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Ramucirumab Safety in East Asian 
Patients: A Meta-Analysis of Six Global, 
Randomized, Double-Blind, Placebo-
Controlled, Phase III Clinical Trials

INTRODUCTION

Ramucirumab is a human immunoglobulin G1 
monoclonal antibody targeting vascular endothe-
lial growth factor (VEGF) receptor-2,1 a key 
mediator of VEGF-induced angiogenesis.2 Six  
global, randomized, double-blind, placebo-controlled, 
phase III clinical trials have been completed, 
investigating ramucirumab in breast (ROSE),3  
gastric (REGARD, RAINBOW),4,5 lung (REVEL),6 
hepatocellular (REACH),7 and colorectal (RAISE)8 
carcinomas.

Subsequently, ramucirumab (Cyramza; Eli Lilly, 
Indianapolis, IN) received worldwide and US 
Food and Drug Administration approval for 
gastric, lung, and colorectal cancers in the 

second-line setting.9 The safety parameters of 
ramucirumab across these six, global, phase III 
clinical trials have recently been investigated.10 
This study, comprising a large patient population 
of 4,996, demonstrated a higher percentage of 
proteinuria, hypertension, low-grade bleeding, 
GI perforation, and wound-healing complications 
in ramucirumab-treated patients, consistent with 
antiangiogenic treatment. Notably, ramucirumab 
may be distinct among antiangiogenic agents in 
terms of no apparent increased risk of arterial 
thromboembolic events, venous thromboem-
bolic events, high-grade bleeding, or high-grade 
GI bleeding.10

Subgroup analyses have been performed in 
selected phase III trials examining the efficacy 
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and safety of ramucirumab in East Asian (EA) 
patients compared with non-EA patients.11-14 
Overall, ramucirumab treatment conferred ben-
efits to EA patients in terms of prolonging median 
survival times, improving progression-free sur-
vival, and increasing response rate.11-13 As for 
safety, EA patients have been reported to exhibit a 
higher incidence of certain adverse events (AEs) 
compared with non-EA patients.3-8 For instance, 
subgroup analyses from the RAINBOW and 
REVEL trials indicated higher incidence rates of 
any-grade neutropenia in ramucirumab-treated 
EA patients compared with those in the non-EA 
population (RAINBOW, 78% EA v 43% non-EA; 
REVEL, 84.4% EA v 53.4% non-EA).5,6

To further examine the safety of ramucirumab 
among EA patients, we conducted a meta- 
analysis examining the incidence of AEs pos-
sibly associated with VEGF-pathway inhibition in 
EA compared with non-EA patients across the six 
completed phase III trials. This analysis may assist 
and guide clinicians to optimize the treatment of 
EA patients with cancer with ramucirumab by 

maximizing efficacy while minimizing potential 
treatment-related toxicities.

MATERIALS AND METHODS

Details of the study design and patients for each 
of the six randomized, double-blind, phase III 
ramucirumab trials have been published.3-8 A 
meta-analysis was conducted to review AEs in 
EA patients and non-EA patients across these six 
trials. The EA population was defined based on 
the geographic region in which patients enrolled 
at each study site. Each trial followed the guiding 
principles of the Declaration of Helsinki and the 
Good Clinical Practice Guidelines of the Interna-
tional Conference on Harmonization. All patients 
provided written informed consent. An overview 
of these trials is presented in Table 1.

AEs, identified via literature review to be possibly 
related to VEGF inhibition,15 were evaluated in 
the safety population for each trial. In addition, 
we report results for neutropenia, a common 
AE among EA patients. The safety population 
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Table 1. Six Global Phase III Trials Investigating Ramucirumab

Trial Dosing Regimen

No. of Patients 
(Safety Population)

EA Non-EA

Breast cancer

ROSE First line (n = 1,144); docetaxel (75 mg/m2 ) ± RAM (10 mg/kg) once 
every 3 weeks; randomization ratio, 2:1

