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Background: The therapeutic efficacy of neoadjuvant immunotherapy
combined with chemotherapy (lo+Chemo) is superior than chemotherapy
alone (Chemo). However, the mechanism of lo+Chemo superiority remains to
be further elucidated.

Methods: The study included 128 patients with resectable stage II-Ill gastric
cancer, in which 63 were given neoadjuvant lo+Chemo, and 65 Chemo alone.
Patients given lo+Chemo were treated with 2-4 cycles of PD-(L)1 inhibitor
(Pembrolizumab, Sintililimab or Nivolumab) with S-1 and oxaliplatin (SOX) or
capecitabine and oxaliplatin (XELOX) before surgical resection. Patients given
Chemo were treated with 2-4 cycles of SOX or XELOX before surgical resection.
Tumor tissues were evaluated for tumor-infiltrating immune cells (TIICs) using
immunohistochemistry and QuPath software quantitative analysis, for detecting
T, B, NK, plasma cells, and macrophages. The relationship between TIICs and
different neoadjuvant treatment regimens and pathological responses was
also explored.

Results: Compared with Chemo, lo+Chemo induced higher rates of pathological
complete response (33.3 vs. 9.2%, p=0.001) and major pathological response
(MPR) (49.2 vs. 30.8%, p=0.033). Compared with Chemo group, density of
CD4%(1904.8 vs. 1530), CD8%(1982.9 vs. 1124.4), CD20*(1115.6 vs. 574),
CD38%(1580.4 vs. 1128), CD138%(1237.2 vs. 496.4), and CD56" (596.8 vs. 159)
cells was increased 24.5%, 76.4%, 94.4%, 40.1%, and 149.2% respectively,

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1497004/full
https://orcid.org/0000-0001-5526-7624
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1497004&domain=pdf&date_stamp=2025-01-27
mailto:zhuyanmei@cancerhosp-ln-cmu.com
mailto:zhycmu@163.com
https://doi.org/10.3389/fimmu.2025.1497004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1497004
https://www.frontiersin.org/journals/immunology

Zhang et al.

10.3389/fimmu.2025.1497004

whereas CD163* macrophages (994.4 vs. 1706) was decreased 41.7% in lo

+Chemo group.

Conclusions: Our study favors neoadjuvant lo+Chemo over Chemo and reveals
lo+Chemo can induce the formation of an immune-activated microenvironment
that make lo+Chemo superior to Chemo.

gastric cancer, tumor-infiltrating immune cells, tumor immune microenvironment,
neoadjuvant therapy, immunochemotherapy

Introduction

Gastric cancer is one of the malignancy that seriously threatens
our health, having the fifth highest incidence rate and the fourth
highest mortality rate in the world. The incidence of the disease in
men is six times higher than in women (1). In recent years,
neoadjuvant therapy (NAT) has become increasingly common in
local advanced gastric cancer (LAGC). It aims at shrinking the
primary tumor, eliminating micrometastases, downstaging tumors
and increasing the rate of RO resection. However, the pathological
complete response (pCR) rate of chemotherapy alone (Chemo) is
not satisfactory, only 4.6 to 10% (2, 3). Therefore, the development
of new treatment approaches to improve the pCR rate of NAT and
to prolong patients’ survival is an important clinical challenge.

Currently, the remarkable efficacy of PD-(L)1 inhibitor is
receiving increasing attention from researchers in different fields
(4). Numerous scientific and clinical studies have demonstrated
that PD-(L)1 antibodies produce significant inhibition of tumor cell
proliferation through activating immune cells in the tumor immune
microenvironment (TIME) in various tumors (5). NAT using PD-(L)
1 inhibitors has been shown to be effective in cholangiocarcinoma (6),
melanoma (7), lung cancer (8), and colon cancer (9). The pCR rates
were about 33.3-50.9% (10, 11), significantly higher than previous
conventional treatments. Recent studies on non-small cell lung cancer
have shown that compared with chemotherapy alone, neoadjuvant Io
+Chemo can significantly improve major pathological response
(MPR), pathological complete response (pCR), OS, and event-free
survival (EFS) (12). These results are similar to those found in gastric
cancer studies.

