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ABSTRACT

First-line PD-1 blockade plus chemotherapy significantly improves the survival benefits in late-stage
gastric cancer (GC) patients. However, the pathological response rate and effects on the immune micro-
environment of neoadjuvant PD-1 blockade plus chemotherapy in patients with cTNM-stage Ill GC remain
to be elucidated. Patients with cTNM-stage Il GC who underwent neoadjuvant PD-1 blockade plus
chemotherapy and surgery were enrolled. Four in vivo models bearing GC were jointly established to
investigate the specific roles of chemotherapy and PD-1 blockade for GC treatment. The tumor immune
microenvironment was analyzed by hematoxylin and eosin (H&E) and IHC staining, multicolor flow
cytometry and immunofluorescence. A total of 75 patients with cTNM-stage Ill (cT2-4N1-3MO0) gastric
cancer who received neoadjuvant PD-1 blockade plus chemotherapy (SOX/XELOX) were included in this
study. After treatment, 21 (28.0%) and 57 (76.0%) patients achieved pathological complete response (pCR)
and post-therapy pathological downstaging. Subgroup analyses revealed that patients with CPS >1
(32.6% vs 8.3%) and dMMR (35.7% vs 25.4%) subtype had better efficacy. Additionally, the resected
specimens showed more anti-tumor immune infiltration indicating a response to neoadjuvant PD-1
blockade plus chemotherapy. Multicolor immunofluorescence and in vivo experiments on mouse models
revealed that elevated M1/M2 ratio of macrophages, CD8 + T cells and plasma cells indicated effective
response to treatment. Furthermore, neoadjuvant PD-1 blockade plus chemotherapy neither delayed
surgery nor increased postoperative complication rate. The analyses indicate neoadjuvant PD-1 blockade
plus chemotherapy is a promising therapeutic strategy in patients with ¢cTNM-stage Il GC with an
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encouraging pCR rate.

Background

Gastric cancer (GC) is the fifth most common malignancy and
fourth most common death caused by cancers.' The currently
standard management for resectable advanced GC (AGC,
c¢TNM-stage II-III) is perioperative chemotherapy and gas-
trectomy plus lymph node resection.””* Although the survival
benefits of neoadjuvant chemotherapy for patients with resect-
able AGC have been verified by multiple clinical trials,>>°
a significant proportion of patients is insensitive to NACT
and the pathological complete response (pCR) rate,
a promising surrogate for survival, remains low ranging from
4.6% to 10%.”® Therefore, developing novel therapeutic stra-
tegies to increase the pCR rate for neoadjuvant therapy is
a significant clinical issue for the current treatment of patients
with AGC.

Antibodies against PD-1 have increasingly drawn the atten-
tion of researchers from different disciplines due to their
remarkable efficacy.”'* Substantial academic and clinical stu-
dies revealed that PD-1 antibodies significantly inhibit tumor

growth by activating anti-tumor immune cells in various can-
cer types. Furthermore, the therapeutic efficacy of PD-1 block-
ade was found to be better when administered preoperatively.”’
The recent clinical trials suggest that neoadjuvant treatment
with PD-1 inhibitors achieved 15.0%-34.6% pCR rates in
melanoma,'! colon cancer,'” and lung cancer,"’ higher than
those induced by previous traditional strategies. We noticed
that in several recent studies, administration of PD-1 blockades
in GC patients also achieved an encouraging efficacy,'*™"” but
without neoadjuvant data. Furthermore, a recent study showed
that first-line PD-1 blockade plus chemotherapy significantly
prolonged the survival of GC patients, compared with che-
motherapy alone.'® However, the roles and mechanisms of
PD-1 blockade plus chemotherapy in the neoadjuvant therapy
of AGC patients remain further investigated.

Precious studies concluded that AGC patients with stage III
benefit more from neoadjuvant chemotherapy than stage I1."
Besides, previous clinical studies revealed that the combined
positive score (CPS) of PD-L1 is associated with response to
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PD-1 blockade.?® In addition, studies also found that the levels
of microsatellite instability (MSI)/mismatch repair (MMR) and
tumor mutation burden (TMB) may be effective markers to
screen potential benefit patients for immunotherapy.”®*'
However, the optimal marker to screen AGC patients who
are sensitive to PD-1 blockade plus chemotherapy is still not
clear.

