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Summary
Background Vascular endothelial growth factor (VEGF) and VEGF receptor-2 (VEGFR-2)-mediated signalling and 
angiogenesis can contribute to the pathogenesis and progression of gastric cancer. We aimed to assess whether 
ramucirumab, a monoclonal antibody VEGFR-2 antagonist, prolonged survival in patients with advanced gastric cancer.

Methods We did an international, randomised, double-blind, placebo-controlled, phase 3 trial between Oct 6, 2009, 
and Jan 26, 2012, at 119 centres in 29 countries in North America, Central and South America, Europe, Asia, Australia, 
and Africa. Patients aged 24–87 years with advanced gastric or gastro-oesophageal junction adenocarcinoma and 
disease progression after fi rst-line platinum-containing or fl uoropyrimidine-containing chemotherapy were randomly 
assigned (2:1), via a central interactive voice-response system, to receive best supportive care plus either ramucirumab 
8 mg/kg or placebo, intravenously once every 2 weeks. The study sponsor, participants, and investigators were masked 
to treatment assignment. The primary endpoint was overall survival. Analysis was by intention to treat. This trial is 
registered with ClinicalTrials.gov, number NCT00917384.

Findings 355 patients were assigned to receive ramucirumab (n=238) or placebo (n=117). Median overall survival 
was 5·2 months (IQR 2·3–9·9) in patients in the ramucirumab group and 3·8 months (1·7–7·1) in those in the 
placebo group (hazard ratio [HR] 0·776, 95% CI 0·603–0·998; p=0·047). The survival benefi t with ramucirumab 
remained unchanged after multivariable adjustment for other prognostic factors (multivariable HR 0·774, 
0·605–0·991; p=0·042). Rates of hypertension were higher in the ramucirumab group than in the placebo group 
(38 [16%] vs nine [8%]), whereas rates of other adverse events were mostly similar between groups (223 [94%] vs 
101 [88%]). Five (2%) deaths in the ramucirumab group and two (2%) in the placebo group were considered to be 
related to study drug.

Interpretation Ramucirumab is the fi rst biological treatment given as a single drug that has survival benefi ts in patients 
with advanced gastric or gastro-oesophageal junction adenocarcinoma progressing after fi rst-line chemotherapy. Our 
fi ndings validate VEGFR-2 signalling as an important therapeutic target in advanced gastric cancer.

Funding ImClone Systems.

Introduction
Worldwide, gastric cancer is the fourth most common 
malignant disease and the second leading cause of 
cancer mortality.1 Standard cytotoxic chemotherapy is 
typically used as fi rst-line treatment for advanced 
gastric adenocarcinoma, with median survival ranging 
from 8 months to 10 months.2 After fi rst-line treatment 
of gastric cancer, no second-line treatment is yet 
approved by the US Food and Drug Administration, 
European Medicines Agency, or most other govern-
mental drug regulatory agencies. New targeted systemic 
drugs are needed to improve the outcome of patients 
with advanced disease.

Vascular endothelial growth factor (VEGF) and 
VEGF receptor-2 (VEGFR-2)-mediated signalling and 

angiogenesis seem to have an important role in the 
pathogenesis of gastric cancer. In animal models of 
gastric adenocarcinoma, VEGFR-2 inhibition has 
reduced tumour growth and vascularity.3 In patients 
with gastric cancer, circulating and tumoral con-
centrations of VEGF are associated with increased 
tumour aggressiveness and reduced survival.4–13 
Ramucirumab is a fully human IgG1 monoclonal 
antibody VEGFR-2 antagonist that prevents ligand 
binding and receptor-mediated pathway activation in 
endothelial cells.14