Immune checkpoint inhibitor therapy has made great strides in
the field of treating LAGC patients. Nivolumab combined with
chemotherapy has been approved by the FDA for those with
advanced and also metastatic gastric cancer (13). Currently, several
clinical trials are adding immune checkpoint inhibitors to
neoadjuvant treatment regimens for gastric cancer. A study
enrolling 749 Asian patients compared the efficacy of nivolumab in
combination with chemotherapy to chemotherapy alone in patients
with advanced gastroesophageal junction (GEJ)/gastric cancer. It
found that patients with the addition of nivolumab generally had
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longer progression-free survival (PFS), OS, and better overall
response rate (14). The other clinical trials including CheckMate
649, KEYNOTE-059, and KEYNOTE-061 all confirmed the
superiority of neoadjuvant immunotherapy combined with
chemotherapy (Io+Chemo) compared to chemotherapy alone
(Chemo) (15).The ORIENT-16 randomized clinical trial confirmed
that among patients with previously untreated advanced gastric or
GEJ adenocarcinoma, adding sintilimab to chemotherapy
significantly improved OS, compared with placebo with
chemotherapy (16). However, the superiority of Io+Chemo remains
to be further investigated and the associated mechanisms elucidated.

The TIME includes immune cells, cancer-associated fibroblasts,
vascular endothelial cells, etc. (17). By cross-talking with cancer cells, it
plays a crucial role in the multiple biological behavior of cancer,
including an impact on the efficacy of NAT. PD-(L)1 inhibition
enhances the initiation of T cells in the TIME by utilizing large
amount of tumor antigens in the primary tumor and also restores the
function of tumor-specific cytotoxic T cells (18). Therefore, to illustrate
the mechanisms underlying the superior efficacy of Io+Chemo, it is
essential to analyze the tumor-infiltrating immune cells (TIICs) in
tumor specimens obtained after NAT.

In this study, we retrospectively collected 128 surgical specimens
of LAGC patients who had received NAT, including 63 cases of
neoadjuvant Io+Chemo and 65 cases of neoadjuvant Chemo. We also
explored the relationship of TIICs with treatment modality and
pathological response in an attempt to uncover the mechanisms
responsible for the superior efficacy of neoadjuvant Io+Chemo.

Materials and methods
Research design

LAGC patients given NAT (Io+Chemo or Chemo) at Liaoning
Cancer Hospital from 2019 to 2022 were retrospectively included.
Patients were selected for the study according to inclusion criteria:
(1) pathological verification of gastric adenocarcinoma, for
adenocarcinoma is the most common histological type; (2) AJCC
clinical stage: Stage II-III, for patients in stage I can undergo direct
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surgical resection without neoadjuvant therapy, patients in stage IV
are treated with conversion therapy rather than neoadjuvant
therapy; (3) underwent radical gastrectomy. The exclusion criteria
were the following: (1) existence of residual gastric tumors or other
malignant tumors; (2) the treatment information was incomplete;
(3) paraffin-embedded tissue specimens were insufficient to
evaluate biomarkers; and (4) HER2 positive gastric cancer, for
these patients would receive HER2-targeted therapy instead of Io
+Chemo. Patients with Io+Chemo were treated with 2-4 cycles of
PD-(L)1 inhibitor (Pembrolizumab, Sintililimab or Nivolumab)

10.3389/fimmu.2025.1497004

with SOX or XELOX before surgical resection, and patients with
Chemo were treated with 2-4 cycles of SOX or XELOX before
surgical resection. Samples from surgical resections after
neoadjuvant therapy were obtained and evaluated for pathological
response and TIICs. Details of the research process are shown in
Figure 1. All research processes were in full compliance with the
Helsinki Declaration (revised in 2013). Approval of our
investigation was granted by the Ethics Committee of Liaoning
Cancer Hospital and Institute, and patients provided signed
informed consent.
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FIGURE 1

Study design examining effects of neoadjuvant therapies on resectable LAGC patients. (A) Study flow chart depicting the study protocol. According
to our inclusion and exclusion criteria, a total of 128 patients with gastric cancer who underwent surgical resection after neoadjuvant therapy were
included in the trial, of which 63 received lo+Chemo and 65 received Chemo. Their pathological response and TIICs of tumor, stromal, and total
(tumor + stroma) were evaluated. All samples have been evaluated TIICs in stroma. Due to 27 patients achieved pCR, i.e., no tumor cells remained,
TIICs were only evaluated in stroma of these samples. (B) The endpoints explored and sample details in each analysis. ® Evaluated the pathological
response of patients received neoadjuvant lo+Chemo and Chemo; ® Evaluate the effect of neoadjuvant lo+Chemo and Chemo on TIICs;

