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ABSTRACT

Purpose: Liver metastasis (LM) is reported in approximately 40% of patients with advanced/
metastatic gastric/gastroesophageal junction adenocarcinoma (metastatic esophagogastric 
adenocarcinoma; mGEA) and is associated with a worse prognosis. This post-hoc analysis 
from the RAINBOW trial reported the efficacy, safety, and biomarker outcomes of 
ramucirumab and paclitaxel combination treatment (RAM+PAC) in patients with (LM+) and 
without (LM−) LM at baseline.
Materials and Methods: Patients (n=665) were randomly assigned on a 1:1 basis to receive 
either RAM+PAC (LM+: 150, LM−: 180) or placebo and paclitaxel (PL+PAC) (LM+: 138, 
LM−: 197). The overall survival (OS) and progression-free survival (PFS) were evaluated 
using stratified Kaplan–Meier and Cox regression models. The correlation of dichotomized 
biomarkers (VEGF-C, D; VEGFR-1,2) with efficacy in the LM+ versus LM− subgroups was 
analyzed using the Cox regression model with reported interaction P-values.
Results: The presence of LM was associated with earlier progression than those without LM, 
particularly in patients receiving PL+PAC (hazard ratio [HR], 1.68). RAM+PAC treatment 
improved OS and PFS irrespective of LM status but showed greater improvement in LM+ 
than that in LM− (OS HR, 0.71 [LM+] vs. 0.88 [LM−]; PFS HR, 0.47 [LM+] vs. 0.76 [LM−]). 
Treatment-emergent adverse events were similar between patients with and without LM. No 
predictive relationship was observed between biomarker levels (VEGF-C, D; VEGFR-1,2) and 
efficacy outcome (OS, PFS) (all interaction P-values >0.05).
Conclusions: RAM provided a significant benefit, irrespective of LM status; however, its 
effect was numerically stronger in patients with LM. Therefore, RAM+PAC is a clinically 
meaningful therapeutic option for patients with mGEA and LM.
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INTRODUCTION

Globally, gastric cancer is the fifth most common malignancy and is responsible for an 
estimated 769,000 deaths, which equates to 1 in every 13 deaths globally [1]. Eastern Asia 
(Japan and Mongolia) has the highest incidence of gastric cancer among men and women. 
The prognosis of patients with advanced/metastatic gastric/gastroesophageal junction 
adenocarcinoma (metastatic esophagogastric adenocarcinoma; mGEA) remains poor, with 
liver metastasis (LM) reported in approximately 40% of patients [2,3]. Patients with LM 
often have multiple metastatic tumors in the liver, and their development is associated with 
high mortality (6-month survival rates of 20%–50%) [4]. The metastatic pattern of gastric 
cancers is complex owing to the heterogeneous histological types observed with the disease; 
however, intestinal-type carcinoma is associated with an increased risk of LM [3,5,6]. In 
addition, several LM risk factors have been identified, including advanced age, tumor site, and 
pathology grade [7]. Interestingly, the patient’s treatment may positively or negatively increase 
the risk of LM and long-term survival [3]. In addition, several studies have identified vascular 
endothelial growth factor (VEGF) expression as an important risk factor for LM [8-10].

Ramucirumab (RAM), a human IgG1 monoclonal antibody VEGFR-2 antagonist, prevents 
ligand-binding and receptor-mediated pathway activation in endothelial cells [11,12]. The 
phase 3 RAINBOW study (NCT01170663) showed improved overall survival (OS) for patients 
treated with a combination of RAM+ paclitaxel (PAC) versus placebo (PL) and PAC [12] and is 
regarded as the standard second-line treatment for patients with mGEA [13,14].

A retrospective analysis of patients with mGEA and LM who received treatment at the Aichi 
Cancer Center Hospital from 2005 to 2019 showed significant improvements in OS (P<0.001) 
after approval of ramucirumab and nivolumab (from 2015 to 2019) [15]. An improved benefit 
was also observed within the phase 3 RAINBOW-Asia LM subgroup analysis, as patients with 
LM tended to receive more benefit from RAM+PAC treatment than those without LM [16].

This post-hoc analysis from the RAINBOW trial reported the efficacy, safety, and biomarker 
outcomes of RAM+PAC treatment in patients with (+) and without (−) LM at baseline.

