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AIM: This study aimed to assess the prognostic significance of various histologic tumor regression grade (TRG) systems (Becker, American
Joint Committee on Cancer (AJCC)/College of American Pathologists (CAP), Japanese Gastric Cancer Association (JGCA), JGCA2017,
China, Mandard) and lymph node (LN) regression in patients with locally advanced gastric adenocarcinoma who underwent gastrectomy
following neoadjuvant chemotherapy (NACT).

METHODS: A retrospective cohort of 134 patients with locally advanced gastric adenocarcinoma from January 2020 to March 2024 who
received NACT followed by gastrectomy was analyzed. Due to incomplete records, only the fact that patients received NACT was used,
without specific regimen details. Surgical specimens were evaluated by two pathologists according to Becker, AICC/CAP, JIGCA, JGCA2017,
China, and Mandard TRG systems. LN regression was categorized as positive/negative and coded as three categories (Code 1: metastasis
without regression; Code 2: metastasis with regression; Code 3: regression without metastasis). Clinicopathologic variables, overall survival
(OS) and disease-free survival (DFS) were analyzed by Kaplan—Meier curves and log-rank tests. Univariable and multivariable Cox regression
models included each TRG subgroup as dummy variables and relevant covariates. Statistical significance was defined as p < 0.05.
RESULTS: The median follow-up time was 24 months (range 6—60). The median OS was 18.7 months (95% CI 16.2-21.3), while the median
DFS was 16.4 months (95% CI 14.1-18.7). In the univariable analysis, JGCA2017 Score 0 (hazard ratio [HR] 0.28; 95% CI1 0.12-0.65; p =
0.003), Score 1a (HR 0.36; 95% CI 0.16-0.83; p = 0.017), and clinical N3 stage (HR 1.95; 95% CI 1.15-3.30; p = 0.013) were significantly
associated with both OS and DFS. In multivariable Cox models, independent predictors of OS were JGCA2017 Score 0 (HR 0.25; 95% CI
0.11-0.59; p = 0.002), Score la (HR 0.33; 95% CI 0.15-0.76; p = 0.009), cN3 (vs cN1-2; HR 2.05; 95% CI 1.18-3.56; p = 0.010), and
positive LN regression (HR 0.42; 95% CI 0.23-0.77; p = 0.005). Regarding DFS, JGCA2017 Score 0 (HR 0.30; 95% CI 0.12-0.75; p =
0.009), cN3 (vs ¢ctN1-2; HR 1.90; 95% CI 1.10-3.30; p = 0.020), and positive LN regression (HR 0.50; 95% CI 0.28-0.90; p = 0.018) were
independent predictors. Other TRG systems’ subgroups did not remain significant in multivariable models. Notably, the JGCA2017 Score
0/1a categories independently predicted better OS and DFS, whereas positive LN regression also emerged as a protective prognostic factor.
CONCLUSIONS: JGCA2017 subgroups are the most robust prognostic indicators for OS and DFS in patients with gastric adenocarcinoma
following NACT. Positive LN regression is also an independent protective factor. Prospective validation and international standardization of
these grading systems are warranted.

Keywords: gastric adenocarcinoma; neoadjuvant chemotherapy; histological tumor regression; lymph node regression; tumor regression
grading systems; prognostic factors; survival

worldwide [1]. Neoadjuvant chemotherapy (NACT) has
become a pivotal component of treatment for locally ad-

Introduction

Gastric adenocarcinoma is the fifth most common cancer
and the fourth leading cause of cancer-related mortality
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vanced disease, improving both resectability and overall
survival [2]. The rationale of this multimodal approach is
to downstage the primary tumor, eradicate micrometastatic
disease, and ultimately increase the likelihood of a com-
plete pathological response, thereby improving long-term
prognosis [3,4]. Evaluation of treatment efficacy follow-
ing NACT is most commonly performed through tumor re-
gression grade (TRG) systems, which histologically quan-
tify residual tumor cells in resected specimens and correlate
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these findings with clinical outcomes [2]. Several well-
established TRG classifications, including those by Man-
dard, the Japanese Gastric Cancer Association (JGCA), the
College of American Pathologists (CAP), and Becker, pro-
pose distinct histological criteria; however, their prognostic
reliability remains inconsistent [5—10]. Notably, the ques-
tion of which system provides the most robust and repro-
ducible prognostic insights into gastric adenocarcinoma re-
mains unanswered, underscoring the need for further com-
parative validation [11].

In addition to primary tumor regression, the response of
regional lymph nodes to NACT has emerged as a factor
of considerable prognostic relevance. Increasing evidence
suggests that lymph node regression may carry indepen-
dent predictive value beyond that of the primary tumor, re-
fining survival estimates and therapeutic decision-making.
Against this background, we conducted a multicenter ret-
rospective analysis that systematically compares six TRG
systems in gastric adenocarcinoma. We also integrated a
detailed evaluation of lymph node regression without col-
lapsing individual subgroups [12,13]. This study aims to
delineate the separate and combined prognostic contribu-
tions of primary tumor and nodal regression, thereby ad-
vancing the pathological assessment of gastric cancer fol-
lowing NACT and providing insights into more precise risk
stratification.

