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Abstract

Aim Postoperative adjuvant chemotherapy is known to enhance cure rates and is thus recommended for stages plI to plII.
However, specific guidelines for such treatment in elderly gastric cancer (GC) patients are currently lacking. This study
examines the impact of adjuvant chemotherapy on the postoperative survival of these patients.

Methods We reviewed a total of 7749 patients with GC who underwent radical gastrectomy at Zhejiang Cancer Hospital
and Fujian Cancer Hospital from January 2007 to December 2019. We conducted univariate and multivariate Cox regres-
sion analyses to investigate the impact of clinicopathological factors on overall survival (OS) and cancer-specific survival
(CSS) in these patients. Additionally, we created a meta-analysis forest plot and employed propensity score matching (PSM)
to mitigate confounding bias.

Results Age and adjuvant chemotherapy were independent risk factors for OS and CSS. Stratified analysis based on chemo-
therapy use revealed a statistically significant difference in OS and CSS between younger patients who did and did not receive
adjuvant chemotherapy. In contrast, no significant differences in OS and CSS were observed between older patients with or
without adjuvant chemotherapy. These findings remained consistent after propensity score matching (PSM).

Conclusions Age and adjuvant chemotherapy are independent risk factors for OS and CSS in patients with stage II/IIl GC;
for patients with stage II/III gastric cancer aged > 75 years, shared decision-making should be made taking into account
functional status and comorbidities, rather than conventional adjuvant chemotherapy.
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Postoperative adjuvant chemotherapy can improve the post-
operative cure rate, so it is recommended for the pII to pIII
stage (Takayama and Tsuji 2023). Postoperative adjuvant
chemotherapy is a recommended treatment based on pro-
spective clinical studies, such as the S-1 Gastric Cancer
Adjuvant Chemotherapy Trial (ACTS-GC) (Sakuramoto
et al. 2007; Sasako et al. 2011), Capecitabine and Oxalipl-
atin Adjuvant Study in Gastric Cancer (CLASSIC) (Bang
et al. 2012; Noh et al. 2014), S-1 Docetaxel versus S-1
Alone Adjuvant Chemotherapy Trial (JACCRO GC-07)
(Yoshida et al. 2019) and SOX Adjuvant Chemotherapy for
Gastric Cancer studies (ARTIST 2), which demonstrated
that adjuvant chemotherapy improved disease-free survival
(DFS) and overall survival (OS) in stage II/III gastric cancer
patients undergoing D2 gastrectomy (Park et al. 2021). How-
ever, the existing standard chemotherapy regimens are pri-
marily developed in non-frail, non-comorbid patients with a
median age of less than 65 years, and despite the participa-
tion of selected older adults, they cannot be considered fully
representative of the older population, and older patients are
underrepresented in clinical studies (Pitkala and Strandberg
2022; Thake and Lowry 2017).

To date, there are no specific guidelines for adjuvant
chemotherapy in elderly patients with gastric cancer. Older
patients have a short life expectancy, many comorbidities,
and a high risk of treatment-related complications, and
guidelines based on clinical trial results in younger patients
are not directly applicable to the treatment of older cancer
patients (Aapro et al. 2005). Consequently, the objective
of this study is to examine the effects of adjuvant chemo-
therapy on postoperative survival in elderly patients with
gastric cancer, thereby providing guidance to clinicians in
selecting appropriate treatment strategies for these patients
to optimize their outcomes.

Materials and methods
Selection criteria and patients

We reviewed a total of 7749 gastric cancer patients who
underwent radical gastrectomy at Zhejiang Cancer Hospital
and Fujian Cancer Hospital from January 2007 to December
2019. All patients underwent radical gastrectomy followed by
adjuvant chemotherapy, including monotherapy and combina-
tion therapy. Histopathological examination was performed
according to AJCC Phase 8 system. The inclusion criteria of
this study were: (1) Radical gastrectomy for gastric cancer;
(2) Patients with primary gastric cancer at stages plI/III; (3)
Adjuvant chemotherapy after operation; (4) Complete clin-
icopathological data and follow-up data (regular outpatient
follow-up and telephone follow-up). Exclusion criteria were:
(1) No radical operation or palliative operation was performed
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for gastric cancer; (2) Patients with primary gastric cancer at
stages pl/IV; (3) Neoadjuvant therapy; (4) Incomplete clini-
cal and pathological data; (5) Combined with other malignant
tumors; (6) Gastric stump cancer, recurrent cancer and special
types of gastric tumors. The design flow chart is shown in
Fig. 1, and a total of 5243 patients were eventually included
in this study. This study was designed as a multicenter, retro-
spective study approved by the Medical Ethics Committee of
Zhejiang Cancer Hospital IRB-2022-371).

Clinicopathological characteristics

According to the pathological classification from the 8 th edi-
tion of the International Union for Cancer Control (UICC)
guidelines, a range of clinicopathological data was gathered,
including patient age, sex, body mass index (BMI), tumor
location, degree of differentiation, pathological type, pT stage,
pN stage, nerve invasion, vascular cancer thrombus, surgical
method, tumor marker levels, and the presence or absence of
postoperative adjuvant chemotherapy. Overall survival (OS)
and cancer-specific survival (CSS) served as the primary out-
come measures of this study.

