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Simple Summary

In this study, we investigate the clinicopathological characteristics, survival outcomes, and
efficacy of adjuvant chemotherapy between patients with early-onset gastric cancer and
those with average-onset gastric cancer. Compared to 757 patients with average-onset
gastric cancer, 130 patients with early-onset gastric cancer were more likely to be female, had
more aggressive tumor features (poorer differentiation, diffuse type, perineural invasion),
and received chemotherapy more frequently. Adjuvant chemotherapy is an independent
protective factor for gastric cancer patients who have undergone radical surgery. However,
subgroup analysis by age shows that the efficacy of adjuvant chemotherapy is limited for
early-onset gastric cancer, as it cannot significantly improve the overall survival of patients
in the early-onset gastric cancer subgroup. The study suggests that early-onset gastric
cancer has distinct characteristics and may respond differently to standard chemotherapy.
In the future, new treatment strategies should be developed for early-onset gastric cancer.

Abstract

Background: The incidence of early-onset gastric cancer (EOGC) has been steadily increas-
ing in recent years. However, the efficacy of adjuvant chemotherapy (AC) in this population
remains unclear. This study aimed to investigate the clinicopathological characteristics,
survival outcomes, and efficacy of AC between EOGC and average-onset gastric cancer
(AOGC) patients. Methods: Patients with stage II-1II gastric adenocarcinomas who under-
went curative D2 gastrectomy at the Sixth Affiliated Hospital of Sun Yat-sen University
from January 2014 to December 2021 were enrolled and classified into two groups: EOGC
(<45 years) and AOGC (>45 years) groups. Clinicopathological characteristics, overall
survival (OS), and efficacy of AC were compared between the two groups. Western and
East Asian cohorts were included as external validation sets to compare the efficacy of AC
between different age groups. Results: Compared to AOGC, EOGC patients exhibited a
higher proportion of females, poor differentiation, diffuse Lauren type, middle-third GC,
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perineural invasion (PNI), and receipt of AC. Univariate and multivariate analyses identi-
fied that T stage, N stage, PNI, and AC were independent prognostic factors for OS. After
balancing the baseline characteristics between patients who received AC and those who
did not, the Kaplan-Meier survival curves indicated that AC significantly improved OS
across all patients. Further subgroup analysis revealed a survival benefit of AC in AOGC
patients, whereas no significant survival difference was observed in the EOGC subgroup.
Consistently, external validation in both Western and East Asian cohorts confirmed that
AC did not confer a survival advantage in EOGC patients. Conclusions: EOGC exhibits
aggressive pathological characteristics, and chemotherapy does not consistently improve
survival in EOGC patients.

Keywords: early-onset gastric cancer (EOGC); adjuvant chemotherapy (AC); population-
based study; propensity score matching

1. Introduction

Gastric cancer (GC) is a major digestive tract malignancy, ranking fifth in global
cancer incidence and mortality, with approximately 660,000 deaths reported in 2022 [1].
Historically, GC has been predominantly viewed as a disease primarily affecting older
adults, with a median age at diagnosis of 60 years [2,3]. However, a growing number of
younger individuals are being affected by GC, a condition typically diagnosed in those
under the age of 45 [4]. In China, the incidence rate of early-onset gastric cancer (EOGC)
has climbed by 28% over the past twenty years, while that of average-onset GC (AOGC)
has declined by 79% [5]. Globally, EOGC accounts for 4.6-14.8% of all GC cases [6], with the
United States reporting an exceptionally high prevalence, where over 30% of new diagnoses
are EOGC [7]. Moreover, projections indicate that the global incidence of EOGC is poised
to nearly double by 2035 [4]. The increasing incidence of EOGC is related to genetics, the
environment, and the lifestyles of young people. Approximately 10% of the cases show
family clustering with germline mutations in CDH1 or CTNNA1 genes [8]. There is a
negative correlation between body mass index and the age at gastric cancer diagnosis [9].
The high incidence of unhealthy lifestyles and metabolic diseases among young people,
as well as the high infection rate of Helicobacter pylori (Hp) [10], may all increase the
incidence of EOGC.

These evolving trends in GC epidemiology pose formidable challenges to clinicians
in determining optimal treatment strategies to improve patients’ survival outcomes. The
distinct clinicopathological and molecular profiles of EOGC compared to AOGC suggest
that these tumors may represent separate entities in GC [11]. EOGC patients are more
prone to high tumor grade, diffuse histological features, high rates of signet-ring cell
differentiation, and peritoneal metastases, all of which correlate with a poorer progno-
sis [4,12]. Consequently, EOGC is frequently diagnosed at advanced stages with limited
resectability, resulting in a median overall survival time as short as 11.7 months [13]. This
characteristic divergence may lead to differential responses to therapies, including adjuvant
chemotherapy (AC) [14].

AC is a cornerstone of treatment for advanced GC after curative resection [15-17].
However, current chemotherapy approaches for EOGC patients often follow protocols
designed for the general GC population, overlooking the inherent biological heterogeneity
of EOGC [18]. This lack of EOGC-specific treatment guidelines is compounded by a
dearth of large-scale, multicenter clinical studies [19]. Furthermore, significant knowledge
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gaps remain regarding the prognostic implications within this population, particularly
concerning their response to AC.

In this study, we investigated disparities in the prognostic value of AC between EOGC
and AOGC patients using international multi-center cohorts, aiming to assess whether AC
provides clinical benefit for EOGC patients. These findings will provide valuable insights
into the clinical strategies for EOGC management.