® Evaluated the relationship between pathological response and TIICs in different treatment subgroups. LAGC, local advanced gastric cancer; TIICs,
Tumor infiltrating immune cells; NAT, neoadjuvant therapy; pCR, pathological complete response; MPR, major pathological response; lo+Chemo,

immunochemotherapy; Chemo, chemotherapy.
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Pathological assessment

Surgically resected specimens were subjected to hematoxylin-
eosin (H&E) staining to observe the pathological response after
NAT. The grading criteria was based on the Mandard tumor
regression grade (TRG) system. TRGI: the tumor completely
regressed; TRG2: a small number of residual cancer cells (<10%)
dispersed in degenerated fibrous tissues; TRG3: a large number of
residual cancer cells, but still dominated by fibrous tissue; TRG4: the
proportion of residual cancer cells exceeds that of fibrous
degenerated tissue; TRG5: no significant regression of cancer
cells. pCR was defined as no residual surviving tumor cells, MPR
referred to less than 10% residual tumor cells (19). TRG1 was equal
to pCR, TRG1 and TRG2 was equal to MPR.

Immunohistochemical staining

Immunohistochemical staining was performed to analyze
various TIICs. Primary antibodies included CD3 (GA045207,
Genentech), CD4 (GT219107, Genentech), CD8 (GT211207,
Genentech), CD20 (GM075507, Genentech, ready-to-use), CD38

10.3389/fimmu.2025.1497004

(GT212907, Genentech), CD138 (GT245107, Genentech), CD56
(GT200507, Genentech), CD68 (GT087607, Genentech), CD163
(GT207707, Genentech). Non-specific blocking agents were used to
inhibit endogenous peroxidase activity. Horseradish peroxidase
(HRP)-labeled sheep anti-mouse/rabbit immunoglobulin (IgG)
polymers were used as secondary antibodies and incubated with
their respective antibodies. The slides were stained with 3.3-
diaminobenzidine (DAB) and re-stained with hematoxylin. All
slides were scanned and digitized with a high-throughput scanner
(Nanozoomer S360, Hamamatsu).

TIC quantitative analysis by
QuPath software

QuPath is novel open-source software that can be used for
quantitative analysis. The source code is available at https://
qupath.github.io. The scanned digital images were imported into
the QuPath software for data analysis. The operation flow of
QuPath is shown in Figure 2. Step 1. Setting the image type. In
our study, we chose the image type Brightfield H-DAB and created
annotations for the tissue regions to be analyzed in the analysis
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Import scanned slides into QuPath software and (A) Create annotations for tumor and stroma. (B) Separating stains, check “Estimate stain vectors”
for better cell detection. (C) Select five suitable sections in each of the tumor and stroma, each with an area of 500 x 500 um, and add annotations
for them. (D) Select "Analyze" —"cell detection"—"positive detection"—check "Single threshold". (E) Select "show annotation measurements” to
export the data which contains percentage and density. (F) Select "Analyze" —"cell detection"—"positive detection"—uncheck "Single threshold".

(G) Select "show annotation measurements” to export the data which contains H-score values.
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panel; Step 2. Run Estimate stain vectors to separate stains for better
cell detection; Step 3: Select five regions of interest in tumor interior
and stroma manually selected by a pathologist with diagnostic
experience, and fix the format size of each region as 500x500um
(20) to ensure that the measurement area is consistent and add the
annotations that have been created; Step 4: Positive cell density,
positive cell percentage and H-score value were analyzed and
counted for the tumor interior, tumor stroma and tumor as a
whole, ie., tumor interior plus tumor stroma. The positive cell
density refers to the number of positive cells per unit area. The
positive cell percentage refers to the proportion of positive cells
among all cells per unit area. H-score means the product of positive
cell percentage and positive intensity per unit area.

