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Abstract
Background  Data on immune checkpoint inhibitor efficacy in patients with human epidermal growth factor receptor 2-posi-
tive (HER2+) advanced gastric/gastroesophageal junction (G/GEJ) cancer are lacking. Because HER2 status was not captured 
in the ATT​RAC​TION-2 trial, we used patients with prior trastuzumab use (Tmab+) as surrogate for HER2 expression status 
to evaluate the efficacy and safety of nivolumab as third- or later-line therapy in these patients.
Methods  In ATT​RAC​TION-2, a randomized, double-blind, placebo-controlled, phase 3 multicenter trial, patients were 
randomized (2:1) to receive nivolumab (3 mg/kg) or placebo every 2 weeks until disease progression or toxicity requiring 
study discontinuation. Overall survival (OS), progression-free survival (PFS), objective response rate (ORR), and safety 
were assessed.
Results  Of 493 enrolled patients, 81 (nivolumab, n = 59; placebo, n = 22) were Tmab+ and 412 (nivolumab, n = 271; placebo, 
n = 141) were Tmab−. In both groups, patients receiving nivolumab showed a longer median OS vs placebo (Tmab+, 8.3 
[95% confidence interval, 5.3–12.9] vs 3.1 [1.9–5.3] months, hazard ratio, 0.38 [0.22–0.66]; P = 0.0006; Tmab−, 4.8 [4.1–6.0] 
vs 4.2 [3.6–4.9] months, 0.71 [0.57–0.88]; P = 0.0022). PFS was longer in both groups receiving nivolumab vs placebo 
(Tmab+, 1.6 [1.5–4.0] vs 1.5 [1.3–2.9] months, 0.49 [0.29–0.85]; P = 0.0111; Tmab−, 1.6 [1.5–2.4] vs 1.5 [1.5–1.5] months, 
0.64 [0.51–0.80]; P = 0.0001).
Conclusions  Nivolumab was efficacious and safe as third- or later-line therapy regardless of prior trastuzumab use in patients 
with advanced G/GEJ cancer.
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Introduction

Gastric/gastroesophageal junction (G/GEJ) cancer is the fifth 
most common cancer and the third leading cause of can-
cer-related deaths globally, according to the World Health 
Organization’s latest estimates [1]. Nearly 1 million new 
cases and ~ 725,000 deaths attributable to G/GEJ cancer 

occurred in 2012, with the highest incidence and mortality 
rates reported in East Asia [1].

First-line standard of care in patients with human epider-
mal growth factor receptor 2-negative (HER2−), unresect-
able, or recurrent G/GEJ cancer includes a two-drug combi-
nation of platinum-based agents and fluoropyrimidines, e.g., 
cisplatin, oxaliplatin, S-1, capecitabine, or 5-fluorouracil. In 
some medically fit patients with good performance status, 
a third drug, e.g., docetaxel or epirubicin, may be added [2-
4]. Depending on the method of assessment, ~ 6 to ~ 37% 
of all G/GEJ cancers show HER2 overexpression [5, 6]. 
Based on the results of the ToGA study [7], trastuzumab is 
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now recommended in combination with chemotherapy as 
first-line therapy in patients with HER2-positive (HER2+) 
metastatic or advanced G/GEJ cancer [2-4].

While trastuzumab showed a survival benefit as first-line 
chemotherapy for HER2+ G/GEJ cancer patients in the 
ToGA study, none of the other anti-HER2 drugs, such as 
lapatinib or trastuzumab–emtansine (T-DM1), or continu-
ing trastuzumab beyond progression in second-line treat-
ment showed benefits [8-10]. Recently, studies evaluat-
ing trastuzumab resistance mechanisms have highlighted 
certain pathways for resistance. In the multicenter, pro-
spective, case–control AMNESIA study in patients with 
HER2+ metastatic gastric cancer, genomic alterations in 
the epidermal growth factor receptor (EGFR)/MET/KRAS/
PI3K/PTEN pathway were significantly more frequent in 
trastuzumab-resistant (55%) patients than in trastuzumab-
sensitive (0%) patients, and patients without these genomic 
alterations had a significantly longer median progression-
free survival (PFS) (5.2 vs 2.6 months, hazard ratio [HR], 
0.34 [95% confidence interval (CI), 0.07–0.48]; P = 0.001) 
and overall survival (OS) (16.1 vs 7.6 months; HR, 0.38 
[95% CI 0.09–0.75]; P = 0.015) than those with alterations 
[11]. At present, however, no chemotherapy regimen specific 
to HER2+ G/GEJ cancer patients has been established in the 
second- or later-line treatment setting.

In the ATT​RAC​TION-2 trial [12], nivolumab, an anti-
programmed death-1 (PD-1) immunoglobulin G4 anti-
body, demonstrated significant survival benefits compared 
with placebo as the salvage-line treatment for patients 
with advanced G/GEJ cancer who were previously treated 
with ≥ 2 chemotherapy regimens (median OS: nivolumab, 
5.26 months [95% CI 4.60–6.37]; placebo, 4.14 months 
[3.42–4.86]; HR 0.63 [0.51–0.78]; P < 0.0001). In Japan, 
nivolumab monotherapy is recommended as third-line treat-
ment after the results of the ATT​RAC​TION-2 study demon-
strated its efficacy [13], whereas in the United States, pem-
brolizumab is recommended for third- or later-line treatment 
in patients with PD-ligand 1 (PD-L1+)  advanced G/GEJ 
cancer based on findings from the KEYNOTE-059 study 
[14] regardless of prior chemotherapy regimens.

The relationship between HER2 and PD-L1 expres-
sion has been assessed in a few studies recently; however, 
there are conflicting conclusions regarding their correlation 
[15-18]. In a study evaluating the expression and impact 
of PD-L1/PD-1 in gastric cancer in Caucasian patients, 
almost 50% of PD-L1+ patients were HER2+ [15]. In 
in vitro studies in HER2-overexpressing cell lines, PD-L1 
expression decreased in a dose- and time-dependent manner 
after EGFR/HER2-targeted treatment [17]. In contrast, in a 
retrospective analysis of resected, treatment-naïve gastric 
cancers, PD-L1 expression was observed more frequently 
in the HER2 − group than in the HER2+ group (39.0% vs 
24.2%; P = 0.020) [18]. Thus, discrepancies concerning the 

relationship between HER2 and PD-L1 expression exist and 
data related to the combined or sequential use of anti-HER2 
and anti–PD-1/PD-L1 agents are also lacking. In the ATT​
RAC​TION-2 trial, we did not observe a clear relationship 
between PD-L1 expression and efficacy of nivolumab; fur-
thermore, there is no evidence in literature regarding the 
outcome of immune checkpoint inhibitor treatment, includ-
ing nivolumab, on HER2+ patients. Although HER2 status 
was not captured in ATT​RAC​TION-2, the study did include 
patients who had previously used or not used trastuzumab. 
Therefore, exploratory analysis of ATT​RAC​TION-2 data 
based on prior trastuzumab-use status could serve as sur-
rogate for HER2 expression status.

