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Abstract 

It remains unclear that how tumor immune micro-environment will change following neoadjuvant 
chemotherapy (NACT) in locally advanced gastric cancer (LAGC). In this study, we aimed to characterize the 
changes in tumor-infiltrating immune cells and checkpoint molecules following NACT and investigate the 
prognostic value of these changes in LAGC. Paired tumor samples (pre-NACT and post-NACT) of 60 patients 
were retrospectively identified and analyzed by multiplex immunohistochemistry with a panel including CD4, 
CD8, FOXP3, PD-1, PD-L1, and TIM3. Following NACT, the overall median expression levels of CD4, CD8, 
PD1, PD-L1 and TIM3 were significantly increased (P = 0.008 for PD-L1 and P < 0.001 for all the other markers), 
while the median FOXP3 expression level remained stable (P = 0.120). Individually, the majority of patients 
presented increased expression of the markers, while 8.5%, 11.9%, 16.9%, 25.4%, 22.0% and 42.2% of patients 
had decreased expression of CD4, CD8, PD-1, PD-L1, TIM3 and FOXP3, respectively. Changes in expression 
between baseline and post-NACT of TIM3, PD-1, and PD-L1 showed strongly positive pairwise correlations 
with each other (P < 0.001). Multivariate analysis demonstrated that high upregulation levels of CD8 (HR = 
0.73, P = 0.028), PD-1 (HR = 0.76, P = 0.027), and PD-L1 (HR = 0.67, P = 0.038) following NACT were beneficial 
prognostic factors of OS. NACT increase the expression of multiple checkpoint molecules and infiltration of 
CD4+, CD8+ immune cells in LAGC with the levels of changes in checkpoint molecules positively related with 
each other. This may raise the possibility of applying immunotherapy with chemotherapy or even dual 
checkpoint inhibitors in LAGC. 

Key words: tumor-infiltrating immune cells, checkpoint molecules, neoadjuvant chemotherapy, locally advanced 
gastric cancer, prognosis 

Introduction 
Gastric cancer is the fifth most common cancer 

and the third leading cause of cancer deaths 
worldwide [1]. The median overall survival (OS) time 

of patients with metastatic disease is only slightly 
more than one year, even with the application of 
targeted therapy [2]. Patients with locally advanced 
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disease are also associated with poor prognosis, as the 
5-year OS rate is less than 40% following radical 
surgery [3]. Therefore, there is a pressing need for the 
development of new treatment modalities for gastric 
cancer. 

 Cancer immunotherapy, which has provided 
long-term clinical benefits for metastatic disease in 
different types of tumors, is the new frontier in 
oncology [4-7]. In gastric cancer, pembrolizumab, a 
programmed cell death 1 (PD-1) checkpoint inhibitor, 
has been approved to treat programmed cell 
death-ligand 1 (PD-L1) positive tumor after failure of 
at least two lines of treatment. Nevertheless, the 
majority of cases fail to respond to immune 
checkpoint inhibitors [8]. Immune factors, such as 
PD-L1 expression and tumor-infiltrating lympho-
cytes, have been demonstrated to be associated with 
the efficacy of immunotherapy [9-11]. Patients 
prepared for immunotherapy usually received at least 
one line of chemotherapy as front-line treatment; 
however, in the real world, a second biopsy is not 
always feasible before immunotherapy. Since many 
chemotherapeutic agents can influence PD-L1 
expression and tumor immune cells infiltration 
[12-14], the tissue acquired at the initial diagnosis may 
not accurately reflect the immune status after 
chemotherapy, thus providing inaccurate information 
on the prediction of the efficacy of immunotherapy. 