Statistical analysis

Clinical and pathological data were analyzed statistically
using SPSS software (Version 25.0, IBM Corp, Armonk, NY,
USA) and the Survival, Forestplot and Matchlt packages in
R 4.2.3(https://www.r-project.org/). In all tests, P < 0.05 was
considered statistically significant. Classification data were
analyzed using the X2 test or Fisher’s exact test. Survival rates
were assessed using the Log-rank test and Kaplan—Meier
method. The Survival package was utilized to investigate the
influence of clinicopathological factors on OS and CSS in GC
patients through univariate and multivariate COX regression
analysis, the Forestplot package was employed to generate for-
est plots from multivariate analysis results, and the Matchlt
package was utilized for propensity score matching (PSM) to
mitigate confounding bias.

Follow-up

All patients were reviewed every 3 months in the first 2 years
after surgery and every 3 to 6 months in the 2 to 5 years after
surgery. Follow-up methods such as outpatient review and tel-
ephone calls were adopted in December 2023.
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Fig. 1 Flow diagram of this

study From 2007 to 2019, a total of 7220 From 2008 to 2020, a total of 525
patients with gastric cancer in Zhejiang patients with gastric cancer in Fujian
Cancer Hospital Cancer Hospital
Enrollment Criteria:
Radical gastric cancer was treated with radical resection
Postoperative pathology confirmed gastric cancer
AJCC 8™ stage TI/TIT
Complete clinicopathological data
[ Local cohort (n=5009) ] [ Validation group (n=234) ]
<75 years =75 year <75 years =75 years
(n=4541) (n=468) (n=204) (n=30)
Results in gender, nerve invasion, pT stage, pN stage, CA199,

Baseline characteristics

This study involved 2 independent cohorts of GC patients,
the local cohort (n =5009) and the Fujian cohort (n =234).
The median age of GC patients meeting the inclusion criteria
at diagnosis in the local cohort was 62 years (ranging from
19 to 92 years), while in the Fujian cohort, it was 59 years
(ranging from 23 to 83 years). We divided GC patients into
two age groups: those aged > 75 years and those aged <75
years. The clinicopathologic features of the local and Fujian
cohorts are detailed in Table S1.

Comparison of clinicopathologic features
between young and elderly patient groups

The elderly group showed lower BMI (P <0.001), with a
higher proportion of tumors located in the upper stomach
(P <0.001), the incidence of signet ring cell carcinoma was
lower (P =0.008), and the degree of tumor differentiation
was higher (P <0.001), laparotomy was more commonly
performed (P <0.001), vascular tumor thrombus was more
frequent (P =0.002), CEA positive was more frequent (P
<0.001), and the likelihood of adjuvant chemotherapy was
lower (P <0.001). No significant differences were observed

CA125, and AFP levels (Table S1).
Distribution of chemotherapy regimens

Adjuvant chemotherapy, defined as chemotherapy per-
formed after surgical resection, each regimen administered
according to NCCN guidelines and administered for at least
4 cycles. We identified the following 10 adjuvant chemo-
therapy types for analysis (Table S2): S-1, CAPE, Pacli-
taxel, SOX, TS, TP, TX, PS, FOLFOX and XELOX. These
included three single-agent regimens and seven combination
regimens. Among the 2845 patients with adjuvant chemo-
therapy, 482 (16.9%) were treated with monotherapy and
2364 (83.1%) were treated with combination therapy, with
SOX being the most prevalent regimen (n = 1789, 62.9%),
followed by S-1 as a single-agent chemotherapy. Elderly
patients were most frequently treated with S-1 monotherapy
(53.7%), while younger patients underwent approximately
twice the number of combination chemotherapy treatments
as their elderly counterparts (84% vs 43.3%).

Survival analysis: age and adjuvant chemotherapy
are independent risk factors for 0OS

Cox proportional hazards regression was employed to analyze
the impact of various clinicopathological factors on OS and
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CSS in GC patients. In the local cohort, sex, age, BMI, tumor
differentiation status, pathological type, nerve invasion, vascu-
lar cancer thrombus, pT3/T4 stage, pN stage, surgical method,
CEA, CA19-9, CA125 level and adjuvant chemotherapy were
independent risk factors for OS. Age, pathological type, nerve
invasion, pT stage, pN stage, surgical method, CEA, CA19-
9, and CA125 levels were independent risk factors for CSS
(Table 1). Figure 2 presents a meta-analysis forest plot to study
the impact of various clinicopathological factors on OS and
CSS in GC patients. In the Fujian cohort, age, pN stage, and
adjuvant chemotherapy remained independent risk factors for
OS (Table S3).

Kaplan—Meier curve analysis was performed for all patients.
In the unadjusted analysis, the younger group had a statistically
significant impact on survival when compared to the older
group, and the postoperative chemotherapy group exhibited
a statistically significant impact on survival when compared
to the group that did not receive postoperative chemotherapy.

Patients in the elderly group had a worse prognosis, in the
local cohort, the OS rates for the elderly group were 80.1%,
51.5% and 36.8% at 1, 3 and 5 years, respectively, while the
OS rates for the young group were 87.1%, 64.1% and 36.8% at
1, 3 and 5 years, respectively (P <0.001) (Fig. 3a). Similarly,
CSS was evaluated, and in the local cohort, the CSS rates at 1,
3, and 5 years were 86.6%, 61.5, and 51% for the older group,
respectively, while 92.6%, 77.2, and 71.3% at 1, 3, and 5 years
for the younger group, respectively (P <0.001) (Fig. 3b). In
the Fujian cohort, the OS rates at 1, 3, and 5 years were 86.2%,
69.6%, and 62.6% for the older group, while the OS rates at 1,
3, and 5 years for the younger group were 99.5%, 82.5%, and
64%, respectively (P =0.032) (Fig. 3¢).