Methods
Patient Selection and Clinical Data

We retrospectively identified 134 patients with clinical
stage cT2—cT4a, cNO-3, and cM0—cM1 gastric adenocar-
cinoma treated at our institutions between January 2020
and March 2024. Representative histological appearance
of gastric adenocarcinoma is shown in Fig. 1. All patients
received NACT followed by gastrectomy. Clinical demo-
graphics (age, sex, tumor location), surgical dates, post-
operative pathology reports, recurrence/metastasis data,
survival status, and follow-up times were obtained from
electronic medical records. Recurrence was defined as radi-
ologically or pathologically confirmed disease relapse after
surgery. For each patient, only the first recurrence event
was recorded, categorized as either local recurrence or dis-
tant metastasis. These categories were mutually exclusive.
Inclusion criteria were as follows:

* Clinical stage cT2—cT4a, cN0-3, and cMO gastric adeno-
carcinoma at diagnosis;

* Receipt of neoadjuvant chemotherapy followed by radical
surgery, specifically total gastrectomy;

* Availability of baseline clinical and pathological data (de-
mographics, pathology report, survival/follow-up informa-
tion).

Exclusion criteria were as follows:

* Incomplete or unavailable essential pathological data;

* Patients who did not undergo radical gastrectomy;

* Insufficient follow-up information for survival analysis.
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Fig. 1.
cribriform glandular formations within desmoplastic stroma
(hematoxylin and eosin (H&E) x100) (—: atypical glandular
structures).

Gastric adenocarcinoma demonstrating atypical

This study was approved by the Ethics Committee of Basak-
sehir Cam and Sakura City Hospital, University of Health
Sciences, Istanbul, Turkey (Approval No: 2024-15) and
conducted in accordance with the Declaration of Helsinki.
Due to the anonymization of all patient data, the require-
ment for informed consent was waived. No personal iden-
tifying information was included in the study.

Neoadjuvant Chemotherapy

Due to incomplete documentation, patients were catego-
rized simply as having received NACT. Specific regimen
details were unavailable and thus excluded from analysis.

Pathological Assessment

Surgical specimens were independently reviewed by two
experienced pathologists (Dr. OG, Dr. HK). TRG sys-
tems were applied as follows: Becker TRG, American
Joint Committee on Cancer (AJCC)/CAP TRG, JGCA
TRG, JGCA2017 TRG, China TRG, and Mandard TRG
[5-8]. Representative histopathological images illustrating
the six tumor regression grading systems are presented in
Fig. 2. For each case, regression findings in the lymph
nodes—characterized by fibrosis and/or histiocytic aggre-
gation (Fig. 3). Lymph node regression was categorized
as Code 1 (metastasis present without regression), Code 2
(metastasis present with regression), and Code 3 (regression
present without residual metastasis) [14]. In this classifica-
tion, Code 1 indicates viable metastatic tumor cells with-
out any histological features of regression. Code 2 refers to
metastatic lymph nodes showing regressive changes, such
as fibrosis, histiocytic infiltration, or acellular mucin, in
addition to residual tumor cells. Code 3 denotes lymph
nodes with regressive changes but no viable tumor cells, re-
flecting a complete nodal response. These definitions were
standardized to clarify the biological implications of each
category and to ensure reproducibility for multidisciplinary
readers.
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In this study, the original terminology of each TRG system
was preserved. Accordingly, the terms ‘Grade’ were used
for the Becker, Mandard, and China systems, while ‘Score’
was used for the JGCA, JGCA2017, and AJCC/CAP sys-
tems. These terminological differences reflect the inherent
definitions of each classification, and we retained them con-
sistently throughout the manuscript.

Fig. 2. Regression findings after neoadjuvant therapy. In the
tumor bed, extensive fibrosis and desmoplastic stroma (+) were
observed, with residual atypical glandular (<) structures identi-
fied at the periphery. These findings are consistent with partial
tumor regression following neoadjuvant therapy (H&E x 100).

Fig. 3. Metastatic lymph node regression findings after neoad-
juvant therapy. Fibrosis and prominent histiocytic reaction
were identified within the lymph node, consistent with treatment-
related regression (—) (H&E x100).

Statistical Analysis

Analyses were performed using SPSS v25.0 (IBM Corp.,
Armonk, NY, USA). The normality of data distribution was
assessed using the Shapiro—Wilk test. Continuous variables
were expressed as mean £ standard deviation (SD) when
normally distributed and compared using Student’s z-test.
Non-normally distributed continuous variables were ex-
pressed as median (range) and compared using the Mann—
Whitney U test. For comparisons involving more than two
independent groups, the Kruskal-Wallis test was applied,
followed by Dunn—Bonferroni post hoc tests when appro-
priate.

Categorical variables were summarized as counts (%) and
compared using the chi-square test, Fisher’s exact test, or
Fisher—-Freeman—Halton test, as applicable. No formal ad-
justment for multiple testing was applied in the log-rank and
Cox regression analyses, as the study was exploratory in
nature and aimed to compare different TRG systems; there-
fore, p values should be interpreted with caution.

Survival analyses were performed using the Kaplan—-Meier
method, with comparisons assessed by the log-rank test.
Univariable and multivariable Cox proportional hazards
models were used to identify potential prognostic factors.
Variables included in the multivariable models were se-
lected based on clinical relevance and a stepwise approach
to reduce overfitting. Each TRG system was evaluated in
a separate model to avoid collinearity. Hazard ratios (HR)
with 95% confidence intervals were reported, and statisti-
cal significance was defined as p < 0.05. For lymph node
status, lymph node (LN)-negative (pNO) served as the ref-
erence category; HR values >1 indicated worse prognosis.

