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Abstract

Background The work aimed to compare the efficacy and safety of chemotherapy regimen
(oxaliplatin + capecitabine, XELOX) combined with neoadjuvant radiotherapy (NART) and neoadjuvant chemotherapy
(NACT) in locally advanced gastric cancer.

Methods We retrospectively analyzed clinical data from patients with locally advanced gastric cancer who
underwent radical gastrectomy with D2 lymph node dissection at our center between January 2019 and December
2020. The study compared tumor markers, postoperative pathology, short-term efficacy, postoperative complications,
and hospital stay between the chemoradiotherapy (CRT, XELOX+NART) group and the NACT-only group. Pearson
correlation coefficients was used to analyze the correlations between clinical variables and tumor biomarkers. Inverse
probability weighting (IPW) was used to adjust for confounding factors.

Results A total of 409 patients were included, with 369 (90.2%) in the NACT group and 40 (9.8%) in the CRT group.
Significant correlations were found between clinical variables and tumor biomarkers, which may help identify
potential prognostic factors for gastric cancer treatment. After IPW adjustment, baseline characteristics were similar
between groups. The negative conversion rate of CEA-positive patients was significantly higher in the CRT group
(38.19% vs. 11.8%, P<0.001). The rate of pathological complete response was also higher in the CRT group (15.8% vs.
4.7%, P=0.017). Postoperative pathological stages ypTO and T1 were observed in 35.5% of the CRT group compared to
13.5% in the NACT group (P=0.031). The CRT group had a lower average number of lymph nodes dissected (17 vs. 24,
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similar surgical safety profiles.

term efficacy

P<0.001) but a higher ypNO rate (60.3% vs. 39.8%, P=0.024). The proportion of patients with tumor regression grade
(TRG) 0-1 was higher in the CRT group (60.3% vs. 24.3%, P=0.003). The RO resection rate after IPW was 100% in the
CRT group versus 96.5% in the NACT group (P=0.001). No significant differences were found between the CRT and
NACT groups in nerve invasion, vascular embolus, peritoneal invasion, bone marrow suppression, nausea, vomiting,
esophagitis, diarrhea, other adverse reactions, postoperative complications, or average hospitalization time. The CRT
group showed superior disease-free survival while no overall survival advantage (P<0.05).

Conclusions The XELOX regimen combined with neoadjuvant chemoradiotherapy provided superior downstaging,
short-term pathological response, and local control benifits compared to perioperative chemotherapy alone, with

Keywords Locally advanced gastric cancer, Neoadjuvant chemoradiotherapy, Perioperative chemotherapy, Short-

Background

Gastric cancer (GC) is one of the most common malig-
nant tumors in China. 70.8% of the patients were at the
locally advanced stage when first diagnosed [1-3]. The
MAGIC [4] and FLOT4-AIO studies [5] confirm that
preoperative neoadjuvant chemotherapy has significant
downstaging effects for locally advanced gastric cancer.
An RO resection rate of 85% resulted in improved survival
outcomes. The CROSS study [6] shows that preoperative
chemoradiotherapy (CRT) for cancer of the esophagus
and esophagogastric junction achieves a pathological
complete response rate (PCR) of 29%. It is translated into
survival benefits.

Several international phase-II clinical trials [7-9] have
shown that the rate of PCR of GC patients is higher after
receiving preoperative CRT. However, it is still contro-
versial whether perioperative neoadjuvant chemother-
apy (NACT) plus concurrent radiotherapy improves the
curative effects of patients with locally advanced GC.

According to the 2019 NCCN Guidelines for Gas-
tric Cancer, there are multiple perioperative chemo-
therapy options. The patients in this study were treated
by several oncologist groups in hospital, resulting in a
variety of treatment regimens, based on personal medi-
cation experience. XELOX was selected for all patients
recepted radiochemotherapy in a single radiotherapy
group, according to the proceeding clinical research
NCTO01815853. The reason comes from the result of
CLASSIC study which demonstrated a significant
improvement in 5-year overall survival (OS) and prolongs
disease-free survival (DFS) for gastric cancer patients
receiving adjuvant chemotherapy with capecitabine com-
bined with oxaliplatin (XELOX) compared to surgery
alone [10]. The work compared the efficacy and safety
of XELOX regimen combined with concurrent radio-
therapy and perioperative chemotherapy in patients with
resectable GC. The evidence strength was low as retro-
spective studies were susceptible to factors of bias. We
adopted propensity score matching and inverse prob-
ability weighting for analysis. Consequently, the bias

was reduced between the two groups, and the statisti-
cal power was improved to provide a basis for clinical
selection.

This study includes gastric cancer patients undergoing
preoperative chemoradiotherapy, including those with
gastroesophageal junction cancer. Through this retro-
spective study, we aim to explore the efficacy and safety
of incorporating radiotherapy into neoadjuvant treat-
ment for gastric cancer. The findings will provide evi-
dence for optimizing treatment strategies and contribute
to ongoing phase III randomized controlled trials of pre-
operative chemoradiotherapy for gastric cancer, such as
POET, NeoCRAG, and PREACT.

Methods
Research objects and data collection
This retrospective study included 3,976 patients with his-
tologically confirmed esophagogastric junction adenocar-
cinoma and gastric adenocarcinoma from 2019 to 2020.
Patients who did not undergo surgical treatment (includ-
ing those with distant metastasis, recurrence, or loss to
follow-up) were excluded, totaling 2,765 cases. Among
the remaining 1,211 patients who underwent surgery, 802
patients who received palliative gastrectomy (for bleed-
ing or obstruction) or did not receive neoadjuvant ther-
apy were further excluded. Ultimately, 409 patients who
received neoadjuvant therapy followed by radical surgery
were included in the analysis (Fig. 1). Inclusion criteria:
(1) Patients with clinical stage II-III gastric adenocar-
cinoma confirmed by Multidisciplinary Team (MDT)
consultation (the 8th edition of the American Joint Com-
mittee on Cancer (AJCC)). The same was for those with
esophagogastric junction adenocarcinoma. (2) ECOG
score<2. (3) All patients received radical gastrectomy
with D2 lymph node dissection. (4) No history of other
concurrent malignancies and chemoradiotherapy.
Exclusion criteria: (1) Patients receiving palliative sur-
gery. (2) Patients with double primary malignant tumors.
Grouping: Cases were screened according to inclusion
and exclusion criteria and divided into the neoadjuvant
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Fig. 1 The flowchart of patient selection

chemotherapy group (NACT group) and neoadjuvant
chemoradiotherapy group (CRT group). The clinical and
pathological characteristics of all patients were recorded
in detail in the surgical and medical records (e.g., age,
sex, stage, tumor location, CEA, CA199, CA724 before
and after neoadjuvant therapy, postoperative pathology,
and length of hospital stay).