 Tumor immune cell infiltration and PD-1/PD-L1 
expression can evolve with different chemotherapy 
regimens in multiple types of cancer [15-17]. In a post 
hoc study of a phase II neoadjuvant chemotherapy 
trial, the authors discovered that in breast cancer, 
tumor-infiltrating lymphocyte count and PD-L1 
expression were decreased following neoadjuvant 
chemotherapy, although the decrease of PD-L1 
expression was not significantly different [15]. 
Another study on head and neck squamous cell 
carcinoma revealed that PD-L1 expression and 
tumor-infiltrating cluster of differentiation 8 (CD8) 
positive mean densities were significantly increased 
after docetaxel, platinum and fluorouracil combined 
induction therapy (P = 0.003 and 0.01, respectively) 
[16]. It remains largely unknown how conventional 
chemotherapeutic agents may affect tumor immune 
microenvironment in gastric cancer. Current study 
aims to investigate tumor immune cells and 
checkpoint molecules with paired pre- and 
post-NACT samples in patients with locally advanced 
gastric cancer to characterize the effect of 
chemotherapy on tumor immune microenvironment 
and the association between immune compartments 
and clinical outcome. 

Patients and Methods 
Patients selection 

 Patients who were pathologically diagnosed 
with gastric cancer and received NACT prior to 
surgical resection at National Cancer Center 
(NCC)/National Clinical Research Center for 
Cancer/Cancer Hospital, Chinese Academy of 
Medical Sciences and Peking Union Medical College 
(CAMS & PUMC) between January 2013 and March 
2017 were screened for eligibility. Cases that met all of 
the following criteria were included: 1). diagnosed as 
stage cII-III disease by endoscopic ultrasonography 
and image examination; 2). received platinum and 
fluoropyrimidine with or without taxane as NACT; 3) 
HER2 negative tumor; 4). with enough paired pre- 
and post- NACT tumor tissue samples for multiplex 
immunohistochemistry staining. Cases with 
conditions below were excluded: 1). squamous cell 
carcinoma 2). HER2 positive tumor; 3).received prior 
radiotherapy or other concurrent therapies. This 
retrospective study was approved by the Ethics 
Committee of NCC/CAMS & PUMC and is in 
accordance with the Helsinki Declaration.  

 Medical records were reviewed for all patients 
identified. Data for demographic characteristics, 
tumor characteristics, treatment regimens, treatment 
responses, and survival were collected. Evaluations of 
clinical responses were made by Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1. The 
image examinations commonly used were computed 
tomography (CT) and magnetic resonance imaging 
(MRI). Radiological images were collected every 2 to 3 
cycles, according to the specific treatment regimen 
and the patient’s clinical condition. 

Multispectral fluorescent immunohisto-
chemistry for immune markers 

 Paired tumor samples were retrospectively 
identified and analysed by multiplex 
immunohistochemistry with a panel including cluster 
of differentiation 4 (CD4), CD8, PD-1, PD-L1, T-cell 
immunoglobulin and mucin domain 3 (TIM3) and 
transcription factor forkhead box P3 (FOXP3). 

 Formalin-fixed, paraffin-embedded (FFPE) 
tissue blocks were cut into 4-μm sections, 
deparaffinized in xylene, and rehydrated in a graded 
series of ethanol. Antigen retrieval was performed 
using Citric or Tris-EDTA buffer and microwave 
treatment. Blocking was performed with 3% H2O2 
blocking solution at room temperature for 10 minutes, 
followed by the addition of goat serum. The first 
primary antibody, CD4 (Zsbio, ZA-0519), was then 
added, followed by the addition of SignalStain® Boost 
HC Detection Reagent (HRP, rabbit or mouse, Cell 
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Signaling, cat 8125s and 8114s) as the secondary 
antibody. The slides were washed, and the designated 
tyramide signal amplification (TSA)-dye (Opal 7 color 
kit, Perkin Elmer, Hopkington, MA, USA) was 
applied. Slides were then microwaved to strip the 
primary and secondary antibodies, washed, and 
blocked again using goat serum solution. The second 
primary antibody, PD-1 (Cell Signaling, 86163s) was 
applied, and the process was repeated from the third 
to the sixth primary antibody, as CD8 (Zsbio, 
ZA-0508), TIM3 (Cell Signaling, 45208s), PD-L1 (Cell 
Signaling, 13684s) and FOXP3 (eBioscience, 
14-7979-82), respectively (Detailed information of the 
primary antibody is presented in Table 1). In the final 
cycle, 4',6-diamidino-2-phenylindole, dihydrochloride 
(DAPI) was applied for counterstaining, rather than 
another primary antibody. After DAPI was washed 
off, slides were mounted using glycerine. 