We assessed the safety and effi  cacy of ramucirumab in 
patients with advanced gastric or gastro-oesophageal 
junction adenocarcinoma who had disease progression 
after fi rst-line chemotherapy.
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Methods
Study design and patients
We did this international, randomised, double-blind, 
placebo-controlled, phase 3 trial between Oct 6, 2009, 
and Jan 26, 2012, at 119 centres in 29 countries in North, 
Central, and South America, and Europe, Asia, Australia, 
and Africa. Eligible patients aged 24–87 years had 
metastatic or unresectable, locally recurrent gastric or 
gastro-oesophageal junction adenocarcinoma; had had 
disease progression within 4 months of the last dose of 
fi rst-line platinum-containing or fl uoropyrimidine-con-
taining chemo therapy for metastatic disease, or within 
6 months of the last dose of platinum-containing or 
fl uoropyrimidine-containing adjuvant treatment; and 
had an Eastern Cooperative Oncology Group (ECOG) 
performance status score of 0 or 1. We included patients 
with measurable disease (defi ned by Response Evaluation 
Crieria In Solid Tumours [RECIST] version 1.0)15 or 
evaluable disease. Major exclusion criteria included any 
grade 3 or higher gastrointestinal bleeding (defi ned by 
National Cancer Institute Common Terminology Criteria 
for Adverse Events [NCI-CTCAE], version 4.02)16 within 
3 months before randomisation; any arterial thrombo-
embolic event, including myocardial infarction, unstable 
angina, transient ischaemic event, cerebrovascular acci-
dent within 6 months before random isation; or poorly 
controlled hypertension. The appendix provides full 
inclusion and exclusion criteria.

Each centre’s institutional review board or independent 
ethics committee approved the study. The trial followed 
the guiding principles of the Declaration of Helsinki and 
the Good Clinical Practice Guidelines of the International 
Conference on Harmonization. All patients provided 
written informed consent.

Randomisation and masking
Patients were randomly assigned in a 2:1 ratio, via a 
centralised interactive voice-response system, to receive 
best supportive care plus either ramucirumab 8 mg/kg 
or placebo, intravenously once every 2 weeks. Ran-
domisation was stratifi ed by weight loss (≥10% vs <10% 
of bodyweight in the previous 3 months), geographic 
region (North America, Europe, Australia, and New 
Zealand vs South and Central America, India, South 
Africa, and Middle East vs Asia), and location of the 
primary tumour (gastric vs gastro-oesophageal junc-
tion). Patients, medical and ancillary staff , the study 
investigators, and the sponsor were masked to group 
assignment. Unmasking could be done for indiv idual 
patients in emergencies only; serious adverse events 
did not necessarily precipitate immediate unmasking.

Procedures
All patients received best supportive care, excluding 
other investigational antitumour drugs or antineoplastic 
chemotherapy, hormonal treatment, or immunotherapy. 
Patients received study treatment until radiographically 
confi rmed disease progression (investigator assessed by 
RECIST15), unacceptable toxic eff ects, or death. No 
crossover between treatment groups was allowed. We 
permitted predefi ned dose delays, reductions, and dis-
continuations to manage clinically signifi cant treatment-
related toxic eff ects (appendix).

The primary endpoint was overall survival, defi ned as 
the time from randomisation to death from any cause. 
Secondary endpoints were progression-free survival 
(defi ned as the time from randomisation to progres  sive 
disease or death from any cause, whichever happened 
fi rst), 12 week progression-free survival, objective 
response rate, duration of response, quality of life, safety, 
and ramucirumab immunogenicity. Analyses of pharma-
co dynamic markers will be reported separately else-
where. Investigator-assessed objective response rate was 
measured according to RECIST;15 responses were con-
fi rmed at least 28 days after the fi rst documentation of a 
complete or partial response.

Study investigators did tumour assessments at base-
line and every 6 weeks thereafter until disease pro-
gression. Quality of life was assessed at baseline and 
after 6, 12, and 18 weeks of treatment with the Euro-
pean Organ isation for Research and Treatment of 
Cancer quality-of-life questionnaire (EORTC QLQ-C30, 
version 3.0);17 patients who discontinued treatment 
before scheduled assessments were not expected to pro-
vide quality-of-life data. Local laboratory assessments 

Figure 1: Trial profi le
*Assessed both radiographically and symptomatically. †As of the July 25, 2012, data cutoff  date.

