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Background: Adding nivolumab to fluoropyrimidines and platinum agents has been considered a new 
standard first-line treatment in previously untreated human epidermal growth factor receptor 2 (HER2)-
negative advanced gastric cancer (AGC). However, there were few data on the role of ramucirumab plus 
paclitaxel as second-line treatment after failure of nivolumab plus doublet chemotherapy. Herein, we 
analyzed the efficacy and safety of second-line ramucirumab plus paclitaxel in AGC patients refractory to 
nivolumab plus chemotherapy.
Methods: This analysis included AGC patients with ramucirumab plus paclitaxel as second-line therapy 
after failing to respond to nivolumab plus doublet chemotherapy [capecitabine plus oxaliplatin (XELOX) 
or 5-fluorouracil plus oxaliplatin (FOLFOX)] at Samsung Medical Center, Korea. Twenty patients who 
progressed on nivolumab plus chemotherapy as first-line therapy were treated with ramucirumab plus 
paclitaxel between December 2021 and September 2022.
Results: The median age was 56 (range, 24–76) years, and 13 (65.0%) were men. Of the 20 patients, 15 
(75.0%) patients received nivolumab plus capecitabine, and oxaliplatin, while 5 (25.0%) patients received 
nivolumab plus 5-fluorouracil, and oxaliplatin. Two showed a partial response (PR) to ramucirumab plus 
paclitaxel, a response rate of 10%. Patients with stable disease (SD) accounted for a disease control rate (DCR) 
of 55.0%. The median progression-free survival (PFS) to ramucirumab plus paclitaxel was 2.7 months [95% 
confidence interval (CI): 1.7–3.7]. Subgroup analysis showed that responders (n=7) to first-line therapy had 
a PFS of 6.9 months compared to 2.3 months in non-responders (n=13) to first-line therapy. The median 
overall survival (OS) was 6.3 months (95% CI: 5.5–8.3), representing 6.9 months (95% CI: not calculated) in 
responders and 6.3 months (95% CI: 3.7–8.9) in non-responders (P=0.401).
Conclusions: This analysis suggested that ramucirumab plus paclitaxel as second-line therapy might be 
further studied in AGC patients after failure of nivolumab plus chemotherapy. A new second-line therapy is 
needed in AGC patients after nivolumab plus chemotherapy.
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Introduction

According to GLOBOCAN 2020 estimates, stomach 
cancer was the fifth most common malignancy in the world, 
with approximately 1.1 million new cases in 2020, and the 
fourth leading cause of cancer death with approximately 
800,000 deaths (accounting for 7.7% of all cancer deaths) (1).  
For human epidermal growth factor receptor 2 (HER2)-
negative advanced gastric cancer (AGC), a combination 
of fluoropyrimidines and platinum agents is the standard 
first-line treatment (2,3). Ramucirumab is a recombinant 
human immunoglobulin G1 (IgG1)-neutralizing monoclonal 
antibody (mAb) which is selective for the ectodomain of 
vascular endothelial growth factor receptor 2 (VEGFR-2) (4).  
As second-line chemotherapy, paclitaxel and paclitaxel/
ramucirumab were compared in the phase III RAINBOW 
trial in 2014. The results showed that the combination 
group had significantly longer median overall survival (OS) 
(9.6 months) than the paclitaxel alone group (7.4 months), 
as well as a higher response rate (28% vs. 16%). As a result, 
the paclitaxel/ramucirumab combination is currently 
regarded as the second-line preferred standard care for 

treating metastatic gastric cancer around the world (5).
Recently, nivolumab has shown superior survival benefits 

and an acceptable safety profile when combined with 
fluoropyrimidines and platinum as first-line therapy in 
previously untreated patients with AGC. In the CheckMate 
649 study, combining nivolumab with chemotherapy 
significantly improved OS [hazard ratio (HR): 0.71; 
98.4% confidence interval (CI): 0.59–0.86; P<0.001] 
and progression-free survival (PFS; HR: 0.68; 98% CI: 
0.56–0.81; P<0.001) (6) compared to the chemotherapy 
group in treatment-naive AGC patients with a programmed 
cell death ligand 1 (PD-L1) combined positive score 
(CPS) of five or more (6). Therefore, nivolumab plus 
chemotherapy has become a new standard first-line 
treatment for patients with metastatic gastric cancer. 
However, the current standard second-line therapy for 
AGC has not been established based on this new first-line 
regimen of nivolumab plus chemotherapy. Angiogenesis 
and immune cells are important components of the tumor 
microenvironment (TME). The interaction of protumoral 
immune cells and tumor vasculature within the TME results 
in a vicious cycle that leads to increased inflammation and 
further damage to the tumor vessels, resulting in tumor 
progression and metastasis (7-9).