SPSS statistical analysis

Statistical analysis was performed using SPSS Statistics 25
software. The Pearson’s chi-square test was used to analyze the
relationship between the two treatment modalities and
clinicopathological factors. If the continuous variables were
normally distributed, the unpaired t test was used to compare the
variables; otherwise, the Mann-Whitney U test was used. Survival
analysis was performed and plotted using Kaplan-Meier method,
and the log-rank test was used to compare differences. P < 0.05 was
considered statistically significant.

TABLE 1 Baseline characteristics of LAGC patients with neoadjuvant therapy.

10.3389/fimmu.2025.1497004

Results
Baseline characteristics

Between 2019 and 2022, 128 patients participated in our study;
their ages were from 25 to 85 years old, showing a median of 60, and
there were 90 men and 38 women. All patients received either NAT
Io+Chemo or Chemo, of which 63 patients received Io+Chemo and
65 patients received Chemo. Baseline characteristics were balanced
between NAT Io+Chemo and Chemo. The clinicopathological
features of all patients are shown in Table 1. Compared to the
Chemo group, the ypT staging (p=0.002), ypN grading (p=0.01)
and ypTNM staging (p=0.005) of tumors were significantly lower in
the Io+Chemo group.

Adding immunotherapy improves
NAT efficacy

After NAT, the pathological response of each patient's primary
tumor was evaluated. A total of 27 patients out of 128 patients
achieved pCR, and 51 patients achieved MPR. There was a
significant increase in pCR in the Io+Chemo group (33.3 vs 9.2%,
p=0.01), and the MPR rate was numerically increased (49.2 vs
30.8%, p=0.033) compared with Chemo. We also compared the OS
of the two groups, the results showed that the OS of patients

All Chemo lo+Chemo P value
Age (yr) 0.251
Median (range) 59.71 (25~85) 60.06 (25~79) 59.35 (33~85)
<55 81 (63.3) 38 (58.5) 43 (68.3)
>55 47 (36.7) 27 (41.5) 20 (31.7)
Gender 0.152
Male 90 (70.3) 42 (64.6) 48 (76.2)
Female 38 (29.7) 23 (35.4) 15 (23.8)
cTNM, before NAT 0.288
1I 43 (33.6) 19 (29.2) 24 (38.1)
III 85 (66.4) 46 (70.8) 39 (61.9)
ypT 0.002
0-2 44 (34.4) 14 (21.5) 30 (47.6)
3-4 84 (65.6) 51 (78.5) 33 (52.4)
ypN 0.010
0-1 77 (60.2) 32 (49.2) 45 (71.4)
2-3 51 (39.8) 33 (50.8) 18 (28.6)
ypTNM 0.005
1 40 (31.3) 13 (20) 27 (42.9)
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2025.1497004

All Chemo lo+Chemo P value

2-3 88(68.8) 52(80) 36(57.1)

Histological type 0.058
Adenocarcinoma 94(73.4) 43(66.2) 51(81.0)
Poorly cohesive carcinoma 34(26.6) 22(33.8) 12(19.0)

Grade of differentiation 0.072
Well and moderately differentiated 45(35.2) 18(27.7) 27(42.9)
Poorly differentiated 83(64.8) 47(72.3) 36(57.1)

Lauren classification 0.052
Intestinal 52(40.6) 21(32.3) 31(49.2)
Diffuse or mixed 76(59.4) 44(67.7) 32(50.8)

Nervous invasion 0.606
No 58(45.3) 28(43.1) 30(47.6)
Yes 70(54.7) 37(56.9) 33(52.4)

Vascular or lymphatic invasion 0.379
No 66(51.6) 36(55.4) 30(47.6)
Yes 62(48.4) 29(44.6) 33(52.4)

PD-L1 0.613
CPS<5 76(59.4) 40(61.5) 36(57.1)
CPS=5 52(40.6) 25(38.5) 27(42.9)

MMR 0.848
pMMR 111(86.7) 56(86.2) 55(87.3)
dMMR 17(13.3) 9(13.8) 8(12.7)

LAGC, local advantage gastric cancer. Bold values were statistically significant (P < 0.05).

recieved To+Chemo was longer than that of the patients recieved
Chemo alone. However, there was no statistically significant
(p=0.449) (Supplementary Figure S1).

