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Abstract

Background: Although the emergence of immunotherapy has benefited patients with
advanced gastric cancer (AGC), the magnitude of the benefit among real-world patients with
HER2-negative AGC remains unclear.

Objectives: The current study aimed to evaluate the treatment features across various
immunotherapy approval periods and investigate the utility of immunotherapy for patients with
HER2-negative AGC in daily practice.

Design: Retrospective observational study.

Methods: We retrospectively evaluated the clinical outcomes of patients with HER2-negative
AGC who received first-line platinum-based chemotherapy between 2011 and 2023 across
different periods of immunotherapy approval in Japan: Group A (pre-immunotherapy
approval): 2011-2017; Group B (approved for third-line treatment or later): 2018-2021; and
Group C (approved for first-line treatment): 2022-2023.

Results: A total of 949 patients were enrolled (n=477, 344, and 128 for Groups A, B, and C,
respectively). Patient characteristics were comparable between the three groups, except

for the proportion of those aged =75years (p=0.002), prior gastrectomy (p=0.03), and liver
metastases (p=0.0005). The median overall survival (0S) was 16.2, 15.2, and 21.3 months in
Groups A, B, and C, respectively, with no significant difference between the groups (log-rank
p=0.50). Patients who received first-line immunotherapy plus chemotherapy (n=173) showed
significantly better OS than did those who did not receive any immunotherapy-containing
treatment from 2011 to 2017 (n=382; hazard ratio (HR), 0.78; 95% confidence interval (Cl),
0.61-0.99; p=0.04). Multivariate analysis showed that the use of first-line immunotherapy
was not significantly associated with worse 0S, whereas the use of any-line immunotherapy
was significantly associated with prognosis (HR, 0.54; 95% Cl, 0.47-0.63; p <0.0001). The
proportion of patients receiving any second-line treatment was comparable between the
groups: 76%, 80%, and 71%, respectively.

Conclusion: Our study suggests that immunotherapy has a moderate impact on improving the
survival of real-world patients with HER2-negative AGC, highlighting the need for appropriate
treatment strategies, including efforts to identify biomarkers and the development of other
agents.
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Introduction

Despite the accelerated advances in therapies for
advanced gastric cancer (AGC), the overall sur-
vival (OS) from this disease still has room for fur-
ther improvement. After  platinum-based
chemotherapy had been established as a standard
first-line treatment for AGC,! the development of
therapies for HER2-negative AGC had stagnated
for years despite attempts to combine molecular-
targeted agents with cytotoxic agents. Various
studies have shown that several therapeutics,
including vascular endothelial growth factor
(VEGF)/VEGETF receptor inhibitors (bevacizumab,
AVAGAST trial?2; ramucirumab, RAINFALL
trial3), anti-epidermal growth factor receptor anti-
body (cetuximab, EXPAND trial%; panitumumab,
REAL-3 trial>), and MET inhibitor (onartuzumab,
METGastric trial®; rilotumumab, RILOMET-1
trial”), did not promote superior survival over
chemotherapy alone in first-line settings.

Following the success of immunotherapy in mela-
noma and lung cancer, the ATTRACTION-2
trial® showed that the anti-programmed cell death
1 (PD-1) antibody nivolumab demonstrated supe-
rior survival benefits compared to best supportive
care for heavily pretreated AGC, with a median
OS of 5.26 and 4.14months (hazard ratio (HR),
0.63; 95% confidence interval (CI), 0.51-0.78).
These results led to the approval of nivolumab for
third- or later-line treatment of AGC throughout
Japan in September 2017. Furthermore, the
CheckMate 649 and ATTRACTION-4 trials,
which compared nivolumab plus chemotherapy to
chemotherapy alone in HER2-negative AGC,
confirmed the efficacy of adding anti-PD-1 anti-
body to first-line chemotherapy.®!© Since
November 2021, nivolumab plus chemotherapy
has been available in Japan as first-line treatment
for HER2-negative AGC, regardless of pro-
grammed cell death 1 ligand-1 (PD-L1) expres-
sion status. The results of KEYNOTE-8591! also
indicated that pembrolizumab plus chemotherapy
could be another option for the first-line treat-
ment of HER2-negative AGC. Similarly, the com-
bination of anti-PD-1 antibody and chemotherapy,
following the results of RATIONALE-30512 and
ORIENT-16 trials,!> has now become an estab-
lished standard of care for first-line treatment of
HER2-negative AGC worldwide.