Patients without adjuvant chemotherapy had a worse
prognosis, in the local cohort, the 1-year, 3-year, and 5-year
OS rates for the group without adjuvant chemotherapy were
81.7%, 58.4%, and 49.2%, respectively, while the 1-year,
3-year, and 5-year OS rates for the group with adjuvant
chemotherapy were 90%, 64.1%, and 90.9%, respectively (P
<0.001) (Fig. 3d). Similarly, CSS was evaluated, in the local
cohort, the CSS rates at 1, 3, and 5 years were 88.5%, 72.2%,
and 66.3%, respectively, whereas those who did receive
adjuvant chemotherapy had OS rates of 90%, 64.1%, and
90.9% at the same time points (P <0.001) (Fig. 3e). In the
Fujian cohort, the 1-, 3-, and 5-year OS rates for the adjuvant
chemotherapy group were 97.5%, 71.5%, and 57.5%, respec-
tively, while those for the group without adjuvant chemo-
therapy were 97.5%, 71.5%, and 57.5% (P =0.009) (Fig. 3f).

Stratified analysis by chemotherapy: no survival
advantage from adjuvant chemotherapy in elderly
patients with stage Il/1ll gastric cancer

We believe that adjuvant chemotherapy in elderly GC
patients should be evaluated more carefully. Therefore, we
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performed a chemotherapy stratification analysis in GC
patients aged 75 years and older within both the local and
Fujian cohorts. As shown in Fig. 4, in the local cohort, a sta-
tistically significant difference was observed in OS (Fig. 4a,
P < 0.001) and CSS (Fig. 4b, P = 0.007) between chemo-
therapy and non-chemotherapy patients in the young group,
Conversely, no statistically significant differences were
found in OS (Fig. 4d, P = 0.47) and CSS (Fig. 4e, P = 0.98)
between chemotherapy and non-chemotherapy patients in
the elderly group. Similarly, in the Fujian cohort, there was a
statistically significant difference in OS (Fig. 4c, P = 0.039)
between chemotherapy and non-chemotherapy patients in
the young group, whereas no statistically significant dif-
ference was observed in OS (Fig. 4f, P = 0.482) between
chemotherapy and non-chemotherapy patients in the elderly
group.

Subsequently, to account for stage-related effects, we fur-
ther categorized all GC patients into stage II and stage III
groups, respectively, and performed chemotherapy stratifi-
cation analysis in the local cohort. As shown in Fig S1, for
both stage II and stage III GC patients, there were statisti-
cally significant differences in OS (Fig Sla, P=0.001; Fig
Slc, P<0.001) between chemotherapy and non-chemother-
apy patients in the younger group, whereas no statistically
significant differences in the elderly group (Fig S1b, P=
0.51; Fig S1d, P= 0.243), and the analysis of CSS yielded
similar results (Fig S2).

Patients aged < 75 years were matched
with patients aged = 75 years on a propensity ratio
of 2:1

In the local group, we used the Marchlt package within R
software to conduct propensity score matching to address
confounding bias, a 2:1 ratio was employed. Matched pairs
were formed between patients aged <75 years and those
aged >75 years, with matching criteria including sex, BMI,
tumor location, degree of differentiation, pathological type,
pT stage, pN stage, nerve invasion, vascular cancer throm-
bus, surgical method, and tumor marker level, the clinico-
pathologic characteristics of the matched patient groups are
presented in Table S4. Kaplan—Meier curve analysis and Cox
regression analysis were performed on all patients in the
post-matched local cohort. Results: Among the 1216 GC
patients, OS and CSS remained poorer in the elderly group
(Figure S3), and these outcomes were found to be associated
with age and the receipt of adjuvant chemotherapy (Table 2).
Chemotherapy stratification analysis was performed in
GC patients > 75 years, there were significant differences
in OS (Fig. 5a, P = 0.009) and CSS (Fig. 5b, P = 0.032)
between chemotherapy and non-chemotherapy patients in
the younger group, while there was no significant differences
in OS (Fig. 5¢c, P = 0.708) and CSS (Fig. 5d, P = 0.593)
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Table 1 Univariate and multivariate analyses of overall survival and cancer-specific survival in the local cohort
Characteristic Overall survival (n =5009) Cancer-specific survival (n =3650)
Univariate Multivariate Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Gender
Female Reference Reference Reference
Male 1.117 (1.021- 0.016 1.139 (1.036— 0.007 1.075 (0.943— 0.281
1.221) 1.253) 1.224)
Age
<75 Reference Reference Reference Reference
>175 1.789 (1.592- <0.001 1.56 (1.369-1.777) < 0.001 2.059 (1.733- <0.001 1.797 (1.479- < 0.001
2.009) 2.446) 2.184)
BMI
18.5-24 Reference Reference Reference Reference
< 18.5 1.443 (1.285-1.62) < 0.001 1.18 (1.043-1.335)  0.009 1.485 (1.247- < 0.001 1.168 (0.969— 0.103
1.768) 1.408)
>24 0.834 (0.757- < 0.001 0.864 (0.781— 0.005 0.878 (0.763-1.01) 0.07 0.925 (0.798- 0.301
0.919) 0.957) 1.072)
Location
Upper Reference Reference Reference Reference
Middle 1.025 (0.912— 0.677 1.068 (0.944— 0.297 0.953 (0.802— 0.588 0.827 (0.518-1.32)  0.426
1.152) 1.209) 1.134)
Lower 0.922 (0.832- 0.124 0.936 (0.838— 0.243 0.878 (0.755— 0.092 0.833 (0.527- 0.434
1.022) 1.046) 1.021) 1.316)
Overlapped 2.113 (1.547- <0.001 1.273 (0.917— 0.15 2.16(1.382-3.377) 0.001 0.735 (0.469— 0.18
2.885) 1.767) 1.153)
Histology
Adenocarcinoma  Reference Reference Reference Reference
Signet ring cell 1.339 (1.208- < 0.001 1.169 (1.045— 0.007 1.582(1.367-1.83) < 0.001 1.363 (1.16-1.6) < 0.001
carcinoma 1.483) 1.309)
Grade
Well Reference Reference Reference Reference
Moderately 1.206 (1.065- 0.003 1.026 (0.897— 0.711 1.357 (1.122— 0.002 0.83 (0.676-1.018)  0.074
1.365) 1.173) 1.641)
Poorly and undif- 1.399 (1.248-1.57) < 0.001 1.144 (1.002— 0.046 1.591 (1.333— < 0.001 0.954 (0.826-1.1) 0.516
ferentiated 1.305) 1.899)
Nerve invasion
No Reference Reference Reference Reference
Yes 1.742 (1.594— < 0.001 1.292 (1.168- <0.001 1.854 (1.627- < 0.001 1.287 (1.108- 0.001
1.903) 1.429) 2.113) 1.493)
Vascular tumor
thrombus
No Reference Reference Reference Reference
Yes 1.666 (1.535— <0.001 1.142 (1.041- 0.005 1.733 (1.536- <0.001 1.137 (0.99-1.305)  0.069
1.808) 1.253) 1.956)
T stage
T1 Reference Reference Reference Reference
T2 1.236 (0.846— 0.273 1.352 (0.91-2.008)  0.135 1.262 (0.715- 0.423 0.295 (0.172— < 0.001
1.804) 2.229) 0.506)
T3 1.931 (1.345- <0.001 1.915(1.305-2.81)  0.001 1.998 (1.161-3.44) 0.012 0.428 (0.312— < 0.001
2.772) 0.586)
T4 3.253 (2.34-4.522) < 0.001 2.731 (1.921- <0.001 3.868 (2.36-6.338) < 0.001 0.609 (0.473- < 0.001
3.882) 0.785)
N stage
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Table 1 (continued)

