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Abstract
Background  Ramucirumab improves survival in gastric cancer patients. The efficacy and safety of ramucirumab outside of 
a clinical trial were evaluated using an expanded access program (EAP).
Methods  Advanced gastric cancer patients treated with ramucirumab in combination with paclitaxel or with ramucirumab 
monotherapy in a Korean EAP were evaluated. Baseline characteristics were assessed for progression-free survival (PFS) 
and overall survival (OS), and adverse events were evaluated according to the treatment regimen.
Results  Of 265 patients, 228 received ramucirumab plus paclitaxel, and 37 received ramucirumab monotherapy. Grade 3 or 
4 neutropenia was more common with ramucirumab plus paclitaxel than with ramucirumab monotherapy (46.7 vs. 8.1%). 
Gastrointestinal (GI) perforation developed in seven patients (3.1%) in the ramucirumab plus paclitaxel group. The overall 
response and disease control rates were 16.6 and 66.3% in the ramucirumab plus paclitaxel group, and 5.4 and 37.8% in the 
ramucirumab monotherapy group, respectively. PFS and OS were 3.8 and 8.6 months in the ramucirumab plus paclitaxel 
group, and 1.8 and 6.4 months in the ramucirumab monotherapy group, respectively. In multivariate analysis, alkaline phos-
phatase, albumin, and neutrophil-to-lymphocyte ratio (NLR) were the independent prognostic factors for PFS, while albumin, 
NLR, number of metastatic sites, and large amount of ascites were independent prognostic factors for OS.
Conclusion  In the Korean EAP cohort, ramucirumab showed similar efficacy to the results of the previous trials for gastric 
cancer. However, the level of GI perforation was slightly increased in the ramucirumab plus paclitaxel group.

Keywords  Gastric cancer · Ramucirumab · Second-line chemotherapy · Vascular endothelial growth factor · Expanded 
access program

Introduction

Gastric cancer is a global health concern, with a high inci-
dence and poor prognosis [1]. Surgical resection is the only 
curative treatment strategy for localized cancer and is used 
in combination with perioperative or adjuvant treatment [2, 
3]. However, recurrence is common, and the prognosis is 
generally poor [4]. For advanced or metastatic gastric cancer 
patients, chemotherapy is the primary treatment [5].

Fluoropyrimidines plus platinum is the most common 
first-line chemotherapy for advanced gastric cancer [5, 6]. 
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However, the median overall survival (OS) of patients with 
metastatic disease is approximately 1 year [7]. Recently, 
the second-line chemotherapy with irinotecan or docetaxel 
demonstrated increased OS compared with the best sup-
portive care [8]. Paclitaxel as second-line chemotherapy 
also showed prolonged survival benefit and manageable 
toxicities [9].

Angiogenesis is strongly associated with tumor metas-
tasis and progression. Vascular endothelial growth factor 
(VEGF) is a key regulator of angiogenesis, and several 
VEGF-targeting agents have been developed, including 
antibodies against VEGF and VEGF receptor (VEGFR), 
and tyrosine kinase inhibitors targeting VEGFR [10]. In 
gastric cancer, VEGF expression is also associated with 
poor prognosis [11]. Ramucirumab, a monoclonal anti-
body against VEGFR2, has shown a survival benefit when 
used as monotherapy or in combination with paclitaxel in 
patients with previously treated gastric or esophagogastric 
junction (EGJ) adenocarcinoma [12, 13].

However, few patients in Asia, where the incidence of 
gastric cancer is highest, have been enrolled in those tri-
als [12, 13]. In addition, the efficacy and safety of ramu-
cirumab in a real-world setting have only been examined 
once outside of controlled clinical trials [14]. Recently, 
Fuchs et al. identified the prognostic factors for OS in gas-
tric cancer from two-phase III studies of the second-line 
ramucirumab trials [15]. Therefore, we investigated the 
safety and efficacy of ramucirumab alone and in combina-
tion with paclitaxel and validated the prognostic factors by 
Fuchs in gastric cancer patients enrolled in an expanded 
access program (EAP) in Korea.

