effector signature included: CD8A, CXCL9, CXCL10, EOMES,
GZMA, GZMB, IENG, PRF1, and TBX21 [18]. Genes constituting the T cell-inflamed (TIS) signature
included: CCL5, CD27, CD274, CD276, CD8A, CMKLR1, CXCL9, CXCR6, HLA-DQA1, HLA-E,
IDO1, LAG3, PDCD1LG2, PSMB10, STAT1, and TIGIT (HLA-DRB5 and NKG7 were not present on
the Nanostring Immune panel, and therefore could not be included) [17]. Genes constituting the T
cell-inflamed (modified Gajewski) signature included: CCL2, CCL3, CCL4, CD8A, CXCL10, CXCL9,
GZMK, HLA-DMA, HLA-DMB, HLA-DOB, ICOS, and IRF1 (HLA-DOA was not present on the
Nanostring Immune panel, and therefore could not be included) [38].

4.7. Data Availability

Lilly provides access to all individual participant data collected during the trial, after
anonymization, with the exception of pharmacokinetic or genetic data. Data are available to request
6 months after the indication studied has been approved in the US and EU and after primary publication
acceptance, whichever is later. No expiration date of data requests is currently set once data are made
available. Access is provided after a proposal has been approved by an independent review committee
identified for this purpose and after receipt of a signed data sharing agreement. Data and documents,
including the study protocol, statistical analysis plan, clinical study report, blank or annotated case
report forms, will be provided in a secure data sharing environment. Requests for data should be
submitted at www.vivli.org.

5. Conclusions

In conclusion, in treatment-naive advanced or metastatic G/GE], the safety profile of ramucirumab
plus pembrolizumab was consistent with monotherapy treatment for each drug, with no unexpected
toxicities. Acknowledging limitations of sample size, efficacy results of the combination were
encouraging. ORR and DCR were similar to first-line chemotherapy, but more durable than expected,
and survival outcomes were numerically superior to first-line chemotherapy, especially among patients
with PD-L1-positive tumors.
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with pembrolizumab, Table S7: Efficacy endpoints definition.

Author Contributions: Conceptualization, D.E,, C.S.F. and R.S.H.; methodology, S.C.M., L.G., GM. and ] M.O.;
software, S.C.M., L.G. and G.M,; validation, S.C.M., L.G., G.M. and ] M.O,; formal analysis, S.C.M., L.G. and G.M,;
investigation, H.-T.A., J.C.B, E.C,, 1.C,S.CM,, ].C, D.F, CSE, LG, RSH, CLT,GM,]MO., NP,RS-D,,
A.O.S. and L.Z,; resources, H.-T.A.,].C.B,,E.C,,1.C.,,S.CM.,].C,, D.E, CS.E, L.G,RS.H., C.L.T, GM., ]JM.O.,, N.P,
R.S-D., A.O.S. and L.Z.; data curation, H.-T.A.,J.C.B., E.C,, I.C.,S.C.M,, ].C., CS.F, RS.H,, C.L.T.,, N.P, R.S.-D.,
A.OS. and L.Z.; writing—original draft preparation, D.F. and ]. M.O.; writing—review and editing, H.-T.A., ].C.B.,
EC.,1C,SCM,]JC,CSFE,LG,RSH,CLT,GM.,N.P,RS.-D., A.OS. and L.Z,; visualization, S.C.M., L.G.,
G.M. and ].M.O.; supervision, D.E, ].M.O.; project administration, D.E,; funding acquisition, D.F. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Eli Lilly and Company, Indianapolis, IN, USA in collaboration with Merck
& Co., Inc., Kenilworth, NJ, USA. Ian Chau would like to acknowledge National Health Service funding to the
National Institute for Health Research Biomedical Research Centre at the Royal Marsden NHS Foundation Trust
and The Institute of Cancer Research.