Radiotherapy technology and target area delineation

The radiotherapy treatment was intensity-modulated
radiation therapy (IMRT) or volume-modulated arc
therapy (VMAT) implemented by a 6MV linear accel-
erator. All patients received radiation doses of 39.6—
50.4 Gy/1.8-2.0 Gy/22-28 times/5—6 weeks. The clinical
target volume (CTV) included tumor and regional lymph
nodes /metastasis areas determined by enhanced CT,
Positron Emission Tomography/Computed Tomography
(PET/CT), or endoscopic ultrasonography. The delinea-
tion was from the expert consensus of American Soci-
ety for Radiation Oncology (ASTRO) [11] and European

Organisation for Research and Treatment of Cancer -
Radiation Oncology Group (EORTC-ROG) [12].

CTYV delineation of the primary tumor included at least
3 cm of mucosa proximal to the tumor. Regional lymph-
node CTV selectively included perigastric, abdominal
cavity, splenic hilum and artery, hepatic duodenum or
hepatic hilar, and some retropancreatic and para-aortic
lymph nodes according to the lesion location. The plan-
ning target volume (PTV) was 0.5 cm outside the CTV
and optimized to ensure the PTV with the prescribed
dose exceeded 95%. The average dose per kidney was
<18 Gy, and that to the liver was <25 Gy. Small bowel
volume <195 c¢cm3 receiving>45 Gy, and maximal spinal
cord dose <45 Gy. The radiotherapy plan was decided by
two clinicians with more than 10 years of experience in
radiotherapy. The irradiation field, irradiation dose, and
tumor imaging were reviewed before treatment. We had
daily cone-beam CT (CBCT) position verification.
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Chemotherapy regimen

All patients in the NACT group received 2—6 cycles of
neoadjuvant chemotherapy and 4-12 cycles of post-
operative adjuvant chemotherapy. Chemotherapy regi-
men included single-drug S-1; oxaliplatin + capecitabine
(XELOX), oxaliplatin+S-1 (SOX), paclitaxel +cis-
platin  (TP), oxaliplatin +fluorouracil  (FOLFOX);
docetaxel + oxaliplatin +S-1  (DOS), docetaxel + oxali-
platin + fluorouracil (FLOT). 1-2 cycles of concurrent
XELOX chemotherapy were given during radiotherapy,
and 2-6 cycles of adjuvant chemotherapy were offered
with the same program after surgery in the CRT group.

Follow-up and short-term efficacy evaluation

All patients were followed up from the date of diagnosis
until death. Follow-up was performed every 3 months
for the first 2 years, then every 6 months until 5 years,
and annually thereafter. It was conducted through out-
patient follow-up or telephone follow-up. Repeated
examinations included a complete taking of medical his-
tory, physical examination, serum tumor biomarkers,
CT scans from neck to pelvic, and intermittent endos-
copy. Local recurrence was defined as recurrence in the
anastomotic stoma, duodenal stump, tumor bed, resid-
ual stomach, and lymph nodes in the abdominal cavity.
Distant metastasis was defined as metastasis of distant
lymph nodes, distant organs, or sites outside the abdomi-
nal cavity. Peritoneal metastases were excluded [13].

OS was defined from the start of treatment to death
from any cause. Short-term curative effect observation
indicators included changes in tumor markers before and
after surgery, tumor regression grade (TRG) grade, rate of
pNO, nerve invasion, vascular tumor embolus, peritoneal
invasion, and surgical margin. Long-term curative effect
observation indicators included overall survival (OS)
and disease-free survival (DFS). The safety evaluation
included hematological toxicity of chemoradiotherapy,
gastrointestinal reactions, postoperative complications,
and length of hospital stay.

Statistical methods

All statistical analysis was performed using R language
software (version 4.2.2). Continuous variables con-
forming to a normal distribution were expressed as
mean + standard deviation. Continuous variables not
normally distributed were represented by median and
quartile M (P 25, P 75). Significant differences between
groups were tested with Mann-Whitney U, and the x2
test was used for categorical variables.

The work adopted propensity score matching (PSM)
and inverse probability weighting (IPTW) to reduce the
potential bias between the two groups. The influence
of confounding factors was balanced to baseline data
on the prognostic comparison. Propensity values were
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calculated by a multivariate logistic regression model.
Included independent variables contained potential con-
founding factors affecting survival outcomes (e.g., “gen-
der’, “age’, “T stage’, “N stage’, “primary tumor site’, and
“CEA, CA199, and CA724 before the treatment”).

Standardized mean difference (SMD) was used to
evaluate the balance of confounding variables weighted
by the inverse probability of samples of the two groups.
SMD <10 and 20% were considered to be ideally balanced
and within an acceptable range, respectively. Statistical
analysis was performed using the weighted chi-square
test or weighted rank sum test for inter-group com-
parisons of surgical outcomes after inverse probability
weighting. It was supported by the survey package of the
R language. The Kaplan-Meier survival curve was drawn
using the survminer package, and the test method was
the log-rank test. Two-sided P<0.05 was considered the
difference was statistically significant.

Pearson correlation coefficients were chosen to mea-
sure the linear relationship between various clinical
variables and tumor biomarkers. Pearson correlation
coefficient is suitable for continuous data and can effec-
tively reflect the linear correlation between variables,
including the value of phase relation, P-value and their
statistical significance. The larger the value of|r|, the
higher the degree of linear correlation between the
variables, and p<0.05, was considered the significant
correlation.

Results

Clinical features and treatment

We collected cases of 3,976 patients with esophagogastric
junction adenocarcinoma and gastric adenocarcinoma
diagnosed by MDT. Patients with distant metastases,
recurrences, and those lost to follow-up were excluded.
We made 1211 cases undergo radical or palliative (bleed-
ing, obstruction) gastrectomy. Preoperative neoadjuvant
therapy was used to treat 409 cases among them, and
they were analyzed. NACT was applied in 369 (90.2%),
and CRT was in 40 (9.8%) in the entire cohort. Four
patients in the CRT group received radiotherapy doses of
less than 40 Gy, and the rest received radiotherapy doses
of more than 40 Gy. Six cases (15%) received one cycle
of the XELOX regimen concurrently with chemotherapy,
and the rest completed two cycles of the XELOX regimen
concurrently.

