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Abstract
Background A subgroup analysis of data from a nationwide study (KCSG-ST19-16) was performed to evaluate the efficacy 
and safety of second-line ramucirumab plus paclitaxel treatment in patients with human epidermal growth factor receptor 2 
(HER2)-positive advanced gastric or gastro-esophageal junction (GEJ) adenocarcinoma.
Methods The KCSG-ST19-16 study enrolled a total of 1063 patients from 56 hospitals in South Korea with advanced gastric 
or GEJ adenocarcinoma, who had received second-line treatment with ramucirumab plus paclitaxel. HER2 status was known 
for 994 (93.5%) of these patients, who were thus included in the subgroup analysis.
Results In total, 163 of 994 patients (16.4%), had HER2-positive gastric or GEJ adenocarcinoma. The objective response 
rate to ramucirumab plus paclitaxel treatment was significantly higher in patients with HER2-positive disease compared 
to those with HER2-negative disease (23.0% [95% confidence interval (CI), 15.9–30.1] vs. 15.1% [95% CI, 12.3–17.9], 
p = 0.025). The median progression-free survival was longer in patients with HER2-positive versus HER2-negative disease, 
but the difference was not statistically significant (4.3 months [95% CI, 3.7–5.3] vs 3.7 months [95% CI, 3.4–4.0], p = 0.054). 
There was no statistically significant difference in median overall survival (OS) between the groups (9.8 months [95% CI, 
8.9–12.3] vs 10.1 months [95% CI, 9.2–10.9], p = 0.564).
Conclusions In patients with HER2-positive gastric or GEJ adenocarcinoma, the objective response rate to second-line treat-
ment with ramucirumab plus paclitaxel was significantly higher compared to patients with HER2-negative disease. However, 
an increased response to treatment was not associated with an improvement in OS.
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Introduction

Gastric cancer is the fifth most frequently diagnosed cancer 
and third leading cause of cancer death worldwide [1]. In 
South Korea, despite a national screening program, which 
has contributed to a reduction in mortality, gastric cancer 
remains the fourth leading cause of cancer death following 
lung, liver, and colorectal cancer [2].

For advanced inoperable gastric cancer patients, fluoropy-
rimidine and platinum-containing chemotherapy is used as 
a first-line treatment. For patients who fail first-line chemo-
therapy, a combination of ramucirumab (an anti-vascular 
endothelial growth factor receptor 2 [VEGFR-2] antibody) 
and paclitaxel has been recommended as a standard second-
line treatment, irrespective of human epidermal growth fac-
tor receptor 2 (HER2) status, after its efficacy was proven for 
all-comers without biomarker selection in the RAINBOW 
trial [3].

HER2 protein overexpression or HER2 gene amplification 
has been identified in approximately 15–20% of advanced 
gastric and gastro-esophageal junction (GEJ) cancer patients 
[4], and based on the ToGA trial [5], trastuzumab in combi-
nation with conventional chemotherapy is recommended as 

Bum Jun Kim, Hee-Jung Jee and Sun Young Rha contributed 
equally as first authors.

 * Dae Young Zang 
 fhdzang@hallym.or.kr

Extended author information available on the last page of the article

http://orcid.org/0000-0002-2602-7848
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-021-01276-4&domain=pdf


610 B. J. Kim et al.

1 3

a first-line treatment. To date, with the exception of ramu-
cirumab, which is used for all-comers, trastuzumab is the 
only ‘targeted agent’ approved as a front-line treatment for 
gastric cancer, and biomarkers that may predict the efficacy 
of ramucirumab still need to be verified.

Preclinical studies have suggested that ramucirumab, as a 
second-line treatment, may overcome the trastuzumab resist-
ance observed in HER2-positive gastric cancer patients who 
fail first-line trastuzumab containing treatment. In vitro data 
from HER2-positive breast cancer indicate a relationship 
between HER2 overexpression and activation of the angio-
genic pathway in tumor cells [6–8] and VEGFR-2 inhibitors, 
such as ramucirumab, may play a role in overcoming tras-
tuzumab resistance by preventing crosstalk between HER2 
signaling and angiogenesis.