Acknowledgments: We thank the patients, their families, the study sites, and the study personnel who participated
in this clinical trial. Medical writing support was provided by Andrew Sakko, PhD, CMPP and Andrea Metti,
PhD, MPH, and editorial support was provided by Dana Schamberger, MA and Andrew Sakko of Syneos
Health, and funded by Eli Lilly and Company in accordance with Good Publication Practice (GPP3) guidelines

(http://www.ismpp.org/gpp3).


www.vivli.org
http://www.mdpi.com/2072-6694/12/10/2985/s1
http://www.ismpp.org/gpp3

Cancers 2020, 12, 2985 13 of 16

Conflicts of Interest: I. Chau reports serving on advisory boards of Eli Lilly and Company, Bristol Meyers
Squibb, Merck Sharp & Dohme, Bayer, Roche, Merck-Serono, Five Prime Therapeutics, AstraZeneca, Oncologie
International, and Pierre Fabre; receiving research funding from Eli Lilly and Company, Janssen-Cilag,
Sanofi Oncology, and Merck-Serono; and honorarium from Eli Lilly and Company. N. Penel has no conflicts
of interest to report. A.O. Soriano reports personal fees from Merck and Eli Lilly and Company. H-T. Arkenau
reports support of study execution from Eli Lilly and Company; and receiving research funding from Bayer,
Roche, Guardant, Beijing, Bicycle, and Biontech. J. Cultrera reports other from Celgene, Spectrum Pharmaceuticals,
Amgen, and Eli Lilly and Company. R. Santana-Davila reports grants and personal fees from Genentech, Eli Lilly
and Company, AstraZeneca, Bayer, and Abbvie; personal fees from Bristol Meyers Squibb, Ariad Pharmaceuticals,
PharmaMar; and grants from BeyondSpring Pharmaceuticals and ISA Pharmaceuticals. E. Calvo reports grants
and other from Boehringer-Ingelheim, Novartis, PsiOxus, Nanobiotix Janssen, Abbvie, START, Astra-Zeneca,
Roche/Genentech, Pfizer, and Amcure; grants from BeiGene, Bristol Meyers Squibb, PharmaMar, PUMA, Sanofi,
Eli Lilly and Company, Merck, Nektar, Amgen, AstraZeneca, Principia Bayer, CytomX, H3, Incyte, Kura,
LOXO, Macrogenics, Menarini, Merck Serono, Merus, Millenium, Rigontec, Tahio, and Tesaro; other from
Janssen-Cilag, Seattle Genetics, Pierre Fabre, Cerulean Pharma, EUSA, Celgene, Oncoart Associated, International
Cancer Consultants, Guidepoint Global, GLG Pharma, and Servier. E. Calvo is additionally the President
and Founder of NPO Foundation Intheos (Investigational Therapeutics in Oncological Sciences), and reports
employment and other from HM Hospitals Group, and employment, ownership, and other from START.
C. Le Tourneau reports personal fees from Merck Shar & Dohme, Bristol Meyers Squibb, Merck-Serono, Amgen,
GlaxoSmithKline, Roche, and Nanobiotix. L. Zender has no conflicts of interest to report. J.C. Bendell reports
receiving institutional research funding from Gilead, Genentech/Roche, Bristol Meyers Squibb, Five Prime,
Eli Lilly and Company, Merck-Serono, MedImmune, Celgene, Taiho, Macrogenics, GlaxoSmithKline, Novartis,
OncoMed, Leap Therapeutics, TG Therapeutics, AstraZeneca, Boehringer Ingelheim, Daiichi Sankyo, Bayer, Incyte,
Apexigen, Koltan, SynDevRex, Forty Seven, AbbVie, Array, Onyx, Sanofi, Takeda, Eisai, Celldex, Agios, Cytomx,
Nektar, ARMO Biosciences, Boston Biomedical, Ipsen, Merrimack, Tarveda, Tyrogenex, Oncogenex, Marshall