The objective of this post hoc analysis of the ATT​
RAC​TION-2 trial was to assess the efficacy and safety of 
nivolumab for advanced G/GEJ cancer in patients who had 
previously used trastuzumab.

Methods

Study design

In this post hoc analysis of the ATT​RAC​TION-2 trial [12], 
a randomized, double-blind, placebo-controlled, phase 3 
trial conducted at 49 sites in Japan, South Korea, and Tai-
wan between October 2014 and August 2016, the efficacy 
and safety of nivolumab were studied according to previ-
ous use of trastuzumab. ATT​RAC​TION-2 (ClinicalTrials.
gov ID: NCT02267343) was conducted in accordance with 
the Declaration of Helsinki and the Good Clinical Practice 
guidelines developed by the International Conference on 
Harmonisation of Technical Requirements for Registration 
of Pharmaceuticals for Human Use [19]. The protocol was 
approved by the institutional review board or independent 
ethics committee for each study center. Written informed 
consent was obtained from all patients.

Patients

Patients were eligible if they were aged ≥ 20 years, had 
unresectable or metastatic, histologically confirmed G/GEJ 
adenocarcinoma, were treated with ≥ 2 previous chemother-
apy regimens, were refractory to or intolerant of standard 
therapy in the advanced or recurrent setting, had not planned 
to receive new chemotherapy including antibodies, had an 
Eastern Cooperative Oncology Group performance status 
of 0 or 1, and had a life expectancy of ≥ 3 months. Patients 
were excluded if they had an ongoing or previous autoim-
mune or interstitial lung disease; active diverticulitis or 
gastrointestinal ulcerative disease, or other uncontrolled or 
clinically significant medical disorder; brain metastases that 
were symptomatic or required treatment; and had previously 
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been treated with anti-PD-1, anti-PD-L1 or anti-PD-L2, anti-
CD137, or anti-CTLA-4 antibodies.

Treatment

Enrolled patients were randomized in a 2:1 ratio via an inter-
active web response system to receive nivolumab or placebo. 
Patients received 3 mg/kg nivolumab or placebo intrave-
nously every 2 weeks for 6 weeks (one treatment cycle). 
Dose modification was allowed in case of a ≥ 10% change 
in body weight after randomization. Study treatment was 
continued until progressive disease (PD) evaluated by an 
investigator or onset of toxicity requiring permanent discon-
tinuation of study treatment. Patients could continue study 
treatment after the first episode of PD if they showed evi-
dence of investigator-assessed clinical benefit, tolerance of 
study drug, and stable performance status; if continuation of 
treatment would not delay an intervention to prevent seri-
ous complications of disease progression; and if the patient 
provided written informed consent before continuing the 
study treatment.

Endpoints

The primary endpoint was OS. Secondary efficacy endpoints 
included PFS, objective response rate (ORR; proportion of 
patients with confirmed complete response [CR] or partial 
response [PR]), disease control rate (DCR; proportion of 
patients with confirmed CR, PR, or stable disease), duration 
of response (DOR), time to response (TTR), best overall 
response (BOR), and maximum percentage change from 
baseline in the sum of diameters of target lesions. Safety 
endpoints included adverse events (AEs) and treatment-
related AEs occurring through the study period.

Assessments

Tumor responses were assessed via computed tomogra-
phy or magnetic resonance imaging according to Response 
Evaluation Criteria In Solid Tumors guidelines version 
1.1. Tumor assessment was repeated after each cycle for 
ten cycles ( ~ 14 months), then after every two treatment 
cycles until discontinuation of study treatment because of 
PD, initiation of post-study treatment, or assessment of PD 
in patients who discontinued because of toxicity. Tumor 
assessments were also performed at the end of treatment. 
AEs were evaluated according to the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events version 4.0 continuously during treatment and for 
28 days thereafter. For patients with available tumor sam-
ples, PD-L1 tumor expression was determined retrospec-
tively by immunohistochemistry performed at a central 

laboratory (28-8 pharmDx assay; Dako, Carpinteria, CA, 
USA). PD-L1 positivity was defined as staining in ≥ 1% 
of tumor cells.

Statistical analysis

A subgroup analysis by history of trastuzumab use was 
conducted. The Kaplan–Meier method was used to esti-
mate the median OS, PFS, and the 95% CI for each treat-
ment group and subgroup. HRs between treatment groups 
and their 95% CIs were calculated using the Cox propor-
tional hazards model adjusted by demographic factors 
selected by a stepwise method for each subgroup. The P 
value of the HR was reported for the descriptive analysis 
of the difference between the two treatment groups. The 
P value of interaction term is reported for the model with 
both Tmab+ and Tmab− groups to evaluate association 
of Tmab use and treatment group. ORR and DCR, and 
their 95% CIs were estimated for each treatment group. 
Safety analyses were performed in the safety population 
(all patients who received at least one dose of study treat-
ment). SAS software (versions 9.3 and 9.4) was used for 
statistical analyses.