459 patients screened

355 randomised

Intention-to-treat
population

Safety population

238 assigned to ramucirumab 117 assigned to placebo

2 did not receive study drug

236 receiving ramucirumab 115 receiving placebo

14 receiving ramucirumab† 1 receiving placebo†

2 did not receive study drug

104 not randomised
 93 did not meet inclusion 
  criteria
 9 withdrew consent
 2 died before randomisation

222 discontinued
 167 had progressive 
  disease*
 25 had adverse events
 20 died
 7 withdrew consent
 3 other

114 discontinued
 89 had progressive 
  disease*
 7 had adverse events
 13 died
 3 withdrew consent
 2 other
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and assessments of performance status were done at 
baseline, on the day of each treatment, and 30 days after 
the last dose of study drug. Blood for analysis of anti-
ramucirumab antibodies was collected before treatment, 
before cycles 4 and 7 (6 and 12 weeks after the fi rst dose), 
and at 30 day follow-up, and patient sera were analysed 
with a validated ELISA format (appendix). We monitored 
adverse events continuously and graded them according 
to NCI-CTCAE scales.16

Statistical analysis
All analyses were done with use of data obtained as of the 
cutoff  date of July 25, 2012, at which point 278 patients 
had died. The primary effi  cacy analysis was a stratifi ed 
log-rank comparison of overall survival in the intention-
to-treat population. Safety analyses included all patients 
who received at least one dose of study drug.

The trial was originally designed for a planned enrolment 
of 615 patients with 90% power to detect a hazard ratio 
(HR) for overall survival of 0·71 with a two-sided α level of 
0·05. In November, 2010, with all data still concealed to the 
investigators and the sponsor, and with only 36 patients 
randomised, the protocol was amended to address slower 
than expected early enrolment while maintaining capacity 
to identify an improvement in overall survival that would 
be of suffi  cient clinical interest. As such, total enrolment 
was changed to enable 80% power to detect an HR of 0·69 
for overall survival, with a two-sided α level of 0·05. This 
change was initially calculated to require 315 patients, but 
was corrected to a total enrolment of 348 patients with 
268 deaths in an amendment made in October, 2011.

A single interim analysis for futility was planned after 
94 (35%) of the 268 total deaths had happened, and was 
done according to a group sequential design with a 
futility boundary established in accordance with the 
β-spending function gamma (−1).18

We used a stratifi ed log-rank test to assess overall sur-
vival and progression-free survival in the intention-to-treat 
popu lation, with stratifi cation according to the pre defi ned 
randomisation strata. Estimation of survival curves was 
generated with the Kaplan-Meier method. The HR was 
estimated with stratifi ed Cox proportional hazards models. 
We did a multivariable analysis with a stepwise Cox regres-
sion model of predefi ned baseline charac teristics to 
examine the eff ect of treatment after adjustment for other 
statistically signifi cant prognostic factors (appen dix). Add-
itionally, we used unstratifi ed analyses and alter native Cox 
regression models to assess the eff ect of baseline patient 
and disease characteristics on treatment eff ect.

We estimated 12 week progression-free survival with 
the Kaplan-Meier method. We compared objective 
response rates in each treatment group with the exact 
Cochran-Mantel-Haenzel test, with adjustment for the 
stratifi cation factors. We calculated the rate of disease 
control, defi ned as the best overall response for complete 
or partial response or stable disease, for each treatment 
group. For each quality-of-life measure, we classifi ed 

patients as improved or worsened if change from baseline 
was 10 points or more (on the basis of a standardised 
100 point scale);19 we regarded changes of less than 
10 points as stable. Additionally, we used the Kaplan-Meier 
method to identify time to deterioration of ECOG per-
formance status between treatment groups, defi ned as 

Ramucirumab 
(n=238)

Placebo 
(n=117)

Age (years) 60 (52–67) 60 (51–71)

Sex

Male 169 (71%) 79 (68%)

Female 69 (29%) 38 (32%)

Race*

White 181 (76%) 91 (78%)

Asian 39 (16%) 17 (15%)

Black 4 (2%) 2 (2%)

Other 14 (6%) 7 (6%)

ECOG performance status†

0 67 (28%) 31 (26%)

1 171 (72%) 85 (73%)