2. Materials and Methods
2.1. Patient Enrollment

This retrospective study analyzed GC patients who underwent gastrectomy at the
Sixth Affiliated Hospital of Sun Yat-sen University from January 2014 to December 2021.
The inclusion criteria were as follows: (1) underwent D2 radical resection with R0 margins;
(2) diagnosed with pathological AJCC8th TNM stage II-III gastric adenocarcinoma without
evidence of distant metastasis. Exclusion criteria included: (1) severe postoperative compli-
cations; (2) prior neoadjuvant chemotherapy, immunotherapy, or radiotherapy before D2
surgery; (3) gastric remnant cancer; (4) lack of essential clinicopathological and follow-up
data. A total of 887 patients were enrolled in this study. For external validation, the Surveil-
lance, Epidemiology, and End Results (SEER) database in the United States serves as the
Western GC cohort, while the East Asian GC cohorts for external validation included data
from the Asian Cancer Research Group (ACRG) [20], Samsung Medical Center (SMC) [21],
and Yonsei University [22]. Presented in Figure 1 is a flowchart of the patient enrollment
and the process of study implementation.

GC patients met the inclusion criteria (n=1186)

Exclusion criteria

Totally 887 patients were selected in this study
|

[ | I I_J_I

EOGC AOGC AC Non-AC
(n=130) (n=757) (n=650) (n=237)
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‘ 1:1PSM
Comparison of ;—I—;
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Characteristics (n=237) (n=237)
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Stratified analysis

" External validation

Western cohort [ East Asia cohort

Figure 1. Flowchart of this study.

The study was carried out in accordance with the Helsinki Declaration’s principles.
The study received approval from the ethics committee of the Sixth Affiliated Hospital of
Sun Yat-sen University.
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2.2. Clinical Characteristics

Patients diagnosed with gastric adenocarcinoma at age 45 or younger than 45 are
classified as EOGC, as defined in previous studies [5,23,24]. Conversely, those diagnosed
at an age older than 45 are considered AOGC. All selected GC patients were further
subdivided based on their AC status.

Other relevant variables were collected, including sex, tumor differentiation, Lauren
type, tumor location, perineural invasion (PNI), lymphovascular invasion (LVI), T stage, N
stage, carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA199).

2.3. Propensity Score Matching (PSM)

To summarize the distributions of the variables, descriptive statistics were employed,
and categorical variables were compared using either Pearson’s Chi-square test or Fisher’s
exact test. Patients who received AC were matched with non-AC patients using PSM. The
unbalanced variables, including T stage and N stage, were used as covariates to calculate
the individual propensity score. In this study, we employed 1:1 nearest-neighbor matching
without replacement, which pairs each non-AC patient with an AC patient having the
closest propensity score. The caliper width was set to 0.1.

2.4. Statistical Analysis

Overall survival (OS), which refers to the time from surgery until death from any
cause or the last follow-up, was the main endpoint of this study. The Survival curves for
OS were constructed using the Kaplan-Meier method, and the log-rank test was utilized to
assess the differences between these curves.

Univariate Cox regression analysis was used to evaluate the correlations between
various factors and the OS in GC patients. To identify independent prognostic factors,
variables with potential significance (p < 0.05) in the univariate analysis were included in the
multivariate Cox proportional hazards regression analysis. Before conducting multivariate
Cox regression analysis, we performed the proportional hazards (PH) test on the variables
included in the analysis to ensure the validity of the proportional hazards assumption.
Statistical significance was determined using a two-tailed p value of under 0.05. Data
analysis was performed using SPSS version 22.0 and R Project version 4.1.0.

3. Results
3.1. Patient Clinicopathological Characteristics

The clinicopathological characteristics of EOGC and AOGC patients are summarized
and compared in Table 1. Among the 887 enrolled patients, 130 (14.7%) were diagnosed with
EOGC, and 757 (85.3%) with AOGC. The proportion of female patients was significantly
higher in the EOGC group compared to the AOGC group (47.7% vs. 29.5%, p < 0.001).
EOGC patients were more frequently associated with poorly differentiated tumors (93.1%
vs. 68.0%, p < 0.001). Regarding the Lauren classification, EOGC was predominantly of
the diffuse type (82.3% vs. 43.1%, p < 0.001), whereas AOGC had a higher proportion
of intestinal-type (29.2% vs. 4.6%, p < 0.001). Additionally, the incidence of PNI was
significantly higher in EOGC compared to AOGC (63.8% vs. 52.6%, p < 0.001). EOGC was
more frequently located in the middle third of the stomach, with fewer cases occurring
in the upper stomach (p < 0.001). Moreover, AC accounted for 86.9% of the EOGC group,
compared with 70.9% in AOGC (p < 0.001).
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Table 1. Clinicopathological patient characteristics of EOGC and AOGC.
Characteristic " 3?3(3?%) " =A705(7;f(:)/0) p Value
Sex <0.001
Male 68 (52.3) 534 (70.5)
Female 62 (47.7) 223 (29.5)
Differentiation <0.001
Well-Moderate 9 (6.9) 242 (32.0)
Poor 121 (93.1) 515 (68.0)
Lauren Type <0.001
Intestinal 6 (4.6) 221 (29.2)
Mixed 17 (13.1) 210 (27.7)
Diffuse 107 (82.3) 326 (43.1)
Location <0.001
Upper 21 (16.1) 241 (31.9)
Middle 52 (40.0) 175 (23.1)
Lower 49 (37.7) 325 (42.9)
Overlap 8 (6.2) 16 (2.1)
T stage 0.382
T1-2 13 (10.0) 82 (10.8)
T3 83 (63.9) 518 (68.4)
T4 34 (26.1) 157 (20.7)
N stage 0.318
NO 30(23.1) 210 (27.7)
N+ 100 (76.9) 547 (72.3)
PNI 0.022
No 47 (36.2) 359 (47 .4)
Yes 83 (63.8) 398 (52.6)
LVI 0.024
No 91 (70.00) 447 (59.0)
Yes 39 (30.00) 310 (41.0)
CEA 0.131
<5 120 (92.3) 660 (87.2)
>5 10 (7.7) 97 (12.8)
CA-199 0.200
<37 114 (87.7) 626 (82.7)
>37 16 (12.3) 131 (17.3)
Adjuvant chemotherapy <0.001
No 17 (13.1) 220 (29.1)
Yes 113 (86.9) 537 (70.9)