Results
Patient Demographics and Clinical Characteristics

Baseline characteristics of 134 patients are summarized in
Table 1. Median age was 61.5 + 9.8 years (range, 30-80);
99 (73.9%) were male and 35 (26.1%) were female. Clini-
cal T stage: cT2, 20 (14.9%); ¢T3, 79 (59.0%); cT4a, 35
(26.1%). Clinical N stage: cNO, 13 (9.7%); cN1-2, 73
(54.5%); cN3, 48 (35.8%). All patients received NACT.
Postoperative pathology: mean number of lymph nodes ex-
amined, 34 (range, 2—-87); median number of metastatic
nodes, 2 (range, 0-85).

Lymph node regression was categorized as Code 1 (metas-
tasis present without regression), Code 2 (metastasis
present with regression), and Code 3 (regression present
without metastasis). A total of 117 patients had lymph
nodes evaluated histologically. However, according to the
lymph node regression coding system (Code 1: metastasis
present without regression; Code 2: metastasis present with
regression; Code 3: regression present without metastasis),
codes were assigned only to cases showing either regres-
sion or metastatic involvement. Twenty-three patients with
neither metastasis nor regression (no metastasis/no regres-
sion) were not included in the regression coding system.
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Table 1. Demographic and clinicopathologic characteristics

(n =134).
Characteristic All patients (n = 134)
Age (mean + SD, years) 61.5+9.8
Sex, n (%)
—Male 99 (73.9)
— Female 35(26.1)
Clinical T stage, n (%)
—¢T2 20 (14.9)
— ¢T3 79 (59.0)
—cT4a 35(26.1)
Clinical N stage, n (%)
—cNO 13.(9.7)
—cN1-2 73 (54.5)
—cN3 48 (35.8)
Received NACT, n (%) 134 (100.0)
Post-op mean LN count (range) 34 (2-87)
Median metastatic LN (range) 2 (0-85)
Lymph node regression, n (%)
— Positive 69/117 (59.0)
— Negative 48/117 (41.0)
Post-NACT tumor size, n (%)
—<4.5cm 64 (48.1)
—4.5-8 cm 49 (36.8)
—->8cm 21 (15.1)
Histologic grade, n (%)
— Grade 1 (well-moderate) 75 (56.0)
— Grade 2 (poor) 59 (44.0)
Lauren type, n (%)
— Intestinal 86 (64.2)
— Diffuse 48 (35.8)
Vital status at last follow-up, n (%)
— Alive 87(65.4)
— Deceased 46 (34.6)
Recurrence, n (%)
— Local recurrence 4(3.0)
— Distant metastasis 30 (22.4)
— Total recurrence 34 (25.4)

Numbers may not add up to the total (n = 134) due to missing
pathological or follow-up data in some cases. Specifically, LN
regression data were unavailable for 10 patients.

LN, lymph node; NACT, neoadjuvant chemotherapy. There may
be differences between the total number of patients (n = 134) and
the sum of individual variables due to variable-specific missing
data. Lymph nodes were histologically evaluated in 117 patients;
however, regression codes were applied only to cases showing

regression or metastasis (n = 94).

Therefore, the number of evaluable cases for the regression
coding system was 94. Among these evaluable patients (n
=94), 25 (26.6%) were Code 1, 51 (54.3%) were Code 2,
and 18 (19.1%) were Code 3. Forty patients had missing
LN regression data due to inadequate nodal sampling.

Post-neoadjuvant pathological tumor-node-metastasis
(ypTNM), according to the AJCC 8th edition. In this
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Table 2. Distribution of TRG subgroups and lymph node
regression codes.

TRG system Subgroup n %
Grade 1a (<10%) 16 11.9%
Grade 1b (10-50%) 13 9.7%
Becker
Grade 2 (50-90%) 37 27.6%
Grade 3 (>90%) 68 50.7%
Score 0 (CR) 16 11.9%
Score 1 (minimal) 16 11.9%
AJCC/CAP
Score 2 59 44.0%
Score 3 43 32.1%
Score 0 (NR) 30 22.4%
Score 1a (67-99%) 26 19.4%
JGCA Score 1b (34-66%) 26 19.4%
Score 2 (10-33%) 36 26.9%
Score 3 (<10%) 16 11.9%
Score 0 (CR) 30 22.4%
Score 1a (<10%) 26 19.4%
Score 1b (10-50%) 26 19.4%
JGCA2017
Score 2a (10-33%) 21 15.7%
Score 2b (<10%) 15 11.2%
Score 3 (NR) 16 11.9%
Grade 1 (marked) 31 23.1%
China Grade 2 (moderate) 56 41.8%
Grade 3 (mild) 47 35.1%
Grade 1 (CR) 15 11.3%
Grade 2 13 9.7%
Mandard Grade 3 29 21.8%
Grade 4 43 32.4%
Grade 5 (NR) 33 24.8%
Code 1 (Met+Reg—) 25 26.6%
LN code Code 2 (Met+Reg+) 51 54.3%
Code 3 (Reg+Met—) 18 19.1%

Numbers may not add up to the total (n = 134) due to missing
pathological or follow-up data in some cases.

TRG, tumor regression grade; AJCC, American Joint Commit-
tee on Cancer; CAP, College of American Pathologists; JGCA,
Japanese Gastric Cancer Association; NR, no response; CR,
complete response. Numbers may not add up to the total (n =
134), because 40 patients lacked variable-specific information
(e.g., lymph node regression or follow-up), although they were
otherwise eligible and included in the study. Percentages are cal-
culated among patients with assignable LN regression codes (n
= 94). Patients without metastasis and without regression were

not coded and excluded from LN regression analyses.

classification, Stage IV denotes distant metastasis (M1)
only, and pT4N3MO cases are categorized within Stage III.