Tumor microenvironment (TME) has been proven to be an
integral part of the tumor and significantly influences tumor
progression and therapeutic outcomes.”” Despite the current
clinical success of PD-1 blockade, its effects on tumor TME
remain to be further elucidated. The advances in single-cell
technology and multi-color flow cytometry allow us to identify
the dynamic characterization of tumor-infiltrating immune
cells and functional subpopulations in the TME.** For exam-
ple, a recent single-cell study found that the phenotypes of
T lymphocytes in TME are associated with tumor development
and often remain an exhausted state.?* Thus, switching
exhausted T cells into effector antitumor T lymphocytes may
be an important issue for cancer treatment. In addition, nature
killing (NK)-cell and M1-macrophage contribute to kill tumor
cells during chemotherapy.”” Understanding the dynamic
alterations of immune cells in TME during PD-1 blockade or
chemotherapy in AGC patients is important to identify effector
cells and therapeutic biomarkers. Therefore, we have designed
and performed this study to investigate the pathological
response of neoadjuvant PD-1 blockade plus chemotherapy
in stage III GC patients, and explore the impacts on dynamic
changes in the TME.

Methods
Patients and study design

Seventy-five patients with stage III GC who received neoadju-
vant PD-1 blockade plus chemotherapy were enrolled in the
study. The regimens of neoadjuvant chemotherapy were
5-fluorouracil-based, mainly including SOX and XELOX;
while the PD-1 blockade was achieved by PD-1 antibodies,
mainly including Pembrolizumab and Nivolumab. All enrolled
patients were diagnosed and clinically staged with endoscopic
biopsy specimen analysis by two pathologists, and contrast-
enhanced computed tomography (CT). All patients underwent
neoadjuvant PD-1 blockade plus chemotherapy and D2 gas-
trectomy plus lymphadenectomy at the Peking University
Cancer Hospital (PKUCH), between June 2017 and
May 2022. Primary tumors and lymph nodes were deemed to
be surgically resectable according to the surgeon’s evaluation.
The pathological stage was evaluated, and tumors were graded
according to the 8th edition of the tumor-node-metastasis
(TNM) grading system.”® All patients were followed up to
monitor any postoperative complications after gastrectomy.
All patients provided written informed consent, and the
Ethical Committee of PKUCH approved this study.

Data collection

The sex, age, tumor size, tumor location, Lauren’s classifica-
tion, TNM classification, surgical setting, duration of surgery,

blood loss, internal to first aerofluxus and postoperative com-
plications of enrolled patients were collected from medical
records. Clavien-Dindo classification was used to evaluate
postoperative complications.”” Postoperative complications
and feasibility were continuously monitored.

Tumor regression grade (TRG) assessment

The NCCN guidelines were used to grade tumor regression for
neoadjuvant treatment in patients with AGGC,%¢ as follows:
Grade 0, complete regression with no residual tumor cells;
Grade 1, near-complete response with single cells or rare
small groups of cancer cells; Grade 2, partial tumor regression,
with residual cancer cells with evident tumor regression, but
more than single cells or rare small groups of cancer cells; and
Grade 3, extensive residual cancer with no evident tumor
regression. TRG 0 was defined as pCR. The major pathological
response (MPR) was defined as the sum of the complete regres-
sion and near-complete response. Patients with TRG 0-1 were
defined as responders, while non-responders with TRG 3.

Identification of molecular subtypes

DNA mismatch repair (MMR) was evaluated by immunohis-
tochemical analysis of four key proteins, viz. MLH-1, MSH-2,
MSH-6, and PSM2. Any loss of the above four proteins was
defined as MMR deficiency (AMMR); otherwise defined as
proficient MMR (pMMR). Epstein-Barr virus (EBV) status
was identified by examination of EBV-encoded small RNA
(EBER) in situ hybridization according to the standard
protocol.”®

Histological assessment and identification of
histopathological immune phenotypes of residual viable
tumors

Hematoxylin & Eosin (H&E)-stained slides from the primary
tumors were provided by the Pathology Department of our
hospital, and the histological assessment was performed by at
least two pathologists based on previous literature.*

The percentage of RVT was calculated using the following
formula:*

%RVT = sum of viable tumor area/total tumor bed area
(viable tumor + regression bed + necrosis) x 100%.

Immunohistochemistry (IHC)

IHC experiments were performed to evaluate immune cell
proportions in cancer nests. Fifteen paraffin-embedded AGC
patients’ cancer tissues following PD-1 blockade plus che-
motherapy (15 responders and 5 non-responders) were cut
into 5-um thick slices for IHC analysis. Antigen retrieval was
performed using antigen repair buffer under high pressure and
high-temperature conditions. After that, these slices were
blocked with goat serum for 40 min at 37°C and then followed
by incubation with the anti-CD4 antibody (ab133616, Abcam),
anti-CD8 antibody (ab237710, Abcam) and anti-CD68 anti-
body (ab955, Abcam) at 4°C for 12 hours. This was followed by
three washes with PBS for 5 min and incubation with



secondary antibodies (Dako, Shanghai, China) at 37°C for
40 min. Then, the DAB staining was performed using a DAB
Detection Kit (Dako). After that, 10% hematoxylin was used
for Counterstaining before counting the number of positive
cells. The number was counted in 6 tumor nest areas at a high-
power field (400x), and the average number was used.