Patients and methods

Patients

Eligibility criteria included age ≥ 18 years, histologi-
cally or cytologically confirmed gastric or EGJ adenocar-
cinoma, metastatic or unresectable disease, measurable 
or evaluable disease by abdominal and pelvic computed 
tomography, disease progression during treatment of first-
line chemotherapy, and an Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) score of 0, 
1, or 2. Patients who met any of the following criteria 
were excluded: documented and/or symptomatic brain 
or leptomeningeal metastases, grade 3 or 4 gastrointes-
tinal (GI) bleeding within 3 months prior to enrolment, 
arterial thromboembolic events, and uncontrolled or 
poorly controlled hypertension despite standard medical 
management.

Treatment and data collection

Patients received either 8 mg/kg ramucirumab monother-
apy intravenously on days 1 and 15, or the same dose in 
combination with 80 mg/m2 paclitaxel intravenously on 
days 1, 8, and 15 of a 28 day cycle. The decision to pro-
vide combination therapy or monotherapy was determined 
by the treating physicians. Patients received study treat-
ment until disease progression, unacceptable toxicity, or 
withdrawal of consent. Age, sex, ECOG PS, presence of 
primary tumor, time to progression since prior therapy, 
tumor differentiation, metastatic sites, presence of large 
amount of ascites, and complete blood count with differ-
ential counts and serum parameters such as lactate dehy-
drogenase (LDH), alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), albumin, sodium, and, creati-
nine were taken from patients’ medical records. The large 
amount ascites was defined as ascites which needed para-
centesis because of abdominal distension, early satiety, 
abdominal pain, or shortness of breath. Data on treatment-
related adverse events were collected using the Common 
Terminology Criteria for Adverse Events version 4.0. We 
also collected data on adverse events of special interest 
related to ramucirumab (hemorrhage, bleeding, epistasis, 
proteinuria, thrombosis, and perforation), date of progres-
sion and death, and reason for cessation of ramucirumab. 
Radiological imaging was performed every 6  weeks. 
Responses were scored according to the Response Evalu-
ation Criteria in Solid Tumors version 1.1.

Statistical analysis

Baseline pre-treatment white blood cell count, absolute neu-
trophil count, absolute lymphocyte count, neutrophil-to-lym-
phocyte ratio (NLR), and serum LDH level were analyzed. 
Progression-free survival (PFS) was defined as the time from 
the start of ramucirumab to disease progression or death 
from any cause. Patients without progression who were still 
alive at the time of analysis were censored. OS was defined 
as time from the start of ramucirumab to death from any 
cause. Univariate analysis for clinical and laboratory param-
eters was performed for OS and PFS. Survival curves of cat-
egorical variables were calculated using the Kaplan–Meier 
method and compared using the log-rank test. Multivariate 
analysis models of patient and tumor characteristics in asso-
ciation with PFS and OS were based on Cox-proportional 
hazards regression analyses. Two-tailed P < 0.05 was con-
sidered statistically significant. Data were analysed using 
Statistical Package for Social Sciences (SPSS) software (ver-
sion 23.0, Inc, Chicago, IL, USA). This EAP is registered at 
ClinicalTrials.gov (trial number NCT02065765).
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Table 1   Baseline characteristics of patients

ECOG PS Eastern Cooperative Oncology Group Performance Status, WHO World Health Organization, HER2 human epidermal growth factor 
receptor 2
a Analyzed using Kruskal–Wallis test
b Analyzed using the χ2 test
c Analyzed using the Mann–Whitney U test
d Need to paracentesis

Characteristics Ramucirumab plus pacli-
taxel (n = 228)

Ramucirumab monotherapy 
(n = 37)

