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Simple Summary: Ramucirumab is indicated at a dosage of 8 mg/kg every 2 weeks as monotherapy or
in combination with paclitaxel for second-line advanced/metastatic gastric/gastroesophageal junction
(GEJ) adenocarcinoma. A post hoc analysis of the phase III trials REGARD and RAINBOW suggested
a positive correlation between ramucirumab exposure and efficacy. Studies JVDB and JVCZ explored
different ramucirumab dosing regimens as monotherapy and in combination with paclitaxel, respectively.
Here we report results from these studies, in which JVDB evaluated the pharmacokinetics and safety of
the currently registered dosing regimen for ramucirumab monotherapy and three exploratory dosing
regimens, and JVCZ evaluated the efficacy and safety of a higher dosing regimen of ramucirumab in
combination with paclitaxel in second-line gastric/GEJ adenocarcinoma. Overall, the safety profiles
were similar between the registered dose and the exploratory dosing regimens. However, a lack of
a dose/exposure-response relationship supports the standard dose of ramucirumab as second-line
treatment for patients with advanced/metastatic gastric/GEJ adenocarcinoma.

Abstract: Studies JVDB and JVCZ examined alternative ramucirumab dosing regimens as monotherapy
or combined with paclitaxel, respectively, in patients with advanced/metastatic gastric/gastroesophageal
junction (GEJ) adenocarcinoma. For JVDB, randomized patients (N = 164) received ramucirumab
monotherapy at four doses: 8 mg/kg every 2 weeks (Q2W) (registered dose), 12 mg/kg Q2W, 6 mg/kg
weekly (QW), or 8 mg/kg on days 1 and 8 (D1D8) every 3 weeks (Q3W). The primary objectives
were the safety and pharmacokinetics of ramucirumab monotherapy. For JVCZ, randomized patients
(N = 245) received paclitaxel (80 mg/m2-D1D8D15) plus ramucirumab (8 mg/kg- or 12 mg/kg-Q2W).
The primary objective was progression-free survival (PFS) of 12 mg/kg-Q2W arm versus placebo
from RAINBOW using meta-analysis. Relative to the registered dose, exploratory dosing regimens
(EDRs) led to higher ramucirumab serum concentrations in both studies. EDR safety profiles were
consistent with previous studies. In JVDB, serious adverse events occurred more frequently in the
8 mg/kg-D1D8-Q3W arm versus the registered dose; 6 mg/kg-QW EDR had a higher incidence of
bleeding/hemorrhage. In JVCZ, PFS was improved with the 12 mg/kg plus paclitaxel combination
versus placebo in RAINBOW; however, no significant PFS improvement was observed between the
12 mg/kg and 8 mg/kg arms. The lack of a dose/exposure-response relationship in these studies
supports the standard dose of ramucirumab 8 mg/kg-Q2W as monotherapy or in combination with
paclitaxel as second-line treatment for advanced/metastatic gastric/GEJ adenocarcinoma.

Keywords: angiogenesis; gastric adenocarcinoma; ramucirumab; vascular endothelial growth
factor receptor

1. Introduction

Ramucirumab is a human IgG1 monoclonal antibody that binds to the extracellular
domain of the vascular endothelial growth factor receptor-2 (VEGFR-2), blocking binding
of VEGF-A, VEGF-C, and VEGF-D [1] and inhibiting tumor angiogenesis [2]. Ramucirumab
has shown antitumor activity in phase III trials and has received approval for the treatment
of several tumor types, including gastric or gastroesophageal junction (GEJ) adenocar-
cinomas [3–7]. REGARD [4] and RAINBOW [5] were the pivotal randomized phase III
trials that established the safety and efficacy of ramucirumab 8 mg/kg every 2 weeks
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(Q2W) alone [4] or in combination with paclitaxel [5] in patients with previously treated
gastric/GEJ adenocarcinoma.

Subsequent exploratory exposure-response analyses of REGARD and RAINBOW data,
and a case-control analysis of the latter, suggested higher ramucirumab exposure was
associated with longer overall survival (OS) and progression-free survival (PFS) [8,9]. In
the exposure-response analysis of RAINBOW, an increased risk of grade ≥3 hypertension,
leukopenia, and neutropenia, but not febrile neutropenia, was correlated with increased
ramucirumab exposure [8]; however, these toxicities were manageable in the original
phase III trials [4,5]. These exposure-response findings, and the fact that the ramucirumab
maximum tolerated dose (MTD) is 13 mg/kg/week [2], suggested there may be an oppor-
tunity to further improve efficacy while maintaining an acceptable safety profile. Thus,
2 phase II post-marketing commitment studies were conducted: JVDB and JVCZ. Here, we
describe the results from these trials, where JVDB evaluated the pharmacokinetics (PK)
and safety of the currently registered dosing regimen for ramucirumab monotherapy and
three exploratory dosing regimens (EDRs), and JVCZ evaluated the efficacy and safety of
a higher dosing regimen of ramucirumab in combination with paclitaxel in second-line
gastric/GEJ adenocarcinoma.