3.2. Prognostic Factors in Univariate and Multivariate Analyses

In this study, univariate analysis was conducted across the entirety of GC patients, re-

vealing significant correlations between OS and several variables, including tumor location,
T stage, N stage, PNI, LVI, CA19-9 levels, and AC (Table 2). The individual Schoenfeld tests
and the Global Schoenfeld Test indicated no evidence of a violation of the PH assumption
(Figure S1). Subsequent multivariate Cox proportional hazards regression analyses identi-
fied AC as an independent protective factor associated with OS (Hazard ratio [HR] = 0.456,
95% confidence interval [CI]: 0.36-0.58, p < 0.001). Additional independent predictors of
poorer survival outcomes included T stage, N stage, and PNL
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Table 2. Univariate and multivariate Cox regression analyses of overall survival.
(o}
Variables Univariable Multivariable
HR (95%CI) p Value HR (95%CI) p Value
Age 0.305
EOGC Reference -
AOGC 1.187 (0.86-1.65) -
Sex 0.936
Male Reference -
Female 1.010 (0.80-1.28) -
Differentiation
Well—Moderate Reference 0.532 -
Poor 1.040 (0.92-1.18) -
Lauren Type 0.140
Intestinal Reference -
Mixed 1.307 (0.95-1.80) -
Diffuse 1.308 (0.99-1.73) -
Location 0.028 0.082
Upper Reference Reference
Middle 1.319 (0.98-1.77) 1.186 (0.88-1.60)
Lower 1.010 (0.77-1.33) 0.922 (0.70-1.22)
Overlap 1.907 (1.10-3.30) 1.670 (0.96-2.89)
T stage <0.001 <0.001
T1-2 Reference Reference
T3 2.677 (1.56-4.60) 2.749 (1.57-4.81)
T4 5.197 (2.96-9.11) 4.328 (2.42-7.75)
N stage <0.001 <0.001
NO Reference Reference
N+ 2.173 (1.63-2.90) 2.664 (1.97-3.61)
PNI <0.001 0.001
Negative Reference Reference
Positive 1.899 (1.51-2.39) 1.490 (1.18-1.91)
LVI <0.001 0.242
Negative Reference Reference
Positive 1.511 (1.21-1.89) 1.150 (0.91-1.45)
CEA 0.282
<5 Reference -
>5 1.200 (0.86-1.67) -
CA19-9 0.015 0.411
<37 Reference Reference
>37 1.408 (1.07-1.86) 1.125 (0.85-1.49)
Adjuvant chemotherapy 0.001 <0.001
No Reference Reference
Yes 0.544 (0.43-0.68) 0.456 (0.36-0.58)

3.3. Stratified Survival Analysis of AC in the Different Age Groups

The results of the above analysis suggested that, despite its association with poorer
differentiation, a higher prevalence of diffuse type, and an increased rate of PNI, EOGC
did not confer a worse prognosis compared to AOGC (Figure S2). Whether this survival
advantage is attributable to a higher proportion of patients receiving chemotherapy remains
to be confirmed through further investigation.

To evaluate the effect of AC on patient outcomes across different age groups, we
conducted further analyses. Initial comparisons between AC and non-AC groups revealed
substantial clinicopathological imbalances, not only in age distribution but also in variables
such as tumor differentiation, T stage, N stage, and serum CA19-9 levels. To mitigate po-
tential selection bias, a 1:1 PSM was performed using these imbalanced factors—including
T stage and N stage—as covariates. A total of 474 patients were matched. Post-PSM anal-
ysis demonstrated that, apart from age, all other clinicopathological variables were well
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balanced between the AC and non-AC groups (Table 3). Additionally, with the exception of
age, all standardized mean differences (SMDs) below 0.2 indicate a good balance between
the matched cohorts. For variables of crucial prognostic significance, such as T stage, N
stage, and PNI, an even more ideal state of balance (SMD < 0.1) was observed.

Table 3. Clinicopathological patient characteristics between AC and non-AC GC patients.