P value

Number % Number %

Age 0.007a

 Median 57 62
 Range 23–81 35–80

Sex 0.748b

 Male 154 67.5 24 64.9
 Female 74 32.5 13 35.1

ECOG performance status 0.708c

 0 51 22.4 7 18.9
 1 170 74.5 28 75.7
 2 7 3.1 2 5.4

WHO classification 0.135b

 Adenocarcinoma, well differentiated or moderately differentiated 63 27.6 15 40.5
 Adenocarcinoma, poorly differentiated or signet ring cell 141 61.9 16 43.2
 Others 24 10.5 6 16.2

Prior gastrectomy 0.537b

 Yes 107 46.9 22 59.5
 No 121 53.1 15 40.5

Previous treatment 0.491c

 Triple: platinum and fluoropyrimidine with paclitaxel or irinotecan 6 2.6 2 5.4
 Doublet: platinum and fluoropyrimidine 169 74.1 30 81.1
 HER2 or other 34 14.9 3 8.1
 Fluoropyrimidine monotherapy 19 8.3 2 5.4

Site of primary tumor 0.396b

 EGJ 30 13.2 7 18.9
 Gastric 198 86.8 30 81.1

HER2 status 0.022c

 Positive 32 14 0 0
 Negative 189 82.9 34 91.9
 Unknown 7 3.1 3 8.9

Disease 0.281b

 Measurable 158 69.3 28 75.7
 Non-measurable 70 30.7 9 24.3

Number of metastatic sites 0.991b

 0–2 166 72.8 27 73
 ≥ 3 62 27.2 10 27

Large amount of ascitesd 0.265b

 Yes 60 26.3 13 35.1
 No 168 73.7 24 64.9
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Table 2   Adverse events of ramucirumab plus paclitaxel and ramucirumab monotherapy

*Hypertension was evaluated in 169 and 27 patients in the ramucirumab plus paclitaxel group and the ramucirumab monotherapy group, respec-
tively. GI gastrointestinal
a Analyzed using the Fisher’s exact test

Ramucirumab plus paclitaxel (n = 228, %) Ramucirumab monotherapy (n = 37, %) P valuea

G1–2 G3 G4 G5 G1–2 G3 G4 G5

Hematologic adverse events
 Neutropenia 47 (20.5) 55 (24) 52 (22.7) 0 5 (13.5) 1 (2.7) 2 (5.4) 0 < 0.001
 Febrile neutropenia 15 (6.8) 1 (0.4) 0 1 (2.7) 0 0 0.879
 Anemia 110 (48) 29 (12.7) 2 (0.9) 0 14 (37.8) 5 (13.5) 0 0 0.515
 Thrombocytopenia 28 (16.6) 4 (1.7) 4 (1.7) 0 5 (13.5) 1 (2.7) 0 0 0.887

Non-hematologic adverse events
 Fatigue 82 (35.8) 7 (3) 0 0 11 (29.7) 1 (2.7) 0 0 0.954
 Neuropathy 86 (37.5) 8 (3.5) 2 (0.9) 0 9 (24.3) 0 0 0 0.301
 Nausea 38 (16.6) 5 (2.2) 0 0 5 (13.5) 0 0 0 0.575
 Vomiting 25 (10.9) 6 (2.6) 0 0 3 (8.1) 2 (5.4) 0 0 0.748
 Stomatitis 29 (13.6) 5 (2.2) 0 0 0 0 0 0 0.105
 Diarrhea 41 (17.9) 2 (0.9) 0 0 3 (8.1) 2 (5.4) 0 0 0.079
 Infection 5 (2.2) 10 (4.4) 3 (1.3) 3 (1.3) 1 (2.7) 1 (2.7) 0 0 0.769