Multiplex immunofluorescence (miF)

Multiplex immunofluorescence staining was conducted
using the Akoya OPAL Polaris 7-Color Automation THC
kit (NEL871001KT). FFPE tissue slides were first deparaffi-
nized in a BOND RX system (Leica Biosystems) and then
incubated sequentially with primary antibodies targeting
CD3 (1:1, Dako, A0452), CD4 (1:100: Abcam, ab133616),
CD8 (1:200, Abcam, ab178089), CD56 (1:1000, Abcam,
ab75813), CD163 (1:500, Abcam, abl182422), CDé68
(1:1000, Abcam, ab213363), PD-1 (1:200, CST, D4W2]J,
86163S), PD-L1 (1:400, CST, E1L3N, 13684S), CD20 (1:1,
Dako, L26, IR604), FOXP3 (1:100, Abcam, ab20034) and
pan-CK (1:100, Abcam, ab7753) (Akoya Biosciences). After
that, these slides were incubated with secondary antibodies
and corresponding reactive Opal fluorophores. DAPI was
used to stain nuclei acids. Tissue slides that have been
bound with primary and secondary antibodies but not
fluorophores were then included as negative controls to
assess autofluorescence. A Vectra Polaris Quantitative
Pathology Imaging System (Akoya Biosciences) was used
to scan multiplex stained slides at 20 nm wavelength inter-
vals from 440 nm to 780 nm. Then, the complete image for
each slide was created by superimposing all scans.
Multilayer images were imported to inForm v.2.4.8
(Akoya Biosciences) for quantitative image analysis.
Tumor tissues and stromal tissues were differentiated by
Pan-CK staining. The quantities of various cell populations
were expressed as the number of stained cells per square
millimeter and as the percentage of positively stained cells
in all nucleated cells.

Cell culture

The MFC gastric cancer cell line was derived from 615-mouse
and obtained from the Shanghai cell bank, Chinese Academy of
Sciences. The cells were then incubated in DMEM containing
10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA)
and 1% penicillin/streptomycin (Invitrogen), and cultured at
37°C with 5% CO,.

Animal models

Female 615 mice (5-6 weeks) obtained from Hengrong
Biotechnology Co., LTD (Jinan, Shandong, China) were raised
under Specific-pathogen-free (SPF) conditions. The animal
Care and Use Committee of Peking University Cancer
Hospital approved all animal experimentation before imple-
mentation. For subcutaneous transplantation, 1 x 10> MFC
cells were subcutaneously injected into the back of the right
forelimb. After that, the volume of xenograft tumor and body
weight were measured at two-day intervals. Nine days after
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transplantation, the tumor nodules were palpable, and then the
mice were intraperitoneally injected with chemotherapeutic
agents (5-fluorouracil at 30 mg/kg and oxaliplatin at 5 mg/
kg), or PD-1 antibody (Bio X cell, 10 mg/kg), or combinational
therapy of the above drugs once every three days. The tumor
volume was calculated as follows: length x width® x 0.5. After
three cycles of treatment, the mice were sacrificed by cervical
dislocation and tumor samples were collected.

Multiple color flow cytometry

Tumor tissues were minced into 2 x2 x2 mm’ pieces by
scissors and then treated in a solution comprised of 95%
RPMI 1640, 2% FBS, 1% collagenase IV solution, 1% DNase
I, and 1% Dispase II for 25 min. After that, the single cells were
collected by centrifugation (4000 rpm/5 min) and filtered using
the 40-um filter. Filtered single cells were incubated with anti-
mouse CD45, CD4, CD8, CD11b, CD68, CD44, CD62L,
7-AAD, CD274 (PD-L1), CD279 (PD-1), CD206, Gr-1, TNF-
a and F4/80 (BioLegend and BD Biosciences) respectively
according to the manufacturer’s instruction. A BD FACS flow
cytometer (FACSCelesta SORP) was used to detect and analyze
the data.

Clinical assessment

We collected CT images at baseline and preoperative. At
least two radiologists performed imaging assessments based
on the RECIST criteria version 1.1.°° In brief, we defined
the responses as follows: complete response (CR), the dis-
appearance of all target lesions; partial response (PR), at
least a 30% decrease in the sum of diameters of target
lesions than that at baseline; progressive disease (PD), at
least 20% increase (at least 5 mm) in the sum of diameters
of target lesions than the smallest sum in the study, along
with the appearance of new lesions; and stable disease (SD),
situations between PR and PD. The ORR was defined as the
sum of CR and PR.