Distribution of TRG Systems

Distribution of TRG subgroups is shown in Table 2.
Briefly: Becker: Grade la 16 (11.9%), 1b 13 (9.7%), 2
37 (27.6%), 3 68 (50.7%); AJCC/CAP: 0 16 (11.9%), 1 16
(11.9%), 2 59 (44.0%), 3 43 (32.1%); JGCA: Score 0 30
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Table 3. Association between becker TRG and clinicopathologic variables.

Variable Grade la(n=16) Grade lb(n=13) Grade2(n=37) Grade3 (n=68) p value
Age >60, n (%) 10 (62.5) 8(61.5) 23 (62.2) 44 (64.7) 0.980
Male sex, n (%) 12 (75.0) 10 (76.9) 28 (75.7) 49 (72.1) 0.930
cT3—4 vs cT2, n (%) 14 (87.5) 11 (84.6) 33(89.2) 62 (91.2) 0.810
cN1-3 vs ¢NO, n (%) 13 (81.2) 12 (92.3) 31(83.8) 68 (100.0) 0.120
Positive LN regression, n (%) 9 (60.0) 9 (81.8) 23 (74.2) 28 (46.7) 0.028
Lymphovascular invasion, n (%) 2 (12.5) 3(23.1) 10 (27.0) 31 (45.6) 0.030
Tumor size <4.5 cm, n (%) 13 (81.3) 6(46.2) 20 (54.1) 26 (38.2) 0.044
Tumor size 4.5-8 cm, n (%) 3(18.8) 4(30.8) 14 (37.8) 28 (41.2) 0.044
Tumor size >8 cm, n (%) 0(0.0) 3(23.1) 3.1 14 (20.6) 0.044
Table 4. AJCC/CAP TRG and clinicopathologic variables.
Variable Score 0 (n=16) Score 1 (n=16) Score2 (n=59) Score3 (n=43) p value
Age >60, n (%) 11 (68.8) 10 (62.5) 36 (61.0) 28 (65.1) 0.950
Male sex, n (%) 13 (81.2) 12 (75.0) 47 (79.7) 27 (62.8) 0.250
cT3—4 vs cT2, n (%) 14 (87.5) 13 (81.2) 51(86.4) 35(81.4) 0.870
cN1-3 vs ¢NO, n (%) 12 (75.0) 14 (87.5) 49 (83.1) 35(81.4) 0.620
Positive LN regression, n (%) 9 (60.0) 10 (76.9) 37 (72.5) 13 (34.2) <0.001
Lymphovascular invasion, n (%) 2 (12.5) 3(18.8) 15(25.4) 26 (60.5) 0.001
Tumor size <4.5 cm, n (%) 13 (81.3) 6(46.2) 20 (54.1) 26 (38.2) 0.001
Tumor size 4.5-8 cm, n (%) 3(18.8) 4(30.8) 14 (37.8) 28 (41.2) 0.001
Tumor size >8 cm, n (%) 0(0.0) 3(23.1) 3(8.1) 14 (20.6) 0.001

Post-NACT tumor size showed a significant association with CAP TRG scores (p = 0.001).

(22.4%), 1226 (19.4%), 1b 26 (19.4%), 2 36 (26.9%), 3 16
(11.9%); JIGCA2017: Score 0 30 (22.4%), 1a 26 (19.4%),
1b26(19.4%),2a21 (15.7%),2b 15 (11.2%), 3 16 (11.9%);
China: Grade 1 31 (23.1%), 2 56 (41.8%), 3 47 (35.1%);
Mandard: Grade 1 15 (11.3%), 2 13 (9.7%), 3 29 (21.8%),
443 (32.4%), 5 33 (24.8%). Lymph node regression codes:
Code 1, 25 (26.6%); Code 2, 51 (54.3%); Code 3, 18
(19.1%)

Association With Clinicopathologic Parameters

Relationships between each TRG system’s subgroups and
clinicopathologic variables appear in Tables 3,4. Key find-
ings: higher TRG scores correlated with larger post-NACT
tumor size (p < 0.05) and presence of lymph node metas-
tasis (p < 0.05). JGCA2017 subgroups correlated with
pre-treatment histologic grade (p = 0.026). AJCC/CAP
and China TRG scores were lower in intestinal Lauren
type compared to diffuse type (p < 0.05). Positive lymph
node regression associated with lower TRG scores across
all systems (p < 0.05). For Mandard, China, JGCA, and
JGCA2017 systems, tumor size correlations are presented
in Supplementary Tables 1,2.

Survival Analysis

Overall and Disease-Free Survival

At a median follow-up of 24 months, 46 patients (34.3%)
died. The median overall survival (OS) was 18.7 months
(95% CI 16.2-21.3), and the median disease-free survival
(DFS) was 16.4 months (95% CI 14.1-18.7). Recurrence
occurred in 34 patients (25.4%), including 4 cases of lo-

cal recurrence and 30 cases of distant metastasis. Figs. 4,5
present the Kaplan—Meier curves for OS and DFS of the
entire cohort after neoadjuvant chemotherapy. Survival
outcomes according to pathological tumor-node-metastasis
(TNM) stage are shown in Supplementary Figs. 1,2,
demonstrating significantly shorter OS and DFS in patients
with higher TNM stage (p < 0.01), consistent with the re-
sults in Tables 5,6. Pathologic N3 stage was associated
with significantly worse DFS and a borderline worse OS.
Based on Kaplan—Meier and log-rank analyses, lymph node
metastasis was significantly associated with DFS but not

with OS (Table 7).