Characteristic Overall survival (n =5009) Cancer-specific survival (n =3650)
Univariate Multivariate Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
NO Reference Reference Reference Reference
N1 1.285 (1.089— 0.003 1.426 (1.196— <0.001 1.383 (1.081— 0.01 1.57 (1.207-2.043)  0.01
1.517) 1.701) 1.768)
N2 1.879 (1.62-2.18) < 0.001 2.022 (1.718-2.38) < 0.001 1.993 (1.594-2.49) < 0.001 2.159 (1.688- < 0.001
2.762)
N3 3.686 (3.211- < 0.001 3.464 (2.955- < 0.001 4.471 (3.639- < 0.001 4.171 (3.286— < 0.001
4.231) 4.061) 5.493) 5.293)
Surgery
Open Reference Reference Reference Reference
Laparoscope 0.697 (0.608-0.8) < 0.001 0.831(0.72-0.959)  0.012 0.523 (0.418- < 0.001 0.643 (0.509— < 0.001
0.653) 0.813)
CEA
Negative Reference Reference Reference Reference
Positive 1.562 (1.432— < 0.001 1.319 (1.198- <0.001 1.623 (1.426— < 0.001 1.353 (1.171- < 0.001
1.704) 1.451) 1.847) 1.563)
CA199
Negative Reference Reference Reference Reference
Positive 1.65 (1.51-1.803) < 0.001 1.295 (1.179- <0.001 1.724 (1.511- < 0.001 1.301 (1.131- < 0.001
1.421) 1.966) 1.496)
CA125
Negative Reference Reference Reference Reference
Positive 1.76 (1.536-2.017) < 0.001 1.636 (1.416-1.89) < 0.001 1.806 (1.477— < 0.001 1.74 (1.405-2.155) < 0.001
2.208)
AFP
Negative Reference Reference
Positive 1.14 (0.979-1.328) 0.092 1.114 (0.885- 0.358
1.402)
Chemotherapy
No Reference Reference Reference Reference
Yes 0.757 (0.7-0.819) < 0.001 0.704 (0.645-0.769 < 0.001 0.765 (0.681-0.86) < 0.001 0.703 (0.616— < 0.001

0.801)

between chemotherapy and non-chemotherapy patients in
the elderly group.