MATERIALS AND METHODS

Study design, biomarker sample collection, and analysis
The randomized, placebo-controlled, double-blind, phase 3 RAINBOW trial was conducted at 
170 centers in 27 countries in North and South America, Europe, Asia, and Australia. Patients 
(n=665) were randomly assigned on a 1:1 basis to receive RAM+PAC (LM+: 150, LM−: 180) or 
PL+PAC (LM+: 138, LM−: 197) (Supplementary Figs. 1 and 2). The detailed eligibility criteria 
have been described previously [12]. Briefly, patients had locally advanced mGEA, Eastern 
Cooperative Oncology Group Performance Status (ECOG PS) 0 or 1, documented objective 
radiological or clinical disease progression during or within 4 months of the last dose of first-
line platinum and fluoropyrimidine doublet with or without anthracycline, and measurable 
or non-measurable evaluable disease defined by the Response Evaluation Criteria In Solid 
Tumors (RECIST), version 1.1. Patient demographics and baseline clinical characteristics 
were generally well-balanced across the treatment arms, as previously described [12].
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Plasma was collected from all patients before RAM+PAC treatment, prior to cycle 2, day 
15 (4th RAM/PL infusion), prior to cycle 4, day 1 (7th RAM/PL infusion), and 30 days 
after discontinuation of treatment. At the study onset, available samples were assayed for 
circulating protein factors using electrochemiluminescent assays performed by Alta Intertek 
Pharmaceutical Services (San Diego, CA, USA). Later, Eli Lilly and Company developed assays 
that became available, which targeted key VEGF-family markers. These assays were also 
quantitative sandwich electrochemiluminescent assays used exclusively for baseline plasma 
samples. VEGF-A was not assessed in either assay platform because plasma samples were 
collected in heparin tubes, and heparin has been found to interfere with the VEGF-A assay.

Statistical analysis
Efficacy (objective response rate [ORR], disease control rate [DCR], OS, and progression-
free survival [PFS]) analyses were based on predefined subgroups (LM+ vs. LM−) within the 
intent-to-treat (ITT) population, which comprised all randomly assigned patients irrespective 
of whether the patient received study medication. Kaplan–Meier (KM) and Cox regression 
models stratified by geographic region, time to progression on first-line therapy, and disease 
measurability were used for OS and PFS. The frequency and percentage of ORR and DCR in 
each group are reported.

The safety analyses included all patients who received at least one dose of any study drug 
and were based on predefined subgroups (LM+ vs. LM−). The frequency and percentage of 
treatment-emergent adverse events (TEAEs) and special interest TEAEs were reported.

For the prognosis analyses, exploratory post-hoc analyses were performed using the Cox 
univariate model of LM stratified by randomization factors (disease measurability, time 
to progression on first-line therapy, and geographical regions) within each treatment arm 
(RAM+PAC or PL+PAC) and with the ITT population stratified by treatment arm. The hazard 
ratio (HR), its 2-sided 95% confidence limits, and P-value were reported accordingly, with a 
significance level of 0.05 for testing prognosis factors.

To assess the correlation of biomarkers detected in plasma (VEGF-C, D; VEGFR-1,2) with 
efficacy in the LM+ versus LM− subgroups, the biomarkers were dichotomized at the 
observed median concentration. Data were separated into high and low groups and treated 
as binary variables. The Intertek population consisted of all patients in the ITT population 
with ≥1 Intertek biomarker value across all visits [17]. The predictive effect of each biomarker 
on OS/PFS was determined using the Cox univariate model of LM stratified by randomization 
factors (geographic region, disease measurability, and time to disease progression after 
beginning first-line treatment). The effect of treatment on OS and PFS was analyzed using 
Cox regression in patients with or without LM. The HR, its 2-sided 95% confidence limits, 
and P-value of testing the interaction of treatment and biomarkers were reported accordingly.

As the analyses were exploratory and post hoc, P-values were descriptive and not inferential.

RESULTS

A total of 665 randomized patients (LM+: 288, LM−: 377) from the phase 3 RAINBOW 
study were included in the analysis. The patient demographics and baseline characteristics 
are presented in Table 1. Irrespective of the treatment arm, patients with LM were more 
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commonly male and had measurable disease, intestinal subtype, and ≥3 metastatic sites 
(Table 1). Conversely, patients without LM had a higher incidence of ascites, non-measurable 
disease, diffuse subtype, and 0–2 metastatic sites.