According to a subgroup analysis of RAINBOW trial data 
[9], efficacy outcomes, including overall survival (OS), the 
objective response rate (ORR) and the disease control rate 
(DCR), were improved in the patient subgroup that received 
prior treatment with trastuzumab compared to the overall 
study population. However, definitive conclusions could not 
be drawn since only 6% (39 of 665 patients) of the study 
population had previously received trastuzumab treatment.

Previously, the Korean Cancer Study Group (KCSG) 
conducted a nationwide, real-world study of a second-line 
treatment consisting of ramucirumab plus paclitaxel for 
advanced gastric cancer patients, and established a large-
scale cohort. This subgroup analysis aims to determine the 
efficacy and safety of treatment with ramucirumab plus 
paclitaxel, according to HER2 status, by analyzing patients 
whose HER2 status was confirmed.

Methods

Study design

This study performed a subgroup analysis of data from a 
nationwide, retrospective study conducted in South Korea 
(KCSG-ST19-16; clinicaltrial.gov identifier: NCT04192734) 
that evaluated the efficacy and safety of second-line treat-
ment with ramucirumab plus paclitaxel, with the goal of 
generating real-world evidence of the effects of this treat-
ment in patients with gastric or GEJ adenocarcinoma.

The KCSG-ST19-16 study included South Korean 
patients with gastric or GEJ adenocarcinoma who received 
ramucirumab plus paclitaxel between May 1, 2018 and 
December 31, 2018. Patients aged ≥ 18 years with locally 
advanced unresectable or initially metastatic or recurrent 
gastric cancer, who had progressed from first-line fluoro-
pyrimidine plus platinum-containing combination chemo-
therapy, were included. Patients who started treatment with 

ramucirumab alone or who had received ramucirumab or 
paclitaxel before 1 May 2018 were excluded.

The subgroup analysis included patients from the KCSG-
ST19-16 study for whom HER2 status was known, as 
stated above. HER2 positivity was defined as immunohis-
tochemistry (IHC) 3 + or IHC 2 + plus fluorescence in situ 
hybridization (FISH)/ silver-enhanced in situ hybridization 
(SISH)-positive.

Study objectives

The study objectives included evaluation of OS, PFS, ORR, 
DCR and treatment-related adverse events (TRAEs). OS was 
defined as the time from the start date of ramucirumab plus 
paclitaxel to the date of death or the last follow-up visit for 
patients still alive. If it was not known whether a patient had 
died, observations were censored at the data cut-off date or 
if available, at the last-known-alive date as captured in the 
medical records. PFS was defined as the time from the start 
date of ramucirumab plus paclitaxel to disease progression 
or death from any cause. Information on tumor response 
was obtained from medical records or computed tomography 
(CT) scans, according to the Response Evaluation Criteria 
in Solid Tumors (RECIST; version 1.1) criteria. Response 
to treatment was evaluated in patients with measurable dis-
ease. The ORR was defined as the proportion of patients 
who achieved a complete response (CR) or partial response 
(PR) to treatment. The DCR was defined as the proportion 
of patients who achieved a CR, PR, or stable disease (SD). 
Data on TRAEs were collected from the patients’ medical 
records and laboratory results, and graded according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (NCI-CTCAE; version 5.0).

Data collection

The demographic and clinical characteristics analyzed 
included demographics, tumor stage, histological charac-
teristics, tumor HER2 status, performance status, previous 
treatment history, subsequent treatments, laboratory results, 
and death. Descriptive data on ramucirumab plus paclitaxel 
treatment were also collected and analyzed, including the 
date of treatment initiation, response to treatment, and treat-
ment end date. Data were collected and managed using an 
electronic data capture system, which included filters and 
a query-generating system to guarantee reliability, and to 
control for missing and inconsistent data and errors. Data 
were collected up to December 31, 2018.

Statistical analysis

Categorical variables were compared using chi-square or 
Fisher’s exact tests, as appropriate. OS and PFS curves 
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were estimated using the Kaplan–Meier method and com-
pared using log-rank tests. Univariable and multiple vari-
able analyses were performed to identify the prognostic 
factors for PFS and OS based on the Cox-proportional 
hazard model. To minimize selection bias, propensity 
score matching (PSM) analysis was additionally con-
ducted. The 1:1 nearest neighbor matching was applied, 
and 1:3 matching between group was achieved. The value 
of the caliper size was 0.1. Two-sided p values < 0.05 were 
considered statistically significant. All statistical analyses 
were performed using R statistical software (version 4.0.3; 
R Development Core Team Vienna, Austria).