Adverse events of special interest
 Proteinuria 12 (5.3) 1 (0.4) 0 0 0 0 0 0.542
 GI hemorrhage 1 (0.4) 2 (0.9) 0 0 1 (2.7) 0 0 0 0.077
 Hypertension 31 (13.6) 2 (1.2) 0 0 2 (7.4) 1 (3.7) 0 0 0.122
 GI perforation 0 2 (0.9) 4 (1.7) 1 (0.4) 0 0 0 0 0.810
 Deep vein thrombosis 0 1 (0.4) 0 0 1 (2.7) 0 0 0 0.116

Fig. 1   Kaplan–Meier estimates of PFS a and OS b. PFS progression-free survival, OS overall survival
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Results

Patient characteristics

Between June 2015 and December 2015, data from 265 
patients involved in a ramucirumab EAP were collected from 
28 Korean hospitals. At the time of data cut-off (August 31, 
2016), 228 patients (86.4%) received combination therapy 
and 37 (13.7%) received monotherapy. Twenty-five (9.4%) 
were receiving treatment of the EAP. Patient characteristics 
are summarized in Table 1. The median age was higher in 
the monotherapy group than in the combination group (62 
vs. 57 years, P = 0.007). Nine patients (seven in the combi-
nation and two in the monotherapy group) had an ECOG PS 
of 1 at the time of screening; however, their ECOG PS had 
increased to 2 on administration of study medication. There 
was no difference in ECOG PS between the groups. About 
30% of patients had evaluable disease but no measurable 
lesions in each treatment group.

Safety

Although adverse events were more common in the com-
bination group, this was not statistically significant (91.2% 
[208/228] vs. 78.3% [29/37], P = 0.568), except for neutro-
penia (Table 2). The incidence of grade 3 or 4 neutropenia 
was significantly higher in the combination group than in the 
monotherapy group (46.7 vs. 8.1%, P < 0.001). Grade 3 or 
4 adverse events of special interest were infrequent in both 
groups. However, seven patients (3.7%) in the combination 
group experienced GI perforation. Three underwent stent 
insertion (two in the colon and one in the gastrojejunostomy 
anastomosis site) before ramucirumab treatment because of 
bowel obstruction, and all developed perforations around 
the stent. Bowel perforation was related to procedures in two 
patients (drainage procedure of ascites and embolization for 
GI bleeding). In the remaining two patients, bowel perfora-
tion occurred without any intervention. The median time to 
perforation after ramucirumab treatment was 6 (4–19) weeks 
(Supplementary Table 1).

Efficacy

The median follow-up in surviving patients was 9.2 (interquar-
tile range [IQR] 4.0–9.0) months in the combination group and 
9.6 (IQR 2.7–8.7) months in the monotherapy group. There 
were 174 (76.3%) and 27 (73%) cases of disease progression 
and 120 (52.6%) and 22 (59.5%) deaths in the combination and 
monotherapy group, respectively. Disease progression was the 
most common reason for treatment discontinuation (76.4 and 
76.7% for combination and monotherapy, respectively), and 

the number of discontinuation due to adverse events were 12 
(6.3%) and 1 (3.3%), respectively (Supplementary Table 2).

PFS (3.8, 95% confidence interval [CI], 3.4–4.4 months 
vs. 1.8, 95% CI 1.7–1.9  months) and OS (8.6, 95% CI, 
7.7–10.0 months vs. 6.4, 95% CI 4.4–8.5 months) were longer 
in the combination than in the monotherapy group (Fig. 1). 
The estimated 6 month PFS and OS rates were, respectively, 
28.5 and 66.9% in the combination group, and 27.7 and 53.2% 
in the monotherapy group. The proportion of patients who 
achieved an objective response was higher in the combina-
tion group than in the monotherapy group (16.6 vs. 5.4%, 
P = 0.053). The disease control rate (DCR) was also sig-
nificantly higher in the combination group (66.3 vs. 37.8%, 
P = 0.001) (Table 3). In addition, the overall response was not 
different according to NLR status (16.1 vs. 17.5%, P = 0.828), 
but disease control rate was higher in low NLR group than 
high one (69.9 vs. 52.5%, P = 0.032).