 

Table 1. Detailed information of primary antibody 

Position Antibody (Dilution) Company Clone 
number 

Catalog 
number 

1 CD4 (1:100) Zsbio UMAB64 ZA-0519 
2 PD-1 (1:100) Cell Signaling D4W2J 86163s 
3 CD8 (1:200) Zsbio EP334 ZA-0508 
4 TIM3 (1:500) Cell Signaling D5D5R  45208s 
5 PD-L1 (1:200) Cell Signaling E1L3N 13684s 
6 FOXP3 (1:100) eBioscience eBio7979 14-7979-82 
7 Opal™ Multicolor IHC Kits Perkin Elmer     

CD4, cluster of differentiation 4; CD8, cluster of differentiation 8; PD-1, 
programmed cell death 1; PD-L1, programmed cell death-ligand 1; Tim-3, T cell 
immunoglobulin and mucin domain 3; FOXP3, transcription factor forkhead box 
P3. 

 
 In addition, a single-colour slide was generated 

for each antibody. Multiplexed and single-colour 
control slides were loaded onto the PerkinElmer 
Vectra automated multispectral microscope. 
Representative fields from the single-colour slides 
were imaged, and InForm Image Analysis software 
(Ver 2.2) was used to generate a spectral library for 
unmixing. Tumor areas on each slide were then 
selected and imaged. Channels were unmixed using 
the spectral library, tissues were segmented and 
scored, and cells of interest were counted. 
DAPI-stained cells were counted in each selected area, 
and the total number of cells on each slide was 
calculated as the sum of DAPI-stained cells in all 
selected areas. Marker-stained cells were then 
counted. The percentage of positivity, which was 
calculated by the total number of marker-stained cells 
divided by the total number of cells, was used for the 
evaluation of pre- and post-NACT marker expression 
levels. 

Statistical analysis 
 All statistical analyses were performed by R 

software and its packages (Open Access, Version 

3.4.2). Univariate and multivariate survival analyses 
were carried out using the Cox proportional-hazard 
model. The significance of differences in survival was 
evaluated by log-rank test, and differences of protein 
expression between different groups were evaluated 
by Wilcoxon rank-sum tests. The association between 
the chemotherapy group and response following 
NACT was analysed by Fisher's exact test. The 
correlations of protein expression were evaluated 
using Spearman’s correlation coefficient and 
Spearman's correlation test. All P values were 
two-sided, and values of less than 0.05 were 
considered statistically different. 

Results 
From January 2013 to March 2017, all 

consecutive gastric cancer patients treated with 
NACT followed by surgery (n=248) were assessed for 
eligibility. Finally, 60 who met the inclusion criteria 
and were enrolled in this study (Figure 1). 

 

 
Figure 1. Consort flow diagram of the study population. 

 

Patients’ characteristics 
 Patients’ characteristics are shown in Table 2. By 

the final follow-up date, as of April 20th, 2018, a total 
of 32 deaths (53.3%) had occurred at the time of 
analysis, with a median follow-up time of 22.9 months 
(ranged from 5.1 to 59.0 months). The median age of 
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the entire cohort was 58 years (ranged from 27 to 84 
years). 75.0% patients were male, and 71.7% patients 
had poorly differentiated carcinomas. Patients 
received a median of 4 cycles (ranged from 2 to 6 
cycles) of NACT, among which 56.7% (n = 34) were 
treated with platinum and fluorouracil combined 
therapy (Group 1), and the others (n = 26, 43.3%) were 
treated with platinum, fluorouracil and taxane 
(Group 2). Tumor regression grading (TRG) was 
evaluated according to the Mandard TRG system, 
with grades 2, 3 and 4 representing rare residual 
cancer cells, fibrosis outgrowing residual cancer and 
residual cancer outgrowing fibrosis, respectively[18, 
19]. 