Comparison of TIIC subsets in patients
treated with neoadjuvant lo+Chemo
versus Chemo

Surgically resected tissue samples were subjected to
immunohistochemical staining to observe TIICs after NAT. No
tumor cell residues were seen in 27 of the 128 tissue samples.
Therefore, TIICs were evaluated in 128 stroma and 101 tumor
samples. The details of TIIC subsets in patients treated with
neoadjuvant Io+Chemo versus Chemo are shown in Figures 3, 4
and Supplementary Table S1. The CD3" cells showed a significantly
higher density in tumor and total as well in the Io+Chemo group
than in Chemo (tumor, p=0.000; total, p=0.000). Compared with
the Chemo group, the Io+Chemo group exhibited greater
infiltration by CD4" cells in tumor, stroma and total (density: p=

Frontiers in Immunology

0.022; stroma, p=0.006; total, p=0.010; percentage: tumor, p=0.020;
H-score: tumor, p=0.010). The CD8" cells were significantly more
abundant in tumor, stroma and total in the Io+Chemo group versus
Chemo alone (density: tumor, p=0.017; stroma, p=0.000; total,
p=0.000; percentage: stroma, p=0.001; H-score: tumor, p=0.016).
There was a higher degree of infiltration of CD20" cells in tumor
and total as well in the Io+Chemo group than that in Chemo alone
(density: tumor, p=0.000, total, p=0.002; percentage: tumor,
p=0.000, total, p=0.000; H-score: tumor, p=0.000). In contrast to
the Chemo group, the Io+Chemo group had a significantly greater
density of CD38" cells in both stroma and total (stroma, p=0.011,
total, p=0.039). The CD138" cells showed a higher density,
percentage and H-score in tumor, stroma and total in the Io
+Chemo group compared with Chemo (density: tumor, p=0.000,
total, p=0.002; percentage: tumor, p=0.000, stroma, p=0.022, total,
p=0.003; H-score: tumor, p=0.000, stroma, p=0.032, total, p=0.000).
The CD56" cells were significantly more abundant in tumor, stroma
and total in the Io+Chemo group compared with Chemo (density:
tumor, p=0.002, stroma, p=0.007, total, p=0.000; percentage: tumor,
p=0.000, stroma, p=0.009, total, p=0.000; H-score: tumor, p=0.001,
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FIGURE 3

Comparison of TIIC subsets in patients treated with neoadjuvant lo+Chemo versus Chemo. The scatter plot was shown as median. The density and
percentage of CD3 (A), CD4 (B), CD8 (C), CD20 (D), CD38 (E), CD138 (F), CD56 (G), CD68 (H), CD163 (I) were statistical different in responders and
non-responders. Figure was created with R. *p<0.05; **p<0.01; ***p<0.001; ns, no statistical significance.

stroma, p=0.000, total, p=0.000). Compared with the Chemo group,  T||C subsets in MPR versus non-MPR

there was a higher density of CD68" cells in tumor in the Io+Chemo patients in neoadj uvant lo+Chemo group
group (p=0.000). A lower degree of infiltration of CD163"

macrophages occurred in both tumor and total in the To+Chemo Similarly, in the neoadjuvant Io+Chemo group, a total of 31
versus Chemo (density: tumor, p=0.001, total, p=0.018; percentage: ~ patients achieved MPR and 32 patients were non-MPR. We
tumor, p=0.003, total, p=0.004; H-score: tumor, p=0.000, compared the TIICs between different treatment effects in this
total, p=0.007). group. The details of TIIC subsets difference are shown in