Herein, we analyzed the efficacy and safety of second-
line ramucirumab plus paclitaxel in AGC patients refractory 
to nivolumab plus chemotherapy. We present this article in 
accordance with the TREND reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-598/rc).

Methods

We analyzed 20 AGC patients who received ramucirumab 
and paclitaxel as second-line therapy after failure of 
nivolumab, fluoropyrimidines, and platinum between 
December 2021 and September 2022 at Samsung Medical 
Center. The inclusion criteria for the study were as 
follows: (I) adult patients (18 years of age or older) with a 
pathologically confirmed diagnosis of adenocarcinoma in 
the stomach; (II) treated with nivolumab plus chemotherapy 
as the first-line treatment; and (III) patients refractory to 
nivolumab plus chemotherapy. This retrospective study was 
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conducted according to the provisions of the Declaration 
of Helsinki (as revised in 2013) and Good Clinical Practice 
guidelines. This study was approved by the Institutional 
Review Board (IRB) of Samsung Medical Center (No. 
2022-12-064). Due to the retrospective nature of this study, 
the IRB waived the requirement for informed consent from 
the patients.

The following clinicopathologic characteristics were 
collected retrospectively from patient medical records. 
Clinicopathologic parameters included age, sex, European 
Cooperative Oncology Group performance status (ECOG 
PS), histology, microsatellite instability status, tumor 
differentiation, history of gastrectomy, stage, primary site, 
metastasis site, prior chemotherapy, survival and baseline 
laboratory findings.

Clinical outcomes were evaluated for objective response 
rate (ORR), disease control rate (DCR), PFS, OS, and 
safety. The ORR and DCR were assessed by investigators, 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 based on computed 
tomography (CT) or magnetic resonance imaging (MRI). 
The ORR is defined as the percentage of patients who 
achieve a response, which can either be complete response 
(CR; complete disappearance of lesions) or partial response 
(PR; reduction in the sum of maximal tumor diameters by at 
least 30% or more). The DCR is defined as the percentage 
of patients who have achieved CR, PR, and stable disease 
(SD). Treatment-related adverse events (TRAEs) were 
assessed and graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE), version 5.0. PFS 
was defined as the time from the start of ramucirumab plus 
paclitaxel until the date of disease progression or death 
from any cause. Patients who remained alive at the analysis 
cutoff date were censored at that time. OS was defined as 
the time from the start of ramucirumab plus paclitaxel until 
death from any cause, with patients alive at the time of the 
last data cutoff and at the time of the last follow-up being 
censored. Responders were defined as patients whose CR or 
PR was confirmed in response evaluation performed during 
first-line nivolumab plus chemotherapy treatment, and non-
responders were defined as patients whose best ORR was 
SD or progressive disease (PD).

Statistical analysis

Survival analysis between the two subgroups was analyzed 
using the Kaplan-Meier method, and the HR between 
the two subgroups was analyzed using Cox-proportional 

hazard models. All P values were two-sided, and statistical 
significance was set at P<0.05. Statistical analysis was 
performed using IBM SPSS Statistics 25 (Armonk, NY, 
USA).

Results

Patient characteristics

A total of 20 eligible patients with AGC who had progressed 
after first-line chemotherapy with nivolumab plus 
chemotherapy was treated with ramucirumab plus paclitaxel 
under routine clinical practice between December 2021 and 
September 2022. The median age was 56 (range, 41–76) years,  
and 65.0% of the patients were male. All patients had an 
ECOG PS of 1 at the date of second-line chemotherapy. 
Fifteen (75.0%) patients were stage IV AGC when first 
diagnosed, and 5 (25.0%) patients were presenting with 
recurrent disease. Fifteen (75.0%) patients received 
nivolumab plus capecitabine plus oxaliplatin (XELOX) as 
the first-line chemotherapy, while five (25.0%) patients 
received nivolumab plus 5-fluorouracil plus oxaliplatin 
(FOLFOX) as the first-line chemotherapy (Table 1).

Treatment outcomes

Twenty patients were evaluated for response to second-
line ramucirumab plus paclitaxel. Three patients who 
expired within 1 month were not included in the analysis. 
A PR was achieved in 2 patients (10.0%), and SD was 
observed in 9 patients (45.0%). The ORR was 10.0%, and 
the DCR was 55.0% (Table 2). Over the median follow-
up duration of 5.0 months (95% CI: 2.8–7.2), the median 
overall PFS was 2.7 months (95% CI: 1.7–3.7); 6.9 months 
(95% CI: not calculated) in responders (n=7) to the first 
nivolumab-containing chemotherapy and 2.3 months (95% 
CI: 1.6–3.0) in non-responders (n=13) (P=0.428) (Figures 
1,2). At the time of data cutoff, six patients continued to 
receive ramucirumab plus paclitaxel. The median OS was 
6.3 months (95% CI: 5.5–8.3); 6.9 months (95% CI: not 
calculated) in responders (n=7) to the first nivolumab-
containing chemotherapy and 6.3 months (95% CI: 3.7–8.9) 
in non-responders (n=13) (P=0.401) (Figures 3,4).