Results

Patient characteristics

Previous study enrolled 1063 patients with advanced gas-
tric or GEJ adenocarcinoma who had received second-
line ramucirumab plus paclitaxel from 56 hospitals in 
South Korea. HER2 status was known for 994 of these 
patients, who were thus included in the subgroup analysis. 
Among the 994 patients, 163 (16.4%) had HER2-positive 
advanced gastric or GEJ adenocarcinoma; the patients’ 
baseline characteristics are presented in Table 1. Patients 
with HER2-positive disease were more likely to be male 
than those with HER2-negative disease (81.0% vs. 66.8%, 
p < 0.001), and patients with HER2-positive disease were 
also more likely to have GEJ adenocarcinoma as the pri-
mary tumor site (8.5% vs. 3.6%, p = 0.007) and a well-
to-moderately differentiated histology (56.4% vs. 31.8%, 
p =  < 0.001). Compared to patients with HER2-positive 
disease, those with HER2-negative disease had a lower 
disease burden (number of metastatic site ≥ 3, 25.5% vs. 
16.6%, p = 0.007) and were also more likely to have peri-
toneal metastasis (42.9% vs. 55.4%, p = 0.004) and ascites 
(12.3% vs. 20.9%, p = 0.011). Time from start of the first-
line chemotherapy to second-line ramucirumab plus pacli-
taxel was longer in patients with HER2-positive disease 
who received HER2 targeted treatment for the first-line 
treatment (≥ 6 months, 61% vs. 52.2%, p = 0.042). After 
disease progression to ramucirumab plus paclitaxel, 46% 
of patients (75 of 163) with HER2-positive disease and 
47.1% (390 of 828) with HER2-negative disease received 
subsequent chemotherapy (p = 0.799). The proportion of 
patients who received anti-programmed cell death-1 (PD-
1) antibody salvage treatment was slightly higher in the 
HER2-negative than -positive disease group, although the 
difference was not statistically significant (14.1% [23 of 
163] vs. 17.5% [145 of 828], p = 0.361).

Efficacy and safety

Among patients (n = 755) who had measurable disease at 
the time of treatment, the ORR (23.0% [95% confidence 
interval (CI), 15.9–30.1] vs. 15.1% [95% CI, 12.3–17.9], 
p = 0.025) to ramucirumab plus paclitaxel treatment was 
significantly higher in those with HER2-positive compared 
to HER2-negative disease. The DCR was not significantly 
different between the groups (64.4% [95% CI, 56.3–72.5] vs. 
56.6% [95% CI, 52.7–60.5], p = 0.093) (Table 2). Among all 
patients, including those with measurable and non-measur-
able disease, the ORR was significantly higher in patients 
with HER2-positive disease (23.3% [95% CI, 17.2–30.7] 
vs. 13.8% [95% CI, 11.6–16.4], p = 0.002) as was the DCR 
(65.6% [95% CI, 57.8–72.8] vs. 56.5% [95% CI, 53.1–59.9], 
p = 0.031) (Supplementary Table 1).

Based on a median follow-up of 7.0  months (range 
0–17.2 months), the median PFS was numerically longer 
in patients with HER2-positive disease than in those with-
out but, it was not statistically significant (4.3 months [95% 
CI, 3.7–5.3] vs. 3.7 months [95% CI, 3.4–4.0], p = 0.054) 
(Fig.  1A). There was no statistical significance in the 
median OS between the HER2-positive and -negative groups 
(9.8 months [95% CI, 8.9–12.3] vs. 10.1 months [95% CI, 
9.2–10.9], p = 0.564) (Fig. 1B).

Of the 163 patients with HER2-positive disease, 37 
(22.7%) did not receive a trastuzumab-containing regimen 
as the first-line treatment; most of these patients received 
fluoropyrimidine and platinum doublet chemotherapy 
(34 of 37, 91.8%) without trastuzumab. Efficacy analysis 
of patients with HER2-positive disease showed that the 
response to ramucirumab plus paclitaxel treatment and sur-
vival outcomes were not significantly different according 
to prior trastuzumab exposure (Supplementary Table 2 and 
Supplementary Fig. 1).