Results

Demographics and baseline characteristics

Overall, 81 patients (nivolumab, n = 59; placebo, n = 22) had 
a history of trastuzumab use (Tmab+) and 412 (nivolumab, 
n = 271; placebo, n = 141) had no history of trastuzumab 
use (Tmab−) (Fig. 1). Demographic and baseline charac-
teristics were mostly comparable between patients receiving 
nivolumab and placebo in both Tmab+ and Tmab− groups. 
Median age (range) was 62.0 (23.0–83.0) years in patients 
receiving nivolumab vs 62.5 (33.0–77.0) years in those 
receiving placebo in the Tmab+ group and 62.0 (20.0–83.0) 
vs 61.0 (26.0–83.0) years in the Tmab− group, respectively 
(Table 1). Among the four subgroups, the group of Tmab+ 
patients receiving nivolumab had a considerably lower 
proportion of patients with peritoneal metastasis (5/59 
[8.5%]). More patients in the Tmab+ groups (nivolumab, 
30/59 [50.8%]; placebo, 13/22 [59.1%]) had a history of 
four or more previous treatment regimens than those in 
the Tmab− groups (nivolumab, 94/271 [34.7%]; placebo, 
59/141 [41.8%]). Notably, previous ramucirumab use was 
more frequent in the Tmab+ group compared with the 
Tmab− group (Tmab+: nivolumab, 9/59 [15.3%]; placebo, 
4/22 [18.2%] and Tmab−: nivolumab, 26/271 [9.6%]; pla-
cebo, 18/141 [12.8%]). 
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Efficacy

In both Tmab+ and Tmab− groups, OS was longer in 
patients receiving nivolumab vs placebo (median [95% 
CI] OS: Tmab+ group, 8.3 [5.3–12.9] vs 3.1 [1.9–5.3] 
months, HR [95% CI], 0.38 [0.22–0.66]; P = 0.0006 and 
Tmab−  group, 4.8 [4.1–6.0] vs 4.2 [3.6–4.9] months, HR 
[95% CI], 0.71 [0.57–0.88]; P = 0.0022). The P interaction 
test for the association of trastuzumab use vs nivolumab with 
OS was significant (P = 0.0431) (Table 2). Survival curves 
for OS showed a consistent advantage with nivolumab vs 
placebo in both Tmab +  and Tmab−  patients (Fig. 2a, b). 

Benefit of nivolumab for PFS was also comparable in 
both Tmab +  and Tmab−  groups (median [95% CI] PFS: 
Tmab +  group, 1.6 [1.5–4.0] vs 1.5 [1.3–2.9] months, HR 
[95% CI], 0.49 [0.29–0.85]; P = 0.0111 and Tmab−  group, 
1.6 [1.5–2.4] vs 1.5 [1.5–1.5 months], HR [95% CI], 0.64 
[0.51–0.80]; P = 0.0001). The P interaction test for the asso-
ciation of trastuzumab use vs nivolumab with PFS was not 
significant (P = 0.3046) (Table 2). Notably, median PFS with 
nivolumab was similar in the Tmab+ and Tmab− groups. 
Kaplan–Meier curves for PFS of nivolumab and placebo 
initially overlapped in both Tmab+ and Tmab− groups but 
separated later (Fig. 2c, d).

ORR of patients receiving nivolumab was 16.9% in 
the Tmab+ group and 7.7% in the Tmab− group. None 
of the patients receiving placebo in either group showed 
any response (Table  2). A higher DCR was observed 
in patients receiving nivolumab than in those receiving 

placebo, irrespective of Tmab status (Tmab+, 42.4% vs 
31.8%; Tmab−, 30.6% vs 18.4%) (Table 2). Median (range) 
TTR was 3.0 (1.4–7.0) months and 1.6 (1.4–6.2) months in 
the Tmab+ and Tmab− groups receiving nivolumab, respec-
tively (Table 2). Median (range) DOR was 8.6 (4.3–13.1) 
months and 9.5 (2.8–22.9) months in the  Tmab+ and 
Tmab− groups receiving nivolumab, respectively.

The proportion of patients showing some tumor shrink-
age (> 1%) was higher in the nivolumab group than in the 
placebo group in both Tmab+ and Tmab− groups (Tmab+, 
38.8% vs 16.7%; Tmab−, 36.4% vs 10.5%).

Safety

Overall, incidence of any AE in patients receiving 
nivolumab was comparable between the  Tmab+ and 
Tmab− groups (54 [91.5%] vs 247 [91.1%]) (Online 
resource 1: Table). Incidence of any treatment-related AE 
in patients receiving nivolumab was slightly higher in the 
Tmab+ group than in the Tmab− group (31 [52.5%] vs 
111 [41.0%]), whereas the incidence of treatment-related 
serious AEs was comparable (6 [10.2%] vs 29 [10.7%]). 
The most frequent (≥ 10% in any group) treatment-related 
AEs among patients receiving nivolumab in the Tmab+ 
and Tmab− groups were pruritus (15.3% and 7.7%, respec-
tively) and rash (13.6% and 4.8%, respectively) (Table 3). 
Treatment-related AEs of special interest (frequency ≥ 2% 
in any group) in the Tmab+ and Tmab− groups included 
interstitial lung disease (3.4% and 1.5%, respectively) and 

Patients screened
N = 601

Patients enrolled
N = 493

Nivolumab 
(ITT population)

n = 330

Ineligible patients
Withdrew from study.............................n = 21
Did not meet inclusion criteria..............n = 37
Met exclusion criteria............................n = 42
Failed to return to study site.................n = 2
Other reasons.......................................n = 6

Placebo
(ITT population)

n = 163

Randomization

Tmab+
(ITT population)

n = 59

Tmab−
(ITT population)

n = 271

Tmab+
(Safety population)

n = 59

Tmab−
(Safety population)

n = 271

Tmab+
(Response assessment

population)
n = 53

Tmab−
(Response assessment

population)
n = 215

Tmab+
(ITT population)

n = 22

Tmab−
(ITT population)

n = 141

Tmab+
(Safety population)

n = 22

Tmab−
(Safety population)

n = 139

Tmab+
(Response assessment

population)
n = 20

Tmab−
(Response assessment

population)
n = 111 

Did not receive placebo
Patient request.........................n = 1
Did not meet enrollment criteria..n = 1

Fig. 1   Patient disposition. ITT intent to treat, Tmab trastuzumab
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Table 1   Patient demographic 
and baseline characteristics

Tmab+ Tmab−

Nivolumab
n = 59

Placebo
n = 22

Nivolumab
n = 271

Placebo
n = 141

Sex
 Male 47 (79.7) 20 (90.9) 182 (67.2) 99 (70.2)
 Female 12 (20.3) 2 (9.1) 89 (32.8) 42 (29.8)

Age (years), median (range) 62 (23–83) 62.5 (33–77) 62 (20–83) 61 (26–83)
 < 65 35 (59.3) 12 (54.5) 154 (56.8) 83 (58.9)

Country
 Japan 31 (52.5) 12 (54.5) 121 (44.6) 62 (44.0)
 Korea 25 (42.4) 10 (45.5) 121 (44.6) 64 (45.4)
 Taiwan 3 (5.1) 0 29 (10.7) 15 (10.6)