Factors related to survival

By univariate analysis, time to progression since prior ther-
apy (< 6 months), low sodium (< 135 mmol/L), high ALP 
(> 150 U/L), low albumin (3.5 U/L), high LDH (≥ 247 IU/L), 
low lymphocyte (< 1500/μL), high NLR (≥ 5), and the num-
ber of metastatic sites (≥ 3) were related to poor PFS (Table 4), 
and, time to progression since prior therapy (< 6 months), 
presence of a primary tumor, poor ECOG PS (1 and 2), low 
sodium (< 135 mmol/L), high ALP (> 150 U/L), low albumin 
(3.5 U/L), high LDH (≥ 247 IU/L), high neutrophil (> 7500/
μL), low lymphocyte (< 1500/μL), high NLR, increased num-
ber of metastatic sites (≥ 3), and a large amount of ascites were 
related to poor OS (Table 5). In multivariate analyses includ-
ing each parameter that had a significant relationship with 
PFS and OS in univariate analysis, high ALP, low albumin, 
and high NLR were the independent factor for poor PFS, and 

Table 3   Best overall response to ramucirumab plus paclitaxel and 
ramucirumab monotherapy

a Analyzed using the Fisher’s exact test

Ramucirumab 
plus paclitaxel 
(n = 228)

Ramucirumab 
monotherapy 
(n = 37)

P valuea

Number % Number %

Complete response 1 0.4 0 0 0.021
Partial response 37 16.2 2 5.4
Stable disease 113 49.6 12 32.4
Progressive disease 63 27.6 17 45.9
Not evaluable or not 

assessed
14 6.2 6 16.3

Overall response rate 38 16.6 2 5.4 0.127
Disease control rate 151 66.3 14 37.8 0.008
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Table 4   Univariate and 
multivariate analyses for 
progression-free survival

Univariate analysis Multivariate 
analysis

Median 
(months)

95% CI P valuea HR P valueb

Sex 0.064
 Male 4 3.4–4.6
 Female 2.3 1.9–2.7

Age, years 0.332
 ≥ 65 2.5 1.8–3.3
 < 65 3.8 3.3–4.2

Time to progression since prior therapy 0.013 0.140
 < 6 months 2.8 1.8–3.7 1.335
 ≥ 6 months 4.7 3.8–5.7 1

HER2 0.605
 Negative 3.7 3.1–4.3
 Positive 3.7 2.2–5.2

Presence of a primary tumor 0.094
 Yes 3.7 2.8–4.6
 No 3.8 2.4–5.3

Histology 0.289
 Well/moderate differentiated 4.3 3.4–5.2
 Poor/singnet ring cell/mixed 3.1 2.4–3.8