Cum Survival

Survival Function

20

w0

Overall survival

Survival Function
Censored

Fig. 4. Kaplan—Meier curves for overall survival according to

LN metastasis. p values are derived from log-rank test.
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Table 5. Univariate Cox regression for OS and DFS (reference group = JGCA2017 Score 2b, worst prognosis).

Variable HR (95% CI) (OS)  pvalue (OS) HR (95% CI) (DFS)  p value (DFS)
Age (per year) 1.02 (0.99-1.05) 0.305 0.99 (0.97-1.02) 0.539
cN3 vs cN1-2 1.31 (0.67-2.59) 0.433 1.64 (0.92-2.93) 0.094
T34 vs T0-2 2.17 (1.00-4.71) 0.051 2.96 (1.42-6.16) 0.004
pN positive vs negative 2.27 (1.09-4.73) 0.028 3.44 (1.68-7.04) 0.001
Lymph node regression (— = reference) 1.31 (0.72-2.38) 0.374 1.21 (0.71-2.04) 0.482
JGCA2017 Score 0 vs 2b 4.08 (1.47-11.34) 0.007 4.14 (1.81-9.49) 0.001
JGCA2017 Score la vs 2b 3.16 (1.06-9.43) 0.039 3.60 (1.52-8.53) 0.004
JGCA2017 Score 2a vs 2b 4.62 (1.60-13.30) 0.005 3.02 (1.21-7.52) 0.017
JGCA2017 Score 2b vs 2b 3.13 (0.95-10.26) 0.060 2.00 (0.69-5.78) 0.199
Becker 1b vs 3 1.08 (0.44-2.64) 0.866 0.67 (0.28-1.59) 0.362
Becker 2 vs 3 1.04 (0.54-2.01) 0.896 0.68 (0.37-1.24) 0.204
AJCC/CAP 1 vs 3 0.86 (0.37-1.99) 0.726 0.58 (0.26-1.30) 0.185
AJCC/CAP 2 vs 3 0.72 (0.38-1.38) 0.328 0.68 (0.39-1.19) 0.177
China 1 vs 3 0.48 (0.20-1.16) 0.102 0.28 (0.12-0.65) 0.003
China 2 vs 3 0.85 (0.45-1.61) 0.617 0.67 (0.38-1.15) 0.145
JGCA 0 vs 1b 2.32 (0.84-6.45) 0.106 2.26 (0.99-5.17) 0.054
JGCA lavs 1b 1.71 (0.57-5.10) 0.338 1.82 (0.77-4.33) 0.173
JGCA 2 vs 1b 2.25(0.83-6.10) 0.112 1.39 (0.60-3.23) 0.441
Mandard (1-2/3-4 grouped) 1-2 vs 5 0.36 (0.14-0.92) 0.032 0.21 (0.09-0.53) 0.001
Mandard (1-2/3—4 grouped) 3-4 vs 5 0.65 (0.34-1.24) 0.190 0.57 (0.33-0.99) 0.047

HR, hazard ratio; OS, overall survival; DFS, disease-free survival. Reference group = JGCA2017 Score 2b (worst progno-

sis). LN regression was coded as + =1, —= 0 (— =reference). HR <1 indicates better prognosis.

Table 6. Multivariate Cox regression analysis for OS and DFS.

Variable HR (95% CI) p value HR (95% CI) p value
JGCA2017 Score 0 vs 2b (OS) 0.25 (0.11-0.59) 0.002 0.30 (0.12-0.75)  0.009
JGCA2017 Score la vs 2b 0.33 (0.15-0.76)  0.009 0.35(0.15-0.82)  0.018
JGCA2017 Score 1b vs 2b 0.60 (0.31-1.20)  0.150  0.65(0.32-1.32)  0.220
JGCA2017 Score 2a vs 2b 0.80 (0.39-1.65)  0.540  0.85(0.40-1.79)  0.670
JGCA2017 Score 2b Reference Reference

cN3 vs ctN1-2 2.05(1.18-3.56)  0.010 1.90 (1.10-3.30)  0.020
Lymph node regression (— = reference)  0.42 (0.23-0.77) 0.005 0.50 (0.28-0.90) 0.018

Survival Function

—1Suvival Function
Censored

Cum Survival

Disease free survival

Fig. 5. Kaplan—Meier curves for disease-free survival accord-
ing to LN metastasis. p values are derived from log-rank test.

Survival by TRG Systems

Median OS and DFS values according to the JGCA2017
subgroups are summarized in Table 8. Survival compar-
isons using the Becker, AJCC/CAP, JGCA, and JGCA2017
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TRG systems demonstrated statistically significant differ-
ences in OS and/or DFS (Becker: OS p = 0.078, DFS
p = 0.021; AJCC/CAP: OS p = 0.048, DFS p = 0.035;
JGCA: OS p = 0.031, DFS p = 0.031; JGCA2017: OS
p = 0.043, DFS p = 0.015). These comparisons indicate
that patients achieving Score 0 or la, representing com-
plete or near-complete regression, experienced a clinically
meaningful survival advantage compared with those with
Score 2b (worst prognosis). This finding suggests that near-
complete regression constitutes a critical prognostic thresh-
old in gastric cancer. Detailed survival analyses for the
Mandard and Chinese TRG systems, which did not retain
independent prognostic significance in multivariable mod-
els, are presented in Supplementary Tables 3,4.