Statistical analysis

The data are presented as the median and percentage of patients
who experienced pCR. The relationship between pathological
responses and clinicopathological characteristics was assessed
using U-test and chi-square test. RNA expression data of respon-
ders and non-responders to PD-1 blockade were obtained from
the European Nucleotide Archive under accession PRJEB25780.
R ‘limma’ package was used to identify differentially expressed
genes and KEGG enrichment was performed based on the kobas
website (http://kobas.cbi.pku.edu.cn/genelist/). Based on the glo-
bal gene expression of patients, the proportion of 22-type infil-
trating immune cells in each tumor were calculated using the
cibersortx software (https://cibersortx.stanford.edu).31 Statistical
significance was set at P < .05, and the reported P values were
two-sided. Statistical analyses were performed using SPSS soft-
ware version 23 (SPSS for Windows, Inc., Chicago, IL, USA) and
GraphPad Prism 8 (GraphPad Software, USA).
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Results
Baseline characteristics of patients

Between June 2017 and May 2022, 75 participants with stage III
GC were retrospectively included and Table 1 describes the
baseline information. This study was mainly performed on
male (80.0%) patients with cTNM stage IIT (100.0%) GC. The
median ages were 64 (range: 27-80). The median follow-up
duration was 10.0 months. Of these, 59 (78.7%) patients were
PMMR;14 patients (18.7%) were dJMMR and 2 patients without
correlated data. In addition, 10 (13.3%) patients were HER2-
positive.

Neoadjuvant treatment and tumor pathological
regression

All 75 patients with stage III GC underwent neoadjuvant
PD-1 blockade plus chemotherapy prior to surgery, and
then received D2 gastrectomy. The regimens of neoadjuvant
chemotherapy were 5-fluorouracil-based, including SOX
(69.3%, 52/75), XELOX (20.0%, 15/75) and others (10.6%,
8/75); while the PD-1 blockade was achieved by PD-1
antibodies (100%, 75/75). The median number of neoadju-
vant therapy cycles was 4 and 72 (96%) patients received
initially planned 2-6 cycles. Besides, 8 (80%) of 10 patients
with HER2-positive received additional treatment with
Herceptin (anti-HER2). After surgery, resected specimens
underwent pathological evaluation by two pathologists
according to the NCCN guidelines.

A total of 21 patients (28.0%) with cTNM-stage III GC
achieved pCR in the primary tumor and lymph nodes and
only 13 patients showed non-response to this treatment

Table 1. Baseline clinical characteristics.

Characteristic No. of patients (%)

Total number 75 (100.0)
Gender

Male 60 (80.0)

Female 15 (20.0)
Median age (range) 64 (27-80)
Tumor location

Gastroesophageal junction 21 (28.0)

Upper gastric 18 (24.0)

Middle gastric 7 (9.3)

Lower gastric 29 (38.7)
Histological type

Intestinal 43 (57.3)

Diffuse 15 (20.0)

Mixed 12 (16.0)

Unknown 5(6.7)
MMR

dMMR 14 (18.7)

pMMR 59 (78.7)

Unknown 2(2.7)
HER2

Positive 10 (13.3)

Negative 57 (76.0)

Unknown 8(10.7)
CcTNM stage

1] 75 (100.0)
CPS

<1 12 (16.0)

>1 46 (61.3)

Unknown 17 (22.7)

(Figure 1a). The postneoadjuvant TNM (ypTNM) stage and
TRG are summarized in Table 2. Promisingly, 57 (76.0%)
patients had a post-therapy pathological downstaging with
a ypTNM 0-I1 stage. Besides, we also calculated the proportion
of RVT and tumor necrosis, and the results showed that 60
patients had tumor necrosis more than 50% (Figure 1b). The
above results demonstrated that PD-1 blockade plus che-
motherapy could induce more intense pathological responses,
cause more tumor necroses and elevate the pCR rate in patients
with stage III GC.

Subgroup analyses

To further investigate the features of patients who achieved
pPCR, we performed a series of subgroup analyses. Of all
enrolled patients, we identified 59 and 14 patients with
pMMR and dMMR GC, respectively, while the data for the
others were unavailable. In the JMMR subgroup analysis, pCR
was achieved in five of 14 (35.7%) patients and 25.4% (15/59) in
pMMR (Figure 1c). Furthermore, there were no non-
responders in the dMMR group and 13 (22.0%) in the
PMMR group. In addition, 6 patients were identified as EBV-
positive and two (33.3%) of them achieved pCR (Figure 1c). In
addition, CPS were measured in 58 patients and 46 of them had
a CPS <1 with a pCR rate of 8.3% (1/12), and CPS > 1 in 12
patients with a 32.6% (15/46) pCR (Figure 1d). The non-
response rates were 41.7% and 10.9% in CPS < 1 and CPS >1
group respectively. Besides, 10 patients were HER2-positive
and 8 of them received additional Herceptin (anti-HER2)
treatment. The pCR rates in HER2-negative and HER2-
positive patients were 29.8% (17/57) and 20.0% (2/10) respec-
tively (Figure 1e). These results revealed that patients with CPS
>1 and dMMR subtype had a higher rate of pCR and a lower
rate of non-response.