Discussion

In 2020, the incidence of GC in China ranked third among
malignant tumors, with 479,000 new cases (Cao et al. 2021;
Rupaimoole et al. 2016). With the rapid development of
population aging (Xia et al. 2022), GC is more prevalent
among the elderly, with more than 60% of GC cases occur
in patients over 65 years of age, and about one-third of GC
patients over the age of 75, according to the Surveillance,
Epidemiology and Final Results (SEER) database (Sung
et al. 2021).
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Adjuvant chemotherapy is suitable for patients with
pathological stage II/III disease following D2 radical
gastrectomy, and the guidelines recommend a two-drug
combination regimen of fluorouracil drugs combined
with platinum. For stage II gastric cancer, XELOX is the
priority recommendation. For those with poor physical
condition, advanced age, and intolerance to the two-drug
combination regimen, S-1 monotherapy with oral fluoro-
uracil drugs should be actively considered, and XP, SOX,
and FLOFOX regimens can also be considered (Park et al.
2021; Zhang et al. 2021). For stage III patients, XELOX
(Bang et al. 2012) and SOX (Cheng et al. 2021) regimens
are preferentially recommended. The results of the S-1
gastric cancer adjuvant chemotherapy trial (ACTS-GC)
(Sasako et al. 2011) showed that: the 5-year OS was sig-
nificantly improved by 10.6% (71.7 vs. 61.1%, HR 0.669,
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a b
Multivariate Multivariate
characteristic N___Hazard Ratio (95%CTI) P-value characteristic N Hazard Ratio (95%CI). P-value
Gender Gender
Female 1245 1 Female 933
Male 3349 1.150[1.045, 1.265] - 0.004 Male 2396
Age Age
<7 4172 75 1
422 1558 [1.367. 1.776] —E 0.001 >75 1.793 [1.475,2.179] o <0.001
BMI
2950 1 18.5-24 2123 1
518 1.176(1.039, 1.331] e 0.01 18.5 337 1.169 [0.970, 1.409] e 0.101
1126 0.865 [0.782, 0.958] . 0.005 224 869 0.930 [0.802, 1.077] —_-—— 0.332
Surgery
4038 1 Open 2900 1
Q 556 0.823[0.712, 0.952] m 0.008 Laparoscope 429 0.646 [0.512,0.817] +——=— <0.001
Location Loeation
Upper 863 1 Upper 616 1
Middle 1150 1.077[0.951, m Middle 817 1.011 [0.840, 1.218) - 0.906
Lower 2516 0.940[0.841, 1 —a— 275 Lower 1860 0.888[0.754. 1.047] — 0.157
Overlapped 56 1283 [0.923, 1782 [ 0.138 Overlapped 36 1215 [0.761, 1.940] ] 0415
Grade Grade
771 W 572
1420 1.029[0.900, 1.178] - 0.674 1048 1.159[0.940, 1.429] [ 0.166
2394 1.150 [1.008, 1.313] = 0.038 ndifferentiated 1709 1.213 [0.987, 1.489] ] 0.066
oma 3903 1 2840 1
Si ell carcinoma 691 1.168 [1.043, 1.307] - 0.007 inoma 489 1.357 [1.155, 1.594] —.— <0.001
Vascular tumor thrombus scular tumor thrombus
No 1977 1 o 1527 1
Yes 2617 1.140 [1.039, 1.251] = =l 0.006 Yes 1802 1.141 [0.993, 1.310] - 0.062
Nerve invasion Nerve invasion
No 1601 1276
2993 1305 [1.179, 1.444] X 0.001 2053 1.295[1.116,1.504] e 0.001
151 1 133 1
378 1384 [0.9 67] eome 0.112 322 1.452 [0.793, 2.660] —_——— 0227
404 1977(1. 16) - 0.001 2.051 [1.140, 3.693] —— 0.017
3661 2.816[1.971,4.023] ——a——— <0001 3.397 [1.983, 5.819] ——— s <0.001
745 1 626
871 1434 (1201, 1.712) - <0.001 704 1.56. oo 0.001
1233 2.027[1.721.2.389)] ] <0.001 897 2 oo <0.001
1745 3.498 [2.981,4.105) —.— <0.001 1102 4. —-— <0.001
3507 1 2617
1087 1.322[1.201, 1.456] i <0.001 712 1.355 [1.173, 1.566] —m— <0.001
3480 1 2598 1
1114 12961180, 1.423] . <0.001 731 1299 [1.130, 1.495] - <0.001
4260 1 3109 1
334 1652 [1.430, 1.909] o <0.001 220 1.748 [1.411,2.166] oo <0.001
4279 3108
Positive 315 221
Chemotherapy
No 1942 1 1341 1
Yes 2652 0.700 [0.641, 0.765] (==l <0.001 1988 0.696 [0.610. 0.794] — <0.001
r T ) r T T )
0.5 1.0 20 4.0 0.50 1.0 2.0 4.0

Fig.2 a Forest plot of independent prognostic factors for overall survival in gastric cancer postoperative chemotherapy. b Forest plot of core
hazard ratios for cancer-specific survival in gastric cancer postoperative chemotherapy

95% CI: 0.540-0.828) and 5-year RFS improved by 12.3%
(65.4 vs. 53.1%, HR 0.653, 95% CI: 0.537-0.793) in the
adjuvant S-1 chemotherapy group compared with sur-
gery alone Based on this study, S-1 was established as
the standard of postoperative adjuvant chemotherapy for
patients undergoing radical surgery for locally advanced
gastric cancer in East Asia. The adjuvant study of capecit-
abine and oxaliplatin in gastric cancer (CLASSIC) (Bang
et al. 2012) was a phase III study conducted in East Asia,
This study reported the significant efficacy of DFS after
6 months of adjuvant treatment (postoperatively) with
capecitabine plus oxaliplatin (XELOX) after gastrectomy
with D2 lymph node dissection compared to surgery alone.
However, these clinical trials do not adequately represent
elderly patients, frail patients, and especially frail elderly
patients. Most of the current clinical studies limit enroll-
ment to patients under 75 years, unreasonably excluding
elderly subjects from clinical trials, leading to an unrep-
resentative study population. This, in turn, presents chal-
lenges in applying study findings to the target population
(Pitkala and Strandberg 2022; Thake and Lowry 2017).
Clinicians often treat older cancer patients according to
guidelines developed for the general population, which
can be risky for these patients who may have multiple
comorbidities (Aapro et al. 2005).