2. Materials and Methods
2.1. Study Design

Studies JVDB (NCT02443883) and JVCZ (NCT02514551) were multinational, open
label, randomized, phase II clinical trials that compared alternative ramucirumab doses
as monotherapy (JVDB) or combined with paclitaxel (JVCZ) in patients with metastatic
or locally advanced gastric/GEJ adenocarcinoma. Eligible patients were aged ≥18 with
measurable disease according to Response Evaluation Criteria in Solid Tumors version
1.1 (RECISTv1.1) [10], and had an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0 or 1. Key exclusion criteria for both trials included having received
>1 line of therapy, prior treatment with taxanes (for JVCZ only), and antiangiogenic agents.
Full eligibility criteria are provided in the Online Supplementary Methods. All patients
provided written informed consent before participation. The protocol was approved by
the ethics committee for all participating centers. The study adhered to the Declaration of
Helsinki and the International Conference on Harmonization Guidelines for Good Clinical
Practice, and applicable local regulations.

2.2. Study Treatments

In JVDB, patients were randomized 1:1:1:1 to receive ramucirumab intravenously in
1 of 4 dosing regimens as shown in Figure S1A: Arm 1, 8 mg/kg (current registered dose)
on days 1 and 15 of a 28-day cycle (Q2W) [1]; Arm 2, 12 mg/kg (Q2W); Arm 3, 6 mg/kg
weekly (on days 1, 8, 15, and 22 of a 28-day cycle [QW]); Arm 4, 8 mg/kg on days 1 and 8 of
a 21-day cycle (D1D8-Q3W). Stratification factors were body weight (<60 kg vs. ≥60 kg)
and ECOG PS (0 vs. 1).

In JVCZ, patients were randomized 1:1 after ECOG PS (0 vs. 1) stratification to 1 of the
2 dosing regimens: either 8 mg/kg Q2W (the currently registered dose) or 12 mg/kg Q2W
ramucirumab, both in combination with paclitaxel at 80 mg/m2 on days 1, 8, and 15 of a
28-day cycle (Figure S1B).

Based on PK simulations, the ramucirumab EDRs for both studies were expected to
produce higher exposure and potentially better clinical activity outcomes relative to the
8 mg/kg-Q2W dosing regimen.

2.3. Study Assessments

Tumor responses were assessed radiographically according to RECISTv1.1 [11] during
study treatment, every 6 weeks (±7 days) for the first 6 months in study JVDB, and every
9 weeks (±7 days) thereafter. In JVCZ, imaging was performed every 8 weeks (±7 days).
Treatment continued until disease progression, unacceptable toxicity, or discontinuation
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for any other reason. Adverse events (AEs) were evaluated throughout the study and for
30 days after treatment discontinuation according to the Common Terminology Criteria for
Adverse Events, Version 4.0, and were judged by the investigator as related or unrelated to
study treatment. PK and immunogenicity sampling was carried out according to Table S1.
Ramucirumab serum concentrations were analyzed using a validated Enzyme-Linked
Immunosorbent Assay (ELISA, Intertek Pharmaceutical Services, San Diego, CA, USA).
Immunogenicity testing was performed using a validated assay (BioAgilytix Inc., Durham,
NC, USA).

2.4. Outcomes

For JVDB, the primary objective was to evaluate the PK and safety of various dos-
ing regimens of ramucirumab monotherapy. Secondary objectives were PFS rate at the
first 6-week tumor assessment (6-week PFS rate) as determined by the investigator per
RECISTv1.1, and immunogenicity for ramucirumab. Exploratory objectives were PFS, ORR,
and OS.

For JVCZ, the primary objective was to compare PFS between ramucirumab 12 mg/kg
plus paclitaxel and placebo plus paclitaxel using RAINBOW data (PFS Analysis 1) through
inter-trial analysis. The key assumption was that the study populations in JVCZ and
RAINBOW were similar with respect to predictive and prognostic factors. Secondary
objectives were PFS between ramucirumab 12 versus 8 mg/kg (PFS Analysis 2), PK,
safety and tolerability, objective response rate (ORR), disease control rate (DCR), and
immunogenicity. The trial was not powered for OS, which was an exploratory objective.
Efficacy measures are defined in Online Supplementary Methods.

2.5. Statistical Analyses

Safety analyses were based on all enrolled patients who received at least 1 dose
of ramucirumab (JVDB), or a partial dose of ramucirumab or paclitaxel (JVCZ). Efficacy
analyses were based on the intention-to-treat population, defined as all patients randomized
to study treatment.

For JVDB, a sample size of 160 patients (40 per arm) was needed to provide an adequate
estimate of the PFS rate at 6 weeks based on an assumed 6-week PFS rate of about 60% for
Arm 1 (based on REGARD study) and 80% for the exploratory doses, with a 50% chance to
detect a statistical difference at α = 0.05.

For JVCZ, an assumed 2-month increase in median PFS between ramucirumab 12 ver-
sus 8 mg/kg (PFS Analysis 2) with an estimated hazard ratio (HR) = 0.667 (HR2) was used
to estimate the sample size of 191 PFS events observed in JVCZ study. In the primary
efficacy analysis (PFS Analysis 1), comparing the PFS between ramucirumab 12 mg/kg
and the placebo arm in RAINBOW, HR was calculated by HR1*HR2 using meta-analysis.
HR1 = 0.635 was the observed HR for PFS from RAINBOW and HR2 (ramucirumab 12 vs.
8 mg/kg) was estimated using the Cox proportional hazard model based on the JVCZ
data only. Only 64 PFS events were needed to achieve a statistical power of 90% for PFS
Analysis 1 and thus the sample size of 191 events as determined by PFS Analysis 2 was
also sufficient for the meta-analysis in PFS Analysis 1.