27 1,107

Gastric/GEJ cancer

REGARD Second line (n = 355); RAM + BSC (8 mg/kg) once every 2 weeks v 
placebo + BSC; randomization ratio, 2:1

26 325

RAINBOW Second line (n = 655); paclitaxel (80 mg/m2) on days 1, 8, and 15 of a 
28-day cycle ± RAM (8 mg/kg) once every 2 weeks

220 436

Hepatocellular carcinoma

REACH Second line (n = 565); RAM + BSC (8 mg/kg) once every 2 weeks v 
placebo + BSC

246 307

Lung cancer

REVEL Second line (n = 1,253); docetaxel (75 mg/m2; 60 mg/m2 Korea and 
Taiwan) ± RAM (10 mg/kg) once every 3 weeks

89 1,156

Colorectal carcinoma

RAISE Second line (n = 1,072); RAM (8 mg/kg) ± FOLFIRI/placebo once every 
2 weeks

194 863

Abbreviations: BSC, best supportive care; EA, East Asian; FOLFIRI, leucovorin (folinic acid), fluorouracil, and irinotecan; GEJ, 
gastroesophageal junction; RAINBOW, Ramucirumab Plus Paclitaxel Versus Placebo Plus Paclitaxel in Patients With Previously 
Treated Advanced Gastric or Gastroesophageal Junction Adenocarcinoma; RAISE, Ramucirumab Versus Placebo in Combination 
With Second-Line FOLFIRI in Patients With Metastatic Colorectal Carcinoma That Progressed During or After First-Line Therapy With 
Bevacizumab, Oxaliplatin, and a Fluoropyrimidine; RAM, ramucirumab; REACH, Ramucirumab Versus Placebo as Second-Line 
Treatment in Patients With Advanced Hepatocellular Carcinoma Following First-Line Therapy With Sorafenib; REGARD, Ramucirum-
ab Monotherapy for Previously Treated Advanced Gastric or Gastroesophageal Junction Adenocarcinoma; REVEL, Ramucirumab 
Plus Docetaxel Versus Placebo Plus Docetaxel for Second-Line Treatment of Stage IV Non–Small-Cell Lung Cancer After Disease 
Progression on Platinum-Based Therapy; ROSE, Ramucirumab Overall Survival Evaluation.

http://www.jgo.org


included all randomly assigned patients who 
received any dose of an investigational product 
(ie, ramucirumab or placebo). Grading of the 
AEs was based on Common Terminology Criteria 
for Adverse Events versions 3.0 to 4.02.

A key aspect of meta-analyses is to quantify the 
heterogeneity among a collection of studies.16 
When there was no evidence of significant inter-
study heterogeneity (Cochran’s Q test P > .05),17 
the estimates of the relative risks (RRs) for each 
study were reported with 95% CIs using the 
fixed-effects (Mantel-Haenszel) method; oth-
erwise, the random effects meta-analysis was 
adopted.18 The rmeta R package was used for 
computation (https://cran.r-project.org/web/
packages/rmeta/index.html).19

The ratio of relative risk (RRR)20 was calculated 
to compare the two estimated RRs for each AE 
between EA and non-EA patients. An estimated 
RRR and the associated 95% CI were reported 
for each AE. There is no evidence of a difference 
in RRs if the 95% CI for the RRR contains 1.0. 
It should be noted that this test for interactions 
has limited power. The number needed to harm 
(NNH) was calculated for all-grade and grade 
≥ 3 AEs using the following formula: 1/(risk of 
ramucirumab − risk of placebo).