Previously, some researchers have explored to help
elderly and frail cancer patients develop appropriate chemo-
therapy regimens. In 2011, Seymour et al. (2011) conducted
the nationwide randomized trial MRC FOCUS?2 in frail and
elderly patients with colorectal cancer, they used reduced
doses of chemotherapy, and the two primary outcomes were:
progression-free survival (PFS) and change in overall quality
of life (QOL) from baseline to 12 weeks, the moderate rates
of toxic side effects and improvements in good quality of life
observed across all treatment groups supported the view that
elderly and frail cancer patients may not benefit from full-
dose chemotherapy. The GO2 (Hall et al. 2021) randomized
clinical trial was the first large-scale study to investigate the
association between chemotherapy intensity and patient-
centric outcomes in frail and elderly cancer patients. In this
trial, 514 elderly frail patients with gastroesophageal cancer
received the standard XELOX regimen at an 80% dose, and
the reduced-dose regimen showed reduced toxicity and com-
parable survival outcomes compared to those of the standard
dose. 321GO (Hall et al. 2017) was a randomized phase 11
trial and feasibility study on palliative chemotherapy in frail
or elderly patients with advanced gastroesophageal cancer,
the median age of the enrolled population was 75 years, all
patients were randomized in a 1:1:1 ratio to receive epiru-
bicin, oxaliplatin, and capecitabine (EOX); oxaliplatin plus
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Fig.3 OS and CSS in GC patients with stage II and III. a OS for
patients aged <75 and >75 years in local cohort. b CSS for patients
aged <75 and >75 years in local cohort. ¢ OS for patients aged <75
and >75 years in fujian cohort. d OS for patients with or without

capecitabine (OX); Single-agent capecitabine (X) (80% of
the full dose), and finally, the patient's overall quality of life
improved with treatment. These trials have demonstrated
that standard clinical trial-based guidelines are not directly
applicable to the treatment of elderly cancer patients.
Currently, there is no universally agreed-upon age cutoff
for defining"elderly patients", and the International Cancer
Society differing on this definition. The European Society
of Medical Oncology (ESMO) defines elderly as patients
aged 70 years or older, while the American Society of Clini-
cal Oncology (ASCO) defines patients > 65 years of age as
elderly (Mohile et al. 2018), reflecting differences in life
expectancy around the world. A previous study in China
enrolled 5,762 GC patients, determined an optimal age cut-
off of 75 years for elderly gastric cancer using a k-adaptive
partition algorithm. Subsequently, this study classified
patients into young and elderly groups based on an age
threshold of 75 years, baseline characteristics showed that
compared with the young group, the elderly group exhibited
a lower BMI, a higher degree of tumor differentiation, a
lower prevalence of signet ring cell carcinoma, and a lower
likelihood of receiving adjuvant chemotherapy, align-
ing with findings from previous studies. Guo et al. (2023)
analyzed 283 GC patients with stage II/III, concluded that
elderly patients exhibited a lower BMI (P <0.001), a higher
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adjuvant chemotherapy in local cohort. e CSS for patients with or
without adjuvant chemotherapy in local cohort. f OS for patients with
or without adjuvant chemotherapy in fujian cohort

degree of tumor differentiation (P =0.017), and a reduced
likelihood of receiving adjuvant chemotherapy (P <0.001).
A study by Hogan et al. (2020) reported that poorly differ-
entiated GC, especially signet ring cell carcinoma, was less
common in elderly GC patients compared to young patients,
whereas high/moderately differentiated gastric cancer was
more frequent in elderly patients. The lower proportion of
elderly cancer patients receiving adjuvant chemotherapy
may be due to the shorter life expectancy, a higher inci-
dence of comorbidities, higher risk of complications, and
the reluctance of the elderly to undergo adjuvant chemo-
therapy (Kawaguchi et al. 2021). Furthermore, this study
also found that elderly patients were more likely to undergo
open surgery than laparoscopic surgery (93.2% vs 6.8%),
and elderly patients were more likely to undergo laparotomy
compared to younger patients (93.25% vs 87%). We sus-
pect that this may be related to the fact that laparoscopic
surgery for advanced gastric cancer is still considered by
most scholars to be cautious, large-scale prospective ran-
domized controlled studies JCOG0912 (Katai et al. 2020)
and KLASS-01 (Kim et al. 2019) have both confirmed that
laparoscopic surgery for distal gastrectomy in ¢T1 NO and
c¢T1 N1 gastric cancer is as safe as laparotomy and does not
significantly impact long-term prognosis, these findings sup-
port the use of laparoscopic surgery as a standard treatment
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Fig.4 OS (a) and CSS (b) with or without adjuvant chemotherapy in
patients <75 years of age in local cohort; ¢ OS with or without adju-
vant chemotherapy in patients <75 years of age in fujian cohort; OS

for early distal gastric cancer, while for advanced gastric
cancer, further clinical research is warranted.

Whether adjuvant chemotherapy confers a survival
advantage in elderly gastric cancer patients with stage II/
III disease remains controversial in some prior studies and
publications. The results of a study based on 404 elderly GC
patients with stage II/III by Shi et al. (2023) showed that,
compared to those who did not receive adjuvant chemother-
apy, the survival of younger patients who did was better than
that of elderly patients (P <0.001), adjuvant chemotherapy
significantly improved disease-free survival (DFS) (5-year
DEFS rate, 53.1% vs 30.4%, P < 0.001) and overall survival
(OS) (5-year OS rate, 68.7% vs 52.1%; P= 0.002). These
findings suggest that adjuvant chemotherapy may offer
benefits to elderly patients with stage II/III gastric cancer
aged >70 years. A cohort study based on GC patients by
Cheng (2023) et al. concluded that adjuvant chemotherapy
was associated with better OS compared to surgery-only,
adjuvant chemotherapy significantly improved OS and CSS
in elderly patients with stage II/III GC. Karaca et al. (2018)
found that adjuvant chemotherapy in elderly GC patients is
as effective as in non-elderly patients, based on a comparison
of survival rates between elderly and young GC patients
receiving adjuvant chemotherapy. In contrast, a multi-
center study by Guo et al. (2023) found inconsistent results,

(d) and CSS (e) with or without adjuvant chemotherapy in patients
>75 years of age in local cohort; f OS with or without adjuvant
chemotherapy in patients > 75 years of age in fujian cohort

indicating that adjuvant chemotherapy may not be beneficial
for elderly gastric cancer patients with stage II/III disease.
Recently, Noguez-Ramos et al. (2024) conducted a system-
atic review and meta-analysis of 7 previous clinical trials
and find that chemotherapy did not significantly improve OS
or RFS compared to surgery alone or de-escalation chemo-
therapy in the treatment of patients with gastroesophageal
adenocarcinoma aged 70 years or older.