Edwards, Pieris, Mersana, Calithera, Blueprint, Evelo, FORMA Therapeutics, Merus, Jacobio, Effector, Novocare,
Arrys, Tracon, Sierra, Innate, Arch Oncology, Prelude Oncology, Unum Therapeutics, Vyriad, Harpoon, ADC,
Amgen, Pfizer, Millennium, Imclone, Acerta Pharma, Rgenix, Bellicum, Gossamer Bio, Arcus Bio, Seattle Genetics,
TempestTx, Shattuck Labs, Synthorx, Inc., Revolution Medicines, Inc., Bicycle Therapeutics, Zymeworks, Relay
Therapeutics, Scholar Rock, NGM Biopharma, Stemcentrx, Beigene, CALGB, Cyteir Therapeutics, Foundation
Bio, Innate Pharma, Morphotex, and Oncologie; a consulting/advisory role to Gilead, Genentech/Roche, Bristol
Meyers Squibb, Five Prime, Eli Lilly and Company, Merck-Serono, MedImmune, Celgene, Taiho, Macrogenics,
GlaxoSmithKline, Novartis, OncoMed, Leap Therapeutics, TG Therapeutics, AstraZeneca, Boehringer Ingelheim,
Daiichi Sankyo, Bayer, Incyte, Apexigen, Array, Sanofi, ARMO Biosciences, Ipsen, Merrimack, Oncogenex,
FORMA, Arch Oncology, Prelude Therapeutics, Phoenix Bio, Cyteir, Molecular Partners, Innate, Torque, Tizona,
Janssen, Tolero, Translational Drug Development (TD2), Amgen, Seattle Genetics, Moderna Therapeutics, Tanabe
Research Laboratories, Beigene, Continuum Clinical, Agios, Bicycle Therapeutics, Relay Therapeutics, Evelo,
Pfizer, Piper Biotech, and Samsung Bioepios; and other from Gilead, Genentech/Roche, Bristol Meyers Squibb,
Eli Lilly and Company, Merck-Serono, MedImmune, Celgene, Taiho, Novartis, OncoMed, Boehringer Ingelheim,
ARMO Biosciences, Ipsen, Oncogenex, and FORMA. S. Clark McNeely, J. M. Oliveira, G. Mi, and D. Ferry are
full-time employees of Eli Lilly and Company. S. Clark McNeely and G. Mi hold stock in Eli Lilly and Company.
L. Gao is a former employee of Eli Lilly and Company. R.S. Herbst reports receiving personal fees from Abbvie
Pharmaceuticals, ARMO Biosciences, Biodesix, Bolt Biotherapeutics, Bristol-Myers Squibb, EMD Serrano, Genmab,
Halozyme, Heat Biologics, IMAB Biopharma, Immunocore, Infinity Pharmaceuticals, Loxo Oncology, Midas
Health Analytics, Mirati Therapeutics, Nektar, Neon Therapeutics, NextCure, Novartis, Pfizer, Sanofi, Seattle
Genetics, Shire PLC, Spectrum Pharmaceuticals, Symphogen, Takeda, Tesaro, and Tocagen; personal fees and other
from AstraZeneca, Eli Lilly and Company, Genentech/Roche, and Merck; and other from Junshi Pharmaceuticals.
C. Fuchs reports serving in a consulting role with Agios, Bain Capital, CytomX Therapeutics, Daiichi-Sankyo,
Entrinsic Health, Genentech, Merck, Taiho, Unum Therapeutics, Entrinsic Health, outside the submitted work;
serving in a consulting role and providing expert testimony with Amylin Pharmaceuticals and Eli Lilly and
Company, outside the submitted work; serving as a director and owning unexercised stock options at CytomX
Therapeutics, outside the submitted work; being a co-founder, serving in a consulting role, and owning equity in
Evolveimmune Therapeutics, outside the submitted work. The funders (Eli Lilly and Company and Merck & Co.,
Inc.) collaborated on the design of the study, and participated in the collection, analyses and interpretation of data;
in the writing of the manuscript, and in the decision to publish the results.

