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Introduction
Gastric cancer is the ﬁfth most common type of cancer and the third
leading cause of death from cancer globally (1). A combination of
ﬂuoropyrimidines and a platinum agent (with trastuzumab for HER2positive cases) as ﬁrst-line therapy is the standard treatment in
patients with advanced gastric cancer (AGC; refs. 2–6). Second-line
therapy includes taxane agents with or without ramucirumab or
irinotecan (7–12). In third-line or later therapy, two anti–PD-1
inhibitors have been approved for AGC: pembrolizumab by the
U.S. Food and Drug Administration (FDA) for PD-L1–positive
tumors, and nivolumab in Asian countries, regardless of PD-L1
status (13, 14). Despite the recent increase in treatment options, the
median overall survival time of patients with AGC treated with a
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response rates (ORR) were 31%, 62%, 60%, and 49% in MMR-D,
EBVþ, HER2þ, and all-negative subtypes, respectively. Multivariate
analysis showed shorter PFS in MMR-D versus all-negative patients
[HR, 1.97; 95% CIs, 1.09–3.53; P ¼ 0.022]. In second-line setting,
there were no signiﬁcant differences in efﬁcacy. In 110 patients who
received anti–PD-1 therapy, median PFS times were 13.0, 3.7, 1.6,
and 1.9 months and the ORRs were 58%, 33%, 7%, and 13%,
respectively. Twelve patients with MMR-D received subsequent
anti–PD-1 therapy and showed longer PFS compared with that in
10 (83%) patients who received earlier-line chemotherapy.
Conclusions: MMR-D might result in shorter PFS with ﬁrst-line
chemotherapy for AGC. Subsequent anti–PD-1 therapy achieved
higher ORR and longer PFS than prior chemotherapy in most
patients with MMR-D, supporting the earlier use of immune
checkpoint inhibitors.
combination and sequential regimen involving these agents was less
than 15 months.
The molecular characterization of gastric cancer has recently been
rapidly evolving. As shown in The Cancer Genome Atlas and The
Asian Cancer Research Group (15, 16), the microsatellite instability–
high (MSI-H) subtype exhibits a greater number of mutations in
multiple genes and hypermethylation compared with other subtypes,
which contributes to the enhanced expression of neoantigens
and subsequent high inﬁltration of CD8þ T cells. Indeed, the FDAapproved pembrolizumab for patients with MSI-H/mismatch repairdeﬁcient (MMR-D) solid tumors including AGC based on the durable
response shown in several trials (14, 17–19). Also, Epstein–Barr virus(EBV)-positive status has been reported to be associated with a high
ampliﬁcation rate of the CD274 gene (which encodes PD-L1) and the
PDCD1LG2 gene (which encodes PD-L2; refs. 15, 16), as well as high
expression of these immune checkpoints, which might lead to favorable outcomes for AGC following the use of immune checkpoint
inhibitors (20). However, little is known about the association between
molecular subtypes and the efﬁcacy of standard chemotherapy or the
relative efﬁcacy of immune checkpoint inhibitors for AGC. Therefore,
we investigated the efﬁcacy of standard ﬁrst- and second-line chemotherapy for various clinical molecular subtypes: MMR-D, EBVþ,
HER2þ, and others (all negative). The impact of these subtypes on
the efﬁcacy of subsequent anti–PD-1 therapy was also analyzed in this
study.