Patients with AGC have apparently benefited
considerably from the emergence of immunother-
apy; however, the magnitude of the impact of
immunotherapy has yet to be thoroughly

investigated, especially for patients in clinical
practice. Real-world patients tend to be heteroge-
neous, including those with more advanced dis-
eases or elderly patients who may not be
candidates for intensive chemotherapy; however,
immunotherapy with or without chemotherapy
could also be considered for these patients in clin-
ical practice.

Although several studies have performed cross-
period comparisons for the treatment of AGC in
Japan, their results in terms of improvement in sur-
vival have been inconsistent,!*15 which might have
been influenced by the subgroup of patients with
HER2-positive AGC. Kadono et al.l® suggested
that the approval of third- or later-line nivolumab
for AGC could prolong survival; however, only a
few studies have evaluated the clinical significance
of immunotherapy, including first-line treatment
for patients with AGC. Although quantitatively esti-
mating the impact of immunotherapy for AGC
seems difficult based on current clinical practice
where multiple treatment options are available,
investigating how the advent of immunotherapy has
influenced the treatment of real-world patients with
AGC can be meaningful. Thus, the current study
aimed to evaluate the treatment features across vari-
ous immunotherapy approval periods and investi-
gate the utility of immunotherapy for patients with
HER2-negative AGC in daily practice.

Materials and methods

Patients

This retrospective study was conducted at the
Cancer Institute Hospital of the Japanese
Foundation for Cancer Research (JFCR). The
following inclusion criteria were used to select
patients for this study: (1) unresectable or meta-
static gastric or gastroesophageal junction cancer,
(2) histologically or cytologically confirmed
HER2-negative adenocarcinoma, and (3) receiv-
ing platinum-based chemotherapy as a first-line
treatment between January 2011 and December
2023. The exclusion criteria were as follows: (1)
receiving palliative chemotherapy at another hos-
pital; (2) adjuvant chemotherapy after RO metas-
tasectomy; (3) receiving fluoropyrimidine
monotherapy for systemic disease; (4) the pres-
ence of other advanced cancers; and (5) cases in
which the attending physician determined that
combination therapy with immunotherapy was
not an appropriate first-line treatment because of
a history of interstitial lung disease or other
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factors. The calendar period was segmented into
three groups (Group A: 2011-2017; Group B,
2018-2021; and Group C, 2022-2023) for analy-
sis, based on the year in which immunotherapy
had been approved as mentioned above.

Reporting statement

The reporting of this study conforms to the
STROBE statement,!” which is available in the
Supplemental Material.

Statistical analyses

OS was defined as the duration from first-line
platinum-based chemotherapy initiation to death
from any cause. Progression-free survival (PFS)
was defined as the duration from first-line chemo-
therapy initiation to disease progression or death
from any cause. Time to treatment failure (TTF)
was defined as the duration from chemotherapy
initiation in each treatment line to disease pro-
gression, treatment discontinuation, or death
from any cause. Post-progression survival (PPS)
was defined as the duration for which patients
survived following progressive disease during
first-line treatment. OS, PFS, TTF, and PPS
were calculated using the Kaplan—Meier method.
The Cox proportional hazard regression model
with time-dependent covariates was used to cal-
culate HRs for the use of immunotherapy at any
line. The neutrophil-to-lymphocyte ratio (NLR)
was determined by dividing the neutrophil count
by the lymphocyte count. Comparisons between
groups were conducted using analysis of variance
and Pearson’s Chi-square test for continuous and
categorical variables, respectively. Univariate and
multivariate analyses of OS and PFS were per-
formed using the Cox proportional regression
model. All p values were based on a two-sided
hypothesis, with values less than 0.05 indicating
statistical significance. All statistical analyses were
performed using JMP version 17.0.0 (SAS
Institute, Cary, NC, USA) and EZR version 1.42
(Saitama Medical Center, Jichi Medical
University, Saitama, Japan),!® a graphical user
interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