In both trials, time-to-event variables for both PFS and OS were estimated using
Kaplan–Meier methods with 95% confidence intervals (CIs). All tests of treatment effects
were conducted using the log-rank test at a 2-sided alpha-level of 0.05. A Cox proportional
hazard model was used to estimate the HR between the treatment arms and the corre-
sponding CIs and Wald p-values. The proportions of patients achieving objective response
and disease control between treatment arms were compared using the Cochran–Mantel–
Haenzel test. Statistical analyses were performed using SAS software (SAS, Version 9.1.2 or
higher, Cary, NC, USA).
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3. Results
3.1. Patient Disposition

For study JVDB, between 14 July 2015 and 18 August 2016, 164 of 205 screened patients
were randomly assigned to one of the four ramucirumab monotherapy arms (Figure S1A).
Of these, 161 patients in total were treated with ramucirumab at the corresponding dosing
regimen. As of data cutoff (18 November 2016), 142 (86.6%) of the randomized patients
had discontinued, 56.7% due to disease progression.

For study JVCZ, between 22 October 2015 and 26 January 2017, 245 of 305 screened
patients were randomly assigned to receive ramucirumab plus paclitaxel at different dos-
ing regimens (Figure S1B). Of these, 243 received study treatment. As of data cutoff
(27 October 2017), 232 (94.7%) of the randomized patients had discontinued, 65.3% due to
disease progression.

The baseline characteristics of patients were well balanced across treatment arms
in both studies (Table S2). Overall, the majority of patients were male, with measurable
disease, and ECOG PS of one; the majority had a diagnosis of gastric adenocarcinoma
compared to GEJ adenocarcinoma. The median relative dose intensity was high in both
studies, ranging from 94 to 100% for ramucirumab across both studies, and 88.5% for
paclitaxel in the JVCZ combination study (Table S3). The median duration of ramucirumab
therapy across all treatment arms is shown in Table S3.

3.2. Pharmacokinetics

PK results are presented in Figure 1. Ramucirumab trough concentrations were higher
in the 3 EDRs in JVDB (Arms 2–4) than those observed in the standard 8 mg/kg-Q2W
regimen (Arm 1). Ramucirumab exposure (peak and trough concentrations) was increased
as expected (by ~50%), between 8 and 12 mg/kg (Figure 1A, JVDB and Figure 1B, JVCZ).
In JVDB, six patients (6.9%) had one sample positive for anti-ramucirumab antibodies at
any time during the study. No patients met the criteria for treatment-emergent antibod-
ies or had neutralizing antibodies. In JVCZ, 18 (9.3%) patients had samples positive for
anti-ramucirumab antibodies of the 194 with evaluable samples. In the 12 mg/kg-Q2W
ramucirumab arm, two patients met the criteria for treatment-emergent antibodies; one pa-
tient met these criteria in the 8 mg/kg-Q2W ramucirumab arm. No neutralizing antibodies
were detected.

3.3. Clinical Outcomes

In the JVDB monotherapy study, the 6-week PFS rate ranged from 43.9% in Arm 1
(currently registered 8 mg/kg-Q2W dosing regimen) to 61.9% in Arm 2 (12 mg/kg-Q2W),
but it was not significantly different between any of the three EDRs and Arm 1 (Figure 2A).
The median PFS and OS were approximately 1 month longer in the ramucirumab 12
mg/kg-Q2W regimen compared with Arm 1 (Figure 2B,C). Post-discontinuation therapies
for each arm are summarized in Table S4. No complete or partial responses were observed
in the 8 mg/kg-Q2W regimen, while nine patients across the three EDRs had a best overall
response of partial response, with the 12 mg/kg-Q2W regimen displaying the higher ORR
(9.5%). The number of patients with stable disease was also numerically superior for the
three EDRs compared with the 8 mg/kg-Q2W arm (Figure 2A).
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ramucirumab trough and peak serum concentrations before and after administration of ramu-
cirumab 8 or 12 mg/kg in combination with paclitaxel (n = 232 patients). Abbreviations: Conc—
concentration; D—day; Q2W—every 2 weeks; Q3W—every 3 weeks; QW—weekly; SD—standard 
deviation; w—weeks. 

In the JVCZ study, we observed a statistically significant treatment effect on PFS in the 
ramucirumab 12 mg/kg plus paclitaxel combination arm when compared to the placebo plus 
paclitaxel arm of RAINBOW [5] using meta-analysis (PFS Analysis 1, p-value = 0.0035, Figure 
3A), which was our primary endpoint. The same was not observed for the exploratory analysis 
of OS comparison, which was anticipated since study JVCZ was not powered to show a dif-
ference in OS (Analysis 1). In addition, median PFS and OS were not significantly different 
between the 12 mg/kg and the 8 mg/kg arms using JVCZ data alone (Analysis 2, Figure 3A), 
despite OS being numerically longer in the ramucirumab 12 mg/kg combination arm (9.72 
months vs. 7.59 months) (Figure 3C). Median PFS was 5.42 months (95% CI 4.40, 6.01) and 5.16 
months (95% CI 3.81, 5.65) in the ramucirumab 12 and 8 mg/kg plus paclitaxel combination 
arms, respectively (Figure 3B). Analysis of PFS and OS data by ramucirumab serum minimum 
concentration (Cmin,1) quartiles in our patient population treated with ramucirumab plus 
paclitaxel (Figure 4) did not show a statistically significant difference in survival in subsets of 
patients displaying higher ramucirumab serum concentrations, although this was not a 