 

Table 2. Patient characteristics 

Characteristics Number of patients Percent (%) 
 60 100 
Gender   
 Male 45 75.0 
 Female 15 25.0 
Age (years)   
 ≤55 25 41.7 
 >55 35 58.3 
Tumor differentiation   
 Poorly differentiated 43 71.7 
 Well or moderately differentiated 12 20.0 
 Unknown 5 8.3 
Clinical tumor (cT) stage   
 cT1-3 5 8.3 
 cT4 55 91.7 
Clinical lymph node (cN) stage   
 cN0-2 40 66.7 
 cN3 20 33.3 
Clinical TNM stage   
 Stage Ⅱ 6 10.0 
 Stage Ⅲ 54 90.0 
Chemotherapy regimen   
 Platinum and fluorouracil (Group 1) 34 56.7 
 Platinum, fluorouracil and taxane (Group 2) 26 44.3 
Clinical response to NACT   
 PR 27 45.0 
 SD 32 53.3 
 ND 1 1.7 
Tumor regression grading (Mandard system)   
 Grade 2 or 3 23 38.3 
 Grade 4 37 61.7 
Downstaging   
 Yes 29 48.3 
 No 31 51.7 

 

Changes in immune marker expression 
following NACT 

 One pre-NACT sample that was not qualified 
for analysis was excluded from the analysis. Changes 
in marker expression are presented in Figure 2. Figure 
3 contains representative images of pre-NACT and 
post-NACT marker expression. Of the entire cohort, 
the median expression levels of PD-1 (0.68% vs. 5.19%, 
P < 0.001), PD-L1 (0.26% vs. 1.06%, P = 0.008), CD4 
(5.50% vs. 21.38%, P < 0.001), CD8 (2.20% vs. 12.09%, P 
< 0.001) and TIM3 (0.24% vs. 2.47%, P < 0.001) 

significantly increased, while the median expression 
level of FOXP3 remained stable after NACT (2.31% vs. 
3.09%, P = 0.120) (Figure 2). The majority of patients 
presented increased expression of immune markers, 
while approximately 8.5% (5/59), 11.9% (7/59), 16.9% 
(10/59), 25.4% (15/59), 22.0% (13/59) and 42.2% 
(25/59) of patients had decreased expression of CD4, 
CD8, PD-1, PD-L1, TIM3 and FOXP3, respectively. In 
subgroup analysis, the trends of changes in the 
immune markers in each chemotherapy group were 
in accordance with the entire cohort except that the 
upregulation of PD-L1 in Group 2 showed no 
statistical difference (P = 0.13) (Figure S1). According 
to the correlations between levels of the changes in 
marker expression, there was a strongly positive 
correlation between the change in PD-1 and the 
change in PD-L1 (Spearman correlation coefficient 
r=0.73, P < 0.001). In addition, the changes in PD-1 
and TIM3 (r=0.65, P < 0.001) and the changes in PD-L1 
and TIM3 (r=0.73, P < 0.001) were also positively 
correlated. 

Relationship between the expression of 
immune markers and the response to NACT 

 The relationship between the pre- and 
post-NACT expression of the markers, as well as their 
levels of changes following NACT and the efficacy of 
NACT were evaluated. Neither the expression of the 
six markers at baseline and post-NACT nor levels of 
changes in their expression correlated with the clinical 
response (Figure 4). In terms of pathological response, 
grade 2 or 3 tumor regression seemed to be associated 
with lower baseline expression of PD-1 and TIM3 (P = 
0.038 and P = 0.0053, respectively). Neither 
post-NACT expression of these six markers nor 
changes of their levels correlated with the 
pathological response (Figure 5).  

Relationship between marker expression and 
prognosis 

 The median PFS of the entire group was 20.0 
months (95%CI: [12.4-27.6] months), and the median 
OS was 30.5 months (95%CI: [16.6-44.4] months). Both 
pre-NACT marker expression levels and the changes 
between pre and post-NACT were analysed as 
continuous variables.  

 None of the pre-NACT marker expression levels 
were associated with PFS (Table 3). In terms of OS, 
only higher pre-NACT PD-L1 expression was 
associated with worse outcome (HR: 1.2 95%CI: 
[1.0-1.5], P = 0.045) (Table 4). The baseline expression 
of other markers showed no significant correlations 
with outcome (Table 4). 