RESULTS

The safety population consisted of 4,996 patients 
randomly assigned to receive at least one dose of 
ramucirumab (n = 2,748) or placebo (n = 2,248). 
There were a total of 802 (16.1%) EA patients 
(ramucirumab, n = 411; placebo, n = 391) and 
4,194 (83.9%) non-EA patients (ramucirumab, 
n = 2,337; placebo, n = 1,857). Patient baseline 
characteristics for EA and non-EA patients are 
summarized in Table 2. Baseline characteristics 
between EA and non-EA patients were generally 
comparable, with the exception of sex and body 
weight. Among EA patients, there was a higher 
percentage of male patients in both the ramu-
cirumab and placebo treatment arms in compar-
ison with non-EA patients (ramucirumab, 66.9% 
EA v 45.1% non-EA patients; placebo, 74.9% 
EA v 53.3% non-EA patients). In addition, the 
mean body weight of EA patients was less than 
that of non-EA patients (ramucirumab, 59.1 kg 
EA v 72.8 kg non-EA patients; placebo, 60.4 kg 
EA v 73.1 kg non-EA patients; Table 2).

The extent of treatment exposure for each of  
the six completed trials in EA and non-EA 
patients, including median duration of treatment 
and cumulative dose, is presented in Table 3. 
Median relative dose intensity of ramucirumab 
exposure was mostly similar between EA and 
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Table 2. Baseline Patient Characteristics in EA and Non-EA Patients

Characteristics

EA Patients Non-EA Patients

Ramucirumab  
(n = 411)

Placebo  
(n = 391)

Ramucirumab  
(n = 2,337)

Placebo  
(n = 1,857)

Age, years, median (range) 61.0 (27.0-85.0) 61.3 (25.5-84.0) 59.7 (21.5-87.0) 60.4 (24.0-88.0)

< 65 264 (64.2) 245 (62.7) 1,575 (67.4) 1,230 (66.2)

≥ 65 147 (35.8) 146 (37.3) 762 (32.6) 627 (33.8)

Sex

Male 275 (66.9) 293 (74.9) 1053 (45.1) 989 (53.3)

Female 136 (33.1) 98 (25.1) 1284 (54.9) 868 (46.7)

Body weight, kg

Median (range) 58.9 (31.9-97.7) 59.9 (31.0-91.5) 71.0 (35.4-144.4) 71.0 (30.0-149.0)

Mean (SD) 59.1 (10.3) 60.4 (10.8) 72.8 (16.2) 73.1 (16.7)

ECOG PS

0 199 (48.4) 187 (47.8) 1,051 (45.0) 834 (44.9)

1 212 (51.6) 204 (52.2) 1,283 (54.9) 1,019 (54.9)

2 0 0 2 (0.1) 3 (0.2)

Missing 0 0 1 (0.0) 1 (0.1)

Extent of disease, metastasis 126 (30.7) 120 (30.7) 936 (40.1) 573 (30.9)

NOTE. Data given as No. (%) unless otherwise indicated.
Abbreviations: EA, East Asian; ECOG PS, Eastern Cooperative Oncology Group performance status; SD, standard deviation.

https://cran.r-project.org/web/packages/rmeta/index.html
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non-EA patients with the exception of the RAISE 
study (79.7% EA v 89.2% non-EA patients).

The incidence of AEs in EA and non-EA patients 
in completed phase III trials is listed in Table 4.  
In EA patients, AEs occurring in ≥ 10% of 
patients, regardless of grade, and at a higher 
rate in the ramucirumab-treated group versus 
the placebo-controlled counterpart, respectively, 
were hypertension (23.4% v 6.1%), proteinuria 
(24.6% v 7.7%), bleeding (41.8% v 18.9%), 
and neutropenia (53.0% v 36.6%). In non-EA 
patients, all-grade AEs occurring in ≥ 10% of 
patients and at a higher rate in the ramucirumab- 
treated group than the control group, respec-
tively, included hypertension (20.9% v 7.7%), 
bleeding (36.8% v 19.0%), and neutropenia 
(33.2% v 29.6%). Among the grade ≥3 AEs in 
Table 4, only neutropenia occurred in ≥ 10% of 
patients and at a higher rate in the ramucirumab- 
treated group than the control group, respec-
tively, in EA patients (42.1% v 26.6%) and 
non-EA patients (25.5% v 20.5%).