The presence of LM was not a prognostic factor for OS (HR, 1.13; 95% confidence interval 
[CI], 0.95–1.35; P=0.1575), as shown in Table 2. However, the presence of LM for PFS was 
determined to be prognostically negative as the HR value was significantly greater than 1 
(HR, 1.36; 95% CI, 1.15–1.61; P=0.0003) at a nominal level of 5% in the ITT population. This 
was mainly driven by patients receiving PL+PAC (HR, 1.68; 95% CI, 1.30–2.17; P=0.0001).
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Table 1. Patient baseline demographics and disease characteristics
Characteristic LM+ LM−

RAM+PAC (n=150) PL+PAC (n=138) RAM+PAC (n=180) PL+PAC (n=197)
Mean age (yr) 62 61 59 59
Male 121 (80.7) 109 (79.0) 108 (60.0) 134 (68.0)
ECOG PS

0 56 (37.3) 53 (38.4) 61 (33.9) 91 (46.2)
1 94 (62.7) 85 (61.6) 119 (66.1) 106 (53.8)

Weight loss in the previous 3 months
≥10% 27 (18.0) 20 (14.5) 26 (14.4) 27 (13.7)
<10% 123 (82.0) 118 (85.5) 154 (85.6) 168 (85.3)

Race
Asian 41 (27.3) 41 (29.7) 69 (38.3) 80 (40.6)
White 105 (70.0) 93 (67.4) 103 (57.2) 106 (53.8)
Other* 4 (2.6) 4 (2.8) 8 (4.4) 11 (5.5)

Primary tumor location
Gastric 113 (75.3) 100 (72.5) 151 (83.9) 164 (83.2)
Presence of ascites 39 (26.0) 21 (15.2) 91 (50.6) 86 (43.7)

Extent of disease
Locally advanced 0 (0.0) 0 (0.0) 6 (3.3) 10 (5.1)
Metastatic 150 (100.0) 138 (100.0) 174 (96.7) 186 (94.4)

Measurability
Measurable 144 (96.0) 136 (98.6) 112 (62.2) 129 (65.5)
Non-measurable 6 (4.0) 2 (1.4) 68 (37.8) 67 (34.0)

Histological subtype
Intestinal 81 (54.0) 74 (53.6) 64 (35.6) 61 (31.0)
Diffuse 28 (18.7) 37 (26.8) 87 (48.3) 96 (48.7)
Mixed 12 (8.0) 6 (4.3) 9 (5.0) 8 (4.1)
Unknown 29 (19.3) 21 (15.2) 20 (11.1) 32 (16.2)

Primary tumor present 89 (59.3) 90 (65.2) 120 (66.7) 119 (60.4)
Number of metastatic sites

0–2 76 (50.7) 72 (52.2) 133 (73.9) 160 (81.2)
≥3 74 (49.3) 66 (47.8) 47 (26.1) 37 (18.8)

Prior treatment lines
First-line 150 (100.0) 138 (100.0) 179 (99.4) 197 (100.0)
Second-line 3 (2.0) 1 (0.7) 2 (1.1) 1 (0.5)
Adjuvant 16 (10.7) 9 (6.5) 15 (8.3) 23 (11.7)
Neoadjuvant 8 (5.3) 5 (3.6) 16 (8.9) 10 (5.1)

Any prior anti-cancer therapy
chemotherapy 150 (100.0) 138 (100.0) 180 (100.0) 197 (100.0)
targeted antibody 17 (11.3) 15 (10.9) 13 (7.2) 10 (5.1)

Prior surgery
Yes 61 (40.7) 49 (35.5) 72 (40.0) 77 (39.1)
No 89 (59.3) 89 (64.5) 108 (60.0) 120 (60.9)

Values are presented as number of participants (%).
ECOG PS = Eastern Cooperative Oncology Group Performance Score; LM+/− = with/without liver metastasis; PAC = paclitaxel; PL = placebo; RAM = ramucirumab.
*Other include Black, American Indian, Alaska Native, and others.



A survival benefit favoring RAM+PAC was observed, irrespective of LM status (Fig. 1). The 
median OS (mOS) among patients treated with RAM+PAC was 9.6 months regardless of 
the presence of LM, but a greater treatment benefit was observed in patients with LM (HR, 
0.71; 95% CI, 0.54–0.93) than in those without LM (HR, 0.88; 95% CI, 0.69–1.11). Similarly, 
patients treated with RAM+PAC experienced improved median PFS (mPFS) irrespective of 
LM status, with more treatment benefits observed in patients with LM (HR, 0.47; 95% CI, 
0.36–0.60) than in those without (HR, 0.76; 95% CI, 0.61–0.96). The interaction P-value 
obtained for OS was not significant (P=0.3622), whereas a significant interaction P-value 
(P=0.0061) was obtained for PFS. Better ORR was observed in patients with LM treated with 
RAM+PAC than those without LM (38% vs. 19%); however, similar disease control rates were 
obtained (79% vs. 81%), as shown in Table 3.