More immune infiltration in the resected tumor with major
response to neoadjuvant PD-1 blockade plus
chemotherapy

Increasing studies have revealed that the immune-cell compo-
sitions of TME are associated with the response to cancer
treatment.”> To further investigate the pathological mechan-
ism, we first analyzed the histological features of the tumor nest
following neoadjuvant therapy by H&E staining. The results
showed that there were substantial infiltrating immune cells in
the cancer foci of responders (TRG 1) to neoadjuvant PD-1
blockade plus chemotherapy, while only a few immune cells
were observed in the stroma surrounding cancer nest in non-
responders with TRG 3 (Figure 2a). The regression bed in
imaging evaluated responders was characterized by tumor-
infiltrating lymphocytes (TILs), TLS, proliferative fibrosis,
plasma cells, neovascularization, infiltrating eosinophils, and
neutrophils (Figure 2b). Thus, we predicted that PD-1 block-
ade plus chemotherapy elevated the efficacy of neoadjuvant
therapy by increasing anti-tumor immunity. To verify this
prediction, we further analyzed the features of immune cell
proportions in TME between responders and non-responders
by IHC. The results showed that there was a higher level of
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Figure 1. Pathological evaluation to response to neoadjuvant treatment in clinical TNM-stage Ill gastric cancer (GC) patients. (a) The information of tumor regression
grades and several subgroups, including MMR, EBV, CPS and HER2. (b) The ratio of tumor necrosis patients following neoadjuvant PD-1 blockade plus chemotherapy. (c)
The tumor regression grades in dMMR, pMMR and EBV-positive patients. (d) The tumor regression grades in CPS < 1 and CPS > 1 patients. (e) The tumor regression

grades in HER2-negative and HER2-positive patients.

Table 2. Pathologic Characteristics of Patients.

Characteristic No. of patients (%)

ypT-category
21 (28.0)
9(12.0)
9(12.0)
26 (34.7)
10 (13.3)
ypN-category
48 (64.0)
10 (13.3)
5(6.7)
12 (16.0)
ypTNM-stage
21 (28.0)
15 (20.0)
21 (28.0)
18 (24.0)

21 (28.0)
13 (17.3)
28 (37.3)
13 (17.3)
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immune cell filtration, such as CD8 T cell and CD68 macro-
phage, in the residual tumor nests of responders, compared to
non-responders (Figure 2c).

More infiltrated CD8 + T cells, plasma cells and higher M1/
M2 macrophage ratio were associated with the response
to neoadjuvant PD-1 blockade plus chemotherapy

To further analyze the factors related to treatment response, we
performed a comprehensive analysis based on the RNA expres-
sion profile from 12 responders (CR/PR) and 33 non-
responders (SD/PD) to PD-1 blockade treatment for GC in
Samsung Medical Center.”® Using the R ‘limma’ package,
a total of 1,122 up-regulated (FC > 1.5, p < .05) and 252 down-
regulated (FC < 0.67, p < .05) genes in the non-responders were
identified (Figure 3a). Of them, several immune suppressive
checkpoints, including PDCD1 (PD-1), CD274 (PD-L1), LAG3
and HAVCR2 (TIM-3), were significantly higher in the
responders (Figure 3b) and this result was consistent with
CPS>1 patient had a higher rate of pCR. To further understand
the function of these differentially expressed genes, we per-
formed KEGG analysis and the results found that many
immune-related signaling pathways were identified in the top
20, such as PI3K-Akt, TGF-beta, inflammatory mediator reg-
ulation of TRP channels and PD-L1 expression and PD-1
checkpoint in cancer (Figure 3c). Then, 22-type infiltrating
immune cells were analyzed using the cibersortx software
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Figure 2. Histological features of cancer foci following different neoadjuvant PD-1 blockade plus chemotherapy. (a) Hematoxylin and eosin (H&E) results observed
substantial tumor-infiltering immune cells in the tumor nests of responders to neoadjuvant PD-1 blockade plus chemotherapy, while rare in the non-responder group.
(b) The histopathological features in resected specimens: presence of abundant infiltrating immune cells (tumor infiltrating lymphocytes, plasma cells, eosinophils and
neutrophils), tertiary lymphoid structure (TLS), proliferative fibrosis and neovascularization in the regression bed. (c) Immunohistochemistry (IHC) results showed that