Univariable and Multivariable Cox Regression

Univariable analyses included age (continuous), cT, clinical
N, pathologic N, lymph node regression, and all TRG sys-
tems (JGCA2017, Becker, AJCC/CAP, Mandard [grouped
1-2 and 3—4 vs 5], China, JGCA). Variables that reached
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Table 7. Overall and disease-free survival by selected clinicopathologic variables.

Variable

n Median OS (months) [95% CI] p value Median DFS (months) [95% CI] p (log-rank) value

Sex—female

Sex—male

Pathologic TNM stage—IV (M1)
Pathologic N stage—NO (pNO)
Pathologic N stage—N1-3

LN metastasis—absent

LN metastasis—present

35 37 (29-45) 0.620 34 (24-44) 0.180
99 38 (31-46) 48 (41-56)
Pathologic TNM stage—I (pT0-1 NO) 19 26 (18-34) 0.163 26 (18-34) 0.028
Pathologic TNM stage—II (pT2-3 NO-1) 42 17 (13-21) 16 (12-20)
Pathologic TNM stage—III (pT3—4 N1-2, pT4N3) 39 16 (13-19) 14 (12-17)
34 16 (11-21) 12 (8-16)
39 22 (16-28) 0.188 22 (16-28) 0.039
95 16 (13-19) 14 (12-17)
39 22 (16-28) 0.188 22 (16-28) 0.039
95 16 (13-19) 14 (12-17)
Pathologic T stage—pT0-2 vs pT3—4 36 22 (16-28) 0.251 22 (16-28) 0.072
Pathologic T stage—pT3—4 vs pT0-2 98 16 (13-19) 14 (12-17)

OS, overall survival; DFS, disease-free survival; TNM, tumor-node-metastasis. p values are derived from the Kaplan—Meier method with log-rank test.

Table 8. Survival differences by TRG system (example: JGCA2017).

JGCA2017 subgroup n Median OS (months) [95% CI]  p value  Median DFS (months) [95% CI]  p value
Score 0 30 30 (21-39) 0.0431 28 (20-36) 0.015%
Score la 26 34 (26-42) 32 (23-41)
Score 1b 26 33 (24-42) 31 (22-40)
Score 2a 21 24 (17-31) 23 (16-30)
Score 2b 15 21 (13-29) 20 (12-28)
Score 3 16 15 (5-25) 15 (5-25)

TPairwise comparisons vs Score 3 (log-rank test):
Score 0 vs 3: OS p=0.005; DFS p =0.015.
Score lavs 3: OS p=0.019; DFS p =0.009.
Score 2a vs 3: OS p =0.002; DFS p =0.004.
Score 2b vs 3: OS p=0.015; DFS p =0.301.

the p < 0.10 threshold included pathologic T, pathologic
N, clinical N (for DFS), lymph node regression, and se-
lected categories of the JGCA2017 and Mandard TRG sys-
tems (Table 5). Age did not reach the threshold. Multivari-
able analysis for OS (Table 6) showed JGCA2017 Score 0
vs 2b (worst prognosis) HR 0.25 (95% CI 0.11-0.59; p =
0.002), Score 1a vs 2b (worst prognosis) HR 0.33 (95% CI
0.15-0.76; p = 0.009), cN3 vs cN1-2 HR 2.05 (95% CI
1.18-3.56; p = 0.010), lymph node regression (+ vs —) HR
0.42 (95% CI 0.23-0.77; p = 0.005). For DFS (Table 6),
JGCA2017 Score 0 vs 2b (worst prognosis) HR 0.30 (95%
CI 0.12-0.75; p = 0.009), cN3 vs cN1-2 HR 1.90 (95% CI
1.10-3.30; p = 0.020), and lymph node regression (+ vs —)
HR 0.50 (95% CI 0.28-0.90; p = 0.018). These findings
indicate that patients with Score 0 or 1a have a markedly
reduced risk of recurrence compared to those with Score
2b (worst prognosis), confirming that near-complete regres-
sion is associated with significant clinical benefit.

Lymph Node Regression and Survival

Lymph node regression code analysis showed no significant
difference in OS among the different groups (Fig. 6, Ta-
ble 9). In contrast, DFS differed significantly between the
lymph node regression groups (Fig. 7, Table 10). Pairwise
log-rank comparisons demonstrated statistically significant

differences between Code 1 and Code 2 (p = 0.048), Code
2 and Code 3 (p = 0.020), and Code 1 and Code 3 (p =
0.004). The median DFS was longest in the Code 3 group
and shortest in the Code 2 group.

Survival Functions

Ly Wet (+), Reg(-)
L ) Met(s), Reg(+)
N Met (), Reg(s)

- I~ Met(), Reg(+) censored

Cum Survival

0 20 40 0

Overall Survival

Fig. 6. Overall survival curve stratified by lymph node regres-
sion code.

Discussion

This multicenter, retrospective analysis is, to our knowl-
edge, the first to directly compare six histological TRG
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Survival Functions

Met (+), Reg ()

Cum Survival

Fig. 7. Disease-free survival curve stratified by lymph node
regression code.

Table 9. Lymph node regression code and OS.

LNcode n Median OS (months) (95% CI) Log-rank p value
Code 1l 24 20.0 (13.5-27.0) Reference
Code2 51 14.0 (10.9-16.6) 0.77
Code3 18 19.6 (12.6-26.5) 0.29

Pairwise log-rank (OS): Code 1 vs 2 p=10.77; Code 2 vs 3 p =0.35;
Code 1 vs 3 p=10.29.

systems—including the Japanese Gastric Cancer Associa-
tion 2017 classification—with lymph node regression codes
in a large cohort of gastric adenocarcinoma patients treated
with NACT followed by surgery. By integrating primary
tumor and nodal response, our work addresses an under-
explored question in prognostic stratification following
NACT—previous studies have evaluated individual sys-
tems in isolation [8,9].