We made 187 cases (50.7%) for the SOX scheme and 71
cases (19.2%) for the FLOT scheme in the NACT group.
Fifty-two cases (14.1%) adopted the FOLFOX regimen,
and 32 cases (8.7%) adopted the XELOX regimen. Nine-
teen cases (5.1%) adopted the DOS regimen, six cases
(1.6%) adopted the TP regimen, and two cases (0.6%)
adopted single drug S-1. The median follow-up time was
25.1 months. Baseline covariates (gender, age, T stage,
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N stage, tumor location, and tumor markers) were con-
trolled for confounding by PSM and IPTW, respectively.
The SMD values decreased to less than 0.2, and the bal-
ance between groups was improved after IPTW com-
pared with PSM. Therefore, the research results refer to
the IPTW method (Fig. 2). Table 1 shows the comparison
of the raw data of 409 patients with gastric cancer receiv-
ing neoadjuvant therapy and the baseline status after
IPTW.

Correlation analysis and changes in tumor markers after
neoadjuvant therapy

The correlation analysis between the clinical variables
and tumor biomarkers yielded several statistically sig-
nificant relationships in baseline. A moderate positive
correlation was observed between Site and Age (r=0.16,
p<0.01), suggesting that tumor location may have an age-
related distribution. Additionally, a significant correlation
was found between CEA and CA724 (r=0.19, p<0.01),
indicating a potential interaction between these two bio-
markers in this cohort. The correlation matrix reveals
several statistically significant relationships among the
clinical and pathological variables post-treatment. A
moderate positive correlation was found between ACEA
and CEA (r=0.59, p<0.01), suggesting a direct relation-
ship between the change in CEA levels and the initial
CEA measurements. Similarly, the correlation between
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Depth and TRG (r=0.55, p<0.01) indicates that deeper
tumor invasion is associated with higher tumor regres-
sion grades. Significant correlations were also noted
between NI and Depth (r=0.42, p<0.01) and between
ACA199 and CA199 (r=0.22, p<0.01), highlighting
potential interdependencies between nodal involvement,
tumor depth, and biomarker changes (Fig. 3).

The negative rate of tumor marker CEA-positive
patients was 38.1% in the CRT group after neoadjuvant
chemoradiotherapy. It was higher than 11.8% of the
NACT group, and the difference was statistically signifi-
cant (P<0.001). No significant difference existed in the
changes of tumor markers CA199 and CA724 before
and after neoadjuvant therapy between the two groups
(Table 2 Comparison of the short-term efficacy of gas-
tric cancer patients after neoadjuvant therapy before and
after inverse probability weighting).

Short-term curative effects

RO resection rate was processed by inverse probabil-
ity weighting. The rate was 100% in the CRT group and
96.5% in the NACT group, and the difference was sta-
tistically significant (P=0.001). The average number of
lymph node dissection was 24 in the NACT group, which
was significantly higher than that in the CRT group. The
difference was statistically significant (P<0.001). Both
groups in the propensity score-matching cohort had

—— Unmatched
«— PSM
—=— [PWT

0.0 0.1 0.2

SMD

0.3 0.4

Fig.2 Standardized mean difference: (SMD) diagram of equalization between propensity score matching (PSM) and inverse probability weighting (IPTW)

groups
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Table 1 Comparison of the Raw data of 409 patients with gastric cancer receiving neoadjuvant therapy and the baseline status after

IPTW
IPTW before IPTW after
CRT (n=40) NACT (n=369) P-value CRT (n=388.2) NACT (n=408.6) P-value
Gender, n (%) 0.199 0.721
Male 28 (70.0%) 291 (78.9%) 292.0 (75.2%) 317.7 (77.8%)
Female 12 (30.0%) 78 (21.1%) 96.2 (24.8%) 90.9 (22.2%)
Age (SD) 59.62(8.63) 61.20 (8.85) 0.286 6144 (9.12) 61.04 (8.93) 0.818
Site, n (%) 0.115 0.849
EGJ 13 (32.5%) 168 (45.5%) 179.4(46.2%) 181.5 (44.4%)
GA 27 (67.5%) 201 (54.5%) 208.8 (53.8%) 227.1 (55.6%)
T Stage, n (%) 0.024 0.636
T2 0 (0.0%) 5(1.4%) 0.0 (0.0%) 5.0 (1.2%)
T3 17 (42.5%) 142 (38.5%) 162.0 (41.7%) 159.5 (39.0%)
T4a 16 (40.0%) 201 (54.5%) 200.1 (51.6%) 216.9 (53.1%)
T4b 7 (17.5%) 21 (5.7%) 26.0 (6.7%) 27.2 (6.7%)
N Stage, n (%) 0911 0.939
NO 1(2.5%) 13(3.5%) 10.3 (2.7%) 14.0(3.4%)
N1 38 (95.0%) 344 (93.2%) 368.3 (94.9%) 381.6(93.4%)
Nx 1(2.5%) 12 (3.3%) 9.6 (2.5%) 13.0 (3.2%)
CEATIQR] 4.96 [2.24,7.07] 3.24[1.85,6.66] 0177 3.93[2.20,6.59] 3.23[1.82,6.52] 0.224
CA199 [IQR] 11.66 [2.99,32.68] 11.64 [5.74,32.67] 0.564 11.93[2.99,30.13] 11.65 [5.72,32.76) 0.625
CA724 [IQR] 2.38(1.28,7.95] 2.63[1.30,7.01] 0914 202[(1.11,511] 2.63[1.29,7.05] 0.343
A B
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Fig. 3 Correlation heatmap with p-values for clinical, biomarker and pathological features variables pre and post-treatment. A, The correlation heatmap
shows the Pearson correlation coefficients between gender, age, tumor size (T), lymph nodal involvement (N), site of tumor, and biomarker variables
before treatment (CEA, CA199, CA724). B, The correlation heatmap displays the Pearson correlation coefficients between treatment, CEA, CA199, CA724,
changes in their biomarkers (ACEA, ACA199, ACA724), tumor depth, tumor regression grade (TRG), nodal involvement (NI), lymphovascular space invasion

(LVSI), and margin status post- treatment

similar preoperative clinical stages. However, patients
receiving CRT had significantly lower final pathological
stages. Additionally, patients accounted for 35.5% of the
CRT group at the postoperative pathological stages of
ypT0 and T1. It was significantly better than that in the
NACT group (13.5%), and the difference was statistically

significant (P=0.031).