The incidences of adverse events are listed in Table 3. In 
patients with HER2-positive disease, the rates of grade ≥ 3 
stomatitis (3.7% vs. 0.2%, p < 0.001) and all grades of 
hypertension (6.1% vs. 1.4%, p = 0.001) were higher than in 
patients with HER2-negative disease.

Prognostic factors

Univariable and multivariable analyses were performed 
to identify potential prognostic factors for PFS and OS 
(Table 4). The multivariable analysis included all pre-spec-
ified factors of interest. In all patients, eight factors were 
independently associated with a poor prognosis in the mul-
tivariable analysis: Eastern Cooperative Oncology Group 
(ECOG) performance status ≥ 2 (hazard ratio [HR] for 
PFS, 1.42 [95% CI 1.11–1.81], p = 0.005; HR for OS, 1.84 
[95% CI 1.37–2.46], p < 0.001), weight loss in the previous 
3 months ≥ 10% of body weight (HR for PFS, 1.4 [95% CI 
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Table 1  Baseline characteristics

Number of patients (%) (Total number of patients = 994)

Missing n (%) HER2-positive (n = 163) HER2-
negative 
(n = 831)

P-value

Age, years 0 (0%)
Median (range) 62 (28–85) 60 (18–88) 0.011
  < 70 127 (77.9%) 682 (82.1%) 0.213
  ≥ 70 36 (22.1%) 149 (17.9%)

Sex 0 (0%)  < 0.001
 Male 132 (81.0%) 555 (66.8%)
 Female 31 (19.0%) 276 (33.2%)

ECOG performance status 0 (0%) 0.577
 0 or 1 145 (89.0%) 723 (87.0%)
  ≥ 2 15 (9.2%) 80 (9.6%)
 Unknown 3 (1.8%) 28 (3.4%)

Weight loss in the previous 3 months 0 (0%) 0.679
  < 10% 121 (74.2%) 600 (72.2%)
  ≥ 10% 13 (8.0%) 85 (10.2%)
 Unknown 29 (17.8%) 146 (17.6%)

Site of primary tumor 63 (6.3%) 0.009
 Gastric 140 (91.5%) 750 (96.4%)
 Gastroesophageal junction 13 (8.5%) 28 (3.6%)

Disease measurability 3 (0.3%) 0.030
 Measurable 135 (82.8%) 620 (74.9%)
 Non-measurable 28 (17.2%) 208 (25.1%)

WHO histologic grade 0 (0%)  < 0.001
 Poorly differentiated/Unknown 71 (43.6%) 567 (68.2%)
 Well or Moderately differentiated 92 (56.4%) 264 (31.8%)

Number of metastatic sites 13 (1.3%) 0.007
 0–2 120 (74.5%) 685 (83.4%)
  ≥ 3 41 (25.5%) 135 (16.6%)

Peritoneal metastasis 0 (0%) 0.004
 Yes 70 (42.9%) 461 (55.4%)
 No 93 (57.1%) 370 (44.6%)

Presence of ascites 0 (0%) 0.011
 Yes 20 (12.3%) 174 (20.9%)
 No 143 (87.7%) 657 (79.1%)

Prior gastrectomy 0 (0%) 0.892
 Yes 69 (42.3%) 357 (42.9%)
 No 94 (57.7%) 474 (57.1%)

Time to second-line ramucirumab plus paclitaxel since first-line treatment 9 (0.9%) 0.042
  < 6 months 62 (39.0%) 394 (47.8%)
  ≥ 6 months 97 (61.0%) 432 (52.2%)

Previous first-line treatment 4 (0.4%)  < 0.001
 Trastuzumab plus FP or XP 123 (76.9%) 5 (0.6%)
 Others 37 (23.1%) 825 (99.4%)

Subsequent chemotherapy after progression to ramucirumab plus paclitaxel 3 (0.3%) 0.799
 Yes 75 (46.0%) 390 (47.1%)
 No 88 (54.0%) 438 (52.9%)