Materials and Methods
Patients
We performed a single-institute study to evaluate the efﬁcacy of
standard ﬁrst- (ﬂuoropyrimidine þ platinum  trastuzumab) and
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Purpose: We evaluated the association between molecular subtypes of advanced gastric cancer (AGC) and the efﬁcacy of standard
chemotherapy or immune checkpoint inhibitors.
Experimental Design: Patients with AGC who received systemic chemotherapy from October 2015 to July 2018 with available
molecular features were analyzed. We investigated the efﬁcacy of
standard ﬁrst- (ﬂuoropyrimidine þ platinum  trastuzumab) and
second-line (taxanes  ramucirumab) chemotherapy, and subsequent anti–PD-1 therapy in patients with four molecular subtypes:
MMR-D (mismatch repair deﬁcient), EBVþ, HER2þ, and all
negative.
Results: 410 patients were analyzed: MMR-D 5.9%, EBVþ 4.1%,
HER2þ 13.7%, and all negative 76.3%. In 285 patients who received
standard ﬁrst-line chemotherapy, the median progression-free survival (PFS) times were 4.2, 6.0, 7.5, and 7.6 months and the objective
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Translational Relevance
Despite the recent increase in treatment options, the prognosis
of patients with advanced gastric cancer (AGC) remains poor.
Recently, the molecular characterization of gastric cancer has been
rapidly evolving, but little is known about the association between
molecular subtypes and the efﬁcacy of standard chemotherapy or
the relative efﬁcacy of immune checkpoint inhibitors for AGC. The
aim of the present study was to analyze the efﬁcacy of ﬁrst- and
second-line chemotherapy, and subsequent anti–PD-1 therapy on
the molecular subtypes (MMR-D, EBVþ, HER2þ, and all-negative)
of AGC. This article provides important data on the impact of these
subtypes on responses to ﬁrst- or second-line standard chemotherapy and the relative efﬁcacy of subsequent anti–PD-1 therapy
for AGC, which data may support treatment optimization according to the molecular subtypes.

Molecular characteristics
Molecular characteristics, such as the status of HER2, PD-L1,
mismatch repair (MMR), and EBV, were analyzed using formalinﬁxed parafﬁn-embedded tissue specimens from archival tissue samples. As described previously (21), IHC using a monoclonal anti-HER2
antibody [PATHWAY HER2 (4B5), Ventana] and FISH using the
PathVysion HER-2 Probe Kit (Abbott Laboratories) were performed
to assess HER2 status. HER2 positivity was deﬁned as an IHC of 3þ or
an IHC of 2þ and a positive FISH result according to College of
American Pathologists/American Society of Clinical Oncology criteria (22). PD-L1 expression was assessed by IHC using an anti-PD-L1
rabbit mAb (Clone SP142 or SP263, Ventana) and measured using the
combined positive score (CPS), deﬁned as the number of PD-L1–
positive cells (tumor cells, lymphocytes, and macrophages) as a
proportion of the total number of tumor cells multiplied by 100.
MMR status was assessed by IHC using mAbs for anti-mutL homolog
1 (MLH1, ES05), anti-mutS homolog 2 (MSH2, FE11), antipostmeiotic segregation increased 2 (PMS2, EP51), and anti-mutS
homolog 6 (MSH6, EP49; Agilent Technologies); tumors that lacked
MLH1, MSH2, PMS2, or MSH6 expression were considered MMRdeﬁcient (MMR-D), whereas those that maintained expression of
MLH1, MSH2, PMS2, and MSH6 were considered MMR-proﬁcient
(MMR-P). Chromogenic in situ hybridization for EBV-encoded RNA
(EBER) using ﬂuorescein-labeled oligonucleotide probes (INFORM
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Outcomes and statistical analysis
We evaluated the objective response rate (ORR), the disease
control rate (DCR), and progression-free survival (PFS). Tumor
response was assessed in patients with measurable lesions using the
Response Evaluation Criteria in Solid Tumors version 1.1. The ORR
was deﬁned as the proportion of patients with the best overall
response of complete response (CR) or partial response (PR). The
DCR was deﬁned as the proportion of patients with the best overall
response of CR, PR, or stable disease. The PFS was deﬁned as the
interval from the start of treatment until disease progression or
death from any cause or the last follow-up visit and estimated by the
Kaplan–Meier method. The x2 test or Fisher exact test was used to
compare baseline characteristics and response rates. PFS was also
compared between each molecular subtype using the Cox proportional hazards model and presented as an HR with 95% conﬁdence
intervals (CIs). Confounders in the multivariate analyzes of PFS
were prespeciﬁed according to previously reported prognostic
factors in AGC receiving standard chemotherapy (24–28); ECOG
PS (1–2 vs 0), liver metastasis (yes vs no), peritoneal metastasis (yes
vs no), number of metastatic sites (2 or more vs 1), prior gastrectomy (no vs yes), ALP [≥ upper limit normal (ULN) vs < ULN],
histologic type (diffuse vs intestinal), and a measurable lesion (yes
vs no). Statistical analyzes were performed using SPSS Statistics
software V22 (IBM). All tests were two-sided; P < 0.05 was
considered to indicate statistical signiﬁcance.