Regarding safety, the occurrence of adverse events was well-balanced between the patients with 
and without LM. However, patients with LM experienced lower incidences of proteinuria of any 
grade than those without LM, irrespective of treatment arm (RAM+PAC: 11% vs. 22%; PL+PAC: 
3% vs. 8%) (Table 4). Patients with LM treated with RAM+PAC experienced a lower incidence 
of vomiting than those without LM (22% vs. 31%) (Table 5). Regarding liver injury and failure, 
the incidence of adverse events reported among patients with (any grade: 16%; grade ≥3:4%) 
and without LM (any grade: 17%; grade ≥3:5%) was similar in the RAM+PAC treatment arm 
(Supplementary Table 1). A similar trend was observed in the PL+PAC treatment arms with 
(any grade: 16%; grade ≥3:5%) and without LM (any grade: 10%; grade ≥3:3%).

The mean and median biomarker levels in patients with and without LM are shown in 
Supplementary Table 2. The median levels were used as cut-off points for Cox regression 
analyses. Similar mOS in months was obtained for patients with and without LM treated with 
RAM+PAC for high levels of VEGF-C (9.7 vs. 10.0; Supplementary Table 3), VEGF-D (11.4 
vs. 11.4; Supplementary Table 4), and VEGFR-1 (9.2 vs. 9.6; Supplementary Table 5). The 
mPFS was similar among patients with and without LM across all biomarkers, as shown in 
Supplementary Tables 3-6.

Baseline Intertek assay results were analyzed for a predictive relationship between biomarker 
levels (VEGF-C, D; VEGFR-1,2) and efficacy outcome (OS, PFS) using interaction models 
in the LM+ versus LM− subgroups. The OS and PFS HR values obtained for patients with 
LM were similar to or lower than those without LM across all biomarkers and expression 
levels, as shown in Table 6. However, no significant interaction indicative of a predictive 
relationship was found (all P-values >0.05).
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Table 2. Cox univariate model of LM (yes vs. no) stratified by randomization factors or treatment arm (RAM+PAC 
or PL+PAC and total column)
Variables LM (yes vs. no) Total (n=665)

RAM+PAC (n=288) PL+PAC (n=377)
OS

HR (95% CI) 1.17 (0.88–1.54) 1.15 (0.88–1.49) 1.13 (0.95–1.35)
P-value 0.2771 0.3135 0.1575

PFS
HR (95% CI) 1.16 (0.89–1.51) 1.68 (1.30–2.17) 1.36 (1.15–1.61)
P-value 0.2583 0.0001 0.0003

The model includes randomization stratification factors, and results by treatment arm and total column. Total 
refers to the intent-to-treat population (n=665).
LM = liver metastasis; RAM = ramucirumab; PAC = paclitaxel; PL = placebo; OS = overall survival; PFS = 
progression-free survival; HR = hazard ratio; CI = confidence interval.



DISCUSSION

RAM+PAC is the standard of care in second-line settings worldwide; however, the second-
line transition rate for patients with mGEA remains very low in most countries, except Japan. 
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Fig. 1. KM plots of (A) OS and (B) PFS by LM status for RAM+PAC vs. PL+PAC. 
KM = Kaplan–Meier; OS = overall survival; PFS = progression-free survival; LM = liver metastasis; RAM = 
ramucirumab; PAC = paclitaxel; PL = placebo; LM+/− = with/without liver metastasis; HR = hazard ratio; CI = 
confidence interval. 
*Wald test of treatment-by-subgroup interaction from stratified Cox model, stratified by study randomization 
factors: geographic region, time to progression on first-line therapy, and disease measurability.



This is illustrated through the level of subsequent therapies in several recent global phase 
3 trials, including the RAINFALL (48%), KEYNOTE-062 (47%), and CheckMate-649 trials 
(38%) [18]. As 50% of patients who progress after first-line therapy are candidates for further 
treatment, the data presented in this study suggest that while RAM+PAC cannot be used as 
a second-line treatment option for all patients, it should be considered for those with LM 
[19]. In Japan, conversion surgery—resection in initially unresectable patients after response 
to chemotherapy—is used to treat eligible late-stage patients with mGEA [20]. The data 
presented in this study show a higher ORR in the LM+ group (38%) than that in the LM− group 
(19%). The active use of RAM+PAC may provide new opportunities for improved treatment 
outcomes in patients with LM, as they are potential candidates for conversion surgery [21].