Figure 1. (A) JVDB ramucirumab trough and peak serum concentrations (mean ± SD) before and
after administration of indicated doses of ramucirumab monotherapy (n = 160 patients). (B) JVCZ
ramucirumab trough and peak serum concentrations before and after administration of ramucirumab
8 or 12 mg/kg in combination with paclitaxel (n = 232 patients). Abbreviations: Conc—concentration;
D—day; Q2W—every 2 weeks; Q3W—every 3 weeks; QW—weekly; SD—standard deviation;
w—weeks.
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(Arm 1) and the 3 EDRs (Arms 2, 3 and 4) of ramucirumab monotherapy (JVDB). Abbreviations: 
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Figure 2. Six-week PFS and objective responses (A), PFS (B), and OS (C) for the standard regimen
(Arm 1) and the 3 EDRs (Arms 2, 3 and 4) of ramucirumab monotherapy (JVDB). Abbreviations:
EDRs—exploratory dosing regimens; OS—overall survival; PFS—progression-free survival.
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In the JVCZ study, we observed a statistically significant treatment effect on PFS in the
ramucirumab 12 mg/kg plus paclitaxel combination arm when compared to the placebo
plus paclitaxel arm of RAINBOW [5] using meta-analysis (PFS Analysis 1, p-value = 0.0035,
Figure 3A), which was our primary endpoint. The same was not observed for the ex-
ploratory analysis of OS comparison, which was anticipated since study JVCZ was not
powered to show a difference in OS (Analysis 1). In addition, median PFS and OS were
not significantly different between the 12 mg/kg and the 8 mg/kg arms using JVCZ data
alone (Analysis 2, Figure 3A), despite OS being numerically longer in the ramucirumab
12 mg/kg combination arm (9.72 months vs. 7.59 months) (Figure 3C). Median PFS was
5.42 months (95% CI 4.40, 6.01) and 5.16 months (95% CI 3.81, 5.65) in the ramucirumab
12 and 8 mg/kg plus paclitaxel combination arms, respectively (Figure 3B). Analysis of
PFS and OS data by ramucirumab serum minimum concentration (Cmin,1) quartiles in
our patient population treated with ramucirumab plus paclitaxel (Figure 4) did not show
a statistically significant difference in survival in subsets of patients displaying higher
ramucirumab serum concentrations, although this was not a powered analysis. Confirmed
ORR and DCR were similar between the two JVCZ treatment arms (Table S5).

3.4. Safety

In the JVDB study, treatment-emergent adverse events (TEAEs) occurred in 131 pa-
tients (81.4%), of whom 69 patients (42.9%) had TEAEs that were considered related to study
treatment (Table S6). The incidence of any grade or grade ≥3 TEAEs was similar among the
four treatment arms. More patients reported TEAEs in the ramucirumab 6 mg/kg-QW arm,
and more serious AEs (SAEs) were observed in the ramucirumab 8 mg/kg-D1D8-Q3W
dosing regimen compared to the 8 mg/kg-Q2W regimen (Table S6). A detailed listing of
TEAEs and SAEs reported by treatment arm and preferred term is provided in Table 1. Of
note, grade ≥3 fatigue was reported in six patients (14.3%) on the 12 mg/kg-Q2W treatment
arm; no other grade ≥3 TEAE was reported in more than 10% of patients on any dosing
regimen. Two patients died in the 6 mg/kg-QW arm because of SAEs that were deemed
related to ramucirumab: one from gastric hemorrhage and one from respiratory failure
(Table 1 and Table S6).

AEs of special interest (AESIs) for ramucirumab, regardless of causality, occurred in
69 patients (42.9%) in the JVDB study. The most common AESIs reported in ≥5% of patients
were bleeding/hemorrhage events (19.3%, 31 patients), hypertension (11.8%, 19 patients),
and liver injury events (8.7%, 14 patients, mostly aspartate aminotransferase increased) and
proteinuria (5.6%, 9 patients), Table S7. The 6 mg/kg-QW dosing regimen had the highest
percentage of patients with any grade bleeding/hemorrhage events (34.1%, 14 patients),
the most common of which was epistaxis, predominantly of grade 1 or 2 severity. There
were two fatal events of gastric hemorrhage reported as the primary cause of death.