In ramucirumab-treated patients, AEs occurring 
with at least a 5% incidence difference between 
EA and non-EA patients were all-grade pro-
teinuria (24.6% EA v 6.8% non-EA patients), 
bleeding (41.8% EA v 36.8% non-EA patients), 
and neutropenia (53.0% EA v 33.2% non-EA 
patients). Neutropenia was the only grade ≥ 3 
AE with a ≥ 5% incidence difference between 
EA and non-EA patients (42.1% EA v 25.5% 
non-EA patients).

The RR and corresponding RRR of AEs in EA 
and non-EA patients are listed in Table 5. 
In cases where the Cochran’s Q test P < .05, a 
random-effects model was adopted (instead of 
a fixed-effects model) to accommodate for the 
interstudy variability; in Table 5, the RR is marked 
with a '#' for such cases. In EA patients, adding 
ramucirumab was associated with increased risk 
of all-grade hypertension (RR, 3.6; 95% CI, 2.4 
to 5.5), proteinuria (RR, 3.1; 95% CI, 2.2 to 4.5), 
bleeding (RR, 2.2; 95% CI, 1.8 to 2.8), GI bleed-
ing (RR, 1.9; 95% CI, 1.1 to 3.2), and neutro-
penia (RR, 1.5; 95% CI, 1.3 to 1.7). In non-EA 
patients, adding ramucirumab was associated 
with an increased risk of all-grade hypertension 
(RR, 2.6; 95% CI, 2.2 to 3.1), proteinuria (RR, 
3.4; 95% CI, 2.4 to 4.7), bleeding (RR, 1.9; 95% 
CI, 1.7 to 2.1), GI bleeding (RR, 1.5; 95% CI, 1.2 
to 2.0), GI perforation (RR, 3.0; 95% CI, 1.3 to 
6.9), neutropenia (RR, 1.3; 95% CI, 1.1 to 1.6), 

and febrile neutropenia (RR, 1.6; 95% CI, 1.2 to 
2.1). For several AEs, the NNH differed between 
EA and non-EA patients (Table 5). According 
to our NNH calculations, EA patients exhibited 
an absolute increased risk of all-grade protein-
uria (one in six EA v one in 22 non-EA patients), 
GI bleeding (one in 24 EA v one in 54 non-EA 
patients), GI perforation (one in 104 EA v one in 
134 non-EA patients), and neutropenia (one in 
six EA v one in 28 non-EA patients).

There was an increase in the RR of several grade 
≥ 3 AEs in EA patients, including hypertension 
(RR, 5.6; 95% CI, 2.4 to 13.0), proteinuria (RR, 
5.5; 95% CI, 1.7 to 17.7), and neutropenia (RR, 
1.6; 95% CI, 1.4 to 1.9); and an increase in RR 
for hypertension (3.4; 95% CI, 2.5 to 4.6), pro-
teinuria (RR, 4.1; 95% CI, 1.3 to 12.8), GI perfo-
ration (RR, 3.0; 95% CI, 1.3 to 7.2), neutropenia 
(RR, 1.5; 95% CI, 1.2 to 1.9), and febrile neu-
tropenia (RR, 1.6; 95% CI, 1.2 to 2.1) in non-EA 
patients (Table 5). EA patients also exhibited 
an absolute increased risk in the NNH of grade 
≥ 3 AEs, including proteinuria (one in 26 EA v 
one in 170 non-EA patients), GI bleeding (one 
in 696 EA v one in 3,065 non-EA patients), GI 
perforation (one in 104 EA v one in 140 non-EA 
patients), and neutropenia (one in six EA v one 
in 20 non-EA patients; Table 5). No substantial 
differences in the NNH were observed between 
EA and non-EA patients in terms of grade ≥ 3 
febrile neutropenia (one in 40 EA v one in 
41 non-EA patients) and hypertension (one in 
13 EA v one in 16 non-EA patients). The RRR 
revealed no significant differences between EA 
and non-EA patients for all-grade and grade ≥ 3 
AEs (Table 5; Data Supplement).