10+Chemo

Chemo

FIGURE 4

Comparison of TIIC between lo+Chemo and Chemo by immunohistochemistry. HE: the more immune cells in lo+Chemo specimens (A) than in
Chemo specimens (B). CD4: the density of lo+Chemo specimens (C) was higher than Chemo specimens (D). CD8: the density of lo+Chemo
specimens (E) was higher than Chemo specimens (F) CD20: the density of lo+Chemo specimens (G) was higher than Chemo specimens (H).
CD163: the density of lo+Chemo specimens () was lower than Chemo specimens (J).
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Supplementary Table S3. CD3" cells exhibited a higher degree of
ifiltration in both tumor, stroma and total in the MPR versus non-
MPR group (density: stroma, p=0.001; percentage: tumor, p=0.038).
A higher percentage of CD8" cells was observed in the MPR group
compared with non-MPR (tumor, p=0.001, stroma p=0.034).
CD20" cells displayed a significantly higher abundance in
percentage in stroma in the MPR than non-MPR (p=0.032).
CD138" cells showed a higher degree of infiltration in tumor,
stroma and total in MPR over non-MPR (density: tumor,
p=0.043, total, p=0.000; percentage: total, p=0.023; H-score:
stroma, p=0.011, total, p=0.021). There was a significantly higher
amount of CD68" cells in the MPR than non-MPR group (density:
stroma, p=0.002; percentage: stroma, p=0.002; H-score, stroma,
p=0.006). A lower percentage of CD163" cells was observed in
tumor, stroma and total in MPR than non-MPR (percentage:
tumor, p=0.041, stroma, p=0.001, total, p=0.000).

TIIC subsets in MPR versus non-MPR
patients in neoadjuvant Chemo group

In the neoadjuvant Chemo group, a total of 20 patients achieved
MPR and 45 patients were non-MPR. We compared the TIICs in
MPR versus non-MPR patients in this group. The details of TIIC
subsets difference are shown in Supplementary Table S4. The CD3"
cells had a higher H-score in the MPR than non-MPR group (total,
p=0.019). Compared with the non-MPR group, the MPR group
exhibited greater infiltration by CD4" cells in stroma and total
(density: stroma, p=0.017, total, p=0.002; percentage: total, p=0.018;
H-score: total, p=0.037). A significantly higher H-score of CD20"
cells was observed in MPR versus non-MPR (stroma, p=0.022, total,
p=0.022). A higher infiltration degree of the CD38" cells was seen in
stroma in the MPR than non-MPR group (density, p=0.023; H-
score, p=0.030). The density of CD56" cells was greater in the MPR
than non-MPR group (stroma, p=0.009). The infiltration by
CD163 macrophages was significantly less in MPR versus non-
MPR (density: stroma, p=0.000, total, p=0.001; percentage: stroma,
p=0.002, total, p=0.003; H-score: stroma, p=0.012, total, p=0.038).

All patients, including both in neoadjuvant Io+Chemo group and
in neoadjuvant Chemo group, were grouped into MPR and non-
MPR. The difference of TIICs subsets between MPR and non-MPR
are shown in Supplementary Table S2 and Supplementary Figure S2.
In addition, we compared the TIICs between pCR and non-pCR
groups in stroma regardless of treatment regimen. Compared with
the non-pCR group, the pCR group exhibited greater infiltration by
CD20" cells (percentage: p=0.024), CD3" cells (density: p=0.010), and
CD138" cells (H-score: p=0.001) in stroma. A lower degree of
infiltration of CD163" macrophages occurred in stroma in the pCR
versus non-pCR (density: p=0.000; percentage: p=0.000;
H-score: p=0.000).

Discussion

In this study, compared with neoadjuvant Chemo alone, Io
+Chemo achieved better pCR and MPR rates. Quantitative TIICs
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analysis showed a higher degree of TIIC infiltration except CD163"
macrophages in the population receiving Io+Chemo, in the MPR
subgroup of Io+Chemo patients, in the MPR subgroup of Chemo
patients, and in the MPR group of all patients.