Toxicity

TRAEs are summarized in Table 3. Anemia was the 
most common treatment-related toxicity. Grade 3 or 4 
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Table 1 Baseline characteristics

Characteristics Value (n=20)

Age (years) 56 [41–76]

Sex

Male 13 (65.0)

Female 7 (35.0)

ECOG PS at second-line start

1 20 (100.0)

Primary tumor site

Gastric cancer 20 (100.0)

Disease status

Advanced 15 (75.0)

Recurrent 5 (25.0)

Histological type

Tubular adenocarcinoma

Moderate 3 (15.0)

Poorly 8 (40.0)

Poorly cohesive carcinoma 9 (45.0)

Microsatellite instability status

Microsatellite stable 20 (100.0)

PD-L1 CPS

<1 7 (35.0)

≥1 8 (40.0)

N.E. 5 (25.0)

Number of organs with metastasis

1 4 (20.0)

2 9 (45.0)

3 4 (20.0)

4 3 (15.0)

Sites of metastases

Lymph nodes 15 (75.0)

Peritoneum 13 (65.0)

Lung 3 (15.0)

Liver 3 (15.0)

Ovary 3 (15.0)

Previous chemotherapy regimen

Nivolumab + XELOX 15 (75.0)

Nivolumab + FOLFOX 5 (25.0)

Data are presented as median [range] or n (%). ECOG PS, 
European Cooperative Oncology Group performance status; 
PD-L1, programmed cell death ligand 1; CPS, combined 
positive score; N.E., not evaluated; XELOX, capecitabine plus 
oxaliplatin; FOLFOX, 5-fluorouracil plus oxaliplatin.

Table 2 Best overall response

Parameters
Total 

(n=20)
Responder 

(n=7)
Non-responder 

(n=13)

Best overall response

CR 0 (0.0) 0 (0.0) 0 (0.0)

PR 2 (10.0) 2 (28.6) 0 (0.0)

SD 9 (45.0) 3 (42.9) 6 (46.2)

PD 9 (45.0) 2 (28.6) 7 (53.8)

ORR 2 (10.0) 2 (28.6) 0 (0.0)

DCR 11 (55.0) 5 (71.4) 6 (46.2)

Data are presented as n (%). CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease; ORR, 
objective response rate; DCR, disease control rate.
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Figure 1 PFS survival curve of patients with AGC treated with 
ramucirumab plus paclitaxel after failure of first-line nivolumab 
containing chemotherapy. PFS, progression-free survival; CI, 
confidence interval; AGC, advanced gastric cancer.
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chemotherapy response. PFS, progression-free survival; CI, 
confidence interval.
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neutropenia was observed in 9 (45.0%) patients. Sensory 
neutropenia occurred in 1 patient (5.0%). No side effects 
related to the anti-angiogenic effect of ramucirumab, such 
as hypertension, bleeding, or thrombosis, were identified.

Discussion

This study examined the clinical outcomes of ramucirumab 
plus paclitaxel as a second-line treatment in AGC patients 
who had failed prior nivolumab-based combination 
chemotherapy. The results revealed an ORR of 10.0% and a 
DCR of 55.0%. The median PFS was 2.7 months (95% CI: 
1.7–3.7), and the median OS was 6.3 months (95% CI: 5.5–
8.3). Compared to the response and survival data from the 
RAINBOW trial, ramucirumab plus paclitaxel as a second-
line treatment in the present study showed relatively worse 
outcomes. This raises the question of whether ramucirumab 

plus paclitaxel as a second-line regimen after first-line 
nivolumab plus chemotherapy is the best treatment for 
AGC patients (5).