Before PSM After PSM
Characteristic Non-AC AC p Value SMD Non-AC AC p Value SMD
n=237(%) n=650 (%) n=237 (%) n=237 (%)
Age <0.001 0.269 <0.001 0.259
<45 17 (7.2) 113 (17.4) 17 (7.2) 40 (16.9)
>45 220 (92.8) 537 (82.6) 220 (92.8) 197 (83.1)
Sex 0.667 0.039 0.921 0.009
Male 164 (69.2) 438 (67.4) 164 (69.2) 165 (69.6)
Female 73 (30.8) 212 (32.6) 73 (30.8) 72 (30.4)
Differentiation 0.048 0.152 0.373 0.083
Well-Moderate 79 (33.3) 172 (26.5) 79 (33.3) 70 (29.5)
Poor 158 (66.7) 478 (73.5) 158 (66.7) 167 (70.5)
Lauren Type 0.321 0.116 0.325 0.142
Intestinal 69 (29.1) 158 (24.3) 69 (29.1) 55 (23.2)
Mixed 60 (25.3) 167 (25.7) 60 (25.3) 62 (26.2)
Diffuse 108 (45.6) 325 (50.0) 108 (45.6) 120 (50.6)
Location 0.267 0.156 0.294 0.171
Upper 62 (26.2) 200 (30.8) 62 (26.2) 81 (34.2)
Middle 56 (23.6) 171 (26.3) 56 (23.6) 48 (20.3)
Lower 111 (46.8) 263 (40.5) 111 (46.8) 100 (42.2)
Overlap 8 (3.4) 16 (2.5) 8 (3.4) 8 (3.4)
T stage 0.027 0.193 1.000 0.001
T1-2 15 (6.3) 80 (12.3) 15 (6.3) 15 (6.3)
T3 164 (69.2) 437 (67.2) 164 (69.2) 164 (69.2)
T4 58 (24.5) 133 (20.5) 58 (24.5) 58 (24.5)
N stage <0.001 0.427 1.000 0.001
NO 95 (40.1) 145 (22.3) 95 (40.1) 95 (40.1)
N+ 142 (59.9) 505 (77.7) 142 (59.9) 142 (59.9)
PNI 0.359 0.075 0.581 0.051
No 115 (48.5) 291 (44.8) 115 (48.5) 109 (46.0)
Yes 122 (51.5) 359 (55.2) 122 (51.5) 128 (54.0)
LVI 0.294 0.085 0.774 0.026
No 151 (63.7) 387 (59.5) 151 (63.7) 154 (65.0)
Yes 86 (36.3) 263 (40.5) 86 (36.3) 83 (35.0)
CEA 0.498 0.061 0.487 0.066
<5 205 (86.5) 575 (88.5) 205 (86.5) 210 (88.6)
>5 32 (13.5) 75 (11.5) 32 (13.5) 27 (11.4)
CA 19-9 0.022 0.190 0.160 0.136
<37 186 (78.5) 554 (85.2) 186 (78.5) 198 (83.5)
>37 51 (21.5) 96 (14.8) 51 (21.5) 39 (16.5)

Compared to the non-AC group, the AC group exhibited a significantly better progno-
sis (Figure 2A, p < 0.001). Stratified survival analysis across different age groups further
revealed that AOGC patients with AC had a better prognosis compared to those without
AC (Figure 2B, p < 0.001). However, among EOGC patients, there is no significant survival
difference between the AC and non-AC groups (Figure 2C, p = 0.810). To further reveal
the efficacy of AC for GC patients at different stages, we conducted a subgroup analysis
with age as the stratification factor among GC patients at various stages. Similarly, the
Kaplan—-Meier curve shows that although AC can significantly improve the prognosis of
patients with stage II (p = 0.005) or stage III (p < 0.001) GC who have undergone radical
surgery, no significant survival benefit was observed in either stage II (p = 0.770) or stage
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II (p = 0.419) GC patients in the EOGC subgroup (Figure S3). In AOGC patients, AC
significantly improved OS in both age subgroups (Figure S4): those aged 45-60 years
(p = 0.018) and those > 60 years (p = 0.001).
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Figure 2. Kaplan—-Meier curves for OS of patients from the Sixth Affiliated Hospital of Sun Yat-sen
University. (A) All patients; (B) AOGC patients; (C) EOGC patients.

3.4. External Validation of the Efficacy of AC Stratified by Different Age Groups

In order to validate these findings, we performed stratified survival analysis using the
SEER cohort and East Asia cohorts. As shown in Figure 3, among Western GC patients from
the SEER database, AC was associated with survival benefits for the overall GC patients
with radical gastrectomy (Figure 3A, p < 0.001). However, subgroup analyses indicated
that AOGC patients benefited from AC (Figure 3B, p < 0.001), while EOGC patients did not
(Figure 3C, p = 0.380). Similar trends were observed in the East Asia cohorts (Figure 3D-F),
where AOGC patients with AC demonstrated significantly prolonged survival compared
to the non-AC group (Figure 3E, p = 0.035). Conversely, AC failed to extend the OS time of
EOGC patients (Figure 3F, p = 0.330).
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Figure 3. Cont.
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Figure 3. Kaplan-Meier curves for OS of patients in external validation cohorts. (A) All patients from
the SEER database; (B) AOGC patients from the SEER database; (C) EOGC patients from the SEER
database; (D) All patients from East Asia data; (E) AOGC patients from East Asia data; (F) EOGC
patients from East Asia data.

4. Discussion

Although global incidence and mortality rates for GC have been declining, there has
been a concerning increase in cases among young individuals over the past few decades [25].
Radical gastrectomy followed by AC is the primary treatment approach for resectable GC.
Several studies have shown that EOGC tends to be more aggressive and may exhibit
chemoresistance [26-28]. Nevertheless, there is limited research that stratifies by age to
evaluate the response to AC in patients with resectable EOGC. Therefore, we conducted
a retrospective study to compare the clinicopathological characteristics and survival out-
comes after AC between EOGC and AOGC based on East-West population-based cohorts
and found that EOGC and AOGC exhibit distinct clinicopathological features and different
responses to AC.