This post -hoc analysis aimed to report the efficacy, safety, and biomarker outcomes of 
RAM+PAC treatment in patients with and without LM at baseline. Due to several factors, 
including the small sample size, the prognostic association of LM with OS in this study is 
inconsistent with previously published data. The literature shows that the presence of LM 
is associated with poor survival in patients with mGEA [4,22] owing to the impairment of 
vital organ function and increasing tumor burden to lethal levels [3,23]. This leads to lower 
1-year (LM+ vs. LM−, 12.5% vs. 43.3%) and 2-year (LM+ vs. LM−, 5.6% vs. 43.3%) survival 
rates [24]. In addition, a lower 5-year median OS has been reported compared with that in 
patients without LM (LM+ vs. LM−, 6.5% vs. 17.5%). The prognostic significance of LM has 
been evaluated in several reports [22,24-27]. Among patients with mGEA who underwent 
chemotherapy, the presence of LM was determined to be a negative prognostic factor for 
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Table 3. Tumor response of patients with and without LM treated with RAM+PAC versus PL+PAC*

Variables LM+ LM−
RAM+PAC (n=150) PL+PAC (n=138) RAM+PAC (n=180) PL+PAC (n=197)

CR 1 (0.7) 0 (0.0) 1 (0.6) 1 (0.5)
PR 56 (37.3) 33 (23.9) 34 (18.9) 20 (10.2)
SD 62 (41.3) 44 (31.9) 110 (61.1) 115 (58.4)
PD 16 (10.7) 45 (32.6) 27 (15.0) 38 (19.3)
Non-evaluable 15 (10.0) 16 (11.6) 8 (4.4) 23 (11.7)
ORR (CR/PR) 57 (38.0) 33 (23.9) 35 (19.4) 21 (10.7)
DCR (CR/PR/SD) 119 (79.3) 77 (55.8) 145 (80.6) 136 (69.0)
Values are presented as number of participants (%). Total refers to the intent-to-treat population (n=665).
LM = liver metastasis; RAM = ramucirumab; PAC = paclitaxel; PL = placebo; LM+/− = with/without liver 
metastasis; CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease; ORR = 
overall response rate; DCR = disease control rate.

Table 4. Occurrence of adverse events of special interest by the presence of LM
AE of special interest LM+ LM−

RAM+PAC (n=147) PL+PAC (n=136) RAM+PAC (n=180) PL+PAC (n=193)
Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grade ≥3

Bleeding/hemorrhage events 66 (44.9) 10 (6.8) 17 (12.5) 3 (2.2) 71 (39.4) 4 (2.2) 42 (21.8) 5 (2.6)
Hypertension 39 (26.5) 27 (18.4) 8 (5.9) 3 (2.2) 43 (23.9) 21 (11.7) 11 (5.7) 6 (3.1)
Liver injury/failure 23 (15.6) 6 (4.1) 22 (16.2) 7 (5.1) 31 (17.2) 9 (5.0) 19 (9.8) 6 (3.1)
GI hemorrhage events 19 (12.9) 8 (5.4) 4 (2.9) 3 (2.2) 14 (7.8) 4 (2.2) 16 (8.3) 2 (1.0)
Arterial thromboembolic events 3 (2.0) 2 (1.4) 2 (1.5) 2 (1.5) 3 (1.7) 1 (0.6) 3 (1.6) 1 (0.5)
Proteinuria 16 (10.9) 2 (1.4) 4 (2.9) 0 (0.0) 39 (21.7) 2 (1.1) 16 (8.3) 0 (0.0)
Renal failure 7 (4.8) 3 (2.0) 4 (2.9) 2 (1.5) 15 (8.3) 3 (1.7) 10 (5.2) 1 (0.5)
Infusion related reaction 6 (4.1) 1 (0.7) 5 (3.7) 0 (0.0) 13 (7.2) 1 (0.6) 7 (3.6) 0 (0.0)
Venous thromboembolic events 6 (4.1) 3 (2.0) 9 (6.6) 4 (2.9) 7 (3.9) 5 (2.8) 9 (4.7) 7 (3.6)
Congestive heart failure 4 (2.7) 1 (0.7) 2 (1.5) 2 (1.5) 4 (2.2) 1 (0.6) 2 (1.0) 0 (0.0)
Gastrointestinal perforation 2 (1.4) 2 (1.4) 1 (0.7) 0 (0.0) 2 (1.1) 2 (1.1) 0 (0.0) 0 (0.0)
Values are presented as number of participants (%).
LM = liver metastasis; LM+/− = with/without liver metastasis; RAM = ramucirumab; PAC = paclitaxel; PL = placebo; AE = adverse event; GI = gastrointestinal.