Results
Patient characteristics
A total of 410 patients who received systemic chemotherapy from
October 2015 to July 2018 were enrolled in this study. The proportions
of patients who went on to second-line and third line treatment were
94% and 56%, respectively. All 410 specimens were collected from
primary tumor samples before chemotherapy; 338 were biopsy specimens, and 72 were surgical specimens. All 410 patients were tested for
MMR/EBV/HER2. Furthermore, results of PD-L1 expression and
genomic alterations were available in 375 and 259 patients, respectively. PD-L1 expression and genomic alterations were analyzed using
same tumor blocks. PD-L1 expression was assessed by IHC using
mainly SP263 (82%) and partially SP142 (18%). Of the 410 patients in
the overall population, MMR-D, EBVþ, HER2þ, and all-negative
subtypes were identiﬁed in 24 (5.9%), 17 (4.1%), 56 (13.7%), and
313 (76.3%) patients, respectively, with no overlapping among molecular subtypes. Patient characteristics are shown in Table 1. In patients
with MMR-D, the frequency of lymph node metastasis, CPS ≥10, TMB
≥10, PIK3CA mutation, and KRAS mutation was signiﬁcantly higher
compared with their frequency in all-negative subtype patients. One
patient with MMR-D with appendix cancer had lack of MSH2 and
MSH6 expressions and underwent germline testing for MMR genes,
resulting in a diagnosis as lynch syndrome with MMR gene mutation.
All other 23 patients with MMR-D with lack of MLH1 and PMS2
expression did not undergo germline testing. In EBVþ patients, the
frequency of PIK3CA mutation, CPS ≥1, and CPS ≥10 was higher
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second-line (taxanes  ramucirumab) chemotherapy, and subsequent anti–PD-1 therapy in patients with AGC of four clinical
molecular subtypes: MMR-D, EBVþ, HER2þ, and others (all negative). The eligibility criteria were as follows: (i) an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0–2; (ii)
histologically proven, unresectable, locally advanced, or metastatic
gastric adenocarcinoma; (iii) adequate bone marrow, hepatic, and
renal function; (iv) received systemic chemotherapy from October
2015 to July 2018; and (v) with available molecular features (MMR/
EBV/HER2 tests were all required, while PD-L1 expression or gene
alterations were not). Patients with recurrence within 6 months of
adjuvant chemotherapy were excluded from ﬁrst-line analysis. All
patients provided written informed consent for the biomarker
analysis. The study protocol was approved by the Institutional
Review Board at the National Cancer Center Japan. This study
was conducted in accordance with the ethical principles outlined in
the Declaration of Helsinki.

EBER Probe, Ventana) was performed to evaluate EBV status (23). All
specimens in this study were reviewed by T. Kuwata.
Genomic alterations were analyzed using Oncomine Comprehensive Assay version 3 or Oncomine Cancer Research Panel (Thermo
Fisher Scientiﬁc). TMB was deﬁned as the number of nonsynonymous
mutations, including indels, per megabase (mt/Mb) of genome examined in tumor tissue.
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Table 1. Patient characteristics.