2 0 1 (1%)

Weight loss in the previous 3 months*

≥10% 41 (17%) 20 (17%)

<10% 197 (83%) 97 (83%)

Geographic region

North America, Europe, Australia, New Zealand 165 (69%) 80 (68%)

Asia 18 (8%) 8 (7%)

South and Central America, India, South Africa, Middle East 55 (23%) 29 (25%)

Location of primary tumour (%)

Gastric 178 (75%) 87 (74%)

Gastro-oesophageal junction 60 (25%) 30 (26%)

Histological subtype (%)

Intestinal 52 (22%) 35 (30%)

Diff use 96 (40%) 44 (38%)

Unknown or NA 90 (38%) 38 (32%)

Primary tumour present 174 (73%) 86 (74%)

Number of metastatic sites

0–2 163 (68%) 71 (61%)

≥3 75 (32%) 46 (39%)

Peritoneal metastases 64 (27%) 45 (38%)

Measurable disease 218 (92%) 106 (91%)

Progression-free interval after previous treatment‡

<6 months 154 (65%) 83 (71%)

≥6 months 81 (34%) 34 (29%)

Previous anti-cancer treatment

Fluoropyrimidine plus platinum 200 (84%) 88 (75%)

Fluoropyrimidine plus other systemic drug 13 (5%) 17 (15%)

Fluoropyrimidine alone 16 (7%) 7 (6%)

Platinum plus other systemic drug 9 (4%) 5 (4%)

Data are median (IQR) or n (%), unless otherwise indicated. ECOG=Eastern Cooperative Oncology Group. NA=not 
applicable. *As established by self-report. †Assessed according to ECOG guidelines, with 0 as asymptomatic, 1 as 
restricted in strenuous activity but ambulatory and able to do light work, or 2 as ambulatory and capable of all self-care 
but unable to work. ‡Defi ned as the time from start of previous treatment to disease progression.

Table 1: Baseline characteristics
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the time from randomisation to the fi rst documentation 
of an ECOG performance status score of 2 or worse.

This trial is registered with ClinicalTrials.gov, number 
NCT00917384.

Role of the funding source
The sponsor of the study provided the study drug and 
collaborated with the investigators on protocol, study 
design, data collection, data analysis, data interpretation, 
and preparation of this report. CSF prepared the fi rst 
draft of the report in collaboration with the sponsor and 
other coauthors. The corresponding author had full 
access to all the data in the study and all authors had fi nal 
responsibility for the decision to submit for publication.

Results
Figure 1 shows the trial profi le. 355 patients were 
randomly assigned to either the ramucirumab group 
(n=238) or the placebo group (n=117). Baseline charac-
teristics were mostly similar between groups (table 1). 
Slightly fewer patients in the ramucirumab group had 

peritoneal metastases than did those in the placebo 
group (table 1).

At the time of data cutoff , 278 patients had died: 179 
(75%) patients given ramucirumab and 99 (85%) of those 
given placebo. Treatment with ramucirumab signifi cantly 
improved overall survival compared with placebo 
(fi gure 2). Median overall survival was 5·2 months (IQR 
2·3–9·9) in patients receiving ramucirumab and 
3·8 months (1·7–7·1) in those receiving placebo. Esti-
mated rates of 6 month overall survival were 41·8% 
(35·4–48·1) in the ramucirumab group and 31·6% 
(23·2–40·2) in the placebo group; rates at 12 months were 
17·6% (11·8–24·3) versus 11·8% (6·0–19·7; fi gure 2).

We examined the eff ect of treatment with adjustment 
for other statistically signifi cant prognostic factors with a 
stepwise Cox proportional hazards model that identifi ed 
three signifi cant independent predictors for reduced 
overall survival: ECOG performance status (≥1 vs 0), 
location of the primary tumour (gastro-oesophageal junc-
tion vs gastric), and presence of peritoneal metastases. 
After adjustment for these factors, ramucirumab still 
conferred a signifi cant improvement in overall survival 
(appendix). When we repeated this multivariable analysis 
to include the predefi ned stratifi cation factors, the eff ect 
of ramucirumab on overall survival was unchanged and 
remained signifi cant (HR for death 0·767, 95% CI 
0·598–0·984; p=0·037). The eff ect of ramucirumab on 
overall survival was consistent across almost all sub-
groups, including the prespecifi ed stratifi cation factors 
(fi gure 3). The eff ect of treatment did not diff er signifi -
cantly between men and women (p=0·063).