Results
Patient characteristics

Among the 949 consecutive patients (median
age, 65years; range, 26-84years, with 14%

being =75years) who received platinum-based
chemotherapy at the JFCR between 2011 and
2023 (n=477, 344, and 128 for Groups A, B,
and C, respectively; Figure 1), 585 (61%) were
male; 308 (32%) received gastrectomy prior to
chemotherapy; and 560 (59%) and 389 (41%)
had an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 and =1,
respectively. Moreover, 301 (32%) patients had
=2 metastatic sites; 701 (74%) had a diffuse-
type Lauren classification; and 210 patients
(22%) had an NLR of =4 at baseline. Details
regarding the patient’s characteristics are
described in Table 1. Generally, all groups had
comparable characteristics, except for the pro-
portion of elderly patients (defined as =75 years
of age; A: 10%, B: 17%, and C: 21%; p=0.002),
the proportion of patients who did not receive
prior gastrectomy (A: 66%, B: 72%, C: 60%;
p»=0.03), the presence of peritoneal metastases
(A: 53%, B: 63%, C: 59%; p=0.0005), and the
presence of liver metastases (A: 20%, B: 21%,
C: 13%; p=0.0005).

Survival among the groups

At the cutoff period for data collection (August 1,
2024), the median follow-up duration was
46.3months (53.2, 51.1, and 14.9months for
Groups A, B, and C, respectively), with 721
(76%) patients succumbing to their disease.
Overall, the median OS, PFS, and TTF for sec-
ond-line treatment were 16.0months (95% CI,
14.9-17.2), 6.9 months (95% CI, 6.5-7.3), and
3.4months (95% CI, 3.2-3.7), whereas the PPS
after progression to first-line treatment was
6.9 months (95% CI, 6.4-7.4), respectively.

The median OS in Groups A, B, and C was 16.2,
15.2 (HR for Group A, 1.01; 95% CI, 0.87—
1.18), and 21.3months (HR, 0.84; 95% CI,
0.62-1.14), respectively (Figure 2(a)). The
median PFS in Groups A, B, and C was 7.3, 6.0
(HR, 1.11; 95% CI, 0.96-1.29), and 7.3 months
(HR, 0.77; 95% CI, 0.60-1.004), respectively
(Figure 2(b)). The adjusted HRs for OS stratified
according to age (<65 vs =65years), prior gas-
trectomy (yes vs no), and a number of metastases
(0-1 vs =2) were calculated to compare the OS
between each group. Consequently, no signifi-
cant differences in OS were observed between
Groups A and B (adjusted HR, 1.01; 95% CI,
0.87-1.18) and Groups A and C (adjusted HR,
0.87; 95% CI, 0.64-1.18). Among the patients
who received second-line treatment, the median
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477 pati ived first-li 344 pati ived first

}

i .
during 2011-2017 during 2018-2021

470 (99%) chemotherapy
7 (1%) ICI plus chemotherapy

306 (89%) chemotherapy
38 (11%) ICI plus chemotherapy

24 excluded
5 continuing treatment
15 transferred to another hospital
2 Unknown
2 death

110 best supportive care

343 (75.7%) patients received
second-line treatment

15 excluded
3 continuing treatment
8 transferred to another hospital
2 unknown
2 death

150 best supportive care

178 (40.6%) patients received

third-line treatment third-line treatment

Figure 1. Flow chart for patient selection.
ICI, immunotherapy.