In the JVCZ study, TEAEs occurred in 243 patients (96.3%), with 210 (86.4%) expe-
riencing TEAEs deemed related to study treatment (Table S6). Grade 3 or worse TEAEs
occurred in 167 patients (68.7%), with similar incidence between the two treatment arms. A
detailed listing of TEAEs and SAEs by treatment arm and preferred term is provided in
Table 2. SAEs were reported at a higher rate in the 12 mg/kg ramucirumab arm compared
to the 8 mg/kg ramucirumab arm (38.2 vs. 25.8%), and discontinuation of study treatment
because of AEs was also higher (18.7 vs. 9.2%) (Table S6). Incidence of death due to AEs
while on study treatment or within 30 days of treatment discontinuation was the same
for both arms (7.3 vs. 6.7%) (Table S6). A higher number of patients reported the SAE of
neutropenia in the 12 mg/kg-Q2W ramucirumab arm compared with the 8 mg/kg-Q2W
arm (4.9 vs. 0.8%), but the incidence of febrile neutropenia was comparable between arms
(3.3 vs. 2.5%) (Table 2). There was a similar rate of deaths attributed to SAEs related to study
treatment while on therapy in both arms: five (4.1%) in the 12 mg/kg-Q2W ramucirumab
arm (general physical health deterioration [n = 2], esophageal fistula, shock hemorrhagic,
and tumor perforation) and four patients (3.3%) in the 8 mg/kg-Q2W arm (bone marrow
failure, pneumonitis, respiratory distress, and upper gastrointestinal hemorrhage).



Cancers 2022, 14, 1168 9 of 16Cancers 2022, 14, x 8 of 17 
 

 

 
Figure 3. PFS and OS analysis of ramucirumab 12 mg/kg plus paclitaxel in JVCZ versus placebo 
plus paclitaxel in RAINBOW (Analysis 1) and 12 mg/kg versus 8 mg/kg within JVCZ (Analysis 2) 
(A), PFS (B), and OS (C). Abbreviations: OS—overall survival; PFS—progression-free survival. 

Figure 3. PFS and OS analysis of ramucirumab 12 mg/kg plus paclitaxel in JVCZ versus placebo
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Table 1. Study JVDB: treatment-emergent adverse events and serious adverse events.

TEAEs (All-Grade) Reported in ≥10% of
Patients by MedDRA Preferred Term a

Number (%) of Patients (JVDB)

Arm 1
8 mg/kg Q2W

N = 38

Arm 2
12 mg/kg Q2W

N = 42

Arm 3
6 mg/kg QW

N = 41

Arm 4
8 mg/kg

D1D8-Q3W
N = 40

Total
N = 161

Patients with ≥1 TEAE 31 (81.6) 32 (76.2) 36 (87.8) 32 (80.0) 131 (81.4)
Fatigue 9 (23.7) 15 (35.7) 10 (24.4) 12 (30.0) 46 (28.6)

Decreased appetite 8 (21.1) 9 (21.4) 11 (26.8) 6 (15.0) 34 (21.1)
Abdominal pain 7 (18.4) 12 (28.6) 9 (22.0) 6 (15.0) 34 (21.1)

Vomiting 7 (18.4) 7 (16.7) 7 (17.1) 8 (20.0) 29 (18.0)
Nausea 6 (15.8) 4 (9.5) 4 (9.8) 6 (15.0) 20 (12.4)

Aspartate aminotransferase increased 5 (13.2) 5 (11.9) 2 (4.9) 0 (0.0) 12 (7.5)
Hypertension 5 (13.2) 2 (4.8) 7 (17.1) 5 (12.5) 19 (11.8)

Pyrexia 5 (13.2) 2 (4.8) 4 (9.8) 1 (2.5) 12 (7.5)
Anemia 4 (10.5) 5 (11.9) 5 (12.2) 2 (5.0) 16 (9.9)
Dyspnea 4 (10.5) 4 (9.5) 2 (4.9) 4 (10.0) 14 (8.7)

Headache 4 (10.5) 5 (11.9) 5 (12.2) 3 (7.5) 17 (10.6)
Hypoalbuminemia 4 (10.5) 2 (4.8) 3 (7.3) 0 9 (5.6)

Proteinuria 4 (10.5) 1 (2.4) 2 (4.9) 2 (5.0) 9 (5.6)
Alanine aminotransferase increased 3 (7.9) 5 (11.9) 0 0 8 (5.0)

Diarrhea 3 (7.9) 10 (23.8) 3 (7.3) 5 (12.5) 21 (13.0)
Constipation 2 (5.3) 6 (14.3) 7 (17.1) 7 (17.5) 22 (13.7)

Epistaxis 1 (2.6) 1 (2.4) 5 (12.2) 2 (5.0) 9 (5.6)
Dyspepsia 0 1 (2.4) 0 4 (10.0) 5 (3.1)

TEAEs (Grade ≥3) reported in ≥5% of
patients by MedDRA Preferred Term a

Arm 1
8 mg/kg Q2W

N = 38

Arm 2
12 mg/kg Q2W

N = 42

Arm 3
6 mg/kg QW

N = 41

Arm 4
8 mg/kg

D1D8-Q3W
N = 40

Total
N = 161

Patients with ≥1 grade ≥3 TEAE 14 (36.8) 18 (42.9) 18 (43.9) 16 (40.0) 66 (41.0)
Decreased appetite 3 (7.9) 0 0 0 3 (1.9)

Hypertension 3 (7.9) 1 (2.4) 2 (4.9) 2 (5.0) 8 (5.0)
Abdominal pain 3 (7.9) 2 (4.8) 2 (4.9) 3 (7.5) 10 (6.2)

Anemia 2 (5.3) 2 (4.8) 2 (4.9) 1 (2.5) 7 (4.3)
Blood alkaline phosphatase increased 2 (5.3) 1 (2.4) 0 0 3 (1.9)