survival [22,25,26]. The presence of LM is an independent poor prognostic factor even after 
hepatic resection [28]. In a multicenter study involving 200 patients treated with third-line 
nivolumab, the presence of LM was prognostic for PFS in both univariate (HR, 1.55; 95% 
CI, 1.12–2.14; P=0.008) and multivariate (HR, 2.01; 95% CI, 1.40–2.89; P<0.001) analyses. 
Similarly, Tokumaru et al. [29] observed significantly worse PFS rates among patients with 
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Table 5. Occurrence of treatment-emergent AEs (>10%) by the presence of LM
AE LM+ LM−

RAM+PAC (n=147) PL+PAC (n=136) RAM+PAC (n=180) PL+PAC (n=193)
Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grage ≥3 Any grade Grade ≥3

Neutropenia 81 (55.1) 65 (44.2) 38 (27.9) 27 (19.9) 97 (53.9) 68 (37.8) 64 (33.2) 35 (18.1)
Anemia 48 (32.7) 11 (7.5) 49 (36.0) 10 (7.4) 63 (35.0) 19 (10.6) 68 (35.2) 24 (12.4)
Leukopenia 44 (29.9) 25 (17.0) 27 (19.9) 10 (7.4) 67 (37.2) 32 (17.8) 42 (21.8) 12 (6.2)
Thrombocytopenia 18 (12.2) 3 (2.0) 9 (6.6) 3 (2.2) 25 (13.9) 2 (1.1) 11 (5.7) 3 (1.6)
Decreased appetite 58 (39.5) 3 (2.0) 36 (26.5) 2 (1.5) 73 (40.6) 7 (3.9) 69 (35.8) 11 (5.7)
Fatigue 55 (37.4) 11 (7.5) 37 (27.2) 6 (4.4) 75 (41.7) 12 (6.7) 69 (35.8) 7 (3.6)
Nausea 46 (31.3) 3 (2.0) 38 (27.9) 2 (1.5) 69 (38.3) 3 (1.7) 70 (36.3) 6 (3.1)
Epistaxis 44 (29.9) 0 (0.0) 7 (5.1) 0 (0.0) 56 (31.1) 0 (0.0) 16 (8.3) 0 (0.0)
Alopecia 41 (27.9) 0 (0.0) 45 (33.1) 0 (0.0) 66 (36.7) 0 (0.0) 82 (42.5) 1 (0.5)
Diarrhea 40 (27.2) 5 (3.4) 28 (20.6) 3 (2.2) 66 (36.7) 7 (3.9) 48 (24.9) 2 (1.0)
Edema peripheral 40 (27.2) 1 (0.7) 18 (13.2) 1 (0.7) 42 (23.3) 4 (2.2) 27 (14.0) 1 (0.5)
Abdominal pain 39 (26.5) 5 (3.4) 26 (19.1) 5 (3.7) 62 (34.4) 13 (7.2) 41 (21.2) 6 (3.1)
Hypertension 37 (25.2) 25 (17.0) 6 (4.4) 3 (2.2) 41 (22.8) 21 (11.7) 10 (5.2) 5 (2.6)
Constipation 36 (24.5) 0 (0.0) 27 (19.9) 1 (0.7) 34 (18.9) 0 (0.0) 44 (22.8) 1 (0.5)
Asthenia 35 (23.8) 12 (8.2) 18 (13.2) 4 (2.9) 34 (18.9) 6 (3.3) 27 (14.0) 2 (1.0)
Vomiting 32 (21.8) 3 (2.0) 23 (16.9) 1 (0.7) 56 (31.1) 7 (3.9) 45 (23.3) 11 (5.7)
Peripheral sensory neuropathy 30 (20.4) 3 (2.0) 10 (7.4) 1 (0.7) 27 (15.0) 3 (1.7) 26 (13.5) 2 (1.0)
Pyrexia 27 (18.4) 2 (1.4) 19 (14.0) 1 (0.7) 32 (17.8) 1 (0.6) 18 (9.3) 0 (0.0)
Stomatitis 25 (17.0) 0 (0.0) 5 (3.7) 1 (0.7) 39 (21.7) 2 (1.1) 19 (9.8) 1 (0.5)
Cough 23 (15.6) 0 (0.0) 11 (8.1) 0 (0.0) 17 (9.4) 0 (0.0) 14 (7.3) 0 (0.0)
Dyspnea 21 (14.3) 5 (3.4) 16 (11.8) 2 (1.5) 21 (11.7) 3 (1.7) 15 (7.8) 0 (0.0)
Neuropathy peripheral 19 (12.9) 5 (3.4) 11 (8.1) 1 (0.7) 28 (15.6) 5 (2.8) 19 (9.8) 6 (3.1)
Weight decreased 18 (12.2) 1 (0.7) 15 (11.0) 0 (0.0) 27 (15.0) 5 (2.8) 34 (17.6) 4 (2.1)
Headache 18 (12.2) 0 (0.0) 1 (0.7) 0 (0.0) 14 (7.8) 0 (0.0) 21 (10.9) 1 (0.5)
Rash 16 (10.9) 0 (0.0) 10 (7.4) 0 (0.0) 19 (10.6) 0 (0.0) 16 (8.3) 0 (0.0)
Proteinuria 16 (10.9) 2 (1.4) 4 (2.9) 0 (0.0) 39 (21.7) 2 (1.1) 16 (8.3) 0 (0.0)
Malignant neoplasm progression 19 (12.9) 18 (12.2) 23 (16.9) 23 (16.9) 33 (18.3) 29 (16.1) 37 (19.2) 36 (18.7)
Values are presented as number of participants (%).
LM = liver metastasis; LM+/− = with/without liver metastasis; RAM = ramucirumab; PAC = paclitaxel; PL = placebo; AE = adverse event.