Age
Gender
Primary site
Histologic type
Site of metastasis

PD-L1

EBVþ
N ¼ 17 (4.1%)

HER2þ
N ¼ 56 (13.7%)

All-negative
N ¼ 313 (76.3%)

69 (45–83)
19 (79%)
24 (100%)
0 (0%)
17 (71%)
7 (29%)
3 (13%)
0 (0%)
9 (38%)
22 (92%)a
20/22 (91%)
15/22 (68%)a
13/14 (93%)a
5/15 (33%)
9/15 (60%)a
11/15 (73%)a
0/15 (0%)
0/15 (0%)

62 (40–74)a
14 (82%)
17 (100%)
0 (0%)
8 (47%)
9 (53%)
3 (18%)
2 (12%)
7 (41%)
11 (65%)
14/14 (100%)
7/14 (50%)
4/10 (40%)
3/12 (25%)
5/12 (42%)
0/12 (0%)
0/12 (0%)
1/12 (8%)

69 (38–83)
40 (71%)
50 (89%)
6 (11%)
44 (79%)a
12 (21%)a
21 (38%)
11 (20%)a
13 (23%)a
47 (84%)a
41/50 (82%)
17/50 (34%)
16/32 (50%)
26/37 (70%)a
1/37 (3%)
0/37 (0%)
22/37 (59%)a
7/37 (19%)

67 (23–89)
208 (67%)
281 (90%)
32 (10%)
164 (52%)
149 (48%)
82 (26%)
19 (6%)
144 (46%)
200 (64%)
207/289 (72%)
71/289 (25%)
111/189 (59%)
90/195 (46%)
16/195 (8%)
11/195 (6%)
1/195 (0.5%)
16/195 (8%)

Abbreviations: amp, ampliﬁcation; mt, mutation.
a
P < 0.05 (using the x2 test and compared with the all-negative group).
b
The top-ﬁve most frequent gene alterations.

compared with their frequency in all-negative subtype patients,
although there were no statistically signiﬁcant differences.
Therapeutic effect of standard ﬁrst- or second-line
chemotherapy
Among 410 patients, 285 patients received standard ﬁrst-line
chemotherapy and 252 patients received standard second-line chemotherapy (Fig. 1): Among 24 patients with MMR-D, 16 patients
received standard ﬁrst-line chemotherapy (the other eight patients
received nonstandard chemotherapy) and 11 patients (including two
patients who received nonstandard ﬁrst-line chemotherapy) received
standard second-line chemotherapy; Among 17 EBVþ patients, nine
patients received standard ﬁrst-line chemotherapy (the other eight
patients received nonstandard chemotherapy) and 11 patients (including ﬁve patients who received nonstandard ﬁrst-line chemotherapy)
received standard second-line chemotherapy. In 243 patients with
measurable disease who received standard ﬁrst-line chemotherapy, the

ORRs were 31%, 62%, 60%, and 49% in MMR-D, EBVþ, HER2þ, and
all-negative subtypes, respectively (Table 2A). The median PFS times
with ﬁrst-line chemotherapy were 4.2, 6.0, 7.5, and 7.6 months in
MMR-D, EBVþ, HER2þ, and all-negative subtypes, respectively
(Fig. 2A). PFS in patients with MMR-D tended to be shorter compared
with that in all-negative patients, with an HR of 1.64 (95% CI, 0.95–
2.84; P ¼ 0.075).
This difference was found to be statistically signiﬁcant by multivariate analysis after adjustment for confounding factors (HR, 1.97;
95% CIs, 1.09–3.53; P ¼ 0.022), suggesting shorter PFS following
ﬁrst-line chemotherapy in patients with MMR-D (Table 3). No other
differences between the subgroups were statistically signiﬁcant.
In 238 patients with measurable disease who received standard
second-line chemotherapy, the ORRs were 30%, 40%, 22%, and 27% in
MMR-D, EBVþ, HER2þ, and all-negative subtypes, respectively
(Table 2B). The median PFS times following second-line chemotherapy were 3.4, 6.6, 3.7, and 3.9 months in MMR-D, EBVþ, HER2þ, and