Muscular weakness 2 (5.3) 0 1 (2.4) 0 3 (1.9)
Pneumothorax 2 (5.3) 0 0 0 2 (1.2)

Pyrexia 2 (5.3) 0 0 0 2 (1.2)
Fatigue 1 (2.6) 6 (14.3) 1 (2.4) 3 (7.5) 11 (6.8)

Vomiting 1 (2.6) 2 (4.8) 0 3 (7.5) 6 (3.7)
Back pain 0 0 2 (4.9) 2 (5.0) 4 (2.5)

SAEs reported in ≥2 patients by MedDRA
Preferred Term a

Arm 1
8 mg/kg Q2W

N = 38

Arm 2
12 mg/kg Q2W

N = 42

Arm 3
6 mg/kg QW

N = 41

Arm 4
8 mg/kg

D1D8-Q3W
N = 40

Total
N = 161

Patients with ≥1 SAE 10 (26.3) 9 (21.4) 10 (24.4) 14 (35.0) 43 (26.7)
Non-cardiac chest pain 2 (5.3) 0 0 0 2 (1.2)

Pyrexia 2 (5.3) 0 0 0 2 (1.2)
Vomiting 1 (2.6) 1 (2.4) 0 3 (7.5) 5 (3.1)

Abdominal pain 1 (2.6) 1 (2.4) 0 2 (5.0) 4 (2.5)
Back pain 1 (2.6) 0 1 (2.4) 1 (2.5) 3 (1.9)

Cardiac arrest 1 (2.6) 1 (2.4) 0 0 2 (1.2)
Device related infection 1 (2.6) 1 (2.4) 0 0 2 (1.2)

Pneumothorax 1 (2.6) 0 0 1 (2.5) 2 (1.2)
Dysphagia 0 1 (2.4) 1 (2.4) 1 (2.5) 3 (1.9)

Gastric hemorrhage 0 0 3 (7.3) b 0 3 (1.9)
Pneumonia 0 2 (4.8) 0 1 (2.5) 3 (1.9)

Anemia 0 1 (2.4) 0 1 (2.5) 2 (1.2)
Dyspnea 0 1 (2.4) 1 (2.4) 0 2 (1.2)

Gastrointestinal hemorrhage 0 0 1 (2.4) 1 (2.5) 2 (1.2)
Hematemesis 0 0 1 (2.4) 1 (2.5) 2 (1.2)
Hemoptysis 0 0 1 (2.4) 1 (2.5) 2 (1.2)

Pulmonary embolism 0 1 (2.4) 0 1 (2.5) 2 (1.2)
Respiratory failure 0 0 1 (2.4) c 1 (2.5) 2 (1.2)

Upper gastrointestinal hemorrhage 0 1 (2.4) 1 (2.4) 0 2 (1.2)

Abbreviations: D1D8-Q3W—day 1 and 8 of a 3-week cycle; MedDRA—Medical Dictionary for Regulatory
Activities Version 19.1; N = number of patients in the safety population; Q2W—every 2 weeks; Q3W—every
3 weeks; QW—weekly; SAE—serious adverse event; TEAE—treatment-emergent adverse event. a Ordered by
decreasing frequency in Arm 1. Italicized items are consolidated terms incorporating the multiple MedDRA
preferred terms. b One patient died in the 6 mg/kg QW arm because of the SAE gastric hemorrhage, deemed
related to ramucirumab. c One patient died in the 6 mg/kg QW arm because of the SAE respiratory failure,
deemed related to ramucirumab.
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Table 2. Study JVCZ: treatment-emergent adverse events and serious adverse events.

TEAEs (All-Grade) Reported in ≥10% of
Patients on Either Dose by MedDRA

Preferred Term a

Number (%) of Patients (JVCZ)

Arm 1
Ramucirumab 8 mg/kg + Paclitaxel

80 mg/m2 b

N = 120

Arm 2
Ramucirumab 12 mg/kg + Paclitaxel

80 mg/m2 b

N = 123

Total
N = 243

Patients with ≥1 TEAE (any grade) 116 (96.7) 118 (95.9) 234 (96.3)
Fatigue 63 (52.5) 58 (47.2) 121 (49.8)

Neutropenia 43 (35.8) 52 (42.3) 95 (39.1)
Neuropathy 50 (41.7) 37 (30.1) 87 (35.8)

Anemia 39 (32.5) 36 (29.3) 75 (30.9)
Diarrhea 35 (29.2) 32 (26.0) 67 (27.6)

Abdominal pain c 35 (29.2) 30 (24.4) 65 (26.7)
Nausea 37 (30.8) 28 (22.8) 65 (26.7)

Vomiting 28 (23.3) 31 (25.2) 59 (24.3)
Decreased appetite 31 (25.8) 25 (20.3) 56 (23.0)

Epistaxis 28 (23.3) 26 (21.1) 54 (22.2)
Hypertension 21 (17.5) 24 (19.5) 45 (18.5)
Constipation 21 (17.5) 23 (18.7) 44 (18.1)

Alopecia 24 (20.0) 19 (15.4) 43 (17.7)
Leukopenia 20 (16.7) 21 (17.1) 41 (16.9)
Stomatitis 18 (15.0) 15 (12.2) 33 (13.6)