ECOG performance status
 0 19 (32.2) 9 (40.9) 69 (25.5) 38 (27.0)
 1 40 (67.8) 13 (59.1) 202 (74.5) 103 (73.0)

Organs with metastases
 < 2 16 (27.1) 3 (13.6) 71 (26.2) 35 (24.8)
 ≥ 2 43 (72.9) 19 (86.4) 200 (73.8) 106 (75.2)

Site of metastases
 Lymph node 49 (83.1) 18 (81.8) 236 (87.1) 120 (85.1)
 Peritoneum 5 (8.5) 8 (36.4) 58 (21.4) 34 (24.1)
 Liver 16 (27.1) 4 (18.2) 62 (22.9) 24 (17.0)
 Lung 8 (13.6) 1 (4.5) 10 (3.7) 5 (3.5)
 Pleura 1 (1.7) 1 (4.5) 3 (1.1) 1 (0.7)
 Adrenal 2 (3.4) 1 (4.5) 4 (1.5) 3 (2.1)
 Bone 1 (1.7) 2 (9.1) 5 (1.8) 3 (2.1)
 Other 6 (10.2) 1 (4.5) 30 (11.1) 16 (11.3)

Number of previous chemotherapy regimens
 2 14 (23.7) 2 (9.1) 55 (20.3) 27 (19.1)
 3 15 (25.4) 7 (31.8) 122 (45.0) 55 (39.0)
 ≥ 4 30 (50.8) 13 (59.1) 94 (34.7) 59 (41.8)

Previous chemotherapy
 Any 59 (100) 22 (100) 271 (100) 141 (100)
 Pyrimidine analogs 59 (100) 22 (100) 270 (99.6) 141 (100)
 Platinum 59 (100) 22 (100) 252 (93.0) 135 (95.7)
 Taxane 53 (89.8) 19 (86.4) 231 (85.2) 121 (85.8)
 Irinotecan 42 (71.2) 18 (81.8) 205 (75.6) 105 (74.5)
 Ramucirumab 9 (15.3) 4 (18.2) 26 (9.6) 18 (12.8)

Previous gastrectomy
 No 23 (39.0) 8 (36.4) 94 (34.7) 43 (30.5)
 Yes 36 (61.0) 14 (63.6) 177 (65.3) 98 (69.5)

Any post-progression therapy
 Radiotherapy 4 (6.8) 0 24 (8.9) 16 (11.3)
 Surgery 8 (13.6) 2 (9.1) 59 (21.8) 26 (18.4)
 Pharmacotherapy 26 (44.1) 6 (27.3) 102 (37.6) 51 (36.2)

Post-progression pharmacotherapy
 Fluoropyrimidine 12 (20.3) 4 (18.2) 31 (11.4) 20 (14.2)
 Taxane 9 (15.3) 2 (9.1) 24 (8.9) 14 (9.9)
 Platinum 7 (11.9) 3 (13.6) 23 (8.5) 14 (9.9)
 Irinotecan 4 (6.8) 1 (4.5) 10 (3.7) 8 (5.7)
 Ramucirumab 10 (16.9) 1 (4.5) 29 (10.7) 11 (7.8)
 Immunotherapy 1 (1.7) 0 2 (0.7) 1 (0.7)
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maculopapular rash (5.1% and 0%, respectively). Among 
the patients receiving nivolumab, treatment-related AEs 
leading to discontinuation of treatment were reported 
in 3 (5.1%) and 6 (2.2%) patients, and those leading to 
delayed dosing were reported in 7 (11.9%) and 22 (8.1%) 
patients in the Tmab+ and Tmab− groups, respectively. 
Treatment-related death was reported in one (1.7%) and 
eight (3.0%) patients in the Tmab+ and Tmab− groups 
receiving nivolumab, respectively.

Discussion

In this post hoc analysis, nivolumab improved OS, 
PFS, ORR, DCR, and reduction in tumor burden com-
pared with placebo in both Tmab+ and Tmab− groups. 
Patients treated with nivolumab had a sustained and dura-
ble response compared with placebo in both Tmab+ and 
Tmab− groups. Safety of nivolumab was comparable 
between Tmab+ and Tmab− patients.

Table 1   (continued) Tmab+ Tmab−

Nivolumab
n = 59

Placebo
n = 22

Nivolumab
n = 271

Placebo
n = 141

 Other targeted therapies 1 (1.7) 0 5 (1.8) 5 (3.5)
PD-L1 status (tumor cell) (%)
 ≥ 1 2 (6.5)a 2 (13.3)b 14 (14.1)c 8 (17.0)d

 < 1 29 (93.5)a 13 (86.7)b 85 (85.9)c 39 (83.0)d

Data expressed as n (%) unless otherwise specified
ECOG Eastern Cooperative Oncology Group, Tmab trastuzumab, PD-L1 programmed death-ligand 1
a n = 31; bn = 15; cn = 99; dn = 47

Table 2   Efficacy analysis of 
nivolumab by previous use of 
trastuzumab

BOR best overall response, CI confidence interval, DCR disease control rate, DOR duration of response, 
HR hazard ratio, ORR objective response rate, OS overall survival, PD progressive disease, PFS progres-
sion-free survival, PR partial response, SD stable disease, Tmab trastuzumab, TTR​ time to response
a Adjustment factors: Tmab+, post-progression therapy surgery; Tmab−, organs with metastases (< 2), age 
(< 65 years), and recurrence site (peritoneum)
b P interaction represents the association of Tmab use vs nivolumab with OS or PFS
c Adjustment factors: Tmab+, organs with metastases (< 2); Tmab−, age (< 65 years) and recurrence site 
(liver)

Tmab+ Tmab−

Nivolumab
n = 59

Placebo
n = 22

Nivolumab
n = 271

Placebo
n = 141

BOR, n (%)
 PR 10 (16.9) 0 21 (7.7) 0
 SD 15 (25.4) 7 (31.8) 62 (22.9) 26 (18.4)
 PD 23 (39.0) 10 (45.5) 101 (37.3) 69 (48.9)
 NE 11 (18.6) 5 (22.7) 87 (32.1) 44 (31.2)