Figure 1.
CONSORT diagram. Among 410 patients, 285 patients received standard ﬁrst-line chemotherapy, 252 patients, and 110 patients received subsequent anti–PD-1
therapy including second-line setting.
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TMB
Gene alterationsb

Median (range)
Male
Gastric
Gastroesophageal
Intestinal
Diffuse
Liver
Lung
Peritoneal
Lymph node
CPS ≥1
CPS ≥10
≥10 (mt/Mb)
TP53 mt
PIK3CA mt
KRAS mt
ERBB2 amp
CCNE1 amp

MMR-D
N ¼ 24 (5.9%)
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Table 2. The ORR with each type of chemotherapy.
A. The ORR with ﬁrst-line chemotherapy

AllP
MMR-D EBVþ HER2þ negative (MMR-D vs
N ¼ 16 N ¼ 9 N ¼ 52 N ¼ 208 all-negative)

Measurable lesion
þ
CR
PR
SD
PD
NE
ORR (%)
DCR (%)

13

8

50

171

0
4
4
4
1
31
62

0
5
1
2
0
62
75

0
30
16
2
2
60
92

2
82
60
20
7
49
84

0.256
0.053

B. The ORR with second-line chemotherapy

Measurable lesion þ
CR
PR
SD
PD
NE
ORR (%)
DCR (%)

10
0
3
4
2
1
30
70

10
0
4
3
2
1
40
70

41
0
9
20
10
2
22
71

174
0
47
78
33
10
27
72

(MMR-D vs
all-negative)

0.715
1.000

C. The ORR with subsequent anti–PD-1 therapy
N ¼ 12 N ¼ 6 N ¼ 14 N ¼ 78
Measurable lesion þ
CR
PR
SD
PD
NE
ORR (%)
DCR (%)

12
1
6
4
0
1
58
92

6
0
2
3
1
0
33
83

14
0
1
3
9
1
7
29

78
0
10
20
44
4
13
38

(MMR-D vs
all-negative)

0.001
0.0009

Therapeutic effect of subsequent anti–PD-1 therapy
Among 410 patients, 110 patients received subsequent anti–PD-1
antibodies (Fig. 1): Among 24 patients with MMR-D, 12 patients
received subsequent anti–PD-1 therapy (four patients in the second
line and eight patients in the third or later line); Among 17 EBVþ
patients, six patients received subsequent anti–PD-1 therapy (two
patients in the second line and four patients in the third or later line). In
110 patients with measurable disease receiving subsequent anti–PD-1
antibodies, the ORRs were 58%, 33%, 7%, and 13% in MMR-D, EBVþ,
HER2þ, and all-negative subtypes, respectively (P ¼ 0.001, MMR-D vs
all negative; Table 2C). The median PFS times were 13.0, 3.7, 1.6, and
1.9 months in MMR-D, EBVþ, HER2þ, and all-negative subtypes,
respectively (Fig. 2C). Patients with MMR-D had a signiﬁcantly longer
PFS following anti–PD-1 therapy compared with the PFS in allnegative patients (HR, 0.14; 95% CI: 0.06–0.36; P < 0.001). The patient
diagnosed as Lynch syndrome showed durable objective response to
anti–PD-1 therapy (shown in Fig. 3 as patients no. 6). Patients with
EBVþ subtypes also tended to show longer PFS compared with PFS in
all-negative patients (HR, 0.48; 95% CI, 0.22–1.05; P ¼ 0.064). Among
patients receiving subsequent anti–PD-1 therapy, the percentage of
patients who showed longer PFS following anti–PD-1 therapy compared with earlier-line chemotherapy were 83%, 33%, 14%, and 26% in
MMR-D, EBVþ, HER2þ, and all-negative subtypes, respectively
(Swimmer plot of PFS times with each line chemotherapy in 12
patients with MMR-D who received subsequent ant-PD-1 therapy is
shown in Fig. 3).
Comparisons of clinical and molecular features between responders
(CR or PR) and nonresponders (SD or PD) in each subtype with anti–
PD-1 therapy were also available in Supplementary Table S1. In allnegative subtype, higher ORRs were observed in patients with PS 0
than in those with PS ≥1 (25% vs 6%) and in patients with TMB ≥10
than in those with TMB <10 (17% vs 9%), although these were not
statistically signiﬁcant (Supplementary Table S1D).