responders to neoadjuvant treatment had higher levels of CD8" T cells and CD68" macrophages, compared to non-responders.
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Figure 3. Tumor microenvironment features of immune cells in responders and non-responders to PD-1 blockade. (a) Volcano plots of differentially expressed genes
between non-responders and responders to PD-1 blockade. (b) Immune suppressive checkpoints between non-responders and responders to PD-1 blockade. (c) The top
20 enriched KEGG pathways of the differentially expressed genes. (d) Differentially infiltrated immune cells, identified by the CIBERSORT method, between non-
responders and responders to PD-1 blockade. (e) Multicolor immunofluorescence in one representative responder and one non-responder treated with neoadjuvant PD-
1 blockade plus chemotherapy. (f) The proportions of immune cells identified by multicolor immunofluorescence in 4 responders and 5 non-responders to neoadjuvant
PD-1 blockade plus chemotherapy.
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(https://cibersortx.stanford.edu).” Consistent with the above
results, M1-type macrophage, CD8 + T cell and CD4+ mem-
ory-activated T cell were up-regulated in the responders.

To verify this, we further performed mIF experiments
between 4 responders (TRG 1) and 5 non-responders
(TRG 3) from our cohort (Figure 3d). The results showed
that an increased immune signature and high immune infiltra-
tion were observed in the residual tumor nests of responders
compared to non-responders. There were increased B cells (p <
.05), CD4 + T cells (p = .27), CD8 + T cells (p = .34), M1-
macrophage (p = .09) and elevated M1/M2-macrophage ratio
(p = .05) in the TME of responders (Figure 3e). Furthermore,
PD-1"CD8" T lymphocytes were only observed in the residual
viable tumor of non-responders (P = .079, Figure 3e). All these
results indicated that more infiltrated CD8 + T cells, plasma
cells and higher M1/M2 macrophage ratio in the tumor nests
were associated with the response to neoadjuvant PD-1 block-
ade plus chemotherapy.

A combination of PD-1 blockade plus chemotherapy
inhibits tumor growth more pronounced compared to
chemotherapy in vivo

To further confirm the roles of PD-1 blockade and chemother-
apy in neoadjuvant therapy in AGC, we applied four strategies
in MFC tumor-bearing 615-mice, including control (PBS),
chemotherapy, anti-PD-1 antibody treatment or PD-1 block-
ade plus chemotherapy (Figure 4a). Five mice were used in
each group. After 2-cycle treatment, the mice were sacrificed to
analyze the changes in immune cell proportion and the tumors
were resected. More significant regression in tumor size was
observed in the PD-1 blockade plus chemotherapy group (P <
.05, Figure 4b), while all experimental mice showed no signifi-
cant weight loss. To further verify the effects of the above
treatments on GC, we performed the experiments with longer
periods of observation. We monitored the tumor volumes and
observed smaller volumes in the PD-1 blockade and PD-1
blockade plus chemotherapy group, compared to the control
(P < .01, Figure 4c-d). Furthermore, a significant advantage of
PD-1 blockade and PD-1 blockade plus chemotherapy was also
observed when compared to chemotherapy (P < .05,
Figure 4c-d).

PD-1 blockade plus chemotherapy induced more CD8 +
T cells and elevated M1/M2 ratio in a mouse model

We further investigated the effects of the above treatments on
immune cell populations of the spleen, which reflects the
systemic immune function and involves in nonspecific and
specific immunity.*® The results showed that PD-1 block plus
chemotherapy (5-fluorouracil and oxaliplatin) significantly
increased the levels of CD8" CD44"CD62L" effector T cells,
compared to chemotherapy alone (Figure 4ef, p < .05). In
addition, TNF-a is an important cytokine by which CD8"
T cells exert anti-tumor effects.”> A higher level of TNE-a
was also found in the CD8" T cells following PD-1 blockade
plus chemotherapy compared to only chemotherapy
(Figure 4g, p = .057). These results suggested that PD-1 block

plus chemotherapy enhanced the anti-tumor functions of
CD8" T cells in vivo.

Recent studies also revealed that tumor-associated macro-
phages play an important role in cancer progression. We then
assessed the effects of the above therapeutic strategies on
macrophages in this study. The results showed that PD-1
block plus chemotherapy decreased the number of total macro-
phages (CD11b"F4/80™) (Figure 5a, b), but elevated the ratio of
MI1(CD11b*F4/80*  CD2067)/M2(CD11b*F4/80"CD206")
(Figure 5c-e). Furthermore, in the adjacent and cancerous
tissues of one patient with major tumor regression and clini-
cally evaluated partial response (figure 5f), abundant infiltrated
CD8 + T cells and M1 macrophages were detected (Figure 5g).
These results suggested that PD-1 block plus chemotherapy
induced synergistic effects for recruiting anti-tumor immune
subsets and achieved a better therapeutic efficacy compared to
only chemotherapy.