ECOG PS 0.119
 0 4.9 4.2–5.7
 1 3.3 2.5–4.0
 2 1.8 1.6–2.0

Sodium, mmol/L 0.026 0.623
 < 135 2.3 1.9–2.8 1.114
 ≥ 135 3.9 3.4–4.3 1

ALP, U/L 0.008 0.018
 ≤ 150 4.1 3.3–4.7 1
 > 150 2.7 2.0–3.3 1.643

Albumin, U/L < 0.001 0.003
 < 3.5 2.5 1.7–3.3 1.849
 ≥ 3.5 4.1 3.6–4.7 1

AST, U/L 0.330
 < 35 3.7 3.1–4.3
 ≥ 35 3.1 1.6–4.6

LDH, U/L (n = 133) 0.044 0.227
 < 247 4 2.6–5.4 1
 ≥ 247 3.1 2.1–4.2 1.268

Neutrophil/μL 0.068
 < 7500 3.8 3.2–4.3
 ≥ 7500 2.7 1.5–3.8

Lymphocyte/μL 0.002
 < 1500 2.5 2.0–3.1
 ≥ 1500 4.4 3.8–5.1

NLR 0.003 0.006
 < 5 4 3.5–4.6 1
 ≥ 5 2.3 1.4–3.3 2.014

Number of metastatic sites 0.027 0.753
 0–2 3.9 3.2–4.6 1
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low albumin, high NLR, increased number of metastatic sites 
(≥ 3), and large amount of ascites were independent factors 
for poor OS (Tables 4, 5). The PFS and OS of patients with 
a low NLR were significantly longer than those of patients 
with a high NLR (median PFS, 4.2 vs. 2.7 months, P = 0.004; 
median OS, 9.0 vs. 6.4 months, P = 0.001) (Fig. 2). HER2 sta-
tus did not affect PFS or OS. In the event of progression after 
ramucirumab treatment, the proportion of patients treated with 
systemic chemotherapy was similar in both groups (56.9 vs. 
51.9%, P = 0.806), and the most common chemotherapeutic 
agent was irinotecan.

Discussion

In patients with advanced gastric cancer who were 
treated with prior chemotherapy, ramucirumab has shown 
improved survival when administered in combination with 
paclitaxel or as monotherapy [12, 13], but this has not 
been extensively studied outside of clinical trials [14]. To 
our knowledge, this study is the first to report outcomes 
of ramucirumab in a large cohort in a real-world clinical 
setting in Asia. In addition, we validated the prognostic 
factors by Fuchs [15] and investigated predictive candi-
date biomarkers for the efficacy of ramucirumab in our 
EAP data.

In our data, ramucirumab showed similar efficacy and 
toxicities to those found in the RAINBOW and REGARD 
trials [12, 13]. In the combination group, the ORR and DCR 
were slightly lower than those in RAINBOW (ORR, 16.7 vs. 

28%; DCR, 66.2 vs. 79%) [13]. The safety profile of com-
bination therapy in our study was similar to the RAINBOW 
result (Supplementary Table 3), including hematological and 
non-hematological adverse events and VEGFR pathway-
related toxicities. In general, ramucirumab monotherapy did 
not developed severe neutropenia and febrile neutropenia 
[12]. However, in our study, febrile neutropenia (2.7%) and 
severe neutropenia (8.1%) were developed in patients treated 
with ramucirumab monotherapy. This patient who devel-
oped febrile neutropenia was suffered from upper respira-
tory symptom, such as cough and rhinorrhoea, at the time 
of admission for febrile neutropenia. The subject’s condition 
was improved shortly after supportive care. Although the 
febrile neutropenia was possibly related to severe respira-
tory syndrome, the investigator could not exclude the causal 
relationship between febrile neutropenia and ramucirumab. 
Three patients with severe neutropenia had grade 1 neutro-
penia at baseline. Therefore, the neutropenia from ramu-
cirumab monotherapy might be developed in patients with 
bone marrow suppression before the treatment.

GI perforation rate was slightly higher than RAINBOW 
trial [7 (3.1%) of 228 vs. 4 (1.2%) of 327]. In five of seven 
patients, GI perforation was associated with procedures, 
most commonly stent therapy (3 out of 7). According to a 
meta-analysis regarding perforation in colorectal stenting, 
bevacizumab-based therapy was identified as a risk factor, 
with a perforation rate of 12.5% [16]. In contrast, the perfo-
ration risk was 7.0% in patients treated with chemotherapy 
without bevacizumab and was 9% in patients not treated with 
chemotherapy during stent therapy [16]. Although a causal 

Table 4   (continued) Univariate analysis Multivariate 
analysis

Median 
(months)

95% CI P valuea HR P valueb

 ≥ 3 2.7 1.6–3.8 1.075
Peritoneal metastases 0.773
 No 3.9 3.2–4.6
 Yes 3.3 2.4–4.1