References

1.  Cancer Fact Sheet: Stomach. Globocan. 2018. Available online: https://gco.iarc.fr/today/data/factsheets/
cancers/7-Stomach-fact-sheet.pdf (accessed on 18 February 2020).

2. Bang, Y.-J.; Van Cutsem, E.; Feyereislova, A.; Chung, H.C.; Shen, L.; Sawaki, A.; Lordick, F; Ohtsu, A.;
Omuro, Y.; Satoh, T.; et al. Trastuzumab in combination with chemotherapy versus chemotherapy alone
for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): A phase 3,
open-label, randomised controlled trial. Lancet 2010, 376, 687-697. [CrossRef]


https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
http://dx.doi.org/10.1016/S0140-6736(10)61121-X

Cancers 2020, 12, 2985 14 of 16

10.

11.

12.

13.

14.

15.

Van Cutsem, E.; Moiseyenko, V.M.; Tjulandin, S.; Majlis, A.; Constenla, M.; Boni, C.; Rodrigues, A.; Fodor, M.;
Chao, Y.; Voznyi, E.; et al. Phase III study of docetaxel and cisplatin plus fluorouracil compared with
cisplatin and fluorouracil as first-line therapy for advanced gastric cancer: A report of the V325 study group.
Am. . Clin. Oncol. 2006, 24, 4991-4997. [CrossRef] [PubMed]

Waters, ].S.; Norman, A.; Cunningham, D.; Scarffe, ].H.; Webb, A.; Harper, P,; Joffe, ] K.; Mackean, M.;
Mansi, J.; Leahy, M.; et al. Long-Term survival after epirubicin, cisplatin and fluorouracil for gastric cancer:
Results of a randomized trial. Br. J. Cancer 1999, 80, 269-272. [CrossRef] [PubMed]

Curea, F.G.; Hebbar, M.; Ilie, S.M.; Bacinschi, X.E.; Trifanescu, O.G.; Botnariugc, I.; Anghel, R.M. Current
targeted therapies in HER2-positive gastric adenocarcinoma. Cancer Biother. Radiopharm. 2017, 32, 351-363.
[CrossRef] [PubMed]

Lordick, FE; Kang, YK.; Chung, H.C.; Salman, P; Oh, S.C; Bodoky, G.; Kurteva, G.; Volovat, C;
Moiseyenko, V.M.; Gorbunova, V.; et al. Capecitabine and cisplatin with or without cetuximab for patients
with previously untreated advanced gastric cancer (EXPAND): A randomised, open-label phase 3 trial.
Lancet Oncol. 2013, 14, 490-499. [CrossRef]

Waddell, T.; Chau, I.; Cunningham, D.; Gonzalez, D.; Okines, A.E,; Okines, C.; Wotherspoon, A.; Saffery, C.;
Middleton, G.; Wadsley, J.; et al. Epirubicin, oxaliplatin, and capecitabine with or without panitumumab for
patients with previously untreated advanced oesophagogastric cancer (REAL3): A randomised, open-label
phase 3 trial. Lancet Oncol. 2013, 14, 481-489. [CrossRef]

Fuchs, C.S.; Shitara, K.; Di Bartolomeo, M.; Lonardi, S.; Al-Batran, S.E.; Van Cutsem, E.; Ilson, D.H.;
Alsina, M.; Chau, I; Lacy, ].; et al. Ramucirumab with cisplatin and fluoropyrimidine as first-line therapy in
patients with metastatic gastric or junctional adenocarcinoma (RAINFALL): A double-blind, randomised,
placebo-controlled, phase 3 trial. Lancet Oncol. 2019, 20, 420-435. [CrossRef]

Yoshikawa, T.; Muro, K.; Shitara, K.; Oh, D.Y.; Kang, Y.K.; Chung, H.C.; Kudo, T.; Chin, K.; Kadowaki, S.;
Hamamoto, Y.; et al. Effect of first-line S-1 plus oxaliplatin with or without ramucirumab followed by
paclitaxel plus ramucirumab on advanced gastric cancer in East Asia: The phase 2 RAINSTORM randomized
clinical trial. JAMA Netw. Open 2019, 2, €198243. [CrossRef]