 Univariate analysis revealed that higher 
upregulation of CD8 had a substantially beneficial 
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prognostic effect on PFS (HR: 0.80, 95%CI: [0.66-0.98], 
P = 0.030) (Table 3). The levels of changes in the other 
markers showed no significant correlations with PFS. 
Results from multivariate analysis showed that high 
upregulation of CD8 remained the only independent 
protective prognostic factor for PFS (HR: 0.79, 95%CI: 
[0.63-0.99], P = 0.041). In terms of OS, patients with 
higher upregulation of CD8 (HR: 0.75, 95%CI: 
[0.59-0.95], P = 0.016), PD-1 (HR: 0.77, 95%CI: 
[0.62-0.95], P = 0.014) and PD-L1 (HR: 0.67, 95%CI 

[0.48-0.94], P = 0.020) were associated with prolonged 
survival (Table 4), while the levels of the changes of 
all the other markers were not correlated with 
survival benefits. Multivariate analysis uncovered 
that high upregulation of CD8 (HR: 0.73, 95%CI: 
[0.55-0.97], P = 0.028), PD-1 (HR: 0.76, 95%CI: 
[0.60-0.97], P = 0.027) and PD-L1 (HR: 0.67, 95%CI: 
[0.45-0.98], P = 0.038) were independent beneficial 
prognostic factors of OS (Table 5). 

 

 
Figure 2. Changes in marker expression pre- and post-NACT. (A) Median levels of marker expression pre- and post-NACT. (B) Changes of each pair in marker expression pre- 
and post-NACT. 

 
Figure 3. Representative images of pre-NACT (A) and post-NACT (B) marker expression (200×, and 400× for enlarged view). Immunofluorescence staining of CD4 (magenta), 
CD8 (red), PD-1 (orange), PD-L1 (yellow), TIM3 (pink), and FOXP3 (green) and DAPI staining of nuclear DNA (blue). Bar represents 100µm. 
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Figure 4. Relationships between the expression of immune markers and the clinical response to NACT. (A) Pre-NACT marker expression and clinical response. (B) Post-NACT 
marker expression and clinical response. (C) Changes in marker expression levels and clinical response. 

 
Figure 5. Relationships between the expression of immune markers and the pathological response to NACT. (A) Pre-NACT marker expression and pathological response. (B) 
Post-NACT marker expression and pathological response. (C) Changes in marker expression levels and pathological response. 

 

Clinical variables and prognosis 
 In the univariate analysis, grade 4 tumor 

regression (HR: 2.20, 95%CI: [1.10-4.70], P = 0.029) and 
failing to downstage after NACT (HR: 2.40, 95%CI: 
[1.20-4.80], P = 0.011) were poor prognostic factors for 
PFS (Table 3). Grade 4 tumor regression (HR: 2.60, 
95%CI: [1.10-5.90], P = 0.029), failing to downstage 
(HR: 2.80, 95%CI: [1.30-5.90], P = 0.008) and female 
(HR: 5.06, 95%CI: [1.60-8.00], P = 0.002) were poor 
prognostic factors of OS (Table 4). Well or moderately 
differentiated tumors (HR: 0.41, 95%CI: [0.19-0.90], P 
= 0.025) was a good prognostic factor of OS (Table 4). 
However, none of these factors reached statistical 
significance in the multivariate analysis (Table 3). 