Table 6. Biomarker treatment effect (RAM+PAC vs. PL+PAC) for OS and PFS using Cox regression within patients with or without LM
Biomarker OS PFS

LM+ Interaction LM− Interaction LM+ Interaction LM− Interaction
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

VEGF-C 0.5144 0.3736 0.6090 0.5290
High 0.63 (0.39–1.03) 0.83 (0.54–1.29) 0.39 (0.23–0.64) 0.77 (0.51–1.16)
Low 0.80 (0.48–1.34) 1.11 (0.71–1.76) 0.46 (0.28–0.75) 0.63 (0.42–0.97)

VEGF-D 0.4333 0.6565 0.7568 0.5857
High 0.60 (0.35–1.05) 1.05 (0.60–1.85) 0.40 (0.23–0.69) 0.79 (0.46–1.35)
Low 0.80 (0.51–1.27) 0.90 (0.63–1.30) 0.44 (0.28–0.70) 0.66 (0.47–0.93)

VEGFR-1 0.2526 0.5502 0.6563 0.2387
High 0.57 (0.34–0.95) 1.04 (0.69–1.57) 0.39 (0.23–0.65) 0.81 (0.54–1.22)
Low 0.87 (0.52–1.47) 0.86 (0.54–1.35) 0.46 (0.28–0.76) 0.57 (0.38–0.87)

VEGFR-2 0.2995 0.6982 0.4671 0.6200
High 0.58 (0.35–0.97) 0.87 (0.57–1.34) 0.36 (0.22–0.60) 0.62 (0.42–0.92)
Low 0.85 (0.51–1.40) 0.98 (0.64–1.51) 0.47 (0.28–0.77) 0.72 (0.48–1.08)

Thresholds: For LM+: VEGF-C (cut-off point=352.70 pg/mL), VEGF-D (cut-off point=590.49 pg/mL), VEGFR-1 (cut-off point=130.40 pg/mL), VEGFR-2 (cut-off 
point=11,925.00 pg/mL); For LM−: VEGF-C (cut-off point=364.25 pg/mL), VEGF-D (cut-off point=590.49 pg/mL), VEGFR-1 (cut-off point=113.70 pg/mL), VEGFR-2 
(cut-off point=11,480.00 pg/mL).
RAM = ramucirumab; PAC = paclitaxel; PL = placebo; OS = overall survival; PFS = progression-free survival; LM = liver metastasis; LM+/− = with/without liver 
metastasis; HR = hazard ratio; CI = confidence interval; VEGF = vascular endothelial growth factor; VEGFR = vascular endothelial growth factor receptor.



LM treated with nivolumab than among other patients (1-year PFS: 0.0 vs. 24.4%, respectively; 
P=0.005). The results obtained in our study are inconsistent with published data for OS, 
and our data showed that the presence of LM was not prognostic for OS (HR, 1.13; 95% CI, 
0.95–1.35; P=0.1575), but it was for PFS (HR, 1.36; 95% CI, 1.15–1.61; P=0.0003). These results 
suggest a different and stronger effect of LM on PFS than on OS. Patients with LM were 
estimated to have a 36% greater risk of disease progression or death overall than those without 
LM (total HR, 1.36), and this observation was statistically significant (P=0.0003). More 
importantly, this observation appears to have been driven mostly by the effect of LM within 
the PL group, where LM+ was observed to have a 68% increased risk of disease progression or 
death (HR, 1.68; P=0.0001). The PFS results suggested that RAM+PAC may lower the risk of 
disease progression or death in patients with LM. VEGF has previously been associated with 
the development and growth of LM [8,30]. Additionally, an in vivo mouse model with LM 
treated with anti-angiogenesis agents, including VEGFR tyrosine kinase inhibitors or DC101 
(VEGFR-2 antibody), demonstrated lower liver weights (a gross measure of hepatic tumor 
burden), inhibited tumor growth and vascularity, and induced endothelial cell apoptosis 
[31,32]. A similar phenomenon has been reported in clinical trials of RAM [33-35].