Ohtsu, A.; Shah, M.A.; Van Cutsem, E.; Rha, S.Y.; Sawaki, A.; Park, S.R.; Lim, H.Y.; Yamada, Y.; Wu, J.;
Langer, B.; et al. Bevacizumab in combination with chemotherapy as first-line therapy in advanced gastric
cancer: A randomized, double-blind, placebo-controlled phase III study. Am. ]. Clin. Oncol. 2011, 29,
3968-3976. [CrossRef]

Catenacci, D.V.T.; Tebbutt, N.C.; Davidenko, I.; Murad, A.M.; Al-Batran, S.E.; Ilson, D.H.; Tjulandin, S.;
Gotovkin, E.; Karaszewska, B.; Bondarenko, I; et al. Rilotumumab plus epirubicin, cisplatin, and capecitabine
as first-line therapy in advanced MET-positive gastric or gastro-oesophageal junction cancer (RILOMET-1):
A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2017, 18, 1467-1482. [CrossRef]
Shah, M.A.; Bang, Y.-].; Lordick, E; Alsina, M.; Chen, M.; Hack, S.P.; Bruey, ].M.; Smith, D.; McCaffery, I.;
Shames, D.S.; et al. Effect of fluorouracil, leucovorin, and oxaliplatin with or without onartuzumab in
HER2-negative, MET-positive gastroesophageal adenocarcinoma. The METGastric randomized clinical trial.
JAMA Oncol. 2017, 3, 620-627. [CrossRef]

Shah, M.A.; Yanez Ruiz, E.P.; Bodoky, G.; Starodub, A.; Cunningham, D.; Desmond, Y.; Wainberg, Z.A.;
Bendell, J.C.; Thai, D.; Bhargava, P; et al. A phase III, randomized, double-blind, placebo-controlled study
to evaluate the efficacy and safety of andecaliximab combined with mFOLFOXS6 as first-line treatment in
patients with advanced gastric or gastroesophageal junction adenocarcinoma (GAMMA-1). J. Clin. Oncol.
2019, 37, 4. [CrossRef]

Tabernero, J.; Cutsem, E.V.; Bang, Y.-J.; Fuchs, C.S.; Wyrwicz, L.; Lee, KW.; Kudaba, I.; Garrido, M.;
Chung, H.C.; Salguero, H.R.C,; et al. Pembrolizumab with or without chemotherapy versus chemotherapy for
advanced gastric or gastroesophageal junction (G/GEJ) adenocarcinoma: The phase III KEYNOTE-062 study.
J. Clin. Oncol. 2019, 37 (Suppl. 18). [CrossRef]

Herbst, R.S.; Soria, J.C.; Kowanetz, M.; Fine, G.D.; Hamid, O.; Gordon, M.S.; Sosman, J.A.; McDermott, D.E,;
Powderly, J.D.; Gettinger, S.N.; et al. Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A
in cancer patients. Nature 2014, 515, 563-567. [CrossRef] [PubMed]


http://dx.doi.org/10.1200/JCO.2006.06.8429
http://www.ncbi.nlm.nih.gov/pubmed/17075117
http://dx.doi.org/10.1038/sj.bjc.6690350
http://www.ncbi.nlm.nih.gov/pubmed/10390007
http://dx.doi.org/10.1089/cbr.2017.2249
http://www.ncbi.nlm.nih.gov/pubmed/29265917
http://dx.doi.org/10.1016/S1470-2045(13)70102-5
http://dx.doi.org/10.1016/S1470-2045(13)70096-2
http://dx.doi.org/10.1016/S1470-2045(18)30791-5
http://dx.doi.org/10.1001/jamanetworkopen.2019.8243
http://dx.doi.org/10.1200/JCO.2011.36.2236
http://dx.doi.org/10.1016/S1470-2045(17)30566-1
http://dx.doi.org/10.1001/jamaoncol.2016.5580
http://dx.doi.org/10.1200/JCO.2019.37.4_suppl.4
http://dx.doi.org/10.1200/JCO.2019.37.18_suppl.LBA4007
http://dx.doi.org/10.1038/nature14011
http://www.ncbi.nlm.nih.gov/pubmed/25428504