Discussion
Abbreviations: CR, complete response; DCR, disease control rate (CR, PR, or SD);
NE, not evaluated; PD, progressive disease; PR, partial response; SD, stable
disease.

We investigated the efﬁcacy of systemic chemotherapy in patients
with AGC according to their different clinical molecular subtypes. To
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N ¼ 11 N ¼ 11 N ¼ 42 N ¼ 188

all-negative subtypes, respectively (Fig. 2B). There were no signiﬁcant
differences in efﬁcacy seen among the four subtypes following secondline chemotherapy.

Figure 2.
Progression-free survival (PFS) with each line of chemotherapy. A, PFS with ﬁrst-line chemotherapy. B, PFS with second-line chemotherapy. C, PFS with subsequent
anti–PD-1 therapy.
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Table 3. Subgroup analysis of PFS with ﬁrst-line chemotherapy in MMR-D and all-negative patients (N ¼ 224).

PS 1, 2 (vs PS 0)
Liver metastasis þ (vs )
Peritoneal metastasis þ (vs )
No. of metastatic sites ≥2 (vs 1)
Gastrectomy: no (vs yes)
ALP 3ULNa (vs < ULN)
Diffuse (vs intestinal)
Measurable lesion þ (vs )
MMR-D (vs all-negative)

N

Univariate analysis
HR (95% CI)
P

Multivariate analysis
HR (95% CI)
P

54 (170)
60 (164)
107 (117)
112 (112)
52 (172)
62 (162)
102 (122)
184 (40)
16 (208)

1.58 (1.11–2.25)
1.54 (1.12–2.12)
0.89 (0.67–1.19)
1.85 (1.37–2.49)
1.41 (0.99–1.20)
1.28 (0.93–1.76)
0.98 (0.73–1.32)
2.13 (1.42–3.20)
1.64 (0.95–2.84)

1.39 (1.95–2.05)
1.12 (0.73–1.70)
1.02 (0.71–1.49)
1.47 (1.03–2.09)
1.21 (0.81–1.79)
1.12 (0.79–1.58)
1.03 (0.74–1.42)
1.79 (1.12–2.88)
1.97 (1.09–3.53)

0.011
0.008
0.433
<0.001
0.057
0.130
0.935
<0.001
0.075

0.088
0.597
0.877
0.031
0.340
0.517
0.847
0.014
0.022

a

ULN of ALP: 322 IU/L.