In this study, the clinicopathological characteristics of EOGC aligned with previous
reports, including a higher proportion of female patients, a predominance of the diffuse
type, poor tumor differentiation, and a high rate of PNI [29,30]. These findings suggest
EOGC exhibits more aggressive behavior compared to AOGC. Additionally, EOGC lesions
were most frequently located in the middle third of the stomach, consistent with prior obser-
vations [26]. Although the underlying mechanism driving the distinct clinicopathological
features of EOGC remains unclear, studies have demonstrated the unique role of estrogen
in EOGC, potentially contributing to its higher incidence in females [31,32]. Regarding
the Hp infection rate, previous studies on EOGC and AOGC have reported inconsistent
results [30,33,34]. In the present study, no statistically significant difference in Hp infection
rates was found between the two groups (p = 0.944, Table S1).

Divergence exists in the survival outcomes of EOGC patients. While some studies have
reported a better prognosis for EOGC [35,36], others have found no significant difference
between EOGC and AOGC [28,37,38], and some have even suggested that younger patients
may experience worse survival outcomes [39,40]. The disparity in prognosis might be
attributed to the varying definitions of “early onset” in different studies (e.g., diagnosis
under 40, 45, 50, or 60 years old), along with differences in patient inclusion criteria. In
this study, we adopted the commonly used age cutoff of 45 years old to define EOGC. Our
findings demonstrated that, when compared with AOGC patients, those with EOGC did
not show any significant disparities in terms of prognosis. A retrospective study carried out
overseas has also revealed that the OS of younger GC patients aged under 45 does not show



Curr. Oncol. 2025, 32, 480

10 of 13

any statistically significant disparity when compared with that of elderly patients aged
over 45 [38]. This conclusion is consistent with the results of our study. Although EOGC
is notably more aggressive, its prognosis is equivalent to AOGC patients. The possible
reasons were as follows. Younger patients tend to exhibit higher tolerance to both the
disease and surgical interventions, whereas older individuals often have poor performance
status and a higher susceptibility to postoperative complications, which adversely affect
survival outcomes. Another potential reason for the prognostic discrepancy may be related
to the tumor stage. EOGC is characterized by higher malignant potential and a significantly
higher incidence of metastasis [26]. For stage IV GC patients, the OS time of the EOGC
patients was considerably less than that of the elderly patients [30]. Consequently, studies
including GC patients across all stages may present a poor prognosis for EOGC due to a
high proportion of stage IV cases.

Although EOGC exhibits distinct clinicopathological characteristics, comprehensive
treatment strategies specifically tailored for this population have yet to be established.
Currently, the treatment regimens for EOGC are essentially the same as those for AOGC.
For resectable EOGC patients, radical gastrectomy followed by AC serves as the pri-
mary therapeutic strategy. In this study, EOGC patients were more likely to receive AC
compared to those with AOGC. In the process of making treatment decisions, both the
professional advice of clinicians and the informed consent of patients play a crucial role.
Clinicians often recommend AC for EOGC patients due to their relatively better physical
status and increased tolerance to the treatment. Moreover, younger individuals tend to be
more informed about their illness and chemotherapy options, actively participating in the
decision-making process for their treatment. To further investigate whether the superior
prognosis of EOGC is attributable to a higher proportion of patients receiving AC, we con-
ducted additional analyses to explore the survival benefits associated with AC in patients of
different ages. In the East-West population-based cohorts collectively, GC patients receiving
AC demonstrated superior OS compared to those who did not receive AC. However, a
subgroup analysis revealed similar survival outcomes between the two groups in EOGC
patients. Conversely, among AOGC patients, the AC group showed significantly better
prognosis. EOGC is characterized by heightened aggressiveness, often presenting with
poorly-differentiated, diffuse-type or signet-ring cell histology. These histological subtypes
may inherently exhibit resistance to standard chemotherapy agents. These tumors possess
molecular factors that drive chemoresistance, such as CDH1 mutations and mesenchymal
phenotypes. In addition, the relatively small sample size of EOGC may affect the statistical
power of subgroup analysis. Therefore, we conducted a formal post hoc power analysis for
the EOGC subgroup. The results showed that we calculated a statistical power of 0.95. This
indicates a 5% probability of failing to detect a clinically significant effect.

This study still has several limitations. First, as a single-center retrospective study,
it inevitably introduced selection bias. Second, although we supplemented validation
with public East-West population-based datasets, the number of EOGC cases without
AC remained limited in stratified analyses. Thus, our findings require further validation
through larger-scale cases and prospective studies. Additionally, while all patients received
fluorouracil-based adjuvant chemotherapy regimens (XELOX, SOX, FOLFOX, S-1) for at
least four cycles, chemotherapy regimens and cycle numbers were heterogeneous across
patients. Future studies should standardize both the chemotherapy regimens and the
number of cycles administered to clarify their impact on prognosis.