Cancers 2020, 12, 2985 15 of 16

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Fuchs, C.S;; Doi, T.; Jang, RW.; Muro, K,; Satoh, T.; Machado, M.; Sun, W,; Jalal, S.I; Shah, M.A.; Metges, ].P;
et al. Safety and efficacy of pembrolizumab monotherapy in patients with previously treated advanced
gastric and gastroesophageal junction cancer: Phase 2 clinical KEYNOTE-059 Trial. JAMA Oncol. 2018,
4,e180013. [CrossRef]

Ayers, M.; Lunceford, J.; Nebozhyn, M.; Murphy, E.; Loboda, A.; Kaufman, D.R.; Albright, A.; Cheng, ].D.;
Kang, S.P; Shankaran, V.; et al. IFN-y-related mRNA profile predicts clinical response to PD-1 blockade.
J. Clin. Investig. 2017, 127, 2930-2940. [CrossRef]

Fehrenbacher, L.; Spira, A.; Ballinger, M.; Kowanetz, M.; Vansteenkiste, J.; Mazieres, J.; Park, K.; Smith, D.;
Artal-Cortes, A.; Lewanski, C.; et al. Atezolizumab versus docetaxel for patients with previously treated
non-small-cell lung cancer (POPLAR): A multicentre, open-label, phase 2 randomised controlled trial. Lancet
2016, 387, 1837-1846. [CrossRef]

Ott, PA,; Bang, Y.-].; Piha-Paul, S.A.; Abdul Razak, A.R.; Bennouna, J.; Soria, J.-C.; Rugo, H.S.; Cohen, R.B.;
O’Neil, B.H.; Mehnert, ] M.; et al. T-cell-inflamed gene-expression profile, programmed death ligand 1
expression, and tumor mutational burden predict efficacy in patients treated with pembrolizumab across 20
cancers: KEYNOTE-028. ]. Clin. Oncol. 2019, 37, 318-327. [CrossRef]

Shitara, K.; Ozguroglu, M.; Bang, Y.J.; Di Bartolomeo, M.; Mandala, M.; Ryu, M.H.; Fornaro, L.; Olesinski, T.;
Caglevic, C.; Chung, H.C,; et al. Pembrolizumab versus paclitaxel for previously treated, advanced gastric or
gastro-oesophageal junction cancer (KEYNOTE-061): A randomised, open-label, controlled, phase 3 trial.
Lancet 2018, 392, 123-133. [CrossRef]

Fuchs, C.S.; Tomasek, J.; Yong, C.J.; Dumitru, E; Passalacqua, R.; Goswami, C.; Safran, H.; Vieira dos
Santos, L.; Aprile, G.; Ferry, D.R.; et al. Ramucirumab monotherapy for previously treated advanced gastric
or gastro-oesophageal junction adenocarcinoma (REGARD): An international, randomised, multicentre,
placebo-controlled, phase 3 trial. Lancet 2014, 383, 31-39. [CrossRef]

Wilke, H.; Muro, K.; Van Cutsem, E.; Oh, S.-C.; Bodoky, G.; Shimada, Y.; Hironaka, S.; Sugimoto, N.;
Lipatov, O.; Kim, T.-Y; et al. Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients
with previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (RAINBOW):
A double-blind, randomised phase 3 trial. Lancet Oncol. 2014, 15, 1224-1235. [CrossRef]