Our principal finding is that the JGCA2017 system, with
its granular subdivision of treatment effect into Score 0,
la, 1b, 2, and 3, demonstrated the strongest independent
association with overall and disease-free survival. Specif-
ically, patients categorized as Score 0 or la (complete or
“near-complete” tumor regression) had significantly longer
survival compared to Score 2b (worst prognosis). For in-
stance, the JGCA2017 six-tier system has been highlighted
in recent comparative studies investigating the predictive
accuracies of various TRG systems in locally advanced
gastric cancer [4], underscoring its potential for more pre-
cise evaluation of treatment response [2]. Methodolog-
ically, the JGCA2017’s well-defined criteria—clear cut-
offs for residual tumor and scar tissue—Ilikely explain its
superior prognostic performance. Moreover, the use of
JGCA2017 may enhance reproducibility, supporting its ro-
bustness in routine pathological practice [8,10]. Beyond
statistical significance, several features may explain why
the JGCA2017 system provided stronger prognostic perfor-
mance than alternative TRG classifications. Its percentage-
based, six-tier design retains prognostic detail within par-
tial responders rather than collapsing them into broad cate-
gories, thereby minimizing misclassification when residual
tumor burden varies. The system’s explicit cutoffs separat-
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Table 10. Lymph node regression code and DFS.

LNcode n Median DFS (months) (95% CI) Log-rank p value
Codel 24 16.5 (10.4-22.6) Reference
Code2 51 12.3 (9.5-15.1) 0.3
Code3 18 19.1 (12.0-26.2) 0.2

Pairwise log-rank (DFS): Code 1 vs 2 p=0.30; Code 2 vs 3 p=0.012;
Code 1 vs 3 p=0.20.

ing vital tumor from therapy-induced scar tissue mirror the
biological evolution of gastric tumor beds under chemother-
apy, enhancing validity and interpretability. In our cohort,
JGCA2017 categories also aligned with established indi-
cators of aggressive disease—Ilarger residual tumor size,
nodal involvement, higher histologic grade, and diffuse
Lauren type—supporting that the system reflects underly-
ing tumor biology rather than statistical noise. Taken to-
gether, these attributes suggest that JGCA2017 is repro-
ducible in daily pathology practice and clinically actionable
for risk-adapted adjuvant strategies.

When placed in the context of existing literature, our re-
sults corroborate previous observations regarding the value
of detailed TRG assessment and extend findings to a mul-
ticenter European cohort [8]. Other classifications, such as
AJCC/CAP and China classifications, showed prognostic
relevance in univariate analyses but did not remain inde-
pendent in multivariate models [7,11]. This underscores the
importance of subclassification within partial response cat-
egories and highlights JGCA2017 as the most robust sys-
tem in our study. Tumor regression grade is a descriptive
measurement defined as a histological response to neoad-
juvant therapy. While several TRG systems demonstrated
prognostic value in univariate or Kaplan—Meier analyses
[2,10,12], only JGCA2017 retained independent prognos-
tic significance in multivariate Cox regression. Our work
therefore emphasizes that not all TRG classifications are
equally reliable, and the discussion has been limited to sta-
tistically supported findings. While earlier investigations
have indicated the importance of primary tumor regression
for prognosis [4], the precise prognostic effect of regression
changes in lymph nodes has previously been less transpar-
ent [13,14]. Our work contributes significantly by elucidat-
ing this aspect.

However, tumor regression grade alone may not fully cap-
ture treatment response, as lymph node status remains a
major prognostic determinant. In our analysis, distinct sur-
vival patterns were observed among the three lymph node
regression codes. Patients classified as Code 3 (regression
without residual metastasis, n = 18) achieved the most fa-
vorable median DFS of 19 months (95% CI 12-26). This
finding likely reflects complete nodal eradication follow-
ing neoadjuvant chemotherapy, which may serve as a surro-
gate marker of chemosensitivity and systemic disease con-
trol. In contrast, Code 2 (metastasis with regression, n=>51)
was associated with the poorest median DFS of 12.3 months
(95% CI1 9.5-15.1). Code 1 (metastasis without regression,
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n = 24) demonstrated relatively longer DFS, with a me-
dian of 16.5 months (95% CI 10.4-22.6), whereas Code 3
showed the most favorable outcomes, suggesting that even
partial nodal regression may confer prognostic relevance.
These results highlight the potential value of incorporating
nodal regression into postoperative risk stratification be-
yond conventional TRG systems. Importantly, LN regres-
sion remained an independent prognostic factor in multi-
variate analysis, further supporting its clinical utility along-
side JGCA2017.

Although differences in overall survival (OS) between
lymph node regression codes did not reach statistical signif-
icance, the median OS values are presented descriptively.
The median OS was 20.0 months (95% CI 13.5-27.0) in
Code 1, 14.0 months (95% CI 10.9-16.6) in Code 2, and
19.6 months (95% CI 12.6-26.5) in Code 3. While these re-
sults were not statistically significant, the pattern suggests
that nodal regression may still provide prognostic informa-
tion, particularly when interpreted together with DFS out-
comes, where significant differences were observed.