5. Conclusions

In conclusion, this multicenter study evaluated the prognostic impact of AC in EOGC
and AOGC across Western and East Asian cohorts. Our findings demonstrate that EOGC
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exhibits more aggressive clinic-pathological features and derives less benefit from AC
compared to AOGC. These results underscore the need for distinct therapies tailored to
the unique biology of EOGC, offering critical insights for clinical decision-making in this
patient population.
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CEA Carcinoembryonic antigen
CA 199 Carbohydrate antigen 19-9
PSM Propensity score matching

PH proportional hazard


https://www.mdpi.com/article/10.3390/curroncol32090480/s1

Curr. Oncol. 2025, 32, 480 12 of 13

SMD Standardized mean differences

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bray, F.; Laversanne, M.; Sung, H.; Ferlay, |.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2024, 74, 229-263. [CrossRef]

Setia, N.; Wang, C.X.; Lager, A.; Maron, S.; Shroff, S.; Arndt, N.; Peterson, B.; Kupfer, S.S.; Ma, C.; Misdraji, J.; et al. Morphologic
and molecular analysis of early-onset gastric cancer. Cancer 2021, 127, 103-114. [CrossRef]

Herrera-Pariente, C.; Cap6-Garcia, R.; Diaz-Gay, M.; Carballal, S.; Muifioz, J.; Llach, J.; Sdnchez, A.; Bonjoch, L.; Arnau-Collell, C.;
de Lima, Y.S.; et al. Identification of New Genes Involved in Germline Predisposition to Early-Onset Gastric Cancer. Int. ]. Mol.
Sci. 2021, 22, 1310. [CrossRef]

Ning, F-L.; Zhang, N.-N.; Zhao, Z.-M.; Du, W.-Y.; Zeng, Y.-].; Abe, M,; Pei, J.-P.; Zhang, C.-D. Global, Regional, and National
Burdens with Temporal Trends of Early-, Intermediate-, and Later-Onset Gastric Cancer from 1990 to 2019 and Predictions up to
2035. Cancers 2022, 14, 5417. [CrossRef]

Liu, Y;; Zhang, X.; Gan, L.; Chen, Z.; Wang, X.; Zhang, J.; Chen, J.; Tan, C.; Sheng, W.; Xu, M. Trends, clinicopathological features,
surgical treatment patterns and prognoses of early-onset versus late-onset gastric cancer: A retrospective cohort study. J. Adv. Res.
2024; Online ahead of print. [CrossRef] [PubMed]

Qu, X,; Zhao, X,; Liu, Y.,; Wang, N.; Zhang, L.; Zhu, X.; Dong, Q.; Liu, J.; Shi, Y. The clinicopathological characteristics of early-onset
gastric cancer and its evolutionary trends: A retrospective study. Am. J. Cancer Res. 2022, 12, 2757-2769.

Ugai, T.; Sasamoto, N.; Lee, H.-Y.; Ando, M.; Song, M.; Tamimi, R.M.; Kawachi, I.; Campbell, P.T.; Giovannucci, E.L.; Weiderpass,
E.; et al. Is early-onset cancer an emerging global epidemic? Current evidence and future implications. Nat. Rev. Clin. Oncol. 2022,
19, 656-673. [CrossRef]

Blair, V.R.; McLeod, M.; Carneiro, E; Coit, D.G.; D’ADdario, J.L.; van Dieren, ].M.; Harris, K.L.; Hoogerbrugge, N.; Oliveira, C.;
van der Post, R.S.; et al. Hereditary diffuse gastric cancer: Updated clinical practice guidelines. Lancet Oncol. 2020, 21, e386—e397.
[CrossRef] [PubMed]

Juo, Y.-Y.; Gibbons, M.A.M.; Dutson, E.; Lin, A.Y.; Yanagawa, J.; Hines, O.].; Eibl, G.; Chen, Y. Obesity Is Associated with Early
Onset of Gastrointestinal Cancers in California. J. Obes. 2018, 2018, 7014073. [CrossRef]

Derks, S.; Bass, A.]. Mutational signatures in Helicobacter pylori-induced gastric cancer: Lessons from new sequencing technolo-
gies. Gastroenterology 2014, 147, 267-269. [CrossRef] [PubMed]

A Lumish, M.; Walch, H.; Maron, S.B.; Chatila, W.; Kemel, Y.; Maio, A.; Ku, G.Y,; Ilson, D.H.; Won, E.; Li, J.; et al. Clinical
and molecular characteristics of early-onset vs average-onset esophagogastric cancer. J. Natl. Cancer Inst. 2024, 116, 299-308.
[CrossRef] [PubMed]

Wang, X; Gao, X.; Yu, J.; Zhang, X.; Nie, Y. Emerging trends in early-onset gastric cancer. Chin. Med. J. 2024, 137, 2146-2156.
[CrossRef] [PubMed]

Liu, H,; Li, Z.; Zhang, Q.; Li, Q.; Zhong, H.; Wang, Y.; Yang, H.; Li, H.; Wang, X; Li, K,; et al. Multi-institutional development and
validation of a nomogram to predict prognosis of early-onset gastric cancer patients. Front. Immunol. 2022, 13, 1007176. [CrossRef]
Li, Y,; Xu, C.; Wang, B.; Xu, F.; Ma, F;; Qu, Y,; Jiang, D.; Li, K.; Feng, J.; Tian, S.; et al. Proteomic characterization of gastric cancer
response to chemotherapy and targeted therapy reveals potential therapeutic strategies. Nat. Commun. 2022, 13, 5723. [CrossRef]
[PubMed]

Japanese Gastric Cancer Association. Japanese Gastric Cancer Treatment Guidelines 2021 (6th edition). Gastric Cancer 2023, 26,
1-25. [CrossRef]

Lordick, F,; Carneiro, F.; Cascinu, S.; Fleitas, T.; Haustermans, K.; Piessen, G.; Vogel, A.; Smyth, E.C. ESMO Guidelines Committee.
Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. Off. ]. Eur. Soc. Med. Oncol.
2022, 33, 1005-1020. [CrossRef]