In this study, Kaplan—-Meier curve analysis was performed
on all patients in both cohorts, revealing that the elderly
group had poorer OS and CSS compared to the younger
group. Stratified analysis of chemotherapy in gastric cancer
patients over 75 years revealed a statistically significant dif-
ference in OS and CSS between the chemotherapy and non-
chemotherapy groups among younger patients, whereas no
such difference was observed in the elderly group (Fig. 4).
Subsequently, to reduce confounding bias, we matched pro-
pensity scores for all patients in the local cohort (Austin
et al. 2018; Liang et al. 2021), and the results showed that
there was a statistically significant difference in OS and CSS
between the chemotherapy and non-chemotherapy groups in
the younger group, while there was no significant difference
in OS and CSS between the chemotherapy and non-chem-
otherapy groups in the older group (Fig. 5). Consequently,
this study’s findings indicate that adjuvant chemotherapy
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Table 2 Univariate and multivariate analyses of overall survival and cancer-specific survival in the local cohort after PSM

Characteristic Overall survival (n =1216) Cancer-specific survival (n =828)
Univariate Multivariate Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Gender
Female Reference Reference Reference
Male 1.232 (1.035, 0.019 1.293 (1.082, 0.005 1.240 (0.957, 0.104
1.467) 1.544) 1.606)
Age
<75 Reference Reference Reference Reference
>75 1.646 (1.416, < 0.001 1.469 (1.238, < 0.001 1.844 (1.473, < 0.001 1.635 (1.270, < 0.001
1.913) 1.744) 2.307) 2.103)
BMI
18.5-24 Reference Reference Reference Reference
< 18.5 1.377 (1.137, 0.001 1.156 (0.949, 0.15 1.464 (1.102, 0.008 1.223 (0.912, 0.178
1.667) 1.407) 1.945) 1.641)
>24 0.829 (0.682, 0.062 0.832 (0.682, 0.07 0.894 (0.671, 0.446 0.928 (0.692, 0.615
1.009) 1.015) 1.192) 1.244)
Surgery
Open Reference Reference
Laparoscope 0.832 (0.609, 0.248 0.873 (0.566, 0.541
1.137) 1.348)
Location
Upper Reference Reference Reference Reference
Middle 0.869 (0.695, 0.219 0.775 (0.617, 0.029 0.683 (0.484, 0.030 0.576 (0.405, 0.002
1.087) 0.974) 0.965) 0.820)
Lower 0.859 (0.721, 0.088 0.820 (0.684, 0.032 0.754 (0.586, 0.028 0.643 (0.495, 0.001
1.023) 0.983) 0.969) 0.835)
Overlapped 2.025 (1.153, 0.014 1.159 (0.645, 0.621 1.944 (0.901, 0.090 0.951 (0.423, 0.904
3.556) 2.082) 4.196) 2.141)
Grade
Well Reference Reference Reference Reference
Moderately 1.239 (0.997, 0.053 1.006 (0.801, 0.958 1.387 (0.995, 0.053 1.115 (0.786, 0.542
1.541) 1.265) 1.933) 1.581)
Poorly and undif- 1.668 (1.358, < 0.001 1.224 (0.973, 0.084 1.937 (1.417, < 0.001 1.323(0.932, 0.118
ferentiated 2.048) 1.538) 2.648) 1.878)
Histology
Adenocarcinoma Reference Reference Reference Reference
Signet ring cell 1.816 (1.470, < 0.001 1.433 (1.143, 0.002 2.408 (1.795, < 0.001 1.753 (1.278, 0.001
carcinoma 2.243) 1.797) 3.230) 2.405)
Vascular tumor
thrombus
No Reference Reference Reference Reference
Yes 1.683 (1.433, < 0.001 1.158 (0.965, 0.115 1.810 (1.426, < 0.001 1.192 (0.910, 0.202
1.975) 1.389) 2.299) 1.563)
Nerve invasion
No Reference Reference Reference Reference
Yes 1.795 (1.522, < 0.001 1.283 (1.068, 0.008 1.972 (1.542, < 0.001 1.485 (1.142, 0.003
2.116) 1.540) 2.521) 1.930)
T stage
Tl Reference Reference Reference
T2 1.034 (0.474, 0.932 1.060 (0.480, 0.886 0.847 (0.273, 0.774
2.257) 2.338) 2.628)
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Table 2 (continued)