Treatment with ramucirumab resulted in a 52% reduc-
tion in the risk of disease progression or death from any 
cause (fi gure 2). Median progression-free survival was 
2·1 months (IQR 1·3–4·2) in patients receiving ramu-
cirumab and 1·3 months (1·1–2·1) in those receiving 
placebo (fi gure 2). Estimated rates of 12 week progression-
free survival were 40·1% (33·6–46·4) in patients in the 
ramucirumab group and 15·8% (9·7–23·3) in the placebo 
group (fi gure 2). The eff ect of ramucirumab on pro-
gression-free survival was maintained after adjustment 
for other signifi cant baseline prognostic factors (appendix). 
Additionally, the progression-free survival benefi t asso-
ciated with ramucirumab was consistent across almost all 
subgroups (fi gure 4). Table 2 shows the numbers of 
patients with an objective tumour response. The rate of 
disease control was signifi cantly higher in patients given 
ramucirumab than in those given placebo (table 2). Add-
itionally, the duration of disease control was signifi cantly 
longer in the ramucirumab group than in the placebo 
group (median 4·2 months [IQR 2·8–8·1] vs 2·9 months 
[2·7–4·3]; p=0·036).

At data cutoff , 222 (93%) patients had discontinued 
ramucirumab and 114 (97%) had discontinued placebo 
(fi gure 1). Radiological and symptomatic progression was 
the most common reason for discontinuation followed 
by adverse events (fi gure 1, appendix). Median duration 

Figure 2: Kaplan-Meier estimates of overall survival (A) and progression-free survival (B)
HR=hazard ratio.
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of treatment was 8 weeks (IQR 6–16) in the ramucirumab 
group and 6 weeks (4–8) in the placebo group. Relative 
dose intensity of study drug was high in both the 
ramucirumab and placebo groups (99·6% vs 100%). After 
discontinuation of study drug, systemic antineoplastic 
treatment was used more often in the placebo group than 
in the ramucirumab group (appendix).

223 (94%) patients in the ramucirumab group had 
adverse events of any grade compared with 101 (88%) in 
the placebo group (table 3). Hypertension was more 

common in the ramucirumab group than in the placebo 
group (table 3). 134 (57%) patients in the ramucirumab 
group had grade 3 or higher adverse events compared with 
67 (58%) in the placebo group. More patients in the 
ramucirumab group had grade 3 hypertension than those 
in the placebo group (table 3); we recorded no events of 
grade 4 hypertension. Ramucirumab was not associated 
with increased rates of fatigue, decreased appetite, vomit-
ing, anaemia, or other notable toxic eff ects (table 3). Ramu-
cirumab was not associated with increased bleeding, 

Figure 3: Forest plot for subgroup analyses of overall survival
HRs are based on a stratifi ed proportional-hazards model. The size of the circles is proportional to the size of the subgroup. Horizontal bars represent 95% CIs. 
HR=hazard ratio. ECOG=Eastern Cooperative Oncology Group. *0 is asymptomatic, 1 is restricted in strenuous activity but ambulatory and able to do light work, 2 is 
ambulatory and capable of all self-care but unable to work. †1 is North America, Europe, Australia, New Zealand; 2 is South and Central America, India, South Africa, 
Jordan, Egypt, Saudi Arabia, Lebanon; 3 is Asia.
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venous thrombosis, proteinuria, gastrointestinal perfor-
ation, fi stula formation, or infusion-related reactions 
(table 3). Grade 3 or higher arterial thromboembolic events 
were slightly more common in the ramucirumab group 
than the placebo group (p=0·55; table 3).