Chen, Q.; Xiao, H.; Zhang, L.; You, J.; Jin, Z.; Zhang, B. Association between adjuvant chemotherapy and survival in stage I
gastric cancer patients after curative resection. Gastroenterol. Rep. 2023, 11, goad070. [CrossRef]

Mazurek, M.; Szewc, M.; Sitarz, M.Z.; Dudziniska, E.; Sitarz, R. Gastric Cancer: An Up-to-Date Review with New Insights into
Early-Onse t Gastric Cancer. Cancers 2024, 16, 3163. [CrossRef]

Zhang, C.; Tang, R.; Zhu, H.; Ge, X.; Wang, Y.; Wang, X.; Miao, L. Comparison of treatment strategies and survival of early-onset
gastric cancer: A population-based study. Sci. Rep. 2022, 12, 6288. [CrossRef]

Cristescu, R.; Lee, J.; Nebozhyn, M.; Kim, K.-M.; Ting, ].C.; Wong, S.S.; Liu, J.; Yue, Y.G.; Wang, ].; Yu, K ; et al. Molecular analysis
of gastric cancer identifies subtypes associated with distinct clinical outcomes. Nat. Med. 2015, 21, 449-456. [CrossRef]

Oh, S.C; Sohn, B.H.; Cheong, ].-H.; Kim, S.B; Lee, ].E; Park, K.C.; Lee, S.H.; Park, J.-L.; Park, Y.-Y.; Lee, H.-S.; et al. Clinical and
genomic landscape of gastric cancer with a mesenchymal phenotype. Nat. Commun. 2018, 9, 1777. [CrossRef] [PubMed]


https://doi.org/10.3322/caac.21834
https://doi.org/10.1002/cncr.33213
https://doi.org/10.3390/ijms22031310
https://doi.org/10.3390/cancers14215417
https://doi.org/10.1016/j.jare.2024.11.028
https://www.ncbi.nlm.nih.gov/pubmed/39586373
https://doi.org/10.1038/s41571-022-00672-8
https://doi.org/10.1016/S1470-2045(20)30219-9
https://www.ncbi.nlm.nih.gov/pubmed/32758476
https://doi.org/10.1155/2018/7014073
https://doi.org/10.1053/j.gastro.2014.06.019
https://www.ncbi.nlm.nih.gov/pubmed/24973679
https://doi.org/10.1093/jnci/djad186
https://www.ncbi.nlm.nih.gov/pubmed/37699004
https://doi.org/10.1097/CM9.0000000000003259
https://www.ncbi.nlm.nih.gov/pubmed/39148190
https://doi.org/10.3389/fimmu.2022.1007176
https://doi.org/10.1038/s41467-022-33282-0
https://www.ncbi.nlm.nih.gov/pubmed/36175412
https://doi.org/10.1007/s10120-022-01331-8
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.1093/gastro/goad070
https://doi.org/10.3390/cancers16183163
https://doi.org/10.1038/s41598-022-10156-5
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/s41467-018-04179-8
https://www.ncbi.nlm.nih.gov/pubmed/29725014

Curr. Oncol. 2025, 32, 480 13 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cheong, J.-H.; Wang, S.C.; Park, S.; Porembka, M.R.; Christie, A.L.; Kim, H.; Kim, H.S.; Zhu, H.; Hyung, W.J.; Noh, S.H.; et al.
Development and validation of a prognostic and predictive 32-gene signature for gastric cancer. Nat. Commun. 2022, 13, 774.
[CrossRef] [PubMed]

Mun, D.G; Bhin, J.; Kim, S.;; Kim, H,; Jung, ].H.; Jung, Y.; Jang, Y.E.; Park, ] M.; Kim, H.; Jung, Y.; et al. Proteogenomic
Characterization of Human Early-Onset Gastric Cancer. Cancer Cell 2019, 35, 111-124.e10. [CrossRef]

Milne, A.N.; Offerhaus, G.J. Early-onset gastric cancer: Learning lessons from the young. World . Gastrointest. Oncol. 2010, 2,
59-64. [CrossRef] [PubMed]

Sundar, R.; Nakayama, I.; Markar, S.R.; Shitara, K.; van Laarhoven, HW.M,; Janjigian, Y.Y.; Smyth, E.C. Gastric cancer. Lancet
2025, 405, 2087-2102. [CrossRef]

Cheng, L.; Chen, S.; Wu, W.; Kuo, Z.C.; Wei, Z.; Meng, S.; Chen, C.; Zhang, C.; He, Y. Gastric cancer in young patients: A separate
entity with aggressive features and poor prognosis. J. Cancer Res. Clin. Oncol. 2020, 146, 2937-2947. [CrossRef]

Das, G.; Bhutia, K.D.; Purkayastha, J.; Talukdar, A. Early-Onset Gastric Cancer from a Geographic Area of High Gastric Cancer
Incidence in North-East India: A Retrospective Study. Indian. ]. Surg. Oncol. 2023, 14, 308-311. [CrossRef]

Takatsu, Y.; Hiki, N.; Nunobe, S.; Ohashi, M.; Honda, M.; Yamaguchi, T.; Nakajima, T.; Sano, T. Clinicopathological features of
gastric cancer in young patients. Gastric Cancer 2016, 19, 472-478. [CrossRef]

Chu, H.; Chen, X,; Liu, X,; Deng, C.; Bi, B.; He, Y.; Huo, M.; Zhang, C. Clinicopathological characteristics and prognosis of
adolescents and young adults with gastric cancer after gastrectomy: A propensity score matching analysis. Front. Oncol. 2023,
13,1204400. [CrossRef]

Huang, Q.; Zheng, X.; Jiao, Y.; Lei, Y.; Li, X,; Bi, E; Guo, F.; Wang, G.; Liu, M. A Distinct Clinicopathological Feature and Prognosis
of Young Gastric Cancer Patients Aged < 45 Years Old. Front. Oncol. 2021, 11, 674224. [CrossRef]

Di Domenico, M.; Castoria, G.; Bilancio, A.; Migliaccio, A.; Auricchio, F. Estradiol activation of human colon carcinoma-derived
Caco-2 cell growth. Cancer Res. 1996, 56, 4516—4521.