Analysis of RRs in ramucirumab plus chemo-
therapy combination trials (ie, ROSE, RAINBOW, 
RAISE, REVEL) revealed an increase in the risk 
of developing all-grade and grade ≥ 3 proteinuria 
and GI perforation (Data Supplement). Equiva-
lent analysis of ramucirumab monotherapy trials 
(ie, REGARD, REACH) indicates an increased 
risk of all-grade hypertension, proteinuria, bleed-
ing, and neutropenia, as well as increased risk 
of grade ≥ 3 hypertension (Data Supplement). 
Overall, the RR of selected AEs was mostly com-
parable between EA and non-EA patients in both 
ramucirumab combination and monotherapy 
cohorts (Data Supplement).
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DISCUSSION

Ramucirumab, like other VEGF-targeted treat-
ments, is associated with several “classes” of 
AEs. These AEs have been well documented and 
encompass hematologic and cardiovascular tox-
icities.3-6,8,21,22 It has been increasingly reported 
that EA patients may have greater toxicity to 
chemotherapy and targeted therapies compared 
with Western patients.23,24 For this reason, sub-
analyses are often conducted in EA patients 
with the aim of confirming that a regimen with a 
positive risk-benefit profile in a global population 
also confers meaningful efficacy with an accept-
able safety profile in the EA subpopulation. We  
describe a meta-analysis of six completed phase  
III ramucirumab trials to explore whether EA 
patients are at increased risk of AEs associated  
with ramucirumab therapy. Differences were 
noted in the incidence rates of selected AEs 
between EA and non-EA patients; however, based  
on comparative exposure data, these differences 
did not jeopardize ramucirumab treatment and 
patients were able to continue therapy.

The EA patient cohort across all six phase III 
ramucirumab trials exhibited comparable base-
line characteristics in comparison with non-EA 
patients, with the exception of sex (more male 
patients in the EA patient cohort) and body 
weight (EA patients weighed less). The sex 
imbalance may be due to the relatively low num-
ber of EA patients enrolled in the ROSE breast 
cancer trial (n = 27). Despite EA patients hav-
ing a lower body weight compared with non-EA 
patients, ramucirumab exposure was mostly 
comparable between these patient cohorts. 
Although we observed variations in the number  
of ramucirumab treatment cycles and in median 
cumulative doses between trials, which may affect 
the frequency and grade of AEs, the overall dose 
intensity was mostly comparable between EA 
and non-EA patients.

Hypertension is a frequently observed AE asso-
ciated with VEGF inhibitors21 and is commonly 
reported in ramucirumab clinical trials.4-8 Our 
analysis revealed no obvious differences in the 
risk of hypertension in the ramucirumab arm 
between EA and non-EA patients (23% EA v 
21% non-EA patients). Although there was an 
increased trend in RR for grade ≥ 3 hyperten-
sion (5.6 EA v 3.4 non-EA patients), our findings 
suggest that the risk of grade ≥ 3 hypertension 

is low under antihypertensive intervention and 
comparable between EA and non-EA patients.

Proteinuria is a known AE occurring frequently in 
patients receiving anti-VEGF therapy, because of 
the suppression of nephrin, an important protein 
for the maintenance of the glomerular slit dia-
phragm.25 Our findings indicate that treatment 
with ramucirumab increases the risk of protein-
uria in EA patients with cancer; however, protein-
uria overall was of low-grade severity and did not 
lead to treatment discontinuation. Notably, the 
incidence of proteinuria in placebo-treated EA 
patients was also higher relative to their non-EA 
counterparts; therefore, the RRs were similar 
between EA and non-EA patients and the RRR 
was not significant. Some studies have reported 
that Asian patients are more vulnerable to devel-
oping proteinuria in comparison with Western 
patients.11,26,27 Given that we did not evaluate 
confounding factors, such as concomitant use of 
nephrotoxic agents or previous cisplatin exposure 
in GI cancers, the reasons behind ethnic differ-
ences in absolute incidence of proteinuria are far 
from being understood. Because proteinuria is 
a risk factor for cardiovascular disease and loss 
of renal function, periodic monitoring of urinary 
protein and appropriate intervention should 
be recommended for all ramucirumab-treated 
patients.