Discussion 
PD-L1 and tumor-infiltrating immune cells can 

alter various following diverse treatment regimens in 
different malignancies [12-14, 17]. Even in different 
stage of the same type of tumor, the trend of change 
may not be consistent [17, 20]. Our study was the first 
to report discordancy in expression of multiple 
checkpoint molecules, other than solely PD-L1, as 
well as tumor immune cell markers following NACT 
in locally advanced gastric cancer. It is also 
distinguished from other previous reports by 
uncovering the fact that the change of another 
checkpoint molecule, TIM3, has a strong positive 
correlation with the change of PD-1 and PD-L1.  
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Table 3. Univariate and multivariate analyses of progression-free 
survival 

Variables Univariate analysis Multivariate analysis 
HR (95%CI) P value HR (95%CI) P 

value 
Gender     
 Male 1    
 Female 1.90(0.96-5.90) 0.064   
Age (years)     
 ≤55 1    
 >55 1.50(0.73-2.90) 0.280   
Tumor differentiation     
 Poorly differentiated 1    
 Well or moderately differentiated 0.55(0.27-1.10) 0.090   
Chemotherapy regimen     
 Platinum and fluorouracil (Group 
1) 

1    

 Platinum, fluorouracil and taxane 
(Group 2) 

0.83(0.43-1.60) 0.580   

NACT response     
 PR 1    
 SD 0.97(0.51-1.90) 0.930   
Tumor regression grading 
(Mandard system) 

    

 Grade 2 or 3 1    
 Grade 4 2.20(1.10-4.70) 0.029 2.06(0.94-4.52) 0.070 
Downstaging     
 Yes 1    
 No 2.40(1.20-4.80) 0.011 1.70(0.81-3.55) 0.159 
CD4 (continuous, 10 units)     
 Pre-NACT 1.00(0.91-1.20) 0.550   
 Change 0.89(0.72-1.10) 0.290   
CD8 (continuous, 10 units)     
 Pre-NACT 1.10(0.88-1.30) 0.540   
 Change 0.80(0.66-0.98) 0.030 0.79(0.63-0.99) 0.041 
PD-1 (continuous, 10 units)     
 Pre-NACT 1.00(0.87-1.20) 0.680   
 Change 0.85(0.71-1.00) 0.069   
PD-L1 (continuous, 10 units)     
 Pre-NACT  1.10(0.91-1.30) 0.310   
 Change 0.78(0.59-1) 0.075   
TIM3 (continuous, 10 units)     
 Pre-NACT 0.99(0.83-1.20) 0.910   
 Change 0.90(0.71-1.10) 0.360   
FOXP3 (continuous, 10 units)     
 Pre-NACT  0.97(0.81-1.20) 0.810   
 Change 0.88 

(0.72-1.10) 
0.200   

 

Table 4. Univariate analysis of overall survival 

Variables Univariate analysis 
HR (95%CI) P value 

Gender   
 Male 1  
 Female 5.60(1.60-8.00) 0.002 
Age (years)   
 ≤55 1  
 >55 1.00(0.50-2.10) 0.930 
Tumor differentiation   
 Poorly differentiated 1  
 Well or moderately differentiated 0.41(0.19-0.90) 0.025 
Chemotherapy regimen   
 Platinum and fluorouracil (Group 1) 1  
 Platinum, fluorouracil and taxane (Group 2) 0.84(0.42-1.70) 0.620 
NACT response   
 PR 1  
 SD 1.00(0.51-2.10) 0.940 
Tumor regression grading (Mandard system)   
 Grade 2 or 3 1  
 Grade 4 2.60(1.10-5.90) 0.029 
Downstaging   
 Yes 1  

Variables Univariate analysis 
HR (95%CI) P value 

 No 2.80(1.30-5.90) 0.008 
CD4 (continuous, 10 units)   
 Pre-NACT 1.10(0.98-1.30) 0.081 
 Change 0.90(0.71-1.10) 0.400 
CD8 (continuous, 10 units)   
 Pre-NACT 1.10(0.93-1.40) 0.210 
 Change 0.75(0.59-0.95) 0.016 
PD-1 (continuous, 10 units)   
 Pre-NACT 1.10(0.94-1.30) 0.200 
 Change 0.77(0.62-0.95) 0.014 
PD-L1 (continuous, 10 units)   
 Pre-NACT 1.20(1.00-1.50) 0.045 
 Change 0.67(0.48-0.94) 0.020 
TIM3 (continuous, 10 units)   
 Pre-NACT 1.00(0.86-1.30) 0.700 
 Change 0.82(0.62-1.10) 0.170 
FOXP3 (continuous, 10 units)   
 Pre-NACT 0.97(0.79-1.20) 0.800 
 Change 0.88(0.68-1.10) 0.290 