Large amount of Ascitesc 0.115
 No 3.8 3.3–4.4
 Yes 3.1 1.8–4.5

Regimen 0.112
 Ramucirumab plus paclitaxel 3.8 3.4–4.4
 Ramucirumab 1.8 1.7–1.9

ECOG PS Eastern Cooperative Oncology Group Performance Status WHO World Health Organization, 
HER2 human epidermal growth factor receptor 2, ALP alkaline phosphatase, LDH lactate dehydrogenase, 
AST aspartate aminotransferase, NR not reached, NLR: neutrophil–lymphocyte ratio
a Analyzed using log-rank test
b Analyzed using Cox-regression model
c Need to paracentesis
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Table 5   Univariate and 
multivariate analyses for overall 
survival

Univariate analysis Multivariate 
analysis

Median 
(months)

95% CI P valuea HR P valueb

Sex 0.076
 Male 8.9 7.6–10.1
 Female 7.3 5.0–9.6

Age, years 0.534
 ≥ 65 7.9 6.6–9.3
 < 65 8.4 7.1–9.6

Time to progression since prior therapy 0.006 0.228
 < 6 months 7.6 6.5–8.7 1.383
 ≥ 6 months 9.7 8.0–11.5 1

HER2 0.321
 Negative 8.1 7.2–9.0
 Positive 11.6 3.2–20.0

Presence of a primary tumor 0.032 0.815
 Yes 9.3 7.4–11.2 1.062
 No 7.6 6.2–9.0 1

Histology 0.148
 Well/moderate differentiated 9.3 7.7–11.9
 Poor/singnet ring cell/mixed 7.8 6.4–9.2

ECOG PS 0.001 0.157
 0 NR 1
 1 7.7 6.8–8.6 1.628 0.097
 2 5.2 1.5–8.8 2.35 0.109

Sodium, mmol/L < 0.001 0.794
 < 135 4.6 3.4–5.9 1.104
 ≥ 135 9.0 8.0–10.1 1

ALP, U/L 0.015 0.291
 ≤ 150 8.9 7.8–10.0 1
 > 150 6.4 4.5–8.4 1.134

Albumin, U/L < 0.001 0.012
 < 3.5 5.2 3.9–6.4 1
 ≥ 3.5 9.7 8.4–11.0 1.971

AST, U/L 0.833
 < 35 8.2 7.1–9.4
 ≥ 35 8.0 7.0–9.1

LDH, U/L (n = 133) 0.37
 < 247 8.9 7.0–10.8
 ≥ 247 8.7 6.8–11.5

Neutrophil/μL 0.005
 < 7500 8.6 7.6–9.7
 ≥ 7500 4.9 1.7–8.0

Lymphocyte/μL < 0.001
 < 1500 6.4 5.2–7.5
 ≥ 1500 10.8 8.9–14.5

NLR 0.001 0.015
 < 5 9.3 8.3–10.3 1
 V ≥ 5 4.1 2.2–6.0 2.269

Number of metastatic sites 0.008 0.024
 0–2 5.8 4.4–7.8 1
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relationship between GI perforation and stents in RAIN-
BOW was not proven, the higher incidence of GI perforation 
in our results might be associated with GI stents. However, 
the incidences of other ramucirumab-related adverse events 
of special interest were similar to those observed in RAIN-
BOW. Therefore, clinicians should be aware of the risk of 

GI perforation in patients receiving combination treatment, 
especially those with GI stents.

Although the sample size was small, the ORR was 
slightly higher and the DCR slightly lower in the mono-
therapy group than in REGARD (ORR, 5.4 vs. 3%; DCR, 
37.8 vs. 49%) [12]. The median OS for the monotherapy 
group was 6.4 months (IQR 7.3–9.2), which was slightly 

Table 5   (continued) Univariate analysis Multivariate 
analysis

Median 
(months)

95% CI P valuea HR P valueb

 ≥ 3 8.9 7.8–10.1 2.084
Peritoneal metastases 0.104
 No 9.0 7.4–10.6
 Yes 7.5 5.8–9.3