The RAINBOW trial reported that the median 
PFS was 4.4 months (95% CI: 4.2–5.3) and the median 
OS was 9.6 months (95% CI: 8.5–10.8) for all enrolled 
patients. The present study showed relatively shorter 
survival outcomes compared to those in the RAINBOW 
trial. In the RAINBOW-Asia trial, the median PFS was  
4.14 months (95% CI: 3.7–4.3) and the median OS was 
8.71 months (95% CI: 7.98–9.49) in the ramucirumab plus 
paclitaxel group (10). However, patients achieving tumor 
response to nivolumab plus chemotherapy as the first-
line had comparable survival outcomes to ramucirumab 
plus paclitaxel compared to those in the RAINBOW and 
RAINBOW-Asia trials (5,10). These findings suggest 
the possibility of selectively applying ramucirumab and 
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Figure 3 OS survival curve of patients with AGC treated with 
ramucirumab plus paclitaxel after failure of first-line nivolumab 
containing chemotherapy. OS, overall survival; CI, confidence 
interval; AGC, advanced gastric cancer.
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Figure 4 OS according to the first nivolumab-containing 
chemotherapy response. OS, overall survival; CI, confidence 
interval.

Table 3 TRAEs

TRAEs Total (n=20) Grade 1–2 (n=20) Grade 3–4 (n=20)

Hematological adverse events

White blood cell count decreased 10 (50.0) 8 (40.0) 2 (10.0)

Neutrophil count decreased 14 (70.0) 5 (25.0) 9 (45.0)

Anemia 20 (100.0) 17 (85.0) 3 (15.0)

Thrombocytopenia 6 (30.0) 6 (30.0) 0 (0.0)

Non-hematological adverse events

Sensory neuropathy 1 (5.0) 1 (5.0) 0 (0.0)

Nausea 1 (5.0) 1 (5.0) 0 (0.0)

Data are presented as n (%). TRAE, treatment-related adverse event.
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paclitaxel to patients with AGC as second-line therapy, 
depending on tumor response before combining nivolumab 
and chemotherapy. However, with the small number of 
single-center studies, additional prospective studies are 
considered necessary.

Immunotherapy mainly targets PD-L1 or programmed 
cell death 1 (PD-1), as they regulate the immune activity of 
tumors. PD-L1 expression is regulated by various pathways, 
and tumors with low PD-L1 expression generally have less 
T cell infiltration than tumors with high PD-L1 expression 
(11,12). Ramucirumab, an anti-VEGFR mAb, inhibits 
angiogenesis and reduces tumor activity. It also causes 
hypoxia to increase the activity of effector T cells (13-15).

Immune cells have been found to play a role in tumor 
angiogenesis through both direct and indirect pathways, 
and immunotherapy has been shown to improve vascular 
function by influencing not only immune cells, but also 
non-immune stromal cells. This normalization of the 
vasculature allows increased tumor entry of immune cells, 
enhancing the effectiveness of immunotherapy (9,16,17). 
As a result, there is a current trend of combining anti-
angiogenic agents with immunotherapy (18-21). The 
immune checkpoint inhibitor and the anti-angiogenic 
agents are important stromal agents. These stromal 
agents made changes in TME. Theologically, the effect of 
nivolumab plus cytotoxic chemotherapy influenced on the 
TME including immune cells and tumor vasculature. Also, 
the refractoriness to nivolumab and cytotoxic chemotherapy 
might make changes to the TME. This change at the time 
of refractoriness to nivolumab plus chemotherapy might 
affect the antitumor effect of ramucirumab and paclitaxel. 
Further studies for the TME after the immune checkpoint 
inhibitor and/or the anti-angiogenic agents are needed.

Sasaki et al. reported that anti-PD-1 therapy exposure in 
AGC enhanced the efficacy of ramucirumab plus paclitaxel. 
ORR of ramucirumab plus paclitaxel was 60.6% in the anti-
PD-1 exposed group and 20.0% in the anti-PD-1 naïve 
group (P<0.001) (22). The study showed an unfavorable 
ORR compared to the present study and the RAINBOW 
study, however, the median PFS in this study was also 3.7 
months in the anti-PD-1 exposed group and 3.3 months in 
the anti-PD-1 naive group. However, it is still unclear how 
Anti-PD-1 Therapy affects the subsequent chemotherapy in 
AGC patients (22). Further research for this area is needed.

There are a few limitations to this study. It was a 
retrospective study with a clinically diverse group which 
may have been biased. Second, the study included only 
a few patients, making it challenging to reach definitive 

conclusions on genomic biomarkers. Third, the study 
only included Asian patients with metastatic AGC, 
limiting the generalizability due to the different molecular 
profiles and clinical characteristics between Western and 
Eastern patients with AGC. Therefore, our findings must 
be interpreted with caution. Nevertheless, this analysis 
suggested that ramucirumab plus paclitaxel as second-line 
therapy might be further studied in AGC patients after 
failure of nivolumab plus chemotherapy.

Conclusions

Ramucirumab plus paclitaxel as second-line therapy might 
be selectively applied to AGC patients according to tumor 
response to prior nivolumab plus chemotherapy. In the 
future, a new innovative study for second-line therapy is 
needed in AGC patients after nivolumab plus chemotherapy.
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