ORR, n (%)a 10 (16.9) 0 21 (7.7) 0
DCR, n (%)a 25 (42.4) 7 (31.8) 83 (30.6) 26 (18.4)
OS (months), median (95% CI) 8.3 (5.3–12.9) 3.1 (1.9–5.3) 4.8 (4.1–6.0) 4.2 (3.6–4.9)
 HR (95% CI)a 0.38 (0.22–0.66) 0.71 (0.57–0.88)

P value 0.0006 0.0022
P interaction, P valueb 0.0431
PFS (months), median (95% CI) 1.6 (1.5–4.0) 1.5 (1.3–2.9) 1.6 (1.5–2.4) 1.5 (1.5–1.5)
 HR (95% CI)c 0.49 (0.29–0.85) 0.64 (0.51–0.80)

P value 0.0111 0.0001
P interaction, P valueb 0.3046
DOR (months), median (range) 8.6 (4.3–13.1) – 9.5 (2.8–22.9) –
TTR (months), median (range) 3.0 (1.4–7.0) – 1.6 (1.4–6.2) –
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Trastuzumab in combination with platinum-based chemo-
therapy is the standard first-line treatment in HER2+ gas-
tric cancer patients [2-4] based on results from ToGA [7]. 
Although clinical trials using new anti-HER2 agents were 
successful for metastatic breast cancer, the results from pre-
vious studies conducted in the first- or second-line setting 
for HER2+ gastric cancer patients, however, were disap-
pointing. As the first-line palliative chemotherapy treat-
ment in the phase 3 trial (TRIO-013/LOGiC), patients with 
HER2+ advanced G/GEJ cancer received lapatinib (an anti-
HER2 agent) or placebo in combination with capecitabine 
plus oxaliplatin (CapeOX); OS was not significantly differ-
ent (median OS, 12.2 vs 10.5 months; HR, 0.91 [95% CI 
0.73–1.12]; P = 0.3492) [20]. Moreover, in a phase 3 trial 
(JACOB), metastatic G/GEJ cancer patients received per-
tuzumab (another anti-HER2 antibody) or placebo in com-
bination with trastuzumab plus chemotherapy (standard 

cisplatin/fluoropyrimidine regimen) as first-line treatment; 
OS was not significantly different between the pertuzumab 
and placebo arms (median OS, 17.5 vs 14.2 months; HR, 
0.84 [95% CI 0.71–1.00]; P = 0.0565) [21]. As the second-
line treatment in a randomized phase 2 study conducted by 
the West Japan Oncology Group (WJOG7112G [T-ACT]), 
trastuzumab plus paclitaxel showed no benefit over pacli-
taxel alone in patients with HER2+ advanced G/GEJ cancer 
refractory to first-line trastuzumab plus chemotherapy [8]. 
Development of new active agents for HER2+ G/GEJ cancer 
is warranted.

Nivolumab is recommended as a third-line or later-line 
therapy in gastric cancer patients who are likely to have 
received trastuzumab. Previous reports are suggestive of 
the impact of anti-HER2 therapy on the expression of 
PD-L1 [15-18] and of the decrease in HER2 expression 
in some patients during treatment with trastuzumab [22, 
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Fig. 2   Kaplan–Meier plot of overall survival in a Tmab+ and b Tmab− patients and progression-free survival in c Tmab+ and d Tmab− 
patients. CI confidence interval, ITT intent to treat, Tmab trastuzumab
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23]. It was thus hypothesized that HER2 expression and/
or prior use of trastuzumab might have had some influence 
on the efficacy of nivolumab in the ATT​RAC​TION-2 trial. 
In this analysis, nivolumab showed similar efficacy regard-
less of prior trastuzumab use. However, the HR for OS 
was better in the Tmab+ group than in the Tmab− group 
(interaction P = 0.0431). Apart from prior trastuzumab 
use, the proportion of patients receiving post-progression 
pharmacotherapy was slightly higher in the Tmab+ group 
treated with nivolumab. Because OS is affected by many 
other factors, including the patient’s background and post-
progression pharmacotherapy, the efficacy of nivolumab 
is best represented by the response rate and PFS. In terms 
of HR for PFS, no difference was observed between the 
Tmab+ and Tmab− groups (interaction P = 0.3046). 
Therefore, it could not be deduced that nivolumab showed 
better efficacy in HER2+ G/GEJ cancer patients. To say 

the least, the results of this study suggest that nivolumab 
can be efficacious regardless of HER2 expression status.

Also, considering the patient background, fewer 
patients receiving nivolumab had peritoneal metastases 
in the Tmab+ than in the Tmab− group (8.5% vs 21.4%, 
respectively). On the other hand, the proportion of patients 
receiving nivolumab who had received ≥ 4 previous treat-
ment regimens was higher in the Tmab+ group compared 
with the Tmab− group (50.8% vs 34.7%, respectively). 
Furthermore, 15.3% and 9.6% of patients receiving 
nivolumab in the Tmab+ and Tmab− groups, respectively, 
had been previously treated with ramucirumab. These dif-
ferences in prior chemotherapy suggest that fewer active 
agents were available after nivolumab for the Tmab+ 
group than the Tmab− group. Therefore, it is difficult 
to explain the longer OS in the Tmab+ group based on 
patient background alone.

As the relationship between HER2 and PD-L1 expression 
is still unknown, further investigation will be required to 
examine whether nivolumab provides longer survival benefit 
in HER2+ G/GEJ cancer and to elucidate the mechanisms 
involved.

The safety profile of nivolumab both in Tmab+ and 
Tmab− patients with advanced G/GEJ cancer was similar 
to that previously reported and known for nivolumab. Most 
AEs and treatment-related AEs were mild to moderate in 
severity; no unexpected AEs were observed.

There are certain limitations associated with this study. 
The number of HER2+ patients was small and associated 
with substantial differences in patient backgrounds. The 
HER2 status of patients immediately before enrollment and 
its change during treatment was not assessed. In addition, 
PD-L1 status was assessed using archival tissues before tras-
tuzumab use in a limited number of patients. Therefore, it is 
not clear whether trastuzumab treatment may have altered 
PD-L1 expression, just as lapatinib and afatinib have pre-
viously been shown to suppress PD-L1 expression via the 
EGFR/HER2 signaling blockade [17]. Although the higher 
proportion of patients receiving post-progression pharma-
cotherapy is one of the factors that could have contributed 
to the significantly longer OS in the Tmab+ group between 
nivolumab and placebo, we did not evaluate its influence 
on the OS.