Serum samples for detection of anti-ramucirumab anti-
bodies were available for 207 (88%) patients receiving 
ramucirumab and 106 (92%) receiving placebo. Anti-
ramucirumab antibodies were detected in six (3%) 
patients given ramucirumab and one (<1%) patient given 

placebo; none of these participants had an infusion-
related reaction (data not shown). No patients developed 
neutralising antibodies to ramucirumab (data not shown).

Five (2%) deaths in the ramucirumab group (caused by 
myocardial infarction, gastric haemorrhage, intestinal 
per foration [two events], and pneumonia) two (2%) in the 
placebo group (intestinal perforation and pulmonary 
embol ism) were considered to be related to study drug.

230 (97%) patients in the ramucirumab group and 
110 (94%) in the placebo group provided baseline 

Figure 4: Forest plot for subgroup analyses of progression-free survival
HRs are based on a stratifi ed proportional-hazards model. The size of the circles is proportional to the size of the subgroup. Horizontal bars represent 95% CIs. 
HR=hazard ratio. ECOG=Eastern Cooperative Oncology Group. *0 is asymptomatic, 1 is restricted in strenuous activity but ambulatory and able to do light work, 2 is 
ambulatory and capable of all self-care but unable to work. †1 is North America, Europe, Australia, New Zealand; 2 is South and Central America, India, South Africa, 
Jordan, Egypt, Saudi Arabia, Lebanon; 3 is Asia.
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quality-of-life data. At the fi rst 6 week assessment, only 
114 (48%) patients receiving ramucirumab and 29 (25%) 
receiving placebo provided quality-of-life data, mainly 
because of treatment discontinuation (fi gure 5). Of 
patients who provided 6 week data, a larger proportion 
of those in the ramucirumab group reported stable or 
improved global quality of life than those in the placebo 
group; however, this diff erence was not signifi cant 
(p=0·23). Median time to deterioration in ECOG 
performance status to a score of 2 or worse was 
5·1 months (IQR 1·9–16·8) in the ramucirumab group 
and 2·4 months (1·3 to not reached) in the placebo 
group (fi gure 6).

Discussion
Ramucirumab signifi cantly prolonged overall survival in 
patients with advanced gastric or gastro-oesophageal 
junction adenocarcinoma that had progressed after fi rst-
line chemotherapy. This drug reduced the risk of death 
from any cause compared with placebo and reduced risk 
of disease progression by half. The survival benefi t with 
ramucirumab was consistent across almost all sub-
groups. Although the eff ect on overall survival was 
attenuated in women, the progression-free survival 
estimate in women favoured ramucirumab. Moreover, 
when we addressed potential imbalances in baseline 
characteristics between treatment groups, the benefi ts in 
both overall and progression-free survival remained un-
changed after adjustment for other prognostic factors.

Ramucirumab was well tolerated in this patient 
population, with similar rates for most adverse events 
between the ramucirumab and placebo groups. Hyper-
tension—an adverse event associated with most anti-
angiogenic treatments20—was more common in the 
ramucirumab group, although grade 3 hypertension was 
noted in only a few patients given ramucirumab. 
Although patient-reported quality-of-life data were scarce, 
ramucirumab conferred no worse eff ect than placebo; 
furthermore, patients receiving ramucirumab had a sig-
nifi cantly longer time before deterioration of perfor-
mance status.

This trial is one of the largest phase 3 trials of second-
line treatment of gastric or gastro-oesophageal junction 
cancer, and the survival benefi t for ramucirumab versus 
placebo is similar to that reported in two phase 3 trials 
that compared second-line cytotoxic chemotherapy with 

Ramucirumab 
(n=238)

Placebo 
(n=117)

p value

Best overall response

Complete response 1 (<1%) 0 ··

Partial response 7 (3%) 3 (3%) ··

Stable disease 108 (45%) 24 (21%) ··

Progressive disease 78 (33%) 63 (54%) ··

Not evaluable 44 (18%) 27 (23%) ··

Objective response 8 (3%) 3 (3%) 0·76

Disease control rate* 116 (49%) 27 (23%) <0·0001

Data are n (%), unless otherwise indicated. *Denotes best response for complete 
response, partial response, or stable disease.