Safety and feasibility

Detailed information regarding surgery is also presented in
Table 3. The interval between the last neoadjuvant therapy
and surgery was 3-5 weeks. There were 54.7% (41/75) and
45.3% (34/75) patients who received total and subtotal gas-
trectomy respectively, and the RO resection rate was 98.7% (74/
75). The average duration of operation and median blood loss
were 4.02 h and 100.0 mL respectively. The median time
interval from surgery to the first aerofluxus was 4.0 days.
Neoadjuvant PD-1 blockade did not influence the difficulty
level to perform gastrectomy and the recovery of gastrointest-
inal function.

In addition, Table 3 also lists information on postoperative
complications and no previously unreported postoperative
complications occurred in the present study. In brief, compli-
cations following surgery occurred in 22 (29.3%) patients with
stage III GC who received neoadjuvant PD-1 blockade plus
chemotherapy. Abdominal infection (7/75, 9.4%) and pulmon-
ary infection (5/75, 6.7%) were the most prevalent postopera-
tive complications. There were 4 (5.3%) serious complications
(CD grade 3 or higher), including 2 abdominal infections, 1
pulmonary infection and 1 anastomotic bleeding.
Furthermore, all postoperative complications were under con-
trol and they caused no death. These results indicated that
patients with neoadjuvant PD-1 blockade plus chemotherapy
did not increase the rate of serious complications.

Discussion

Considering the significant survival benefit achieved by first-
line PD-1 blockade and chemotherapy (5-fluorouracil and
oxaliplatin) in GC, data on neoadjuvant treatment are impor-
tant and expected.'® Herein, we firstly reported that neoadju-
vant PD-1 blockade plus chemotherapy led to a pCR rate of
28.0% in patients with cTNM-stage III GC. The pCR rate due
to treatment with neoadjuvant PD-1 blockade plus chemother-
apy was significantly higher than the 4.6%-10% in traditional
neoadjuvant chemotherapy.”® Furthermore, fewer patients had
no significant response to treatment.
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Figure 4. PD-1 blockade plus chemotherapy inhibits tumor growth by inducing more anti-tumor immune subsets in mouse models. (a) Treatment protocol for PD-1
inhibitor and chemotherapy in 615-mice. At the end, tumors were collected and analyzed by multi-color flow cytometry. (b) The tumor sizes of 615 mice treated with
chemotherapy (5-fluorouracil and oxaliplatin) and/or PD-1 inhibitor before flow cytometry. (c-d) The changes of tumor volumes of 615 mice treated with the four
strategies in a longer period of observation. Staining of CD4" T cells (e), CD8™ T cells (E), effector CD8*CD44*CD62™ T cells (f) and intracellular cytokine staining of TNF-

a*CD8* T cells (g) among CD45™ T cells.
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Figure 5. PD-1 blockade and chemotherapy regulated macrophages to inhibit tumor progression in mouse models. (a-b) Chemotherapy (5-fluorouracil and oxaliplatin)
and PD-1 inhibitor decreased macrophages and exerted synergic effects in combinational group. (c-e) Combining PD-1 blockade and chemotherapy could increase M1-
type macrophages and decreased M2-type macrophages to elevate the ratio of M1/M2. (f) The CT images at pre- and post-PD-1blockade plus chemotherapy of one case
with clinically evaluated partial response. (g) The proportions of CD8 + T cells and macrophages identified by multicolor immunofluorescence in the above case. CBT:

PD-1 blockade plus chemotherapy.

The specific mechanism by which chemo-immunotherapy
exerts its effects is not clear. Although several studies revealed
that chemotherapy induces antitumor immune subsets and
exerts synergic effects with immune checkpoint inhibitors in
cancer treatment,”** inconsistent results were also found.*
Therefore, it is highly necessary to investigate the treatment
efficacy of neoadjuvant PD-1 blockade plus chemotherapy in
GC patients and explore the specific mechanisms. We investi-
gated the cell types and histological structures of cancer nests
following neoadjuvant PD-1 plus chemotherapy and uncov-
ered the histological features associated with therapeutic stra-
tegies and responses. Our analyses indicated that the cancer
foci of patients who received neoadjuvant PD-1 blockade plus

chemotherapy and achieved major response were characterized
by substantial infiltrating immune cells, while rare immune
cells were observed in the non-response group. To confirm
the effects of increased immune infiltration, we further ana-
lyzed the immune features in the residual viable tumor of
responders and non-responders and a higher proportion of
antitumor immune cell subsets was also observed in
responders.

TME has been proven to be an integral part of tumor** and
the TME compositions significantly influence the tumor progres-
sion and responses to treatment, especially T cells and tumor-
associated macrophages.”* It is commonly accepted that CD8"
T lymphocytes and M1-type macrophages play an antitumor role



Table 3. Detailed information regarding surgery and postoperative complications.