The ypNO rate was 60.3% in the CRT group and 39.8%

in the NACT group, and the difference was statistically
significant (P =0.024). The pathological response was bet-
ter in the CRT group, and the patients with TRG 0 and 1
accounted for 60.3%. It was significantly higher than that
in the NACT group (24.3%), and the difference was sta-
tistically significant (?=0.003). The overall rate of PCR in
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Table 2 Comparison of short-term efficacy in patients receiving neoadjuvant therapy for gastric cancer before and after IPTW

IPTW before IPTW after
NACT (n=369) CRT (n=40) P-Value NACT (n=408.6) CRT (n=388.2) P-Value
ypT, n(%) 0007 0.031
T0 17 (4.6%) 5(12.5%) 19.4 (4.7%) 61.5 (15.8%)
T1 32 (8.7%) 9 (22.5%) 35.8 (8.8%) 764 (19.7%)
T2 116 (31.4%) 6 (15.0%) 127.7 (31.2%) 59.9 (15.4%)
T3 125 (33.9%) 17 (42.5%) 137.4 (33.6%) 154.0 (39.7%)
T4 79 (21.4%) 3 (7.5%) 884 (21.6%) 36.4 (9.4%)
ypN, n (%) 0.079 0.06
NO 146 (39.6%) 23 (57.5%) 162.7 (39.8%) 234.2 (60.3%)
N1 76 (20.6%) 5(12.5%) 83.4 (20.4%) 41.0 (10.6%)
N2 83 (22.5%) 4(10.0%) 91.1 (22.3%) 36.5 (9.4%)
N3 64 (17.3%) 8 (20.0%) 714 (17.5%) 76.6 (19.7%)
TRG, n (%) <0.001 0.003
NO 17 (4.6%) 5(12.5%) 19.4 (4.7%) 61.5 (15.8%)
N1 72 (19.5%) 18 (45.0%) 80.2 (19.6%) 172.6 (44.5%)
N2 186 (50.4%) 13 (32.5%) 206.1 (50.4%) 109.5 (28.2%)
N3 94 (25.5%) 4(10.0%) 103.0 (25.2%) 446 (11.5%)
Margin, n (%) 0.228 0.001
Negative 356 (96.5%) 40 (100.0%) 394.4 (96.5%) 388.2 (100.0%)
Positive 13 (3.5%) 0 (0.0%) 14.2 (3.5%) 0.0 (0.0%)
PNI, n (%) 0.089 0.234
Negative 197 (53.4%) 27 (67.5%) 219.2 (53.6%) 251.6 (64.8%)
Positive 172 (46.6%) 13 (32.5%) 189.4 (46.4%) 136.5 (35.2%)
LVI, n (%) 0.018 0.066
Negative 186 (50.4%) 28 (70.0%) 207.1 (50.7%) 264.8 (68.2%)
Positive 183 (49.6%) 12 (30.0%) 201.5 (49.3%) 1234 (31.8%)
PTI, n (%) 0.101 0.103
Negative 359 (97.3%) 37 (92.5%) 397.6 (97.3%) 3584 (92.3%)
Positive 10 (2.7%) 3(7.5%) 1.1 (2.7%) 29.7 (7.7%)
Mean LN Removed, [IQR] 24.00[19.00,31.00] 17.00[16.00,19.25] <0.001 24.00[19.00, 31.00] 17.00 [16.00,20.00] <0.001
CEA”, [n, %] 43 (11.7%) 17 (42.5%) <0.001 48.1(11.8) 148.0 (38.1) <0.001
CA199, [n, %] 46 (12.5%) 7(17.5%) 0.368 52.1(127) 51.0(13.1) 0.95
CA724",[n, %) 44 (11.9%) 5(12.5%) 0915 485 (11.9) 46.5 (12.0) 0.984

Perineural invasion (PNI); lymphovascular invasion (LVI); Peritoneal invasion (PTI); "Negative conversion rate of CEA. CA199 or CA724 seropositive patients

the CRT group was 15.8%, which was significantly higher
than that in the NACT group (4.7%). The difference was
statistically significant (P=0.017). No significant differ-
ences existed in nerve invasion, vascular tumor embolus,
and peritoneal invasion between the two groups. Table 2
shows the comparison of the short-term curative effects
of gastric cancer patients in the two groups receiving
neoadjuvant therapy before and after inverse probability
weighting.

Survival analysis

The median follow-up time was 53.6 months in the whole
group. We found that the DFS of patients in the CRT
group was significantly higher (P<0.05; Fig. 4A) after
adopting the IPTW method, however, there was no sta-
tistical differences between two groups in the 5-y OS of
patients (P=0.688; Fig. 4B). Regardless of whether it was
the NACT or the CRT group, the primary cause of death

was tumor-related. Figure 4 shows a survival comparison
of gastric cancer patients receiving neoadjuvant therapy
after inverse probability weighting.

There were differences in recurrence patterns between
gastric cancer patients receiving NACT and those receiv-
ing CRT after surgery (Fig. 5). In the chemotherapy
group, recurrences were predominantly observed in the
abdominal lymph nodes (23.7%), liver (12.5%), lungs
(8.6%), and pelvis (9.9%). In contrast, in the radiotherapy
group, the highest recurrence rate was in the lungs (25%),
followed by the brain and other sites (both 16.7%). The
radiotherapy group showed lower proportions of perito-
neal and liver metastases (both 8.3%).

Adverse reactions and surgery-related complications

Adverse reactions were similar between the two groups
after IPTW matching (e.g., myelosuppression, nausea,
vomiting, esophagitis, and diarrhea), and no statistical
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Fig. 4 Overall survival (A) and disease-free survival (B) in two group after IPTW method

difference existed. All patients in the group were followed
up. One patient died in the NACT group and O in the
CRT group. There were 9 cases of pneumonia, 3 cases of
obstruction, 7 cases of fistula, 14 cases of pleural effusion,
and 1 case of abdominal infection in the NACT group.
Two cases of anastomotic leakage and 2 cases of pleural
and peritoneal effusion existed in the CRT group.