Anti PD-1 antibody treatment as subsequent chemotherapy 3 (0.3%) 23 (14.1%) 145 (17.5%) 0.361
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1.10–1.79], p = 0.007; HR for OS, 1.67 [95% CI 1.25–2.24], 
p = 0.001), GEJ as the primary tumor (HR for PFS, 1.54 
[95% CI 1.09–2.17], p = 0.014; HR for OS, 1.78 [95% CI 
1.18–2.68], p = 0.006), poor or unknown histology grade 
(HR for OS, 1.29 [95% CI 1.05–1.60], p = 0.018), ≥ 3 meta-
static sites (HR for PFS, 1.38 [95% CI 1.14–1.67], p = 0.001; 
HR for OS, 1.58 [95% CI 1.25–2.00], p < 0.001), presence of 
ascites (HR for PFS, 1.24 [95% CI 1.02–1.51], p = 0.03; HR 
for OS, 1.45 [95% CI 1.14–1.84], p = 0.003), no prior gas-
trectomy (HR for PFS, 1.56 [95% CI 1.34–1.82], p < 0.001; 
HR for OS, 1.56 [95% CI 1.27–1.91], p < 0.001), and time 
from first-line treatment to second-line treatment < 6 months 
(HR for PFS, 1.47 [95% CI 1.26–1.71], p < 0.001; HR for 
OS, 1.65 [95% CI 1.36–2.00], p < 0.001). HER2 status was 
not identified as a significant prognostic factor for PFS or 
OS based on the multivariable analysis, after adjustment 
for other variables (HR for PFS, 1.11 [95% CI 0.91–1.37], 
p = 0.311; HR for OS, 0.97 [95% CI 0.75–1.26], p = 0.820).

PSM was used to compare PFS and OS between the two 
groups; after propensity score matching, 146 patients in 
HER-2 positive group and 375 patients in HER-2 negative 
group were matched. The differences in baseline characteris-
tics between the two groups were all eliminated after adjust-
ing with PSM (Supplementary Table 3). In the matched 
group comparison, similar to the result of multivariable 
analysis, HER2 status was not a significant prognostic fac-
tor for PFS (HR, 1.14 [95% CI 0.92–1.41], p = 0.221) and 
OS (HR, 0.95 [95% CI 0.72–1.24], p = 0.692).

In patients with HER2-positive disease, four factors were 
independently associated with a poor prognosis (Supplemen-
tary Table 4): GEJ as the primary tumor (HR for PFS, 2.36 

[95% CI 1.21–4.58], p = 0.011; HR for OS, 2.52 [95% CI 
1.17–5.43], p = 0.019), presence of ascites (HR for PFS, 2.24 
[95% CI 1.19–4.22], p = 0.013; HR for OS, 2.82 [95% CI 
1.33–5.99], p = 0.007), no prior gastrectomy (HR for PFS, 
1.96 [95% CI 1.29–2.97], p = 0.002), and time from first-line 
treatment to second-line treatment < 6 months (HR for PFS, 
3.21 [95% CI 2.11–4.88], p < 0.001; HR for OS, 3.25 [95% 
CI 1.85–5.70], p < 0.001).

Discussion

This is the subgroup analysis of data from previous nation-
wide, retrospective study of ramucirumab plus paclitaxel in 
patients with gastric or GEJ adenocarcinoma, and to the best 
of our knowledge, this is the largest study comparing the 
efficacy and safety of second-line ramucirumab plus pacli-
taxel according to HER2 status in gastric cancer patients.

The ORR of patients with HER2-positive disease was sig-
nificantly higher compared to patients with HER2-negative 
disease. However, a higher response to treatment did not 
lead to improvement in the PFS or OS. While the median 
PFS was numerically longer in patients with HER2-positive 
disease than in those without but, was not statistically sig-
nificant. Although treatment duration (time from first-line 
treatment to second-line treatment) of fist-line treatment and 
the ORR to second-line treatment were significantly better 
in patients with HER2-positive disease, several predominant 
poor prognostic factors (GEJ adenocarcinoma, high disease 
burden) in HER2-positive gastric cancer patients may have 
influenced the survival outcomes.