Conclusions

The efficacy and safety of nivolumab for advanced G/GEJ 
cancer were consistent regardless of prior trastuzumab use. 
We anticipate the future development of anti-PD-1 agents 
including nivolumab for HER2+, advanced G/GEJ cancer.

Table 3   Safety analysis of nivolumab by previous use of trastuzumab

All data presented as n (%)
AE adverse event, ALT alanine aminotransferase, AST aspartate ami-
notransferase, Tmab trastuzumab
a Events that occurred in ≥ 2% of patients receiving nivolumab in the 
Tmab+ or Tmab− group

Tmab+ Tmab−

Nivolumab
n = 59

Placebo
n = 22

Nivolumab
n = 271

Placebo
n = 139

Common treatment-related AEsa

 Pruritus 9 (15.3) 3 (13.6) 21 (7.7) 6 (4.3)
 Rash 8 (13.6) 1 (4.5) 13 (4.8) 4 (2.9)
 Diarrhea 4 (6.8) 0 19 (7.0) 3 (2.2)
 Malaise 3 (5.1) 0 10 (3.7) 6 (4.3)
 Nausea 3 (5.1) 0 12 (4.4) 4 (2.9)
 ALT increased 1 (1.7) 0 7 (2.6) 1 (0.7)
 AST increased 1 (1.7) 1 (4.5) 10 (3.7) 2 (1.4)
 Fatigue 1 (1.7) 2 (9.1) 17 (6.3) 7 (5.0)
 Hypothyroidism 1 (1.7) 0 10 (3.7) 1 (0.7)
 Decreased appetite 0 0 16 (5.9) 7 (5.0)
 Pyrexia 0 0 9 (3.3) 3 (2.2)

Treatment-related AEs of special interest
 Maculopapular rash 3 (5.1) 0 0 0
 Interstitial lung 

disease
2 (3.4) 0 4 (1.5) 0

 Hypopituitarism 1 (1.7) 0 0 0
 Hypothyroidism 1 (1.7) 0 10 (3.7) 1 (0.7)
 Acute hepatitis 0 0 1 (0.4) 0
 Autoimmune thy-

roiditis
0 0 1 (0.4) 0

 Colitis 0 0 2 (0.7) 0
 Hyperthyroidism 0 0 2 (0.7) 0
 Pneumonitis 0 0 1 (0.4) 0



151Exploratory subgroup analysis of patients with prior trastuzumab use in the ATT​RAC​TION-2 trial:…

1 3

Acknowledgements  We thank the patients and their families as well 
as the investigators and participating study teams for making this study 
possible. Writing and editorial assistance was provided by Ruhi Ubale, 
PhD, of Cactus Communications, funded by Ono Pharmaceutical Co., 
Ltd., Osaka, Japan, and Bristol-Myers Squibb, Inc., Princeton, NJ.

Funding  This study was funded by Ono Pharmaceutical Co., Ltd., 
Osaka, Japan, and Bristol-Myers Squibb, Inc., Princeton, NJ.

Compliance with ethical standards 

Conflicts of interest  Taroh Satoh received donations for his department 
from Ono Pharmaceutical, Yakult Honsha, and Chugai Pharmaceutical 
and received research grants and honoraria from Ono Pharmaceuti-
cal, Yakult Honsha, Chugai Pharmaceutical, Eli Lilly, Bristol Myers 
Squibb, Merck Serono, Takeda Pharmaceutical, Taiho Pharmaceuti-
cal, and MSD. Yoon-Koo Kang is a consultant for Ono Pharmaceuti-
cal, Bristol Myers Squibb, Daehwa Pharmaceutical, LSK Biopharma, 
AstraZeneca, Merck Serono, and Novartis. Min-Hee Ryu received 
honorarium and served on the advisory boards for Ono Pharmaceu-
tical, Bristol Myers Squibb, MSD, Eli Lilly, Taiho Pharmaceutical, 
Novartis, and Daehwa Pharmaceutical. Ken Kato received research 
grants from Ono Pharmaceutical, MSD, Shionogi, Merck Serono, 
and Beigene. Hyun Cheol Chung received research grants from Ono 
Pharmaceutical, Eli Lilly, GSK, MSD, Merck Serono, and Taiho Phar-
maceutical, honoraria from Merck Serono, Eli Lilly, and Foundation 
Medicine/Roche, and consultation fees from Taiho Pharmaceutical, 
Celltrion, MSD, Eli Lilly, Quintiles, BMS, and Merck Serono. Jen-Shi 
Chen received research grants and consulting fees from Ono Pharma-
ceutical. Kei Muro received research grants from Ono Pharmaceutical, 
MSD, Daiichi Sankyo, Kyowa Hakko Kirin, Shionogi Pharmaceutical, 
and Gilead Sciences and personal fees from Chugai Pharmaceutical, 
Taiho Pharmaceutical, Takeda Pharmaceutical, Merck Serono, Eli 
Lilly, and Yakult Honsha. Kun-Huei Yeh received personal fees from 
Ono Pharmaceutical, Boehringer Ingelheim, Takeda Pharmaceutical, 
Bristol Myers Squibb, MSD, Eli Lilly, and Amgen. Takaki Yoshikawa 
received research grants from Ono Pharmaceutical and Bristol Myers 
Squibb, Chugai Pharmaceutical, and Taiho Pharmaceutical, honoraria 
from Chugai Pharmaceutical, Taiho Pharmaceutical, Bristol Myers 
Squibb, Ono Pharmaceutical, Eli Lilly, Yakult Honsha, Nippon Kay-
aku, Johnson and Johnson, Covidien, Olympus, Daiichi Sankyo, MSD, 
and Terumo. Takao Tamura received research grants from Ono Phar-
maceutical, Bristol Myers Squibb, MSD, Merck Serono, Daiichi San-
kyo, Takeda Pharmaceutical, and Chugai Pharmaceutical and personal 
fees from Daiichi Sankyo and Takeda Pharmaceutical. Do-Youn Oh 
received research grants from Astra Zeneca. Yee Chao, Won Ki Kang, 
Sang Cheul Oh, Li-Yuan Bai, Yasuo Hamamoto, Jong Gwang Kim, 
Keisho Chin, Keiko Minashi, Jae Yong Cho, Keun-Wook Lee, and 
Masahiro Tsuda received research grants from Ono Pharmaceutical. 
Mitsunobu Tanimoto is an employee of Ono Pharmaceutical. Li-Tzong 
Chen received research grants from Ono Pharmaceutical, Bristol My-
ers Squibb, Ministry of Science and Technology, Taiwan, Ministry of 
Health and Welfare, Taiwan, Novartis, Pfizer, TTY Biopharm, OBI 
Pharma, Polaris Pharma, Syncore Biotechnology, and Celgene, per-
sonal fees from Ono Pharmaceutical, Bristol Myers Squibb, Novartis, 
Eli Lilly, TTY Biopharm, PharmaEngine, Shire, MSD, Five Prime 
Therapeutics, AstraZeneca, and Ipsen, and non-financial support from 
Novartis, TTY Biopharm, PharmaEngine, Syncore, and Celgene. 
Narikazu Boku received research grants from Ono Pharmaceutical 
and Taiho Pharmaceutical and personal fees from Ono Pharmaceuti-
cal, Chugai Pharmaceutical, Merck Serono, AstraZeneca, and Taiho 
Pharmaceutical.