Aspartate aminotransferase increased 8 (6.7) 21 (17.1) 29 (11.9)
Weight decreased 13 (10.8) 14 (11.4) 27 (11.1)
Thrombocytopenia 11 (9.2) 15 (12.2) 26 (10.7)
Hypoalbuminemia 15 (12.5) 10 (8.1) 25 (10.3)

TEAEs (Grade ≥3) reported in ≥5% of
patients on either dose by MedDRA

Preferred Term a

Arm 1
ramucirumab 8 mg/kg + paclitaxel

80 mg/m2 b

N = 120

Arm 2
ramucirumab 12 mg/kg + paclitaxel

80 mg/m2 b

N = 123

Total
N = 243

Patients with ≥1 Grade ≥3 TEAE 80 (66.7) 87 (70.7) 167 (68.7)
Neutropenia 32 (26.7) 39 (31.7) 71 (29.2)

Fatigue 19 (15.8) 16 (13) 35 (14.4)
Anemia 11 (9.2) 12 (9.8) 23 (9.5)

Neuropathy 11 (9.2) 11 (8.9) 22 (9.1)
Leukopenia 9 (7.5) 12 (9.8) 21 (8.6)

Hypertension 10 (8.3) 10 (8.1) 20 (8.2)
Abdominal pain c 3 (2.5) 11 (8.9) 14 (5.8)

SAEs reported in ≥2 patients on either
dose by MedDRA Preferred Term a

Arm 1
ramucirumab 8 mg/kg + paclitaxel

80 mg/m2 b

N = 120

Arm 2
ramucirumab 12 mg/kg + paclitaxel

80 mg/m2 b

N = 123

Total
N = 243

Patients with ≥1 SAE 31 (25.8) 47 (38.2) 78 (32.1)
Febrile neutropenia 3 (2.5) 4 (3.3) 7 (2.9)

Neutropenia 1 (0.8) 6 (4.9) 7 (2.9)
Abdominal pain c 2 (1.7) 4 (3.3) 6 (2.5)

Anemia 3 (2.5) 3 (2.4) 6 (2.5)
Fatigue 1 (0.8) 3 (2.4) 4 (1.6)

Gastric hemorrhage 1 (0.8) 3 (2.4) 4 (1.6)
Vomiting 1 (0.8) 3 (2.4) 4 (1.6)
Ascites 1 (0.8) 1 (0.8) 2 (0.8)

Back pain 1 (0.8) 1 (0.8) 2 (0.8)
Blood bilirubin increased 0 2 (1.6) 2 (0.8)

Diarrhea 1 (0.8) 1 (0.8) 2 (0.8)
Dyspnea 1 (0.8) 1 (0.8) 2 (0.8)

Gastrointestinal hemorrhage 0 2 (1.6) 2 (0.8)
General physical health deterioration 0 2 (1.6) 2 (0.8)

Ileus 2 (1.7) 0 2 (0.8)
Infection 0 2 (1.6) 2 (0.8)
Jaundice 0 2 (1.6) 2 (0.8)

Lung infection 1 (0.8) 1 (0.8) 2 (0.8)
Pneumothorax 0 2 (1.6) 2 (0.8)

Small intestinal obstruction 1 (0.8) 1 (0.8) 2 (0.8)
Upper gastrointestinal hemorrhage 1 (0.8) 1 (0.8) 2 (0.8)

Abbreviations: MedDRA—Medical Dictionary for Regulatory Activities Version 20.1; N—number of patients in
the safety population; SAE—serious adverse event; TEAE—treatment-emergent adverse event. a Italicized items
are consolidated terms incorporating the multiple MedDRA preferred terms. b Ramucirumab was administered
on Days 1 and 15 of each 28-day cycle. Paclitaxel was administered on Days 1, 8, and 15 of each 28-day cycle. c As
used in this table, “abdominal pain” includes the MedDRA preferred terms of “abdominal pain”, “abdominal
pain upper”, as well as “gastrointestinal pain” and “abdominal pain lower”.
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In the JVCZ study, AESIs for ramucirumab occurred regardless of causality in
145 patients (59.7%). The most common AESIs reported in ≥2% of patients were epis-
taxis, hypertension, and aspartate aminotransferase increase (Table S7). The incidence of
most AESIs was similar across treatment arms, except for liver-related events, where a
higher number of patients reported any grade and grade ≥3 liver-related events in the
12 mg/kg-Q2W ramucirumab arm versus the 8 mg/kg-Q2W arm (Table S7). This was
largely due to alanine aminotransferase and aspartate aminotransferase increase, occurring
mostly at grade 1–2 severity.

4. Discussion

JVDB and JVCZ both examined whether higher doses of ramucirumab as monotherapy
or in combination with paclitaxel would improve efficacy while maintaining a favorable
safety profile in patients with advanced gastric/GEJ adenocarcinoma. The dosing regi-
men of ramucirumab used in the 3 EDRs of the JVDB and JVCZ trials differs from the
approved dose (8 mg/kg-Q2W). The rationale for these studies was based on exploratory
exposure–response analyses of prior trials, suggesting higher exposure might achieve
better outcomes [8,9]. For the dosing regimens included in the current studies (8- and
12 mg/kg-Q2W), similar serum ramucirumab concentrations were observed between the
JVCZ and JVDB respective dosing regimens. Exposure achieved with the 8 mg/kg-Q2W
dosing regimen in JVDB and JVCZ was consistent with that observed in REGARD and
RAINBOW phase III studies [4,5]. In JVDB, higher ramucirumab trough concentrations
were associated with the three EDRs compared to the currently registered 8 mg/kg-Q2W
dosing regimen. In JVCZ, ramucirumab exposure also increased as expected (by ~50%) in
the 12 mg/kg-Q2W arm compared to the 8 mg/kg-Q2W regimen.