Table 1  (continued)
HER2 human epidermal growth factor receptor 2, ECOG Eastern Cooperative Oncology Group, WHO World Health Organization, FP 5-fluoro-
uracil and cisplatin, XP capecitabine and cisplatin, PD-1 programmed death-1

Table 2  Best overall response to ramucirumab plus paclitaxel

HER2 human epidermal growth factor receptor 2, CI confidence interval
a Objective response rate is defined as the proportion of patients with CR + PR as best overall response
b Disease control rate is defined as the proportion of patients with CR + PR + SD as best overall response

Number of patients (%) (Total number of patients with measurable disease = 755)

Missing n (%) HER2-positive (n = 135) HER2-negative (n = 620) P-value

Best overall response 3 (0.4%) 0.04
 Complete response (CR) 1 (0.7%) 2 (0.3%)
 Partial response (PR) 30 (22.2%) 91 (14.7%)
 Stable disease (SD) 56 (41.5%) 256 (41.5%)
 Progressive disease (PD) 23 (17.0%) 167 (27.1%)
 Not applicable 25 (18.5%) 101 (16.4%)

Objective response  ratea 3 (0.4%) 23.0% (95% CI, 15.9–30.1%) 15.1% (95% CI, 12.3–17.9%) 0.025
Disease control  rateb 3 (0.4%) 64.4% (95% CI, 56.3–72.5%) 56.6% (95% CI, 52.7–60.5%) 0.093
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With regard to treatment safety, the overall frequency 
of adverse events in this study was significantly lower than 
in the RAINBOW study; however, the adverse events were 
likely underestimated in this study since the data collection 
relied solely on electrical chart review. Stomatitis (≥ grade 
3) and hypertension (all grades) were frequently reported 
in patients with HER2-positive disease, but the caution is 
needed in interpretation given the small number of adverse 
events reported.

In addition to our study, a few other recent retrospec-
tive studies [10, 11] examined the role of ramucirumab in 
patients with HER2-positive gastric cancer, and reported that 
ramucirumab containing treatments showed better efficacy 
outcomes in patients with HER2-positive disease; however, 

interpretation of the results of these studies is also limited 
due to the small number of patients enrolled.

After the approval of trastuzumab, a concerted effort was 
made to discover novel HER2-directed therapy for patients 
with HER2-positive gastric cancer. Based on the success 
in HER2-positive breast cancer, other HER2-targeting 
drugs, trastuzumab emtansine and lapatinib, were investi-
gated in patients with HER2-positive gastric or GEJ can-
cer, but failed to demonstrate survival benefits in phase III 
trials [12, 13]. Continuing trastuzumab treatment beyond 
first-line treatment was also proposed, but this strategy also 
failed to improve survival outcomes in a recent randomized 
phase II study [14]. Despite these failures, several recent 
attempts to treat patients with HER2-positive gastric cancer 

Fig. 1  Kaplan–Meier estimates 
of progression-free survival A 
and overall survival B according 
to HER2 status
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have shown promising results. Trastuzumab deruxtecan, 
an HER2-targeting antibody–drug conjugate, significantly 
improved the treatment response and OS in a phase 2 trial of 
treatment-refractory HER2-positive gastric cancer [15] and a 
randomized phase 3 trial comparing trastuzumab deruxtecan 
to paclitaxel plus ramucirumab as a second-line treatment 
is ongoing [16]. In the 2021 American Society of Clinical 
Oncology annual meeting, the combination of a standard 
HER2-directed treatment and immune check-point inhibitor 
was reported to show promising results. Although this was 
a preliminary report of an ongoing phase 3 trial [17], pem-
brolizumab in combination with standard trastuzumab plus 
chemotherapy was associated with a substantial, statistically 
significant increase in ORR.

While further improvement in treatment outcomes is 
expected given recent study results, the development of a 
treatment strategy for HER2-positive gastric cancer appears 
to be more complex compared to breast cancer, for which 
treatments have been rapidly developed. Several factors, 
including tumor heterogeneity [18], loss of HER2 positiv-
ity after initial trastuzumab chemotherapy [19, 20], and an 
acquired resistance mechanism interacted by multiple signal-
ing pathways [21], underlie the difficulty of developing an 
HER2-targeted treatment for gastric cancer.