Yasuda, S.; Sho, M.; Yamato, I.; Yoshiji, H.; Wakatsuki, K.; Nishiwada, S.; Yagita, H.; Nakajima, Y. Simultaneous
blockade of programmed death 1 and vascular endothelial growth factor receptor 2 (VEGFR2) induces
synergistic anti-tumour effect in vivo. Clin. Exp. Immunol. 2013, 172, 500-506. [CrossRef] [PubMed]
Wallin, J.J.; Bendell, J.C.; Funke, R.; Sznol, M.; Korski, K.; Jones, S.; Hernandez, G.; Mier, J.; He, X.; Hodji, ES.;
etal. Atezolizumab in combination with bevacizumab enhances antigen-specific T-cell migration in metastatic
renal cell carcinoma. Nat. Commun. 2016, 12624. [CrossRef] [PubMed]

Tada, Y; Togashi, Y.; Kotani, D.; Kuwata, T.; Sato, E.; Kawazoe, A.; Doi, T.; Wada, H.; Nishikawa, H.; Shitara, K.
Targeting VEGFR2 with ramucirumab strongly impacts effector/ activated regulatory T cells and CD8+ T
cells in the tumor microenvironment. J. Immunother. Cancer 2018, 6, 106. [CrossRef] [PubMed]

Herbst, R.S.; Arkenau, H.T.; Santana-Davila, R.; Calvo, E.; Paz-Ares, L.; Cassier, P.A.; Bendell, J.; Penel, N.;
Krebs, M.G.; Martin-Liberal, J.; et al. Ramucirumab plus pembrolizumab in patients with previously
treated advanced non-small-cell lung cancer, gastro-oesophageal cancer, or urothelial carcinomas (JVDF):
A multicohort, non-randomised, open-label, phase 1a/b trial. Lancet Oncol. 2019, 20, 1109-1123. [CrossRef]
Bang, Y.J.; Kang, Y.K.; Catenacci, D.V.; Muro, K.; Fuchs, C.S.; Geva, R.; Hara, H.; Golan, T.; Garrido, M.;
Jalal, S.I; et al. Pembrolizumab alone or in combination with chemotherapy as first-line therapy for
patients with advanced gastric or gastroesophageal junction adenocarcinoma: Results from the phase II
nonrandomized KEYNOTE-059 study. Gastric Cancer 2019, 22, 828-837. [CrossRef] [PubMed]

Socinski, M.A; Jotte, R.M.; Cappuzzo, F; Orlandi, F,; Stroyakovskiy, D.; Nogami, N.; Rodriguez-Abreu, D.;
Moro-Sibilot, D.; Thomas, C.A.; Barlesi, F; et al. Atezolizumab for first-line treatment of metastatic
nonsquamous NSCLC. N. Engl. ]. Med. 2018, 378, 2288-2301. [CrossRef] [PubMed]

Motzer, R.J.; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger, C.;
Negrier, S.; Uemura, M.; et al. Avelumab plus axitinib versus sunitinib for advanced renal-cell carcinoma.
N. Engl. J. Med. 2019, 380, 1103-1115. [CrossRef]

Rini, B.I,; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, E.; Alekseev, B.; Soulieres, D.;
Melichar, B.; et al. Pembrolizumab plus axitinib versus sunitinib for advanced renal-cell carcinoma. N. Engl.
J. Med. 2019, 380, 1116-1127. [CrossRef]


http://dx.doi.org/10.1001/jamaoncol.2018.0013
http://dx.doi.org/10.1172/JCI91190
http://dx.doi.org/10.1016/S0140-6736(16)00587-0
http://dx.doi.org/10.1200/JCO.2018.78.2276
http://dx.doi.org/10.1016/S0140-6736(18)31257-1
http://dx.doi.org/10.1016/S0140-6736(13)61719-5
http://dx.doi.org/10.1016/S1470-2045(14)70420-6
http://dx.doi.org/10.1111/cei.12069
http://www.ncbi.nlm.nih.gov/pubmed/23600839
http://dx.doi.org/10.1038/ncomms12624
http://www.ncbi.nlm.nih.gov/pubmed/27571927
http://dx.doi.org/10.1186/s40425-018-0403-1
http://www.ncbi.nlm.nih.gov/pubmed/30314524
http://dx.doi.org/10.1016/S1470-2045(19)30458-9
http://dx.doi.org/10.1007/s10120-018-00909-5
http://www.ncbi.nlm.nih.gov/pubmed/30911859
http://dx.doi.org/10.1056/NEJMoa1716948
http://www.ncbi.nlm.nih.gov/pubmed/29863955
http://dx.doi.org/10.1056/NEJMoa1816047
http://dx.doi.org/10.1056/NEJMoa1816714

Cancers 2020, 12, 2985 16 of 16

31.