TTF for second-line treatment in Groups A, B,
and C was 3.4, 3.4 (HR, 1.03; 95% CI, 0.86—
1.22), and 3.0 months (HR, 1.09; 95% CI, 0.78—
1.51), respectively (Figure 2(c)). Among those
whose disease had progressed to first-line treat-
ment, the median PPS in Groups A, B, and C was
15.7, 13.6 (HR, 1.03; 95% CI, 0.88-1.21), and
11.3months (HR, 1.30; 95% CI, 0.95-1.77),
respectively (Figure 2(d)). Among the subgroups
with intestinal-type histology, those in Group C
showed a numerically longer OS than those
in Group A (HR, 0.32; 95% CI, 0.1-0.89;
Supplemental Figure 1(A)). Meanwhile, among
the subgroups with diffuse-type histology, those
in Groups B and C did not show improved OS
when compared to those in Group A
(Supplemental Figure 2(B)). Subgroups accord-
ing to age (<75, =75years) did not show trends
toward improvement of OS (Supplemental Figure
1(C) and (D)).

To determine the magnitude of the efficacy of
third- or later-line anti-PD-1 antibody treat-
ment, patients in Group A who received any
third- or later-line treatments other than immu-
notherapy at the cutoff period for data

32 excluded
17 continuing treatment
15 transferred to another hospital

62 best supportive care

250 (80.1%) patients received
second-line treatment

24 excluded
5 continuing treatment
18 transferred to another hospital
1 death

58 best supportive care

168 (58.3%) patients received

128 pati ived firstli
during 2022-2023

128 (100%) ICI plus chemotherapy

50 excluded
48 continuing treatment
2 transferred to another hospital

23 best supportive care

55 (70.5%) patients received
second-line treatment

14 excluded
14 continuing treatment

21 best supportive care

20 (31.3%) patients received
third-line treatment

collection (n=389) were compared with those in
Group B who received third- or later-line immu-
notherapy (z=129). Notably, we found that
Groups A and B had a median OS of 19.6 months
(95% CI, 16.9-21.3) and 19.0months (95%
CI, 17.0-22.6; HR, 1.01; 95% CI, 0.87-1.18;
p=0.82), respectively (Figure 3(a)). The
adjusted HR for OS was 0.96 (95% CI, 0.72-
1.30; p=0.83). The 1-, 2-, and 3-year OS rates
for Groups A and B were 84.2% (76.7%-91.8%)
and 75.8% (95% CI, 68.4%-83.2%), 35.2%
(25.1%-45.2%) and 38.1% (29.6%-46.7%),
and 11.3% (4.4%-18.2%) and 23.2% (15.5%—
29.6%), respectively.

Similarly, to investigate the potential therapeutic
impact of first-line immunotherapy plus chemo-
therapy, we evaluated 382 patients in Group A
who did not receive any-line immunotherapy and
173 patients who received first-line immunother-
apy plus chemotherapy. Accordingly, we found
that such patients had a median OS of 14.1 months
(95% CI, 13.9-15.7) and 17.6 months (95% CI,
14.4-22.5; HR, 0.78;95% CI, 0.61-0.99; p=0.04;
Figure 3(b)), respectively. The 1-, 2-, and 3-year
OS rates for Group A and patients who received

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

K Shimozaki, A Ooki et al.

Table 1. Patient characteristics.