Neutropenia incidence was increased in EA 
patients in comparison with non-EA patients, but 
the incidence of febrile neutropenia was low and 
similar between EA and non-EA patients. Given 
that the increase in neutropenia incidence in 
EA patients was mainly noted in ramucirumab- 
chemotherapy combination trials, it is possible 
that this observed increase was driven by che-
motherapies. Support for this conclusion comes 
from the improvement in the safety profile among 
EA patients accompanied by a dose reduction of 
docetaxel in the REVEL trial.6 The decrement of 
docetaxel starting dose from 75 mg/m2 to 60 mg/m2  
in EA patients reduced the incidence of neutro-
penia and febrile neutropenia to a rate similar to 
that observed for non-EA patients.13

Consistent with the intent-to-treat populations,  
all-grade bleeding was increased in ramucirumab- 
treated patients in comparison with placebo- 
treated patients, and this was observed in EA 
and non-EA patients. Importantly, the incidence 
of grade ≥ 3 bleeding was low and similar in both 
treatment arms and between EA and non-EA 
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patients. The incidences of additional grade ≥ 3  
AEs associated with VEGF-targeted treatments 
were also low and comparable between EA and 
non-EA patients. These include GI bleeding and 
GI perforation, arterial and venous thromboem-
bolism, and wound-healing complications. Our 
meta-analysis suggests that ramucirumab is well 
tolerated in EA patients using the dosage and 
regimen outlined in the six completed phase III 
trials under investigation.

The NNH provides a useful indication to clini-
cians and patients of the absolute risks involved 
with treatment. Although no substantial differ-
ences were observed in the RR of AEs between 
EA and non-EA patients, the incidence rates (and 
rate differences) of selected AEs were increased 
in EA patients, including proteinuria, neutrope-
nia, and bleeding. The NNH supports this find-
ing, providing clinicians with an evidence-based 
tool to assist with treatment decisions regarding 
optimal supportive care and dose modification 
concerning EA patients with cancer.

To the best of our knowledge, this is the first 
and largest individual-patient meta-analysis to  
evaluate the safety profile of ramucirumab among  
East Asian patients with cancer. In this meta- 
analysis, we found an increased RR in certain 
AEs in EA patients. However, the results of this 
analysis should be interpreted with caution: 
there were limited numbers of EA patients in 
some trials, and patients were categorized by 
their geographic location, and limited ethnicity 
data were available. In addition, heterogeneity  
between studies should be noted in terms of 
cancer types, treatment regimens including 
the trial chemotherapy backbone, and patient 

characteristics. Furthermore, wide confidence 
intervals were observed, which reflect substan-
tial uncertainty in the point estimation of RR for 
some AEs. No obvious differences in RRR were 
noted between EA and non-EA patients; however, 
this interaction test may not be powerful enough 
to detect a significant difference.20 As with many 
clinical trials, patients enrolled in ramucirumab 
clinical trials may not represent patients in the 
general population, because trial patients are 
screened for adequate organ function and con-
current morbidities and medications.

Benefit versus risk is an important factor for clini-
cians and patients when making decisions con-
cerning cancer treatments. Collectively, results 
from our meta-analysis were consistent with the 
overall ramucirumab safety profile10 as well as 
demonstrating that ramucirumab has a similar 
risk profile in EA patients compared with non-EA 
patients enrolled in clinical trials. In addition to 
routine clinical practices, clinicians should mon-
itor patients for potential ramucirumab-related 
AEs, including hypertension and proteinuria. 
The risks associated with ramucirumab may 
be increased by other factors, including patient 
comorbidities and concomitant medications, prior 
therapies, and tumor characteristics.

Across these six completed phase III ramu-
cirumab trials, the majority of AEs discussed here 
in EA patients were manageable and did not 
jeopardize EA patients’ cancer therapy. Patients 
were able to continue to receive ramucirumab 
therapy to achieve maximum clinical benefits.
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