32.

33.

34.

35.

36.

37.

38.

Rini, B.I; Powles, T.; Atkins, M.B.; Escudier, B.; McDermott, D.E.; Suarez, C.; Bracarda, S.; Stadler, W.M.;
Sonskov, F; Lee, J.L.; et al. Atezolizumab plus bevacizumab versus sunitinib in patients with previously
untreated metastatic renal cell carcinoma (IMmotion151): A multicentre, open-label, phase 3, randomised
controlled trial. Lancet 2019, 393, 2404-2415. [CrossRef]

Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.-Y.; Kudo, M.; Breder, V.; Merle, P,; Kaseb, A.O.;
et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N. Engl. J. Med. 2020, 382,
1894-1905. [CrossRef] [PubMed]

Trujillo, J.A.; Sweis, R.F;; Bao, R,; Luke, ].]. T cell-inflamed versus non-T cell-inflamed tumors: A conceptual
framework for cancer immunotherapy drug development and combination therapy. Cancer Immunol. Res.
2018, 6, 990-1000. [CrossRef]

Herbst, R.S.; Arkenau, H.T.; Calvo, E.; Bendell, ].C.; Penel, N.; Fuchs, C.S.; McNeely, S.; Rasmussen, E.R.;
Wang, H.; Oliveira, ].M.; et al. Immune profiling and clinical outcomes in patients treated with ramucirumab
and pembrolizumab in phase I study JVDF. J. Clin. Oncol. 2020, 38, 3089. [CrossRef]

Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.;
Gwyther, S.; Mooney, M.; et al. New response evaluation criteria in solid tumors: Revised RECIST guideline
(version 1.1). J. Eur. ]. Cancer 2009, 45, 228-247. [CrossRef] [PubMed]

Waggot, D.; Chu, K; Yin, S.; Wouters, B.G.; Liu, E-E; Boutros, P.C. NanoStringNorm: An extensible R
package for the pre-processing of NanoString mRNA and miRNA data. Bioinformatics 2012, 28, 1546-1548.
[CrossRef]

Gu, Z,; Eils, R.; Schlesner, M. Complex heatmaps reveal patterns and correlations in multidimensional
genomic data. Bioinformatics 2016, 32, 2847-2849. [CrossRef] [PubMed]

Spranger, S.; Luke, ].].; Bao, R.; Zha, Y.; Hernandez, K.M.; Li, Y.; Gajewski, A.P; Andrade, J.; Gajewski, T.F.
Density of immunogenic antigens does not explain the presence or absence of the T-cell-inflamed tumor
microenvironment in melanoma. Proc. Natl. Acad. Sci. USA 2016, 113, E7759-E7768. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0140-6736(19)30723-8
http://dx.doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32402160
http://dx.doi.org/10.1158/2326-6066.CIR-18-0277
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.3089
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
http://dx.doi.org/10.1093/bioinformatics/bts188
http://dx.doi.org/10.1093/bioinformatics/btw313
http://www.ncbi.nlm.nih.gov/pubmed/27207943
http://dx.doi.org/10.1073/pnas.1609376113
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Patients 
	Safety 
	Response and Survival 
	Immune Profiling Analysis 

	Discussion 
	Materials and Methods 
	Pateints 
	Study Design and Treatment 
	Outcomes and Assessments 
	Biomarker Analysis 
	Statistical Analysis 
	Nanostring Methods 
	Data Availability 

	Conclusions 
	References