Characteristics Overall 2011-2017 2018-2021 2022-2023 p Value
(N=949) (n=477) (n=344) (n=128)
Age, median (range) 65 (26-84) 63 (26-84) 66 (26-83) 66 (27-83) 0.055
=75 135 (14%) 50 (10%) 58 (17%) 27 (21%) 0.002*
Sex, male 585 (62%) 289 (61%) 225 (65%) 71 (55%) 0.11
ECOG PS
0 560 (59%) 279 (58%) 207 (60%) 74 (58%) 0.85
=1 389 (41%) 198 (42%) 137 (40%) 54 (42%)
Primary location
EGJ 776 (82%) 391 (82%) 278 (81%) 108 (84%) 0.67
Stomach 169 (18%) 86 (18%]) 63 (18%) 20 (16%)
Prior gastrectomy
No 641 (68%) 316 (66%) 248 (72%) 77 (60%) 0.03*
Histological type
Diffuse type 701 (74%) 349 (73%) 247 (72%) 105 (82%) 0.07
Metastatic site
Peritoneum 544 (57%) 254 (53%]) 215 (63%) 75 (59%) 0.21
Liver 185 (19%) 97 (20%) 71 (21%) 17 (13%) 0.0005*
Lymph node 338 (36%) 151 (32%) 126 (37%) 61 (48%) 0.053
Number of metastases
0-1 648 (68%) 341 (71%) 221 (64%) 86 (67%) 0.08
=2 301 (32%) 136 (29%) 123 (36%) 42 (33%])
ALP, U/L median (range) 230 (23-7724) 234 (100-7724) 233 (23-5389) 222 (41-3914) 0.93
NLR, median (range) 3.08(0.28-92.4)  2.92(0.48-47.0)  3.45(0.61-92.4)  2.86(0.28-37.6)  0.21
First-line immunotherapy 173 (18%) 7 (1%) 38 (11%]) 128 (100%)
Second- or later-line immunotherapy 391 (41%) 89 (19%) 129 (38%) 2 (2%)

*p < 0.05.

ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; EGJ, esophagogastric junction; NLR, neutrophil-to-lymphocyte ratio; PS,

performance status.

first-line immunotherapy plus chemotherapy were
57.7% (52.6%—-62.8%) and 64.7% (56.9%—
72.5%), 25.7% (21.2%-30.2%) and 35.9%
(26.1%—-45.7%), and 13.7% (10.0%-17.4%) and
24.6% (13.6%—35.6%), respectively. Although no
significant difference in PFS was observed between
the two subgroups (median 7.3 vs 7.6months;
HR, 0.83; 95% CI, 0.66-1.03; p=0.09;

Supplemental Figure 2(A)), a durable response
was observed in patients who received first-line
immunotherapy plus chemotherapy, with 1-, 2-,
and 3-year PFS rates of 28.5% (23.7%-33.2%)
versus 31.7% (23.7%-39.6%), 9.6% (6.2%—
12.8%) versus 17.0% (9.1%—-24.9%), and 5.8%
(3.2%-8.4%) versus 17.0% (9.1%-24.9%),
respectively. In addition, compared to Group B
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Figure 2. Kaplan-Meier estimates of (a) overall survival, [b) progression-free survival, (c] time to treatment
failure of second-line treatment, and (d) post-progression survival after first-line treatment in Groups A

(2011-2017), B (2018-2021), and C (2022-2023).

Cl, confidence interval; Ref, reference.

excluding patients who received first-line immuno-
therapy plus chemotherapy (z=306), and those
who received first-line immunotherapy plus
chemotherapy (n=173), the OS rates were compa-
rable between the subgroups (median, 14.5 vs
17.6months; HR, 0.88; 95% CI, 0.68-1.13;
p»=0.33; Figure 3(c)). Overall, patients who
received any-line immunotherapy (z=391) had
significantly better OS than did those who did not
receive immunotherapy-containing treatment
(n=558; median, 21.0 vs 13.1 months; HR with
time-dependent covariates, 0.54; 95% CI, 0.47—
0.633; p<<0.0001; Figure 3(d)).

Univariate and multivariate Cox regression
analyses for 0S and PFS

Table 2 summarizes the results of univariate and
multivariate Cox regression analyses for OS using
baseline characteristics and laboratory tests. The
following factors were independently associated

with poor prognosis in this cohort: ECOG PS =1
(HR, 1.68; 95% CI, 1.43-1.98; p<<0.0001), dif-
fuse-type (HR, 1.38; 95% CI, 1.14-1.67;
p»=0.0008), absence of gastrectomy (HR, 1.32;
95% CI, 1.03-1.68; p=0.02), =2 metastases
(HR, 1.20; 95% CI, 1.01-1.43; p=0.03), pres-
ence of peritoneal metastases (HR, 1.38; 95% CI,
1.16-1.65; p=0.0002), high alkaline phosphatase
(ALP) level (HR, 1.39; 95% CI, 1.15-1.69;
»=0.0006), and NLR =4 (HR, 1.56; 95% CI,
1.31-1.85; p<<0.0001). Treatment period
(Group A vs Group B or C) and use of first-line
immunotherapy were not associated with OS.