The incidence of postoperative pneumonia was higher
in the NACT group than that in the CRT group, and the
difference was statistically significant (P=0.004). The
average postoperative hospital stay was 13 days in the

CRT group and 12 days in the NACT group. No statisti-
cal difference existed between the two groups (P=0.274).
Table 3 shows the comparison of adverse reactions and
postoperative complications in the two groups of gastric
cancer patients receiving neoadjuvant therapy before and
after inverse probability weighting.

Discussion

Surgery is currently the only possible cure for gastric
cancer. The prognosis of patients undergoing surgical
resection is better than that of unresectable patients even
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A Recurrence patterns in NACT

Tamg

8%

Other regions
7

Anastomosis

Peritonenm
9%

6%

Pelvis
10%

Bone |
5%

Abdominal wall
2%
Adrenal gland

3%

Supraclavicular lymph
nodes
5%
Mediastinal lymph nodes
8%

Brain

1%

Page 9 of 12

B Recurrence patterns in CRT
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Fig. 5 Recurrence patterns in gastric cancer patients receiving adjuvant therapy after surgery. The figure illustrates the differences in recurrence propor-

tions at various metastatic sites between the NACT and CRT

Table 3 Details of complications in the original samples before matching and after IPTW in the two groups

IPTW before IPTW after
NACT (n=369) CRT (n=40) P-Value NACT (n=40) CRT (n=40) P-Value

Myelosuppression (n, %) <0.001 <0.001

0 179 (48.5) 3(7.5) 197.7 (484) 244 (6.3)

1 101 (27.4) 22 (55.0) 111.2(27.2) 201.5(51.9)

2 61(16.5) 14 (35.0) 68.0 (16.6) 149.9 (38.6)

3 24 (6.5) 1(2.5) 27.3(6.7) 124 (3.2)

4 4(1.0) 0(0.0) 4.5(1.1) 0.0 (0.0)
Nausea (n, %) 36 (9.8) 5(125) 0.583 40.0 (9.8) 39.0(10.1) 0.957
Vomit (n, %) 30(8.1) 4(10.0) 0.684 332(8.1) 335(8.6) 0918
Esophagitis (n, %) 7(1.9) 3(7.5) 0.029 83 (2.0) 26.6 (6.8) 0.072
Diarrhea (n, %) 48 (13.0) 6(15.0) 0.724 53.7(13.1) 74.0 (19.1) 0401
Postoperative complications

Pneumonia (n, %) 9(24) 0(0.0) 0318 9.9 (24) 0.0 (0.0) 0.004

Obstruction (n, %) 3(0.8) 0(0.0) 0.567 33(08) 0.0 (0.0) 0.095

Leak (n, %) 7(1.9) 2(5.0) 0.204 76(1.8) 30.8(7.9) 0.077

Effusion (n, %) 14 (3.8) 2(5.0) 0.709 154 (3.8) 19.9 (5.1) 0.703

Celiac infection (nn, %) 2(0.5) 0(0.0) 0.641 2.2(0.5) 0.0 (0.0) 0.171

Death (n, %) 1(0.3) 0(0.0) 0.742 1.0(03) 0.0 (0.0) 0332

in locally advanced gastric cancer. The resection rate of
gastric cancer is significantly related to the survival of
patients. Neoadjuvant therapy plays a key role in locally
advanced gastric cancer, as it provides an opportunity to
downstage tumors and increase resectability, leading to
potentially better overall survival outcomes.

Some patients with esophagogastric junction adenocar-
cinoma were collected in the surgery study after chemo-
radiotherapy for esophageal cancer (CROSS trial [6]). The
PCR rate is 23% and the RO resection rate is 92%. It shows
the benefit of preoperative CRT on overall survival in
patients with esophagogastric junction adenocarcinoma.

This finding reinforces the clinical value of preoperative
CRT in improving the disease-free survival for patients
with locally advanced gastric cancer, particularly in cases
of esophagogastric junction cancers, while the addition
of radiotherapy appears can not yield to significant sur-
vival benefits.

A phase-III clinical study conducted by Germany’s
Stahl [14] compared the efficacy and adverse reactions of
preoperative chemoradiotherapy and preoperative che-
motherapy. It is in patients with ¢T3-4NanyMO esopha-
gogastric junction adenocarcinoma. The study plans to
enroll 354 cases, and 126 cases are finally included for the



Bu et al. BMC Cancer (2025) 25:731

slow enrolment. Patients recepted chemoradiotherapy
had a significant higher probability of showing patho-
logic complete response (15.6% v 2.0%) or tumor-free
lymph nodes (64.4% v 37.7%) at resection. Preoperative
radiation therapy improved 3-year survival rate from
27.7 to 47.4% (log-rank P=0.07, hazard ratio adjusted
for randomization strata variables 0.67, 95% CI, 0.41 to
1.07). Although the study was closed early and statistical
significance was not achieved, results point to a survival
advantage for preoperative chemoradiotherapy com-
pared with preoperative chemotherapy in adenocarcino-
mas of the esophagogastric junction.

Therefore, it is still inconclusive if perioperative chemo-
radiotherapy improves the curative effects of patients
with locally advanced gastric cancer. No large random-
ized controlled study exists on preoperative CRT for GC.
Consequently, we used inverse probability weighting to
process the results of the retrospective work after CRT
and NACT in patients with locally advanced GC.

The retrospective work in our center showed that
patients with ypTO and ypT1 receiving preoperative
CRT accounted for 35.5% in the CRT group. It was sig-
nificantly better than that in the NACT group (13.5%).
The overall rate of PCR was 15.8% in the CRT group,
which was significantly higher than 4.7% in the NACT
group. This was consistent with the rate of PCR of 15.6%
reported by Stahl et al. [14] for preoperative chemoradio-
therapy for esophagogastric junction cancers. It was the
same for the rate of PCR of 16% for gastric adenocarci-
noma patients in a phase-II clinical study led by Maurel
in Spain [15]. Nearly 60% of the cases included in the
work were T4 patients. These findings provide further
evidence that preoperative chemoradiotherapy (CRT)
is associated with superior pathological response rates
compared to neoadjuvant chemotherapy (NACT), espe-
cially in patients with advanced-stage disease (T4). This
strengthens the case for incorporating CRT into treat-
ment regimens for gastric cancer, particularly for patients
with more advanced tumor stages. Retrospective stud-
ies by Martin et al. [16] showed that RO resection was an
independent prognostic factor for T4 patients.