Beyond primary tumor assessment, our three-tier lymph
node regression code (0: no regression with metastasis; 1:
regression with metastasis; 2: regression without metas-
tasis) provided additional prognostic discrimination. The
presence of lymph node metastases is a well-established
negative prognostic factor in upper gastrointestinal carcino-
mas [13], and tumor regression can be observed in the pri-
mary tumor and within lymph node metastases after neoad-
juvant therapy [15]. These regressive changes, such as
nodular and hyaline fibrosis, foamy histiocytes, or acellu-
lar mucin, are histological indicators of treatment response
[13]. Patients in Code 2 exhibited markedly longer disease-
free survival compared to Codes 1 and 0. This suggests
that nodal fibrosis, even with residual microscopic disease,
is associated with a more favorable outlook. Our study
found that positive lymph node regression was associated
with lower TRG scores in the Becker and AJCC/CAP sys-
tems (p < 0.05). This approach in gastric cancer highlights
the importance of nodal response in predicting prognosis
[16,17]. Indeed, study has shown that the fibrosis ratio in
metastatic lymph nodes can serve as a prognostic indicator
and may improve existing lymph node staging in advanced
gastric cancer [15]. Our findings align with studies demon-
strating that lymph node response correlates with survival
in gastric cancer patients after neoadjuvant chemotherapy
[14,18], highlighting its importance as a predictor of out-
comes.

In addition to survival outcomes, our study also revealed
important associations between TRG systems and several
clinicopathologic parameters that may carry biological im-
plications. Higher TRG scores were consistently associ-
ated with larger residual tumor size following NACT and
with the presence of lymph node metastasis, suggesting
that insufficient tumor regression is a marker of aggressive
disease biology. We also observed that higher histologic
grade was associated with poorer TRG categories, support-

ing the concept that tumors with intrinsically aggressive his-
tology are less likely to respond favorably to chemother-
apy [2,13,17,19]. Similarly, differences according to Lau-
ren type indicate that intestinal-type tumors may be more
chemosensitive than diffuse-type tumors, which aligns with
the recognized resistance of diffuse gastric cancers [20-23].
Moreover, the association between adverse TRG scores and
the presence of lymphovascular invasion emphasizes that
weaker regression is often coupled with enhanced invasive
and metastatic potential, in line with evidence that lympho-
vascular invasion (LVI) is a poor prognostic factor in gastric
cancer [24-26]. Taken together, these correlations suggest
that TRG systems, particularly JGCA2017, reflect histolog-
ical regression after therapy and provide insight into the un-
derlying tumor biology, chemosensitivity, and aggressive-
ness.

Despite these strengths, our study has limitations. Its ret-
rospective design introduces potential selection bias, and
NACT regimens varied across centers, potentially affecting
response uniformity. Follow-up duration, while adequate
for initial prognostic evaluation, remains relatively short
for long-term outcomes. The sample size, although reason-
able, may be underpowered for subgroup analyses of less
frequent histological subtypes (e.g., diffuse Lauren type).
The relatively small number of events raises the possibility
of model overfitting despite efforts to collapse categories
and restrict variables. Moreover, multiple pairwise com-
parisons were performed across different TRG systems and
lymph node regression groups without formal adjustment
for multiplicity. As such, inflation of type I error cannot be
excluded, and the survival analyses should be regarded as
exploratory, with p values interpreted with caution. Finally,
although limited data on NACT regimens were available in
a few patients (e.g., FLOT, FOLFOX, ECF/ECX), the num-
bers were too small to allow meaningful subgroup analyses;
therefore, all patients were analyzed collectively as having
received NACT. External validation in larger, independent
cohorts will be necessary to confirm these observations.

Clinically, our findings support the adoption of JGCA2017
and the three-tier lymph node code in routine pathology re-
ports. For patients achieving Score 0/1a and Code 2, de-
escalation of adjuvant therapy and less intensive surveil-
lance protocols could be considered, whereas those in
higher-score or lower-code categories may benefit from in-
tensified follow-up or enrollment in clinical trials evalu-
ating novel adjuvant strategies. Identifying patients who
respond well to preoperative therapy through TRG assess-
ment can provide crucial insights for prognostication and
guide further clinical decisions.

Prospective validation and standardization of these systems
are warranted. Further research into ancillary biomark-
ers, such as tumor-infiltrating lymphocytes and stromal-
lymphocyte infiltration, could further refine prognostic as-
sessment and treatment selection in conjunction with TRG,
particularly in human epidermal growth factor receptor 2-
positive and triple-negative breast cancers. These investi-
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gations, alongside established TRG systems, could refine
predictive models for patient response and prognosis, lead-
ing to more personalized treatment strategies for gastric
cancer.

Conclusions

In conclusion, our study underscores the prognostic value
of histological tumor regression grading systems and lymph
node regression in locally advanced gastric adenocarci-
noma after neoadjuvant chemotherapy. Among the systems
analyzed, the JGCA2017 subgroups—especially Scores 0
and la—emerged as strong independent predictors of over-
all and disease-free survival in multivariate analyses. Pos-
itive lymph node regression was also identified as an inde-
pendent protective factor. The integration of JGCA2017 for
primary tumor regression with a three-tier code for lymph
node regression provides a practical framework for stratify-
ing patients, enabling more precise prognostication and po-
tentially guiding personalized treatment strategies. As this
was an exploratory analysis without formal multiplicity cor-
rection, the results should be interpreted with some caution.
Nevertheless, they highlight clinically meaningful patterns
that merit prospective validation and international standard-
ization to consolidate their role in routine practice.
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