The results of univariate and multivariate Cox
regression analyses for PFS are summarized in
Supplemental Table 1. Overall, ECOG PS =1
(HR, 1.39; 95% CI, 1.18-1.63; p <0.0001),
absence of gastrectomy (HR, 1.34; 95% CI,
1.05-1.72; p=0.01), =2 metastases (HR, 1.31;
95% CI, 1.10-1.57; p=0.002), high serum ALP
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Figure 3. Kaplan-Meier estimates of overall survival in the subgroup of (a) patients in Group A who had
received any third-line treatment other than immunotherapy or continued first- or second-line treatment after
cutoff point for data collection and patients in Group B who received immunotherapy as third- or later-line
treatment or continued first- or second-line treatment after cutoff point for data collection; (b) patients in
Group A who did not receive any-line immunotherapy and those who had received first-line immunotherapy
plus chemotherapy; (c) patients in Group B excluding those who had received first-line immunotherapy plus
chemotherapy and first-line immunotherapy plus chemotherapy; and (d) patients who did and did not receive

any-line immunotherapy.
Cl, confidence interval; Ref, reference.

(HR, 1.35; 95% CI, 1.03-1.552; p=0.03), NLR
=4 (HR, 1.35; 95% CI, 1.14-1.61; p=0.0005),
and the use of immunotherapy for first-line treat-
ment (HR, 0.79; 95% CI, 0.64-0.98; p=0.03)
were associated with PFS.

Patterns of subsequent treatment

At the cutoff point for data collection, 796 (84%)
patients had discontinued first-line treatment.
Among them, 343 (76%), 250 (80%), and 55
(71%) in Groups A, B, and C received second-
line treatment, respectively (Supplemental Figure
3(A)). After discontinuing second-line treatment,
178 (41%), 168 (58%), and 20 (31%) in Groups
A, B, and C received any third-line treatment,

with the rate of receiving third-line treatment
being significantly higher in Group B than in
Group A (p=0.0001) and Group C (p<0.0001).

Details regarding subsequent treatment agents in
each line according to the groups are described in
Supplemental Figure 3(B). The majority of the
patients received taxane-based chemotherapy as
second-line treatment, whereas irinotecan (46%),
immunotherapy (73%), and trifluridine/tipiracil
(FTD/TPI) (70%) were the most commonly pro-
vided third-line treatment in Groups A, B, and C,
respectively. Among those aged =75years, those
in Group had a significantly lower rate of receiv-
ing second- or third-line treatment than did those
in Group B (Supplemental Figure 3(C)).
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Table 2. Univariate and multivariate analyses for survival.
Variables Category (Ref) Univariate Multivariate
HR 95% ClI p HR 95% CI p

Age =75 vs <75 (Ref) 0.97 0.78-1.20  0.81
Sex Female vs male 1.12 0.96-1.30 0.12
ECOG PS =1vs0 1.86 1.60-2.15 <0.0001* 1.68 1.43-1.98 <0.0001*
Histological type Diffuse vs intestinal 1.46 1.23-1.73 <0.0001* 1.38 1.14-1.67 0.0008*
Tumor status Metastatic vs recurrent 1.29 1.08-1.55 0.005* 0.91 0.69-1.19 0.50
Gastrectomy No vs yes 1.36 1.16-1.60 0.0001* 1.32 1.03-1.68 0.02*
Number of meta =2 vs 0-1 1.33 1.14-1.55 0.0002* 1.20 1.01-1.43 0.03*
Peritoneum Yes vs no 1.50 1.27-1.78 <0.0001* 1.38 1.16-1.65 0.0002*
Liver Yes vs no 1.03 0.85-1.24 0.72
Lymph node Yes vs no 1.04 0.88-1.22 0.60
ALP =ULN vs <ULN 1.57 1.33-1.86 <0.0001* 1.39 1.15-1.69 0.0006*
NLR =4 vs <4 1.88 1.62-2.19 <0.0001* 1.56 1.31-1.85 <0.0001
ICI for first line Yes vs no 0.91 0.72-1.14 0.43
Period 2011-2017 (Ref) Ref Ref