Ikoma [17] found that both ¢NO and ypNO patients
have better survival than N+ patients. Therefore, the
status of ypNO obtained after neoadjuvant therapy is an
important symbol reflecting the curative effects of preop-
erative treatment on gastric cancer. The RO resection rate
is 100% in the CRT group. Patients undergoing CRT have
significantly less visible lymph node dissection intraop-
eratively than patients undergoing NACT. The pNO rate
(60.3%) in the CRT group is significantly higher than that
in the NACT group (39.8%). Neoadjuvant CRT has bet-
ter downstaging effects than NACT. These factors may
play an important role in reducing the local recurrence
rates and affecting survival [17-19]. The higher pNO rate
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observed in the CRT group is particularly important, as
it suggests a better overall prognosis for patients with
gastric cancer undergoing preoperative CRT. This find-
ing has significant clinical implications, as it provides
support for incorporating CRT into treatment plans for
gastric cancer patients, particularly in terms of improving
nodal status and reducing recurrence.

The mechanisms underlying CEA and CA19-9 are
comparable to the mechanisms underlying tumor inva-
sion and metastasis [20-22]. Numerous previous studies
assessed pre-operative serum tumor marker levels as risk
factors for recurrence or metastasis [23, 24]; however, few
studies investigated the association between post-oper-
ative positive tumor markers and recurrence or metas-
tasis [25, 26]. Observing the changes of tumor markers
before and after treatment is helpful for early detection
and timely intervention, may improve the survival rate
of patients with recurrence or metastasis of gastric can-
cer, following radical resection.The normalization rate of
CEA after neoadjuvant therapy was significantly higher
in the CRT group than that in the NACT group in the
work. It further supported that the CRT group had a bet-
ter prognosis. The follow-up time was insufficient, and
the median survival time had not yet been reached in the
two groups. However, the DFS and OS of the CRT group
were significantly better than those of the NACT group
after IPTW weighting. Statistical differences existed
and had a certain correlation with the good pathological
response of the CRT group.

Moreover, there are no statistically significant differ-
ences in surgical complications and surgery-related mor-
tality between patients receiving CRT and those receiving
NACT considering surgery-related adverse reactions.
Postoperative hospital stay was not significantly longer in
the CRT group than that in the NACT group. This was
consistent with the results reported by Ikoma et al. that
preoperative chemoradiotherapy for gastric cancer does
not increase postoperative anastomotic leakage rates or
peritoneal effusion [16]. Additionally, the safety of pre-
operative CRT was also confirmed in the TOPGEAR trial
[27], a phase-III clinical study of gastric cancer.

This study is a retrospective analysis with the following
limitations: Preoperative chemotherapy is an accepted
standard in the treatment of localized esophagogastric
adenocarcinoma. Adding radiation therapy to preopera-
tive chemotherapy appears promising, but its definitive
value remains unknown. Additionally, most surgeons
are concerned that radiotherapy-induced edema may
increase surgical difficulty and the risk of postoperative
complications. As a result, far more patients received
neoadjuvant chemotherapy (NACT) than CRT in routine
clinical practice, leading to a significant imbalance in the
number of cases between the two groups. Furthermore,
data bias caused by treatment heterogeneity is another
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limitation of this retrospective study. This study used
varying treatment regimens based on oncologists’ experi-
ence, with XELOX selected for all patients in the radio-
therapy group, following clinical trial NCT01815853.
The choice was supported by the CLASSIC study, which
showed that XELOX significantly improved 5-year over-
all and disease-free survival in gastric cancer patients
compared to surgery alone [10]. PSM and IPTW were
used to exert confounding control on baseline covari-
ates (gender, age, patients undergoing NACT far more
than those of CRT, T stage, N stage, tumor location,
and tumor markers) to admin confounding factors.The
SMD values decreased to less than 0.2 after IPTW com-
pared with PSM, and the balance between groups was
improved. Therefore, the research results referred to the
IPTW method. It was used to correct the imbalance of
the baseline data. Some confounding factors remained
to affect the results. Thirdly, the whole group of patients
with gastric cancer did not undergo diagnostic laparos-
copy at the initial diagnosis. However, the coincidence
was only 60-70% between preoperative clinical stag-
ing and pathological staging [28—30]. We used the same
MDT team combined with CT, PET-CT, and ultrasonog-
raphy to conduct clinical staging on the baseline status in
the two groups of patients. However, the bias of staging
existed, which affected the selection of treatment deci-
sions. Finally, we could not assess and grasp the physical
and economic status of patients, the choice of chemo-
therapy regimens by doctors, and the completeness of the
whole treatment in collecting retrospective data. All of
these have affected the results. The work used single-cen-
ter data, and IPTW could not replace prospective RCT.

Conclusions

In summary, neoadjuvant CRT for locally advanced GC
had better disease control rate while seems no overall
survival benefits than perioperative NACT. It was com-
parable to the NACT group concerning the safety of
treatment. The work used single-center data, and IPTW
could not replace prospective RCT. The ongoing mul-
ticenter phase-III randomized controlled TOPGEAR
and CRITICS-II trials were used to observe the curative
effects and long-term survival of perioperative NACT
and CRT. The trials are expected to collectively provide
valuable and high-quality data for determining optimal
neoadjuvant therapy for gastric cancer.

Abbreviations

AJCC American Joint Committee on Cancer
CBCT Cone-Beam Computed Tomography
CEA Carcinoembryonic Antigen

CRT Chemoradiotherapy

cT Computed Tomography

cTv Clinical Target Volume

DFS Disease-Free Survival

D2 A type of lymph node dissection (D2 lymph node dissection)

Page 11 of 12

DOS Docetaxel + Oxaliplatin +S-1
EORTC-ROG  European Organisation for Research and Treatment of Cancer
- Radiation Oncology Group

FLOT Docetaxel + Oxaliplatin + Fluorouracil
FOLFOX Oxaliplatin+ Fluorouracil

GC Gastric Cancer

IMRT Intensity-Modulated Radiation Therapy
IPW Inverse Probability Weighting

MDT Multidisciplinary Team

NACT Neoadjuvant Chemotherapy

NART Neoadjuvant Radiotherapy

(o) Overall Survival

PET/CT Positron Emission Tomography/Computed Tomography
PCR Pathological Complete Response

PSM Propensity Score Matching

PTV Planning Target Volume

SMD Standardized Mean Difference

SOX S-1+Oxaliplatin

TRG Tumor Regression Grade

TP Paclitaxel + Cisplatin

VMAT Volume-Modulated Arc Therapy
XELOX Oxaliplatin+ Capecitabine

Acknowledgements
Not applicable.