Figure 3.
Swimmer plot of PFS times with each line chemotherapy in 12 patients with
MMR-D who received subsequent anti–PD-1 therapy.
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microtubule function and inhibiting cell division, and its process is
not associated with MMR function, which might be one of the
reasons for the almost equal efﬁcacy of second-line chemotherapy
for MMR-D AGC and the other subtypes.
Consistent with previous reports (19, 20, 29), subsequent anti–PD-1
therapy was more effective in patients with AGC with MMR-D.
Importantly, most patients with MMR-D showed an objective
response and longer PFS compared with earlier-line chemotherapy.
These results support the earlier use of immune checkpoint inhibitors
for AGC patients with MSI-H/MMR-D.
In a recent phase II study of pembrolizumab, extremely high
ORRs (100%) were reported in 6 patients with EBVþ AGC (20),
while one of four patients (25%) with EBVþ AGC achieved a PR in a
phase Ib/II study of toripalimab (a PD-1 antibody; ref. 36). All
responders with EBVþ in these studies showed PD-L1–positive
status. In our study, two (one with CPS ≥10 and one with unknown
CPS status) of six patients (33%) with EBVþ achieved a PR. Among
four patients with CPS evaluation, one of four patients (25%) with
CPS ≥ 1 achieved a PR, while one of two patients (50%) with CPS ≥
10 did. The impact of EBV status as well as PD-L1 expression on the
efﬁcacy of immune checkpoint inhibitors should be evaluated in a
larger cohort.
Although an exploratory subgroup analysis of a phase III trial,
ATTRACTION-2, showed that nivolumab improved clinical outcomes compared with placebo regardless of prior trastuzumab use in
patients with AGC (37), HER2 alterations in gastric cancer were
associated with decreased immunogenicity in terms of immunerelated gene mRNA expression, immune inﬁltrates, and neoantigen
level (38). Indeed, patients with HER2þ AGC in our study had shorter
PFS and a lower ORR with anti–PD-1 therapy, which warrants further
evaluation in a larger cohort.
There were some limitations inherent in this study. First, this was
a single-institution study with a limited sample size. Owing to the
small number of patients with MMR-D- and EBV-positive status,
we could not evaluate the exact impact of these molecular factors on
the efﬁcacy of standard chemotherapy, which warrants further
evaluation with a larger cohort. Second, timing of radiographic
evaluation was not speciﬁed prospectively due to retrospective
nature of the study. Third, PD-L1 expression or gene alterations
were not analyzed in all patients who received systemic chemotherapy. Fourth, we used SP263 (82%) or SP142 (18%) assay for PDL1 assessment rather than 22C3 assay. A previous study showed
that a higher proportion of PD-L1þ status (≥1% in tumor cells or
immune cells) was observed in patients with lung cancer with SP263
than in those with 22C3 (39). This difference in staining might be
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our knowledge, this is the ﬁrst report to provide detailed information
on the impact of these subtypes on responses to ﬁrst- or second-line
standard chemotherapy and the relative efﬁcacy of subsequent anti–
PD-1 therapy for AGC.
In our patient cohort, the MMR-D subtype was associated with
signiﬁcantly shorter PFS and a lower ORR following ﬁrst-line
chemotherapy compared with other subtypes. This observation is
consistent with a small earlier study that demonstrated shorter PFS
following ﬁrst-line chemotherapy for AGC patients with MSI-H
compared with those with non-MSI-H tumors (29). Also, a recent
meta-analysis of four randomized trials (MAGIC, CLASSIC, ARTIST, and ITACA-S) showed that patients with MSI-H locally
advanced gastroesophageal cancer did not exhibit any survival
beneﬁt from perioperative cytotoxic chemotherapy (30). Several
preclinical studies using cancer cell line models demonstrated that a
loss of MMR results in an inability to detect DNA damage and
activate apoptosis of tumor cells, leading to resistance to DNAdamaging cytotoxic agents, such as ﬂuoropyrimidine and platinum
compounds (31–34). However, a phase III study, KEYNOTE-062,
which compared the efﬁcacy of cytotoxic agents with that of
pembrolizumab monotherapy in patients with untreated AGC
showed that the ORRs to ﬁrst-line standard chemotherapy in
MSI-H AGC were almost equal to those of the whole population (35). Thus, further analysis regarding the impact of MSI/MMR
status on the efﬁcacy of combinations of ﬂuoropyrimidines and a
platinum agent is needed. In a second-line setting, we found that
there were no signiﬁcant differences in efﬁcacy among the clinical
molecular subtypes. Taxanes exert antitumor effects by impairing

Molecular Subtypes and Efﬁcacy of Chemotherapy for AGC

associated with the relatively higher PD-L1 rate in this study.
Finally, overall survival was not evaluated in this study as it was
affected by sequential therapies.
In conclusion, MMR-D might result in poor clinical outcomes with
ﬁrst-line chemotherapy for patients with AGC compared with other
subtypes. However, subsequent anti–PD-1 therapy achieved favorable
outcomes compared with outcomes following prior chemotherapy in
most patients with MMR-D, supporting the earlier use of immune
checkpoint inhibitors.
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