Our results suggests that the neoadjuvant Io+Chemo rather
than Chemo alone is more beneficial to patients with LAGC.
Previous studies have shown that the mean pCR rate of LAGC
patients treated with neoadjuvant Chemo alone is about 6.7% (2, 3),
and that the average pCR rate for LAGC patients receiving
neoadjuvant Io+Chemo can range from 19.4 to 33.6% (21-24).
The recent study of the NEOSUMMIT-01 clinical trial showed that
the addition of PD-1 monoclonal antibody to perioperative
chemotherapy in patients with c¢T3-4aN+MO resectable gastric or
GEJ adenocarcinoma significantly increased the pCR rate compared
with the SOX/XELOX chemotherapy group alone (22.2% vs. 7.4%)
(25). The RATIONALE-305 trial confirmed that in patients with
HER2-negative advanced gastric cancer or GEJ adenocarcinoma,
tislelizumab combined with chemotherapy significantly improved
OS compared with chemotherapy alone (26). The data are similar to
ours. Similar findings have been seen in studies of other cancer
types. The BGB-A317-2002 study showed that the pCR rate of
patients who underwent radical surgery for neoadjuvant treatment
of muscle-invasive bladder cancer with tislelizumab combined with
gemcitabine/cisplatin reached 50.9%. Updated follow-up data
showed that the 1-year EFS, OS, and RFS rates were 89.3%,
91.2%, and 85.2% respectively (11). The result indicated the
positive clinical significance of Io+Chemo. CheckMate 816
reported that neoadjuvant nivolumab along with chemotherapy
induced significantly higher pathological responses than did
chemotherapy alone in stage IB to IITA resectable non-small cell
lung cancer (NSCLC) (26). Similarly, multiple clinical trials showed
that PD-(L)1 blockade plus Chemo significantly increased MPR and
PCR rates in NSCLC (27-30).Mechanistically, chemotherapeutic
agents are capable of both direct killing of tumor cells and indirect
inhibition of tumor development by promoting the release of tumor
antigens to regulate tumor TIME. Moreover, authors have
demonstrated that PD-L1 expression on cancer cells can be
induced by chemotherapy. So immunotherapy plus chemotherapy
can synergistically improve the therapeutic efficacy of anti-PD-(L)1
monotherapy (31, 32). Combination strategies are becoming "major
players" in neoadjuvant treatment regimens of LAGC.

Although the molecular mechanisms of PD-(L)1 inhibition in
cancer treatment have been investigated, the mechanisms by which
Io+Chemo is superior to Chemo alone are not well elucidated.
QuPath software, an open-source solution for whole slide image
analysis and digital pathology (33), was used to quantitatively assess
the TIICs in the TIME in our study. Accordingly,
immunohistochemically stained positive cells can be quantified,
and the percentage of positive cells and the H-score value per unit
area and have been widely used in the field of quantitative analysis
of digital pathology. In our study, more CD8" T cells infiltrated in
the To+Chemo group compared to the Chemo group. Tang et al.
established four groups of tumor-bearing mouse models: control
(with PBS), anti-PD-1 antibody treatment, chemotherapy, and
chemotherapy with PD-1 blockade. Compared with
chemotherapy alone, chemotherapy with PD-1 blockade caused a
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significant increase in infiltration degree of CD8" effector T cells
(34). Similar evidence has been reported by other research groups in
a variety of tumor types, including esophageal squamous cell
carcinoma (35),ovarian cancer (36),and lung cancer (8, 37). Some
researchers have reported that large numbers of CD8" T cells within
or around tumors are associated with improved disease-free
survival and OS (38). In tumors, cancer cells inhibit the activation
of CD8" T cells (cytotoxic T lymphocytes, CTL) by binding
inhibitory checkpoints on the CTL surface such as PD-L1, which
is believed to be a critical form of cancer cell immune escape (39).
Immune checkpoint inhibitors can competitively bind to PD-1 on
the surface of cancer cells to activate the CTL. In the "activated"
state, the CTL recognizes MHC-I-like molecules on the cancer cell
surface and kills the target cells via granule cytosolization
(granzyme A and B) and necrosis and apoptosis triggered by
death ligands in the presence of chemokines. In addition, CTL
also can induce cytotoxic effects on cancer cells by secreting
interferon-y and tumor necrosis factor o (40). In our study, CD4"*
T cell number was higher in Io+Chemo compared to Chemo. CD4"*
T cells (follicular helper T cells), are one of the most abundant and
essential effector T cells (41). Many studies have shown that CD4"
helper T cells participate in anti-tumor immune responses and play
a key role in determining tumor responsiveness to immune
checkpoint blockade immunotherapy (42). Under certain
conditions, CD4" T cells can possess cytotoxic activity and secrete
cytotoxic particles containing perforins and granzymes that directly
kill target cells. These cells seem to be derived from Treg cells, not
effector CD4" T cells (43). They can also promote CTL proliferation
and activation and memory CTL formation (44). These
mechanisms explain why Io+Chemo is superior to Chemo to
some extent.