The safety profile of ramucirumab observed in these studies was consistent with
the established safety profile reported in REGARD and RAINBOW trials. In JVDB, the
incidence of most AE categories was similar across all four dosing regimens, though
the occurrence of SAEs was slightly higher in the experimental ramucirumab 8 mg/kg-
D1D8-Q3W arm. In addition, the 6 mg/kg-QW dosing regimen had higher incidences of
bleeding/hemorrhage events, including fatal gastrointestinal hemorrhage events. This
could have been due to the slightly higher ramucirumab trough concentrations at some time
points in these experimental arms. Our conclusions on the effect of alternative dose timings
on safety are limited by the small sample size and high standard deviation. Nevertheless,
the safety profile described here for these ramucirumab-specific AEs is consistent with
that described in the meta-analysis of six randomized trials in 4996 patients [10]. In the
JVCZ ramucirumab 12 mg/kg-Q2W plus paclitaxel arm, more patients experienced SAEs
and discontinuation of study treatment due to AEs compared with the 8 mg/kg-Q2W
arm, but the rates of these events are in line with that observed previously [5]. Our results
demonstrate that no clinically meaningful additional toxicity was observed with alternative
doses of ramucirumab as a single agent or in combination with paclitaxel when compared
with the currently registered ramucirumab regimen of 8 mg/kg-Q2W in patients with
gastric/GEJ adenocarcinoma.

In JVDB, the hazard ratios for the 12 mg/kg-Q2W and 8 mg/kg-D1D8–Q3W dosing
regimens suggest a potential trend toward improved PFS and OS compared with the
currently registered ramucirumab 8 mg/kg-Q2W dose. However, this study was not
powered for statistical comparisons on efficacy parameters due to the small size of the arms,
preventing us from making additional inferences. Additional studies would be needed to
confirm these results in a higher number of patients.

The JVCZ study met its primary objective, demonstrating a statistically significant
treatment effect on PFS with ramucirumab 12 mg/kg plus paclitaxel versus the placebo
plus paclitaxel arm from RAINBOW. Ramucirumab exposure in the 12 mg/kg regimen
was increased by 50% from that achieved with the 8 mg/kg regimen; nevertheless, no
statistically significant difference was observed in terms of PFS between these two regimens,
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which was our secondary objective. The safety data from JVCZ are consistent with that
previously reported for RAINBOW [5].

Overall, our results demonstrate no statistically significant additional survival ben-
efit associated with a higher dose and exposure of ramucirumab as a single agent or in
combination with paclitaxel compared with the current approved dose of 8 mg/kg-Q2W.
Furthermore, there was no meaningful additional toxicity, likely because the doses were
still far below the MTD of 13 mg/kg/week [2]. The safety profile appeared consistent
across EDRs and with the previously observed safety profile of ramucirumab in gastric/GEJ
adenocarcinoma. This is despite prior exposure-response analyses suggesting a positive
relationship between ramucirumab exposure and survival [8,9], leading us to hypothesize
that an improved benefit could be achieved by increasing the dose to 12 mg/kg. A similar
lack of clinically relevant exposure-efficacy benefit has been reported for other antineoplas-
tic monoclonal antibodies (mAbs), such as pembrolizumab in melanoma and non-small cell
lung cancer [12] and trastuzumab in metastatic gastric adenocarcinoma, where higher con-
centrations did not translate into increased survival [13]. A pooled analysis of ipilimumab
phase II and III data in melanoma also showed no benefit with different dosing [14] despite
initial results suggesting an improvement in OS at the expense of safety [15,16]. The un-
derlying mechanisms for this lack of dose dependency are unclear but several hypotheses
have been suggested, including a correlation between cachexia and mAb catabolism [12].
On the other hand, a dose-response effect translating into higher efficacy with a higher
dose of bevacizumab has been reported in a randomized phase II trial of bevacizumab in
combination with chemotherapy for non-small cell lung cancer [17].

A population PK model for ramucirumab has been developed [18], and none of the
clinical factors known to be prognostic for response in gastric cancer (e.g., ECOG status,
presence of metastatic sites) were found to be significantly correlated to PK parameters or
exposure. Consequently, the lack of an exposure-efficacy relationship for study JVCZ is
unlikely to be biased by a confounding relationship between efficacy prognostic factors
and PK. The exposure-response analysis presented here did not establish that increasing
the dose from 8 to 12 mg/kg improved efficacy.

5. Conclusions

Given the lack of a statistically significant greater benefit seen with an increase of up
to 50% in doses of ramucirumab, both as monotherapy or in combination with paclitaxel in
the JVDB and JVCZ studies, we conclude the approved intravenous ramucirumab dosing
regimen of 8 mg/kg Q2W is clinically appropriate for the second-line treatment of adult
patients with advanced or metastatic gastric/GEJ adenocarcinoma.
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