Table 2: Objective tumour response

Ramucirumab (n=236) Placebo (n=115)

Any event Grade ≥3 Any event Grade ≥3

Fatigue* 84 (36%) 15 (6%) 46 (40%) 11 (10%)

Abdominal pain† 68 (29%) 14 (6%) 32 (28%) 3 (3%)

Decreased appetite 57 (24%) 8 (3%) 26 (23%) 4 (3%)

Vomiting 47 (20%) 6 (3%) 29 (25%) 5 (4%)

Constipation 36 (15%) 1 (<1%) 26 (23%) 3 (3%)

Anaemia‡ 35 (15%) 15 (6%) 17 (15%) 9 (8%)

Dysphagia 25 (11%) 5 (2%) 12 (10%) 5 (4%)

Dyspnoea 22 (9%) 4 (2%) 15 (13%) 7 (6%)

Adverse events of special interest

Hypertension§ 38 (16%) 18 (8%) 9 (8%) 3 (3%)

Bleeding or haemorrhage¶ 30 (13%) 8 (3%) 13 (11%) 3 (3%)

Arterial thromboembolism|| 4 (2%) 3 (1%) 0 0

Venous thromboembolism** 9 (4%) 3 (1%) 8 (7%) 5 (4%)

Proteinuria 7 (3%) 1 (<1%) 3 (3%) 0

Gastrointestinal perforation 2 (<1%) 2 (<1%) 1 (<1%) 1 (<1%)

Fistula formation 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%)

Infusion-related reaction 1 (<1%) 0 2 (2%) 0

Cardiac failure 1 (<1%) 0 0 0

Data are n (%), unless otherwise indicated. *Includes asthenia. †Includes upper or lower abdominal pain and hepatic 
pain. ‡Includes decreased haematocrit and red blood-cell count. §Includes increased blood pressure. ¶Includes 
epistaxis, gastric haemorrhage, gastrointestinal haemorrhage, gingival bleeding, haematemesis, haematoma, 
haematuria, haemoptysis, haemorrhage, haemorrhoidal haemorrhage, melaena, nail-bed bleeding, petechiae, rectal 
haemorrhage, and upper gastrointestinal haemorrhage. ||Includes angina pectoris, cardiac arrest, cerebral ischaemia, 
cerebrovascular accident, myocardial infarction, and myocardial ischemia. **Includes pulmonary embolism, deep vein 
thrombosis, thrombosis, and venous thrombosis in a limb.

Table 3: Adverse events, according to grade

Figure 5: Patient-reported global quality of life 6 weeks after start of treatment initiation
Baseline quality-of-life data were provided by 230 (97%) patients in the ramucirumab group and 110 (94%) in the 
placebo group. Of the patients who did not provide data either at baseline or before the 6 week assessment, 
113 (88%) of 128 in the ramucirumab group and 82 (90%) of 91 in the placebo group either discontinued 
treatment before the 6 week assessment (111 [98%] vs 80 [98%]) or were never treated (two [2%] in each group). 
The main reason for treatment discontinuation was disease progression (81 [73%] vs 61 [76%]). Patients were 
classifi ed as improved or worsened if change from baseline was 10 points or more (on the basis of a standardised 
100-point scale);19 we considered changes of less than 10 points as stable.

Ramucirumab (n=238) Placebo (n=117)

128 (54%)

29 (12%)

10 (9%)

5 (4%)

58 (24%)

23 (10%) 11 (9%)

91 (78%)

No data
Worsened
Stable
Improved
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best supportive care (median 5·3 months vs 3·8 months21 
and 5·2 months vs 3·6 months22). Rates of grade 3 or 
higher adverse events associated with ramucirumab in 
our trial compare favourably to those associated with 
second-line chemotherapy reported in other phase 3 
trials of this malignant disease.21–23 A previous placebo-
controlled phase 3 trial24 assessed the addition of bevaci-
zumab, a monoclonal antibody targeting VEGF-A, with 
fi rst-line chemotherapy in patients with previously 
untreated gastric adenocarcinoma and showed a signifi -
cant improvement in progression-free survival. Although 
a trend in overall survival favoured bevacizumab, this 
diff erence was not signifi cant. In subset analyses, a 
survival benefi t for bevacizumab was limited to non-
Asian patients. In our trial, the survival benefi t associated 
with ramucirumab was similar between Asian patients 
and those from America, Europe, and Australia, although 
relatively few Asian patients were enrolled.