2018-2021 1.01 0.87-1.18 0.82 1.05 0.89-1.24 0.51

2022-2023 0.84 0.62-1.14 0.28 0.92 0.67-1.25 0.60
*p < 0.05.

ALP, alkaline phosphatase; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; ICl, immunotherapy; NLR,
neutrophil-to-lymphocyte ratio; PS, performance status; Ref, reference; ULN, upper limit of normal.

Discussion

After evaluating 949 real-world patients with
HER2-negative AGC, our findings suggested that
the introduction of immunotherapy might have
impacted the treatment landscape and contrib-
uted to the improvement of survival in this popu-
lation. To the best of our knowledge, the current
study has been the first to evaluate the clinical
utility of immunotherapy in real-world patients
with HER2-negative AGC, including both later-
line immunotherapy and first-line chemotherapy
plus immunotherapy.

The current large-scale cohort study showed no
clear improvements in survival outcomes across
treatment periods following the approval of
immunotherapy. Immunotherapy had initially
been approved in 2017 for third- or later-line

treatment and then as first-line treatment in
combination with chemotherapy in 2021.
Exploratory analyses, however, indicated trends
favoring the initiation of immunotherapy earlier
during the treatment course. The OS of patients
receiving third- or later-line immunotherapy
monotherapy, who primarily belonged to Group
B, did not significantly differ from that of patients
who did not receive any-line immunotherapy.
This lack of improvement could partly have been
attributed to the fact that patients in Group A
had received third-line treatments, such as
irinotecan or other agents, which could have
influenced the comparison of OS between
Groups A and B. Although irinotecan did not
demonstrate any OS benefits as a third- or later-
line treatment, the WJOG4007 trial showed that
it offers therapeutic efficacy comparable to that
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of paclitaxel in the second-line setting.!®
Consequently, irinotecan has also been consid-
ered a viable option for third-line treatment, par-
ticularly for patients in Group A. It is worth
noting that approximately 80% of patients in the
ATTRACTION-2 trial had received more than
three prior treatments before starting nivolumab
monotherapy, and approximately 30% of patients
subsequently underwent additional pharmaco-
therapy.® While the introduction of immunother-
apy as a third-line treatment in clinical practice
has expanded therapeutic options for AGC
patients, particularly those previously ineligible
for later-line treatments in Group B, detecting a
clear difference in OS between patients receiving
third-line immunotherapy monotherapy and
those receiving non-immunotherapy pharmaco-
therapy in clinical practice remains challenging.

Patients who received first-line immunotherapy
plus chemotherapy demonstrated improved sur-
vival when compared to those in Group A who
rarely had the opportunity to receive any-line
immunotherapy. However, no significant differ-
ence in OS was found between patients receiving
first-line immunotherapy plus chemotherapy and
those in Group B. These apparently inconsistent
results mirror those presented in the
CheckMate-649 and ATTRACTION-4 trials,
both of which demonstrated prolonged PFS but
only the CheckMate-649 trial showed an improve-
ment in OS. Only 13% of the patients in Group A
received third- or later-line immunotherapy,
whereas 42% of those in Group B received the
same. Therefore, the proportion of patients who
received any-line immunotherapy could influence
survival outcomes, which may explain the differ-
ence between the results of the CheckMate-649
and ATTRATION-4 trials. Following the results
of the TAGS trial, the approval of FTD/TPI in
Japan in 2019 influenced subsequent treatment
options for HER2-negative AGC?2° (Supplemental
Figure 4). Although nivolumab monotherapy has
generally been the preferred third-line treatment
option given its moderate and manageable toxic-
ity profile compared to cytotoxic agents, as well as
its potential to achieve durable responses in
selected cases, FTD/TPI has played a significant
role in improving the outcomes of fourth-line or
later treatments. In Group B, this treatment
approach also slightly improved OS, narrowing
the OS gap between Groups B and C. After con-
sidering the time-dependent covariate of any-line
immunotherapy, our results further suggest
favorable OS for patients receiving any-line