In our study, CD20" and CD138" cells infiltrated more in Io
+Chemo than Chemo group. The same result was found by Tang
et al. (34). Mature B cells are able to deliver tumor-associated
antigens directly to T cells for tumor cell kill. Antibodies actively
secreted by these B cells recognize tumor antigens to effectively
control tumor progression (45). There is a negative correlation of B
cell number in the tumor with lung cancer stage (46). Besides T and
B cells, CD56" NK cells infiltrated more in Io+Chemo group. NK
cells are an important subpopulation of immune cells that
antagonize tumors. NK cells have a similar function as CD8" T
cells in TIME (47), inducing apoptosis of target cells mainly
through the release of perforin and granzyme (48). They also
promote cross-presentation of antigens to CTLs and influence the
anti-tumor response of T cells (47). After migrating to cancer nests,
macrophages become tumor-associated macrophages (TAMs).
Authors have reported that there are significantly more
infiltrating TAMs in GC tissues than in adjacent tissues,
indicating that with the development of GC, there is recruitment
of TAMs and close cross-talk with cancer cells (49). On one hand,
TAMs exhibit antitumor effects via the phagocytosis and killing of
cancer cells; on the other hand, after interaction with cancer cells,
TAM may change phenotype, i.e., M1 macrophages are converted
to M2 macrophages. M1 macrophages promote inflammatory
responses and usually have antitumor effects; M2 macrophages
contribute to immune escape, neovascularization and remodeling of
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the extracellular matrix, which promote tumor development (50).
In our study, CD68" TAM infiltrated to a higher extent, while lower
numbers of CD163" M2 macrophages infiltrated in the Io+Chemo
group. Tang et al. found that the M1/M2 macrophage ratio was
significantly higher in mice treated with neoadjuvant Io+Chemo
compared to Chemo alone (34). These findings indicate that
immunotherapy can promote the infiltration of CD4cells, CD8"
T cells, B cells and NK cells, and reduce the number of M2
macrophages, which in turn reduces immunosuppression and
exerts anti-tumor effects.

We further investigated the relationship between pathological
response and TIICs in different treatment subgroups. In the Io
+Chemo group, patients with MPR had significantly higher CD3",
CD4*, CD8*, CD20", CD38", CD138%, and CD68" cell infiltration
and significantly lower CD163" macrophage infiltration. In samples
of cTNM-III gastric cancer patients who received neoadjuvant Io
+Chemo and surgery, Tang et al. found that a greater proportion of
CD8" T cells, M1/M2 macrophages and plasma cells in the
responders’ than non-responders’ TIME (34). Wei et al. also
found an increase in the number of CD8" T cells and the ratio of
M1/M2 in patients with GC who benefited from NAC plus PD-1
blockade (51). In addition, mIF analysis showed that capecitabine +
oxaliplatin + pembrolizumab (COP ) increased the densities of
CD3" and CD8" T cells in G/GJ adenocarcinomas, and the degree
of pathological reaction was related to the increase of aggregation of
PanCK" cells to CD3" cells (52).The results above are similar to
ours. In patients received chemotherapy alone, CD3", CD4",
CD20", CD38", and CD56" cell infiltration was significantly
higher in MPR patients, and the results for CD163" macrophages
were similar to those in the Io+Chemo group. Xing et al. Found that
the levels of CD8" T cells, CD20" B cells, and CD57" NK cells
significantly increased in MPR group. Univariate analysis showed
that the levels of CD20" B cells, CD68" macrophages, and CD8" T
cells were correlated with a good response (53). All of these results
suggested that TIIC infiltration in TIME is the reason for prominent
pathological response regardless of treatment strategy.

The main limitation of our investigation was that it was a
retrospective design. In the future, we will conduct prospective
studies to compare the impact of different neoadjuvant treatment
methods on the TIME of gastric cancer. The second limitation was
that the absence of pre-treatment baseline data on immune cell
infiltration limited the context for post-treatment comparisons. In
the future, we intend to design a study that includes pre-treatment
biopsy specimens to compare changes in TIME before and after
treatment and to explore TIME biomarkers that can predict efficacy.
The third limitation was the lack of longitudinal follow-up data. In
the future, we will continue to improve the follow up data.

Conclusions

Our study favors neoadjuvant Io+Chemo over Chemo and
reveals the tumor immune microenvironment characteristics that
make Io+Chemo superior to Chemo. Our findings provide new
insights into the mechanisms by which Io+Chemo is more efficient
than Chemo alone.
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