The RTK-RAS-PI3K signaling pathway is the most 
well-known co-mutated pathway associated with HER2 

overexpression [21]. As identified in breast cancer cell lines, 
complex interaction between downstream activation of angi-
ogenic pathway and HER2 overexpression has been assumed 
as one of the structural mechanisms of trastuzumab resist-
ance [6–8]. Considering the potential relationship between 
HER2 overexpression and angiogenesis in gastric cancer, a 
combination of anti-HER2 and anti-angiogenic agents could 
be one of strategies to improve survival outcomes in patients 
with HER2-positive gastric cancer. To test this hypothesis, 
a prospective phase Ib/II trial evaluating the combination of 
ramucirumab, trastuzumab and paclitaxel as a second-line 
treatment for HER2-positive gastric cancer is being con-
ducted [22].

Combining our results with background rationales, it 
would be meaningful to reconsider the role of anti-VEGF 
antibody in HER2-positive gastric or GEJ cancer, which 
may contribute to broadening the therapeutic landscape 
for HER2-positive gastric or GEJ adenocarcinoma. The 
sequencing of biologic agents, toxicity concern of concomi-
tant treatment, and appropriate patient selection should be 
addressed for future clinical studies.

The major limitation of this study is that this study was 
conducted retrospectively. With this limitation, the prognos-
tic factors were unbalanced between the groups, and there 
is no obvious explanation for the fact that an increased 
ORR in patients with HER2-positive disease did not lead to 

Table 3  Treatment-related 
adverse events

HER2 human epidermal growth factor receptor 2

Treatment-related adverse events Number of patients (%) (Total number of patients = 994)

Missing n (%) HER2-posi-
tive (n = 163)

HER2-nega-
tive (n = 831)

P-value

Hematologic adverse events (≥ grade 3)
 Neutropenia 1 (0.1%) 60 (36.8%) 284 (34.2%) 0.530
 Anemia 1 (0.1%) 18 (11.0%) 84 (10.1%) 0.675
 Thrombocytopenia 1 (0.1%) 3 (1.8%) 39 (4.7%) 0.133
 Febrile neutropenia 1 (0.1%) 4 (2.5%) 38 (4.6%) 0.288
Non-hematologic adverse events (≥ grade 3)
 Anorexia 2 (0.2%) 3 (1.8%) 14 (1.7%) 0.750
 Nausea 2 (0.2%) 4 (2.5%) 10 (1.2%) 0.265
 Vomiting 3 (0.3%) 5 (3.1%) 10 (1.2%) 0.084
 Fatigue 3 (0.3%) 1 (0.6%) 20 (2.4%) 0.231
 Stomatitis 3 (0.3%) 6 (3.7%) 2 (0.2%)  < 0.001
 Diarrhea 3 (0.3%) 0 (0.0%) 3 ( 0.4%) 1.000
 Infection 3 (0.3%) 4 (2.5%) 16 (1.9%) 0.556
Adverse events of special interest (all grade)
 Hypertension 2 (0.2%) 10 (6.1%) 12 (1.4%) 0.001
 Proteinuria 2 (0.2%) 6 (3.7%) 24 (2.9%) 0.615
 GI hemorrhage 2 (0.2%) 5 (3.1%) 22 (2.6%) 0.791
 GI perforation 3 (0.3%) 3 (1.8%) 5 (0.6%) 0.130
 Wound complication 2 (0.2%) 2 (1.2%) 3 (0.4%) 0.191
 Thromboembolic event 2 (0.3%) 0 (0.0%) 12 (1.4%) 0.233
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Table 4  Univariable and multivariable analyses for progression-free survival and overall survival in all patients (n = 994)

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, GEJ gastroesophageal junction, WHO World Health 
Organization
a Well/moderate histologic grade is defined as well differentiation, tubular adenocarcinoma with moderately differentiation, mucinous carcinoma, 
and mixed adenocarcinoma. Poor/unknown histologic grade is defined as tubular adenocarcinoma with poorly differentiation, poorly cohesive 
carcinoma, and unknown

Progression-free survival Overall survival

Univariable Multivariable Univariable Multivariable

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (years)
  ≥ 70 ref ref ref Ref
 < 70 1.04 (0.87–1.24) 0.663 0.93 (0.77–1.12) 0.442 1.00 (0.79–1.26) 0.999 0.84 (0.66–1.09) 0.189

Sex
 Male ref ref ref ref
 Female 1.13 (0.97–1.31) 0.10 1.12 (0.95–1.31) 0.191 1.18 (0.98–1.42) 0.083 1.12 (0.91–1.38) 0.279