Large amount of Ascitesc 0.001 0.002
 No 9.3 7.9–10.7 1
 Yes 5.8 4.1–7.6 2.511

Regimen 0.283
 Ramucirumab plus paclitaxel 8.6 7.6–9.7
 Ramucirumab 6.4 7.3–9.2

ECOG PS Eastern Cooperative Oncology Group Performance Status WHO World Health Organization, 
HER2 human epidermal growth factor receptor 2, ALP alkaline phosphatase, LDH lactate dehydrogenase, 
AST aspartate aminotransferase, NR not reached, NLR: neutrophil–lymphocyte ratio
a Analyzed using log-rank test
b Analyzed using cox-regression model
c Need to paracentesis

Fig. 2   Kaplan–Meier estimates of PFS a and OS b according to NLR. PFS progression-free survival, OS overall survival, NLR neutrophil-to-
lymphocyte ratio
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longer than that in REGARD (median OS, 5.2 months, IQR 
2.3–9.9) [12]. We had no treatment-related deaths or with-
drawals due to drug-related adverse events from monother-
apy. The most common adverse event in the monotherapy 
group was anemia (51.3%); otherwise, the safety profile of 
monotherapy in our study was similar to that of REGARD 
(Supplementary Table 4) [12].

We included nine patients who had an ECOG PS of 2 
during ramucirumab administration, although they had an 
ECOG PS ≤ 1 at screening. Our results may be more rep-
resentative of advanced gastric cancer patients in the real-
world clinical setting, because our population included those 
who would have been excluded from a clinical trial because 
of poor medical condition.

Identifying predictive biomarkers to stratify patients for 
treatment is vital. Although several predictive biomarkers of 
anti-angiogenic therapy have been evaluated, no reproduc-
ible blood or tissue biomarkers have been identified [17]. In 
addition, none of the biomarkers, including VEGFR2 and 
HER2 in tumor tissue and soluble VEGF-C, -D, VEGFR1, 
and VEGFR3, was significantly associated with ramu-
cirumab efficacy in REGARD [18]. In addition, Fuchs et al. 
identified 12 independent prognostic factors of poor survival 
from RAINBOW and REGARD trials [15]. The 12 prognos-
tic factors of poor OS were peritoneal metastases, ECOG PS 
1, the presence of a primary tumor, time to progression since 
prior therapy < 6 months, poor/unknown tumor differentia-
tion, abnormally low blood levels of albumin, sodium, and/
or lymphocytes, abnormally high blood levels of neutrophils, 
AST, ALP, and/or LDH. Among the 12 prognostic factors, 
low albumin was the only independent prognostic factor of 
poor OS in our EAP data. Although Fuchs did not identify 
the prognostic marker for PFS, we applied the 12 prognostic 
markers to PFS in our study. Th low albumin and high ALP 
were independently associated with poor PFS in our study.

To discover another prognostic biomarker for PFS and 
OS, we evaluated baseline clinicopathologic parameters 
including blood laboratory test. In multivariate analysis, 
the high ALP, low Albumin, and high NLR were the inde-
pendent factors for poor PFS, and low albumin, high NLR, 
number of metastatic sites, and large amount of ascites were 
independent factors for poor OS in our study. The independ-
ent prognostic markers for PFS are usually not identical to 
those for OS [19–21]. One explanation for the difference 
between prognostic factors of PFS and OS is that OS might 
be influenced by subsequent treatment after disease pro-
gression. In our study, 119 of 265 (44.9%) patients were 
treated with subsequent treatment after progression with 
ramucirumab.

In conclusion, analysis of the current EAP cohort of 
Korean patients with advanced gastric cancer showed that 
ramucirumab treatment had a manageable safety profile and 
antitumor activity. These findings are consistent with the 

safety and activity profiles in the RAINBOW and REGARD 
trials. We observed that GI perforation occurred more fre-
quently in patients with stents in the combination group; 
therefore, ramucirumab should be administered with caution 
in these patients.
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