Ethical approval  The present paper report results from post hoc analy-
sis of ATT​RAC​TION-2 (ClinicalTrials.gov ID: NCT02267343) trial. 

All procedures performed involving human participants in ATT​RAC​
TION-2 trial were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent  The protocol of the ATT​RAC​TION-2 trial was 
approved by the institutional review board or independent ethics com-
mittee for each study center. Written informed consent was obtained 
from all patients.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo 
M, et al. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 
2015;136:E359–86.

	 2.	 Japanese Gastric Cancer Association. Japanese gastric cancer 
treatment guidelines 2014 (ver. 4). Gastric Cancer. 2017;20:1–19.

	 3.	 Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, Chao J, 
Das P, et al. Gastric cancer, version 3.2016, NCCN Clinical 
Practice Guidelines in Oncology. J Natl Compr Canc Netw. 
2016;14:1286–312.

	 4.	 Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A, 
Arnold D. Gastric cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2016;27(suppl 
5):v38–49.

	 5.	 Bang YJ. Advances in the management of HER2-positive 
advanced gastric and gastroesophageal junction cancer. J Clin 
Gastroenterol. 2012;46:637–48.

	 6.	 Boku N. HER2-positive gastric cancer. Gastric Cancer. 
2014;17:1–12.

	 7.	 Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, 
Sawaki A, et al. Trastuzumab in combination with chemother-
apy versus chemotherapy alone for treatment of HER2-positive 
advanced gastric or gastro-oesophageal junction cancer (ToGA): 
a phase 3, open-label, randomised controlled trial. Lancet. 
2010;376:687–97.

	 8.	 Makiyama A, Sagara K, Kawada J, Kashiwada T, Hosokawa A, 
Horie Y, et al. A randomized phase II study of weekly paclitaxel 
± trastuzumab in patients with HER2-positive advanced gastric 
or gastro-esophageal junction cancer refractory to trastuzumab 
combined with fluoropyrimidine and platinum: WJOG7112G 
(T-ACT). J Clin Oncol. 2018;36(15_suppl):4011.

	 9.	 Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, et al. Lapa-
tinib plus paclitaxel versus paclitaxel alone in the second-line 
treatment of HER2-amplified advanced gastric cancer in Asian 
populations: TyTAN–a randomized, phase III study. J Clin Oncol. 
2014;32:2039–49.

	10.	 Thuss-Patience PC, Shah MA, Ohtsu A, Van Cutsem E, Ajani 
JA, Castro H, et al. Trastuzumab emtansine versus taxane use 
for previously treated HER2-positive locally advanced or meta-
static gastric or gastro-oesophageal junction adenocarcinoma 
(GATSBY): an international randomised, open-label, adaptive, 
phase 2/3 study. Lancet Oncol. 2017;18:640–53.

	11.	 Pietrantonio F, Fucà G, Morano F, Gloghini A, Corso S, Aprile 
G, et al. Biomarkers of primary resistance to trastuzumab in 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


152	 T. Satoh et al.

1 3

HER2-positive metastatic gastric cancer patients: the AMNESIA 
case-control study. Clin Cancer Res. 2018;24:1082–9.

	12.	 Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. 
Nivolumab in patients with advanced gastric or gastro-oesoph-
ageal junction cancer refractory to, or intolerant of, at least two 
previous chemotherapy regimens (ONO-4538-12, ATT​RAC​
TION-2): a randomised, double-blind, placebo-controlled, phase 
3 trial. Lancet. 2017;390:2461–71.

	13.	 Japanese gastric cancer treatment guidelines. version 5, revised 
January 2018 (article in Japanese). Tokyo: KANEHARA & Co., 
LTD; 2018.

	14.	 Fuchs CS, Doi T, Jang RW, Satoh T, Machado M, Sun W, et al. 
Safety and efficacy of pembrolizumab monotherapy in patients 
with previously treated advanced gastric and gastroesophageal 
junction cancer: phase 2 clinical KEYNOTE-059 trial. JAMA 
Oncol. 2018;4:e180013.

	15.	 Böger C, Behrens HM, Mathiak M, Krüger S, Kalthoff H, Röcken 
C. PD-L1 is an independent prognostic predictor in gastric cancer 
of Western patients. Oncotarget. 2016;7:24269–83.

	16.	 Oki E, Okano S, Saeki H, Umemoto Y, Teraishi K, Nakaji Y, et al. 
Protein expression of programmed death 1 ligand 1 and HER2 in 
gastric carcinoma. Oncology. 2017;93:387–94.

	17.	 Suh KJ, Sung JH, Kim JW, Han SH, Lee HS, Min A, et al. EGFR 
or HER2 inhibition modulates the tumor microenvironment 
by suppression of PD-L1 and cytokines release. Oncotarget. 
2017;8:63901–10.

	18.	 Wang L, Zhang Q, Ni S, Tan C, Cai X, Huang D, et al. Pro-
grammed death-ligand 1 expression in gastric cancer: correlation 
with mismatch repair deficiency and HER2-negative status. Can-
cer Med. 2018;7:2612–20.

	19.	 International Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human use. IGH 

Harmonised Tripartite Guideline: Guideline for good clinical 
practice E6(R1). 1996. https​://www.ich.org/filea​dmin/Publi​c_
Web_Site/ICH_Produ​cts/Guide​lines​/Effic​acy/E6/E6_R1_Guide​
line.pdf. Accessed 5 Nov 2018.