The patient demographics and disease characteristics reported in this study are consistent 
with other reports, as the following factors were more prevalent among patients with LM: 
intestinal type, higher number of metastatic sites, non-Asian sex, and male [1-3]. The LM+ 
vs. LM− groups varied significantly along with other clinical features, including ascites rate, 
histology, and sex. Additionally, the LM+ group was enriched for white patients, which likely 
reflects the intestinal type and more proximal cancers.

A retrospective analysis involving 1,355 patients with mGEA who received treatment at the 
Aichi Cancer Center Hospital from 2005 to 2019 showed a remarkable improvement (from 14.3 
to 19.3 months) among those with LM after the approval of RAM and nivolumab (from 2015 
to 2019) [15]. This improvement was statistically significant in the multivariate analyses (HR, 
0.45; 95% CI, 0.31–0.65; P<0.001). An improved benefit was also observed within the phase 3 
RAINBOW-Asia LM subgroup analysis, as patients with LM tended to receive more benefit from 
RAM+PAC treatment than those without LM [16]. Similar results were observed in our analyses 
as improvements in mOS and mPFS were observed among patients treated with RAM+PAC 
irrespective of LM status, with greater benefit observed in those with OS LM (HR, 0.71; 95% 
CI, 0.54–0.93) than those without LM (HR, 0.88; 95% CI, 0.69–1.11) and mPFS LM (HR, 0.47; 
95% CI, 0.36–0.60) than those without LM (HR, 0.76; 95% CI, 0.61–0.96). Regarding safety, the 
occurrence of adverse events was well-balanced between patients with and without LM, with 
lower incidences of vomiting and proteinuria reported for patients with LM.

There were no major differences regarding liver injuries between patients with (any grade: 
16%; grade ≥3:4%) and without LM (any grade: 17%; grade ≥3:5%) treated with RAM+PAC. 
These results showed that treatment with RAM+PAC did not increase the risk of liver injury in 
patients with or without LM.

VEGF expression in cancer cells can serve as a pertinent prognostic indicator in both early 
and mGEA and has been identified as a risk factor for LM [8-10]. In a pre-clinical study, 
Yang et al. [36] showed that discontinuation of anti-VEGF cancer therapy can promote LM; 
however, the results within the human population remain to be seen. The prognostic [37-39] 
and predictive [40,41] values of VEGF ligand and subtype expression have been demonstrated 
in several studies involving patients with mGEA. In particular, VEGF-C expression is strongly 
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correlated with poor prognosis [39,42], with 5-year survival rates of 48% for patients 
expressing VEGF-C versus 66% for those without VEGF-C expression; however, in this 
study, the difference was not statistically significant [39]. Similarly, in multivariate analysis, 
the expression of VEGFR-1 and -2 in stromal vessels was an independent predictor of poor 
outcomes among patients with GEA [40].

Although several studies have investigated the plasma biomarkers of anti-VEGF antibodies, 
there are few reproducible results. In colorectal cancer, VEGF-D could be a predictive 
biomarker of RAM, according to a sub-analysis of the RAISE trial [43]. In the RAINBOW 
study, no predictive markers for RAM in gastric cancer were identified. In the present study, 
we searched for plasma biomarkers separately for the presence or absence of LM.

As these studies were not powered for LM subgroup analyses, the prognostic effects of VEGF-
C/D and VEGFR-1/2 biomarkers among patients with and without LM were investigated in 
our analyses. Similar mOS and mPFS were observed for patients irrespective of LM status; 
however, the biomarker data were limited, and there was insufficient evidence for a predictive 
relationship between any marker and treatment effect (all P-values >0.05).

In this exploratory analysis, the presence of LM may be a negative prognostic factor for PFS, 
especially in patients treated with PL+PAC, and a positive interaction was observed between 
the presence of LM and RAM treatment (P=0.0061). Irrespective of the presence of LM, RAM 
provided a significant benefit, with a numerically stronger effect observed in patients with 
LM. No new safety signals were observed. These results indicate that RAM+PAC is a viable 
therapeutic option for patients with mGEA and LM as well as for those without LM.
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