Wang, Z.; Butler, LM.; Wu, A.H.; Koh, W,; Jin, A.; Wang, R.; Yuan, ]. Reproductive factors, hormone use and gastric cancer risk:
The Singapore Chinese Health Study. Int. J. Cancer 2016, 138, 2837-2845. [CrossRef]

Hirahashi, M.; Yao, T.; Matsumoto, T.; Nishiyama, K.-I.; Oya, M.; lida, M.; Tsuneyoshi, M. Intramucosal gastric adenocarcinoma
of poorly differentiated type in the young is characterized by Helicobacter pylori infection and antral lymphoid hyperplasia.
Mod. Pathol. 2007, 20, 29-34. [CrossRef] [PubMed]

Niu, P; Huang, H.; Zhao, L.; Wang, T.; Zhang, X.; Wang, W.; Zhang, Y.; Guo, C.; Zhao, D.; Chen, Y. Clinicopathological
characteristics, survival outcomes, and genetic alterations of younger patients with gastric cancer: Results from the China
National Cancer Center and cBioPortal datasets. Cancer Med. 2022, 11, 3057-3073. [CrossRef] [PubMed]

Al-Refaie, W.B.; Hu, C.Y; Pisters, PW.; Chang, G.J. Gastric adenocarcinoma in young patients: A population-based appraisal.
Ann. Surg. Oncol. 2011, 18, 2800-2807. [CrossRef] [PubMed]

Zhang, J.; Gan, L.; Xu, M.-D.; Huang, M.; Zhang, X.; Gong, Y.; Wang, X.; Yu, G.; Guo, W. The prognostic value of age in
non-metastatic gastric cancer after gastrectomy: A retrospective study in the U.S. and China. J. Cancer 2018, 9, 1188-1199.
[CrossRef]

Pisanu, A.; Podda, M.; Cois, A.; Uccheddu, A. Gastric cancer in the young: Is it a different clinical entity? A retrospective cohort
study. Gastroenterol. Res. Pract. 2014, 2014, 125038. [CrossRef]

Santoro, R.; Carboni, F.; Lepiane, P.; Ettorre, G.M.; Santoro, E. Clinicopathological features and prognosis of gastric cancer in
young European adults. Br. ]. Surg. 2007, 94, 737-742. [CrossRef]

Braga-Neto, M.B.; Carneiro, ].G.; Barbosa, A.M.d.C.; Silva, 1.S.; Maia, D.C.; Maciel, ES.; de Alcantara, R.J.A.; Vasconscelos, PR.L.;
Braga, L.L.B.C. Clinical characteristics of distal gastric cancer in young adults from Northeastern Brazil. BMC Cancer 2018, 18, 131.
[CrossRef]

Saito, H.; Takaya, S.; Fukumoto, Y.; Osaki, T.; Tatebe, S.; Ikeguchi, M. Clinicopathologic characteristics and prognosis of gastric
cancer in young patients. Yonago Acta Med. 2012, 55, 57-61.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41467-022-28437-y
https://www.ncbi.nlm.nih.gov/pubmed/35140202
https://doi.org/10.1016/j.ccell.2018.12.003
https://doi.org/10.4251/wjgo.v2.i2.59
https://www.ncbi.nlm.nih.gov/pubmed/21160922
https://doi.org/10.1016/S0140-6736(25)00052-2
https://doi.org/10.1007/s00432-020-03268-w
https://doi.org/10.1007/s13193-022-01675-8
https://doi.org/10.1007/s10120-015-0484-1
https://doi.org/10.3389/fonc.2023.1204400
https://doi.org/10.3389/fonc.2021.674224
https://doi.org/10.1002/ijc.30024
https://doi.org/10.1038/modpathol.3800714
https://www.ncbi.nlm.nih.gov/pubmed/17041565
https://doi.org/10.1002/cam4.4669
https://www.ncbi.nlm.nih.gov/pubmed/35486034
https://doi.org/10.1245/s10434-011-1647-x
https://www.ncbi.nlm.nih.gov/pubmed/21424881
https://doi.org/10.7150/jca.22085
https://doi.org/10.1155/2014/125038
https://doi.org/10.1002/bjs.5600
https://doi.org/10.1186/s12885-018-3995-4

	Introduction 
	Materials and Methods 
	Patient Enrollment 
	Clinical Characteristics 
	Propensity Score Matching (PSM) 
	Statistical Analysis 

	Results 
	Patient Clinicopathological Characteristics 
	Prognostic Factors in Univariate and Multivariate Analyses 
	Stratified Survival Analysis of AC in the Different Age Groups 
	External Validation of the Efficacy of AC Stratified by Different Age Groups 

	Discussion 
	Conclusions 
	References