Characteristic No. of patients (%)

Surgery 75
Mode
Total gastrectomy 41 (54.7)
Subtotal gastrectomy 34 (45.3)
Surgical time (average, h) 4.02
RO resection (percent) 74 (98.7)

Blooding (median, mL) 100
Resected lymph nodes 2 (20 ~ 83)
Median number (range)
First aerofluxus (median, days) 4
Postoperative complications Grade 1-2

Any 18 (24.0) 4

Abdominal infection 5(6.7) 2
1
1

Grade 3 or higher

Pulmonary infection 4 (5.3)
Anastomotic bleeding -
Incision infection

Anastomotic leak

Pleural fluid

Myocardial ischemia

Atrial tachycardia

Chylous fistula

Adynamic intestinal obstruction
Anastomotic stenosis
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and M2-type macrophages exert protumor effects. Exploring the
associations between immune cell proportions in TME and
clinical outcomes contribute to understanding the evolution of
tumor following treatment and analyzing the optimum thera-
peutic regimen. We then analyze the immune features on sam-
ples following PD-1 blockade plus chemotherapy of cTNM-stage
III GC patients with or without response. The results showed
that responders had a higher level of immune infiltration, such as
a higher M1/M2 macrophage ratio and increased B cells.

To further verified the enhanced anti-tumor effects of PD-1
blockade plus chemotherapy on GC, animal experiments were
performed on 615-mice and 615-mouse-derived GC cell line
(MEC). Our analyses in the mouse models revealed that PD-1
blockade plus chemotherapy could effectively inhibit tumor
growth  and  elevate the levels of  effector
(CD8*CD44*CD62L7) T cells and M1/M2 ratio of macro-
phages, compared to chemotherapy alone.

Although a significant elevation of pCR was achieved in the
combinational therapy group, several patients remain non-
response (13/75, 17.3%) to treatment. Thus, identifying the
sensitive subpopulation is a key issue for further improving
clinical outcomes, but no validated molecular markers have yet
been well established. Commonly used clinical indicators for
immunotherapy included CPS, MSI-H/dMMR and EBV
status.'>>>” However, an all-inclusive comprehensive clinical
study remains vacant. Then, we performed a series of subgroup
analyses and found that patients with CPS>1, dMMR and EBV-
positive had a higher rate of pCR. In addition, additional
Herceptin (anti-HER2) treatment can not increase the pCR
rate in patients with HER2-positive cTNM-stage III GC treated
by neoadjuvant PD-1 blockade plus chemotherapy. However,
patients with pMMR also achieved a 25.4% pCR rate, signifi-
cantly higher than traditional neoadjuvant chemotherapy. In
summary, neoadjuvant PD-1 blockade plus chemotherapy
achieved significantly better efficacy in all subgroups and should
be more prevalency in clinical treatment for cTNM-stage III GC.

ONCOIMMUNOLOGY €2135819-11

Despite encouraging efficacy, the safety of the combina-
tional treatment strategy is worrisome. Previous studies have
reported mild and easily controllable toxicity and side effects of
PD-1 blockade plus chemotherapy in GC.'**® We analyzed the
surgery-related information, rates of postoperative complica-
tions and serious events. The results demonstrated that addi-
tional PD-1 blockade did not increase the difficulty of surgery.
Besides, no significant increase in serious events of postopera-
tive complications. Therefore, these results suggest that pre-
operative PD-1 blockade plus chemotherapy is a safe, feasible,
and promising therapeutic strategy for patients with cTNM-
stage III GC.

Of course, there were several limitations in our study. First,
this study employed a single-center design, which may have
compromised the results. Therefore, multi-center studies are
needed to validate our findings. Second, although more intense
immune infiltration and survival benefit were found in the PD-
1 blockade plus chemotherapy group, the underlying molecu-
lar mechanisms behind these phenomena remained unclear.
Besides, further efforts are warranted to explore potential bio-
markers related to therapeutic efficacy.

Conclusion

The present study showed that neoadjuvant PD-1 blockade plus
chemotherapy can achieve a promising pCR rate in patients
with ¢cTNM-stage III GC. Patients characterized with CPS>1
and dMMR may be more sensitive to neoadjuvant PD-1 block-
ade plus chemotherapy. More infiltrated plasma cells, CD8 +
T cells and elevated M1/M2 macrophage ratio are associated
with a better response to neoadjuvant PD-1 blockade plus
chemotherapy. In addition, PD-1 blockade plus chemotherapy
could induce more infiltrated anti-tumor immune cell subpo-
pulations, including CD8"CD44"CD62L" effector T cells and
MI1-polarized macrophages, to achieve better efficacy compared
to chemotherapy alone. Furthermore, neoadjuvant PD-1 block-
ade plus chemotherapy neither delayed surgery nor increased
postoperative complication rate. These results indicate neoadju-
vant PD-1 blockade plus chemotherapy is a promising thera-
peutic strategy in patients with cTNM-stage III GC.
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