Characteristic Overall survival (n =1216) Cancer-specific survival (n =828)
Univariate Multivariate Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
T3 1.516 (0.718, 0.276 1.364 (0.636, 0.426 1.296 (0.443, 0.636
3.201) 2.924) 3.793)
T4 2.335 (1.163, 0.017 1.850 (0.903, 0.093 2.380 (0.887, 0.085
4.691) 3.791) 6.387)
N stage
NO Reference Reference Reference Reference
N1 1.125 (0.825, 0.455 1.316 (0.957, 0.091 1.099 (0.691, 0.691 1.153 (0.720, 0.554
1.534) 1.810) 1.747) 1.847)
N2 2.037 (1.563, < 0.001 2.126 (1.598, < 0.001 2.311 (1.564, < 0.001 2.132 (1.405, < 0.001
2.654) 2.829) 3.417) 3.235)
N3 3.622 (2.800, < 0.001 3.130 (2.328, < 0.001 4.165 (2.849, < 0.001 3.255 (2.109, < 0.001
4.685) 4.208) 6.089) 5.026)
CEA
Negative Reference Reference Reference Reference
Positive 1.483 (1.263, < 0.001 1.371 (1.157, < 0.001 1.568 (1.233, < 0.001 1.445 (1.121, 0.004
1.741) 1.624) 1.994) 1.862)
CA199
Negative Reference Reference Reference Reference
Positive 1.256 (1.068, 0.006 1.058 (0.894, 0.51 1.278 (1.005, 0.046 1.066 (0.832, 0.612
1.477) 1.253) 1.626) 1.367)
CA125
Negative Reference Reference Reference Reference
Positive 1.980 (1.538, < 0.001 1.783 (1.378, < 0.001 2.063 (1.431, < 0.001 1.861 (1.275, 0.001
2.548) 2.308) 2.973) 2.715)
AFP
Negative Reference Reference
Positive 0.849 (0.626, 0.294 0.733 (0.456, 0.201
1.152) 1.180)
Chemotherap
No Reference Reference Reference Reference
Yes 0.677 (0.583, < 0.001 0.694 (0.582, < 0.001 0.659 (0.527, < 0.001 0.661 (0.512, 0.001
0.787) 0.827) 0.823) 0.853)

does not confer a survival advantage to elderly gastric cancer
patients with stage II/III disease.

We analyzed that this may be attributed to the relative
homogeneity of health in younger cancer patients. Variations
in organ function, pharmacokinetics, gastrointestinal absorp-
tion, and metabolism between younger and older patients,
as well as among the elderly, may result in significant dis-
parities in the effectiveness and safety of cancer therapies
(Reid-Agboola et al. 2023). Matsunaga et al. (2021) argue
that older patients are more susceptible to comorbidities,
including hypertension, coronary heart disease, and diabe-
tes, compared to younger patients. They also tend to have
poorer nutritional status and inflammation levels. Conse-
quently, traditional chemotherapy regimens may pose more
harm than benefit for this population. We advise a compre-
hensive evaluation of postoperative adjuvant chemotherapy

for gastric cancer patients aged 75 and older. Identifying
frail and vulnerable elderly patients remains a challenge.
CGA is a validated score that can help patients stratify when
making clinical decisions, however, although ESMO recom-
mends the use of CGA at the onset of treatment in elderly
patients with gastroesophageal adenocarcinoma, the toler-
ance to chemotherapy has not been systematically evalu-
ated using standardized approaches (Lordick et al. 2022).
The FOCUS?2 study pioneered the use of Overall Treatment
Utility (OTU) as a patient-centered method to evaluate the
benefits of cancer treatment. OTU integrates clinical effi-
cacy, tolerability, and the patient’s subjective assessment of
treatment value. In this trial, OTU highlighted the distinct
advantages of oxaliplatin chemotherapy for elderly and
frail patients with advanced colorectal cancer, even when
other conventional endpoints showed variability. However,
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there is still no definitive evaluation criterion for identify-
ing frail elderly cancer patients and assessing the benefits
of chemotherapy.

We look forward to more clinical researches on elderly
GC patients in the future, to further investigate the effects
of adjuvant chemotherapy on their survival, establish cri-
teria for identifying and assessing the benefits of chemo-
therapy in frail and elderly patients, identify chemotherapy
regimens with minimal toxicity for advanced-stage elderly
and frail patients, and offer additional treatment options
for both clinicians and cancer patients. This study’s
strengths include the use of propensity score matching to
minimize confounding bias. Conducted as a multicenter
cohort study, it enrolled GC patients from Zhejiang Cancer
Hospital and Fujian Cancer Hospital, thereby mitigating
the influence of regional variables and reducing selection
bias. This study also has several limitations. First, this
study is a retrospective design, selection bias is inevitable,
it is important to note that healthier older patients may
be given preference to chemotherapy, and the observa-
tional retrospective design itself limits causal inference, as
treatment allocation is non-random, and while propensity
score matching can help control for confounding bias, it
can lead to smaller sample sizes and unbalanced covari-
ates. Second, this study only pooled all adjuvant regimens
(monotherapy versus combination therapy) and did not
further distinguish the effect of different chemotherapy

@ Springer

regimens on adjuvant chemotherapy, as the primary aim
was to assess the association of adjuvant chemotherapy
with survival outcomes, regardless of specific treatment
regimens, and all participating centers were tertiary hos-
pitals in East Asia, where GC biology and treatment para-
digms differed compared to Western populations, These
factors limit external validity and therefore additional
research is required to elucidate these differences.

Conclusions

In this multicenter study, we found that age and adjuvant
chemotherapy were independent risk factors for OS and
CSS in GC patients with stage II/III; Adjuvant chemo-
therapy may not confer a survival benefit in older patients
with stage II/III gastric cancer. These findings offer a valu-
able reference for clinicians in developing rational and
optimal treatment plans for elderly GC patients, for stage
II/IIT gastric cancer patients aged > 75 years, our data sup-
port shared decision-making with careful consideration
of functional status and comorbidities, rather than routine
administration of adjuvant chemotherapy.
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