	20.	 Hecht JR, Bang YJ, Qin SK, Chung HC, Xu JM, Park JO, et al. 
Lapatinib in combination with capecitabine plus oxaliplatin in 
human epidermal growth factor receptor 2-positive advanced or 
metastatic gastric, esophageal, or gastroesophageal adenocarci-
noma: TRIO-013/LOGiC–a randomized phase III trial. J Clin 
Oncol. 2016;34:443–51.

	21.	 Tabernero J, Hoff PM, Shen L, Ohtsu A, Shah MA, Cheng K, 
et al. Pertuzumab (P) + trastuzumab (H) + chemotherapy (CT) for 
HER2-positive metastatic gastric or gastro-oesophageal junction 
cancer: final analysis of a phase III study (JACOB). Ann Oncol. 
2017;28(suppl 5):mdx369. https​://doi.org/10.1093/annon​c/mdx36​
9.

	22.	 Shu S, Iimori M, Nakanishi R, Jogo T, Saeki H, Oki E, et al. 
Changes in HER2 expression and amplification status follow-
ing preoperative chemotherapy for gastric cancer. In  Vivo. 
2018;32:1491–8.

	23.	 Seo S, Ryu MH, Park YS, Ahn JY, Park Y, Park SR, et al. Loss 
of HER2 positivity after anti-HER2 chemotherapy in HER2-
positive gastric cancer patients: results of the GASTric cancer 
HER2 reassessment study 3 (GASTHER3). Gastric Cancer. 
2019;22(3):527–35.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Taroh Satoh1 · Yoon‑Koo Kang2 · Yee Chao3 · Min‑Hee Ryu2 · Ken Kato4 · Hyun Cheol Chung5 · Jen‑Shi Chen6 · 
Kei Muro7 · Won Ki Kang8 · Kun‑Huei Yeh9 · Takaki Yoshikawa10,11 · Sang Cheul Oh12 · Li‑Yuan Bai13 · 
Takao Tamura14,15 · Keun‑Wook Lee16 · Yasuo Hamamoto17 · Jong Gwang Kim18 · Keisho Chin19 · Do‑Youn Oh20 · 
Keiko Minashi21 · Jae Yong Cho22 · Masahiro Tsuda23 · Mitsunobu Tanimoto24 · Li‑Tzong Chen25 · Narikazu Boku4

1	 Frontier Science for Cancer and Chemotherapy, Osaka 
University Graduate School of Medicine, Suita, Japan

2	 Department of Oncology, University of Ulsan College 
of Medicine, Asan Medical Center, Seoul, South Korea

3	 Department of Oncology, Taipei Veterans General Hospital, 
Taipei, Taiwan

4	 Division of Gastrointestinal Medical Oncology, National 
Cancer Center Hospital, 5‑1‑1, Tsukiji, Chuo‑ku, 
Tokyo 104‑0045, Japan

5	 Division of Medical Oncology, Yonsei Cancer Center, 
Song‑Dang Institute for Cancer Research, Yonsei University 
College of Medicine, Yonsei University Health System, 
Seoul, South Korea

6	 Division of Hematology and Oncology, Department 
of Internal Medicine, Linkou Chang Gung Memorial 
Hospital, Chang Gung University, Taoyuan, Taiwan

7	 Department of Clinical Oncology, Aichi Cancer Center 
Hospital, Nagoya, Japan

8	 Division of Hematology‑Oncology, Department of Medicine, 
Samsung Medical Center, Sungkyunkwan University School 
of Medicine, Seoul, South Korea

9	 Department of Oncology, National Taiwan University 
Hospital, and National Taiwan University Cancer Center, 
Taipei, Taiwan

10	 Department of Gastrointestinal Surgery, Kanagawa Cancer 
Center, Yokohama, Japan

11	 Present Address: Department of Gastric Surgery, National 
Cancer Center Hospital, Tokyo, Japan

12	 Division of Hematology and Oncology, Department 
of Internal Medicine, Korea University College of Medicine, 
Seoul, South Korea

13	 Division of Hematology and Oncology, Department 
of Internal Medicine, China Medical University Hospital, 
China Medical University, Taichung, Taiwan

14	 Department of Medical Oncology, Faculty of Medicine, 
Kindai University, Osaka, Japan

https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf
https://doi.org/10.1093/annonc/mdx369
https://doi.org/10.1093/annonc/mdx369


153Exploratory subgroup analysis of patients with prior trastuzumab use in the ATT​RAC​TION-2 trial:…

1 3

15	 Present Address: Department of Medical Oncology, Kindai 
University Nara Hospital, Ikoma, Japan

16	 Division of Hematology and Oncology, Department 
of Internal Medicine, Seoul National University Bundang 
Hospital, Seoul National University College of Medicine, 
Seongnam, South Korea

17	 Keio Cancer Center, Keio University School of Medicine, 
Tokyo, Japan

18	 School of Medicine, Kyungpook National University, Daegu, 
South Korea

19	 Department of Gastroenterology, Cancer Institute Hospital 
of the Japanese Foundation for Cancer Research, Tokyo, 
Japan

20	 Department of Internal Medicine, Seoul National University 
Hospital, Cancer Research Institute, Seoul National 
University College of Medicine, Seoul, South Korea

21	 Clinical Trial Promotion Department, Chiba Cancer Center, 
Chiba, Japan

22	 Department of Medical Oncology, Gangnam Severance 
Hospital, Yonsei University College of Medicine, Seoul, 
South Korea

23	 Department of Gastroenterological Oncology, Hyogo Cancer 
Center, Akashi, Japan

24	 Oncology Clinical Development Planning, Oncology Clinical 
Development Unit, ONO Pharmaceutical Co., Ltd., Osaka, 
Japan

25	 National Institute of Cancer Research, National Health 
Research Institutes, and National Cheng Kung University 
Hospital, National Cheng Kung University, Tainan, Taiwan


	Exploratory subgroup analysis of patients with prior trastuzumab use in the ATT​RAC​TION-2 trial: a randomized phase III clinical trial investigating the efficacy and safety of nivolumab in patients with advanced gastricgastroesophageal junction cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Patients
	Treatment
	Endpoints
	Assessments
	Statistical analysis

	Results
	Demographics and baseline characteristics
	Efficacy
	Safety

	Discussion
	Conclusions
	Acknowledgements 
	References