ECOG performance status
 0 or 1 ref ref ref ref
 ≥ 2 1.63 (1.30–2.05)  < 0.001 1.42 (1.11–1.81) 0.005 2.06 (1.57–2.72)  < 0.001 1.84 (1.37–2.46)  < 0.001
 Unknown 1.58 (1.07–2.34) 0.023 1.31 (0.87–1.97) 0.195 1.70 (1.05–2.77) 0.033 1.33 (0.80–2.22) 0.267

Weight loss in the previous 
3 months

 < 10% ref ref ref ref
 ≥ 10% 1.54 (1.22–1.93)  < 0.001 1.4 (1.10–1.79) 0.007 1.87 (1.43–2.46)  < 0.001 1.67 (1.25–2.24) 0.001
 Unknown 0.96 (0.79–1.15) 0.642 1.08 (0.88–1.32) 0.459 0.94 (0.73–1.20) 0.610 1.16 (0.89–1.52) 0.268

Site of primary tumor
 Gastric ref ref ref ref
 GEJ 1.41 (1.02–1.95) 0.036 1.54 (1.09–2.17) 0.014 1.68 (1.15–2.47) 0.008 1.78 (1.18–2.68) 0.006

Disease measurability
 Non-measurable ref ref ref ref
 Measurable 1.01 (0.86,-1.19) 0.923 0.96 (0.80–1.15) 0.646 1.09 (0.88–1.35) 0.407 1.06 (0.83–1.34) 0.645

WHO histologic  gradea

 Well/moderate ref ref ref ref
 Poor/unknown 1.34 (1.16–1.54)  < 0.001 1.14 (0.97–1.34) 0.115 1.55 (1.28–1.88)  < 0.001 1.29 (1.05–1.60) 0.018

Number of metastatic sites
 0–2 ref ref ref ref
 ≥ 3 1.49 (1.25–1.78)  < 0.001 1.38 (1.14–1.67) 0.001 1.83 (1.48–2.26)  < 0.001 1.58 (1.25–2.00)  < 0.001

Peritoneal metastasis
 No ref ref ref ref
 Yes 1.26 (1.10,-1.44) 0.001 1.1 (0.94–1.29) 0.242 1.47 (1.23–1.76)  < 0.001 1.21 (0.98–1.49) 0.076

Presence of ascites
 No ref ref ref ref
 Yes 1.53 (1.29–1.81)  < 0.001 1.24 (1.02–1.51) 0.030 1.93 (1.57–2.37)  < 0.001 1.45 (1.14–1.84) 0.003

Prior gastrectomy
 Yes ref ref ref ref
 No 1.64 (1.42–1.89)  < 0.001 1.56 (1.34–1.82)  < 0.001 1.76 (1.47–2.12)  < 0.001 1.56 (1.27–1.91)  < 0.001

Time to second-line ramu-
cirumab plus paclitaxel 
since first-line treatment

  ≥ 6 months ref ref ref ref
  < 6 months 1.67 (1.45–1.92)  < 0.001 1.47 (1.26–1.71)  < 0.001 1.91 (1.60–2.28)  < 0.001 1.65 (1.36–2.00)  < 0.001

HER2 status
 Positive ref ref ref ref
 Negative 1.20 (1.00–1.44) 0.054 1.11 (0.91–1.37) 0.311 1.07 (0.85–1.35) 0.564 0.97 (0.75–1.26) 0.820
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improvements in PFS or OS. Receiving subsequent chemo-
therapy after progression to ramucirumab plus paclitaxel was 
associated with 50% reduction in the risk of death (HR for 
OS, 0.5 [95% CI 0.40–0.62], p < 0.001) in our study. How-
ever, the proportion of patients receiving treatment beyond 
second-line chemotherapy was similar in both groups, and 
it is not clear whether subsequent chemotherapy affects OS.

Conclusion

In conclusion, although limited by the retrospective nature 
of the study, subgroup analysis of data from KCSG-ST19-16 
study showed that second-line treatment with ramucirumab 
plus paclitaxel is associated with a better treatment response 
in HER2-positive gastric or GEJ cancer patients. More 
robust studies are required to validate the potential role of 
ramucirumab in overcoming trastuzumab resistance.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10120- 021- 01276-4.
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