immunotherapy, indicating that certain patients
might benefit from immunotherapy regardless of
treatment lines. Given the potential risk of miss-
ing out on opportunities for immunotherapy, ini-
tiating immunotherapy as part of first-line
treatment in combination with chemotherapy is
quite reasonable.

As described in previous reports,'* our study
revealed slight shifts in the characteristics of real-
world patients, suggesting the broadening of
broadened for platinum-based chemotherapy,
especially for elderly patients. This trend may
become even more pronounced with the approval
of immunotherapy for first-line treatment. In
addition, increasing opportunities for surgical
intervention of metastatic gastric cancer, includ-
ing surgeries with curative intent (2% vs 3% vs
7%), and greater participation in clinical trials
should be considered when interpreting the
results of the current study, which did not clearly
show improvements in survival across treatment
periods. However, the changing patient popula-
tion across treatment periods might be viewed
favorably, given that it reflects an expanding indi-
cation for chemotherapy among those with AGC
in clinical practice.

Further discussions are needed to clarify predic-
tive biomarkers of the treatment efficacy of
immunotherapy with or without chemotherapy.
Although mismatch repair deficiency/microsat-
ellite instability-high is a robust predictive bio-
marker for immunotherapy in gastric cancer,?!
the validity of PD-L.1 expression as a predictive
biomarker of immunotherapy in gastric cancer
remains controversial.® Requirements for the
approval of nivolumab or pembrolizumab in
combination with chemotherapy differ accord-
ing to the regulatory authorities. Thus, further
research is needed to identify the optimal sub-
group of patients who would benefit most from
initiating immunotherapy-based treatments,
including identifying biomarkers for precisely
predicting immunotherapy efficacy, such as not
only PD-L1 expression or mismatch repair defi-
ciency/microsatellite instability but also other
novel biomarkers.?2 Moreover, the appearance
of targetable biomarkers, including claudin 18
isoform 223:24 and fibroblast growth factor 2 iso-
form IIIb,?5 can improve the survival of patients
with HER2-negative AGC who do not respond
to current agents and help deliver immunother-
apy plus chemotherapy for appropriate patients
with AGC.
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Several limitations inherent to the retrospective
nature of the current study are important to note.
First, the follow-up period was shorter for Group
C than for the other groups, which may have lim-
ited the number of PFS or OS events. This differ-
ence could hinder the interpretation of the results
according to treatment periods, underscoring the
need for further observation in this subgroup.
Hence, we plan to conduct further analyses with
longer follow-up data, which could help in clarify-
ing the robust efficacy of immunotherapy in the
treatment of real-world patients with HER2-
negative AGC. Second, the study only included
patients who received platinum-containing treat-
ment and excluded those who received fluoropy-
rimidine monotherapy as first-line treatment,
which might have created an imbalance in
patients’ characteristics between the groups. As
noted earlier, the heterogeneity of patients across
groups due to various factors may introduce
potential bias, emphasizing the need for caution
when interpreting our results. Although these
limitations may affect the generalizability of our
findings, we believe that real-world patients with
AGC stand to benefit from the therapeutic
advances in immunotherapy. Our findings under-
score the need for ongoing improvement in AGC
treatment and exploration of the optimal indica-
tions for immunotherapy within this population.

Conclusion

The current study highlighted the clinical signifi-
cance of immunotherapy across each treatment
period and treatment lines. Notably, our results
suggest that immunotherapy might have partially
improved the survival of real-world patients with
HER2-negative AGC, underscoring the need for
further appropriate treatment strategies including
efforts to identify biomarkers and the develop-
ment of other agents.
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