In view of our fi ndings, ramucirumab could be an 
important treatment option in patients with advanced 
gastric or gastro-oesophageal junction adenocarcinoma 
pro gressing after fi rst-line chemotherapy. Additionally, 
this novel drug has a mechanism of action and toxic-eff ect 
profi le that is distinctly diff erent and non-overlapping 
with standard chemotherapy for oesophago gastric adeno-
carcinoma (panel). Our results validate the role of 
VEGFR-2 signalling as an important therapeutic target 
in advanced gastric and gastro-oesophageal junction 
adenocarcinoma. Future analyses are needed to identify 
potential predictive biomarkers for ramucirumab. A 
recently completed randomised clinical trial (ClinicalTrials.
gov, number NCT01170663) has reported a survival benefi t 
when ramucirumab is added to second-line paclitaxel in 
patients with advanced oesophagogastric adenocarcinoma, 
while an ongoing randomised clinical trial (NCT01170663) 
is assessing a combination of ramucirumab with fi rst-line 
chemo therapy in this patient population.
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Panel: Research in context

Systematic review
We searched PubMed and the abstracts of major oncology congresses (American Society 
of Clinical Oncology [ASCO] and ASCO Gastrointestinal Symposium, European Society for 
Medical Oncology [ESMO], World Congress on Gastrointestinal Cancer, International 
Society of Gastrointestinal Oncology Conference, American Association for Cancer 
Research-National Cancer Institute-European Organisation for Research and Treatment of 
Cancer Congress, ESMO annual meeting, and European Multidisciplinary Cancer Congress) 
from Jan 1, 2009, to Dec 31, 2012. We used MeSH and full-text search terms for gastric and 
gastro-oesophageal junction cancer and molecular-targeted treatments, limiting our 
results to articles in English published in the past 4 years. For PubMed, the search was 
(“molecular targeted therapy” OR (“molecular” AND “targeted”) AND (“therapy” OR 
“therapies”) AND (“gastric neoplasms” OR “gastric cancer”) OR (“gastric” AND “cancer”) 
(“gastroesophageal neoplasms” OR “gastroesophageal cancer”) OR (“gastroesophageal” 
AND “cancer”) AND (“2009/01/01”: “2012/12/31”). For conferences, the search was 
“metastatic gastric cancer” or “advanced gastric cancer”, manually limited to abstracts of 
targeted treatments or phase 3 studies. We identifi ed several potential targeted drugs 
(either monoclonal antibodies or small-molecule tyrosine-kinase inhibitors) that are being 
investigated either in synergy with, or in place of, established treatments, including 
inhibitors of growth factors and their receptors (ie, vascular endothelial growth factor 
[VEGF], epidermal growth factor receptor, insulin-like growth factor, human epidermal 
growth factor receptor-2, c-MET), MEK inhibitors, and drugs targeting the Hedgehog 
pathway.25–31 We used information from the abstracts and ClinicalTrials.gov to identify the 
latest stage of clinical developments of these drugs in gastric and gastro-oesophageal 
junction cancer. We have limited our discussion to the drugs we believe are most 
promising and relevant to the patient population, on the basis of fi ndings for effi  cacy from 
clinical trials.

Interpretation
Various signalling processes have been implicated in the development and progression of 
gastric and gastro-oesophageal junction adenocarcinoma, and experience with the 
monoclonal antibodies trastuzumab and bevacizumab show that these pathways might 
be valid treatment targets. Our fi ndings show that in patients with progressive gastric or 
gastro-oesophageal adenocarcinoma after standard fi rst-line treatment, ramucirumab 
can signifi cantly prolong survival compared with placebo, providing evidence for the role 
of a VEGF-receptor-targeted treatment and off ering an important new treatment option 
in this patient population.
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