Author contributions

Study concept and design (YFL, XSW, XQD), acquisition of data (SSB, SYW, TW,
HX, ZDZ, CS, XCT, YC), analysis and interpretation of data (SSB, SYW, TW, XQD),
drafting of the manuscript (SSB, SYW), critical revision of the manuscript for
important intellectual content (YFL, XSW, XQD), and study supervision (YFL,
XSW, XQD). All authors read and approved the final manuscript.

Funding

This work was supported by grants from Henan Province Provincial-

Ministry Joint Key Project, Mechanism study of CAD promoting gastric

cancer radiotherapy resistance through P53 signaling pathway (No.
SBGJ202402021) of Shanshan Bu; and from Henan Provincial High-level Talents
Internationalization Cultivation Funding Project in 2022 of Ting Wang.

Data availability
Anonymized data can be available from the corresponding author upon
reasonable request.

Declarations

Ethical recognition and consent to participate

This study was approved by the Ethics Committee of Henan Cancer Hospital
(approval number: 2024 — 102), Patients were consented by an informed
consent process that was reviewed by the Ethics Committee of Henan Cancer
Hospital and certify that the study was performed in accordance with the
ethical standards as laid down in the 1964 Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
not applicable.

Author details

'Department of Radiation Oncology, The Affiliated Cancer Hospital of
Zhengzhou University & Henan Cancer Hospital, Zhengzhou

450008, China

Department of Surgical Oncology and General Surgery, The First
Affiliated Hospital of China Medical University, Shenyang, China
Department of Surgery, Rhode Island Hospital, Alpert Medical School of
Brown University, Providence, RI 02903, USA



Bu et al. BMC Cancer

(2025) 25:731

“Department of Pathology, Affiliated Hospital of Nantong University,
Nantong 22600, China

°Department of General Surgery, The Affiliated Tumor Hospital of
Zhengzhou University & Henan Cancer Hospital, Zhengzhou

450008, China

®Department of Medical Record, The Affiliated Tumor Hospital of
Zhengzhou University & Henan Cancer Hospital, Zhengzhou

450008, China

"Precision Health Program, Department of Radiology, College of Human
Medicine, Michigan State University, East Lansing, Ml 48824, USA

Received: 21 August 2024 / Accepted: 7 April 2025
Published online: 18 April 2025

References

1.

2.

Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J.
Cancer statistics in China, 2015. Cancer J Clin. 2016;66(2):115-32.

Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, Par-

kin DM, Forman D, Bray F. Cancer incidence and mortality worldwide:
sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer.
2015;136(5):E359-86.

Zheng L, Wu G, Xi P, Zhu M, Zhang L, Chen S, Li X, Gu J, Zheng Y. The survival
and the long-term trends of patients with gastric cancer in Shanghai, China.
BMC Cancer. 2014;14(1):300.

Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ,
Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ, et al. Perioperative chemo-
therapy versus surgery alone for resectable gastroesophageal cancer. N Engl
JMed. 2006;355(1):11-20.

Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, Kopp

HG, Mayer F, Haag GM, Luley K, et al. Perioperative chemotherapy with
fluorouracil plus leucovorin, oxaliplatin, and docetaxel versus fluorouracil or
capecitabine plus cisplatin and epirubicin for locally advanced, resectable
gastric or gastro-oesophageal junction adenocarcinoma (FLOT4): a ran-
domised, phase 2/3 trial. Lancet. 2019;393(10184):1948-57.

Shapiro J, van Lanschot JJB, Hulshof M, van Hagen P, van Berge Henegouwen
MI, Wijnhoven BPL, van Laarhoven HWM, Nieuwenhuijzen GAP, Hospers GAP,
Bonenkamp JJ, et al. Neoadjuvant chemoradiotherapy plus surgery versus
surgery alone for oesophageal or junctional cancer (CROSS): long-term
results of a randomised controlled trial. Lancet Oncol. 2015;16(9):1090-8.
Ajani JA, Mansfield PF, Crane CH, Wu TT, Lunagomez S, Lynch PM, Janjan N,
Feig B, Faust J, Yao JC, et al. Paclitaxel-based chemoradiotherapy in localized
gastric carcinoma: degree of pathologic response and not clinical parameters
dictated patient outcome. J Clin Oncol. 2005;23(6):1237-44.

Ajani JA, Mansfield PF, Janjan N, Morris J, Pisters PW, Lynch PM, Feig B,
Myerson R, Nivers R, Cohen DS, et al. Multi-institutional trial of preoperative
chemoradiotherapy in patients with potentially resectable gastric carcinoma.
J Clin Oncol. 2004;22(14):2774-80.

Ajani JA, Winter K, Okawara GS, Donohue JH, Pisters PW, Crane CH, Gres-
kovich JF, Anne PR, Bradley JD, Willett C, et al. Phase Il trial of preoperative
chemoradiation in patients with localized gastric adenocarcinoma (RTOG
9904): quality of combined modality therapy and pathologic response. J Clin
Oncol. 2006;24(24):3953-8.

Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, Lee KW, Kim YH, Noh S|,
Cho JY, et al. CLASSIC trial investigators. Adjuvant capecitabine and oxalipla-
tin for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label,
randomised controlled trial. Lancet. 2012;379(9813):315-21.

Smalley SR, Gunderson L, Tepper J, Martenson JA Jr, Minsky B, Willett C, Rich
T. Gastric surgical adjuvant radiotherapy consensus report: rationale and
treatment implementation. Int J Radiat Oncol Biol Phys. 2002;52(2):283-93.
Matzinger O, Gerber E, Bernstein Z, Maingon P, Haustermans K, Bosset JF,
Gulyban A, Poortmans P, Collette L, Kuten A. EORTC-ROG expert opinion:
radiotherapy volume and treatment guidelines for neoadjuvant radiation

of adenocarcinomas of the gastroesophageal junction and the stomach.
Radiother Oncol. 2009;92(2):164-75.

Fan M, Li G, Shen L, Zhang H, Liang L, Zhang Z. Identification of patients with
lymph node metastasis from gastric cancer who May benefit from adjuvant
chemoradiotherapy after D2 dissection-do N3 patients benefit from addi-
tional radiation? Br J Radiol. 2016;89(1059):20150758.

Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer HJ, Riera-Knorrenschild

J, Langer P, Engenhart-Cabillic R, Bitzer M, Kénigsrainer A, et al. Phase Il

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 12 of 12

comparison of preoperative chemotherapy compared with chemoradiother-
apy in patients with locally advanced adenocarcinoma of the esophagogas-
tric junction. J Clin Oncol. 2009;27(6):851-6.

Pera M, Gallego R, Montagut C, Martin-Richard M, Iglesias M, Conill C,

Reig A, Balagué C, Pétriz L, Momblan D, et al. Phase Il trial of preoperative
chemoradiotherapy with oxaliplatin, cisplatin, and 5-FU in locally advanced
esophageal and gastric cancer. Ann Oncol. 2012;23(3):664-70.
Martin-Romano P, Sola JJ, Diaz-Gonzalez JA, Chopitea A, Iragorri Y,
Martinez-Regueira F, Ponz-Sarvise M, Arbea L, Subtil JC, Cano D, et al. Role
of histological regression grade after two neoadjuvant approaches with

or without radiotherapy in locally advanced gastric cancer. Br J Cancer.
2016;115(6):655-63.

lkoma N, Das P, Hofstetter W, Ajani JA, Estrella JS, Chen HC, Wang X, Callender
RA, Zhu C, Roland CL, et al. Preoperative chemoradiation therapy induces
primary-tumor complete response more frequently than chemotherapy
alone in gastric cancer: analyses of the National cancer database 2006-2014
using propensity score matching. Gastric Cancer. 2018;21(6):1004-13.

lkoma N, Estrella JS, Hofstetter W, Das P, Minsky BD, Ajani JA, Fournier KF,
Mansfield P, Badgwell BD. Nodal downstaging in gastric cancer patients:
promising survival if ypNO is achieved. Ann Surg Oncol. 2018;25(7):2012-7.
Reed VK, Krishnan S, Mansfield PF, Bhosale PR, Kim M, Das P, Janjan NA, Del-
clos ME, Lowy AM, Feig BW, et al. Incidence, natural history, and patterns of
locoregional recurrence in gastric cancer patients treated with preoperative
chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2008;71(3):741-7.

Feng F, Tian Y, Xu G, Liu Z, Liu S, Zheng G, Guo M, Lian X, Fan D, Zhang H.
Diagnostic and prognostic value of CEA, CA19-9, AFP and CA125 for early
gastric cancer. BMC Cancer. 2017;17(1):737.

Wang W, Chen XL, Zhao SY, Xu YH, Zhang WH, Liu K, Chen XZ, Yang K, Zhang
B, Chen ZX, et al. Prognostic significance of preoperative serum CA125,
CA19-9 and CEA in gastric carcinoma. Oncotarget. 2016;7(23):35423-36.
Passos |, Stefanidou E, Meditskou-Eythymiadou S, Mironidou-Tzouveleki

M, ManakiV, Magra V, Laskou S, Mantalovas S, Pantea S, Kesisoglou | et al.

A review of the significance in measuring preoperative and postoperative
carcinoembryonic antigen (CEA) values in patients with medullary thyroid
carcinoma (MTC). Med (Kaunas) 2021;57(609).

Mihmanli M, Dilege E, Demir U, Coskun H, Eroglu T, Uysalol MD. The use of
tumor markers as predictors of prognosis in gastric cancer. Hepatogastroen-
terology. 2004;51:1544-7.

Nakajima K, Ochiai T, Suzuki T, Shimada H, Hayashi H, Yasumoto A, Takeda A,
Hishikawa E, Isono K. Impact of preoperative serum carcinoembryonic anti-
gen, CA 19-9 and alpha Fetoprotein levels in gastric cancer patients. Tumour
Biol. 1998;19:464-9.

Suenaga Y, Kanda M, Ito S, Mochizuki Y, Teramoto H, Ishigure K, Murai T, Asada
T, Ishiyama A, Matsushita H, et al. Prognostic significance of perioperative
tumor marker levels in stage II/Ill gastric cancer. World J Gastrointest Oncol.
2019;11(1):17-27.

Kochi M, Fujii M, Kanamori N, Kaiga T, Kawakami T, Aizaki K, Kasahara M,
Mochizuki F, Kasakura Y, Yamagata M. Evaluation of serum CEA and CA19-9
levels as prognostic factors in patients with gastric cancer. Gastric Cancer.
2000;3:177-86.

Leong T, Smithers BM, Haustermans K, Michael M, Gebski V, Miller D, Zalcberg
J, Boussioutas A, Findlay M, O'Connell RL, et al. TOPGEAR: A randomized,
phase lll trial of perioperative ECF chemotherapy with or without preopera-
tive chemoradiation for resectable gastric cancer: interim results from an
international, intergroup trial of the AGITG, TROG, EORTC and CCTG. Ann Surg
Oncol. 2017;24(8):2252-8.

Fairweather M, Jajoo K, Sainani N, Bertagnolli MM, Wang J. Accuracy of

EUS and CT imaging in preoperative gastric cancer staging. J Surg Oncol.
2015;111(8):1016-20.

Fukagawa T, Katai H, Mizusawa J, Nakamura K, Sano T, Terashima M, lto S,
Yoshikawa T, Fukushima N, KawachiY, et al. A prospective multi-institutional
validity study to evaluate the accuracy of clinical diagnosis of pathological
stage Il gastric cancer (JCOG1302A). Gastric Cancer. 2018;21(1):68-73.
Hallinan JT, Venkatesh SK. Gastric carcinoma: imaging diagnosis, staging and
assessment of treatment response. Cancer Imaging. 2013;13(2):212-27.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Efficacy and safety of XELOX combined with neoadjuvant radiotherapy versus neoadjuvant chemotherapy in locally advanced gastric cancer
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Research objects and data collection
	﻿Radiotherapy technology and target area delineation
	﻿Chemotherapy regimen
	﻿Follow-up and short-term efficacy evaluation
	﻿Statistical methods

	﻿Results
	﻿Clinical features and treatment
	﻿Correlation analysis and changes in tumor markers after neoadjuvant therapy
	﻿Short-term curative effects
	﻿Survival analysis
	﻿Adverse reactions and surgery-related complications

	﻿Discussion
	﻿Conclusions
	﻿References