 

Table 5. Multivariate analysis of overall survival 

Variables HR (95%CI) P value 
Analysis with CD8 expression 

CD8 change 0.73(0.55-0.97) 0.028 
Gender   
 Male 1  
 Female 2.51(1.06-5.92) 0.036 
Tumor differentiation   
 Poorly differentiated 1  
 Well or moderately differentiated 0.59(0.26-1.33) 0.203 
Downstaging   
 Yes 1  
 No 1.18(0.49-2.87) 0.709 
Tumor regression grading (Mandard system)   
 Grade 2 or 3 1  
 Grade 4 2.46(0.93-6.49) 0.070 

Analysis with PD-1 expression 
PD-1 change 0.76(0.60-0.97) 0.027 
Gender   
 Male 1  
 Female 1.72(0.72-4.13) 0.224 
Tumor differentiation   
 Poorly differentiated 1  
 Well or moderately differentiated 0.47(0.20-1.08) 0.075 
Downstaging   
 Yes 1  
 No 1.14(0.47-2.74) 0.772 
Tumor regression grading (Mandard system)   
 Grade 2 or 3 1  
 Grade 4 2.63(0.98-7.06) 0.054 

Analysis with PD-L1 expression 
PD-L1 0.67(0.45-0.98) 0.038 
Gender   
 Male 1  
 Female 1.47(0.57-3.79) 0.429 
Tumor differentiation   
 Poorly differentiated 1  
 Well or moderately differentiated 0.50(0.22-1.17) 0.109 
Downstaging   
 Yes 1  
 No 1.30(0.56-3.01) 0.537 
Tumor regression grading (Mandard system)   
 Grade 2 or 3 1  
 Grade 4 2.69(1.01-7.17) 0.048 

 
 Our research showed that the expression of 

multiple checkpoint molecules and the infiltration of 
CD4+, CD8+ immune cells were significantly 
increased following NACT. When considering 
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individual patient, immune modulation seemed to be 
different because a minority of patients presented 
with decreased expression of these markers. This 
likely reflected the heterogeneity of gastric cancer and 
did not interfere with the overall results. 

 The overall upregulation of the CD4 and CD8, 
together with the immunosuppressive markers PD-1 
and PD-L1, might indicate a dynamic bi-directional 
shift of the tumor micro-environment during 
chemotherapy in gastric cancer. The changes in 
expression of CD4+, CD8+ immune cells, majorly 
composed by CD4+, CD8+ T lymphocytes, might 
imply an increase in T lymphocytes infiltration that 
resulted from a stimulatory immune response [12]. 
However, following the initial immune stimulation, 
PD-L1 overexpression is induced by interferon 
(IFN)-γ produced by activated T lymphocytes as 
negative feedback, which gradually re-programmes 
the tumor milieu from an active immune environment 
to a relatively balanced environment [21]. 
Simultaneously elevated infiltration of tumor immune 
cells and expression of checkpoint molecules have 
been described in multiple tumors, such as ovarian 
cancer and head and neck squamous cell carcinoma 
[13, 16]. In a chemotherapy-treated mouse xenograft 
model, CD8+ T-cell function was inhibited despite the 
increased number of CD8+ T-cells, and this inhibition 
was accompanied by the presence of PD-L1 [22]. 
Depletion of PD-L1 restored CD8+ T lymphocyte 
function and improved the antitumor response [22, 
23]. Furthermore, tumor-bearing mice that were 
treated with a combination of paclitaxel and a 
PD-L1/PD-1 inhibitor survived longer than mice 
treated with paclitaxel alone [22]. The preliminary 
data discussed above provide evidence for the 
synergistic effect of the incorporation of 
chemotherapy and PD-1/PD-L1 checkpoint 
inhibitors. 

 An interesting finding of our study is the 
upregulation of TIM3 expression and its positive 
correlations with PD-1 and PD-L1 expression 
following NACT. TIM3 is an immune checkpoint 
receptor expressed on interferon (IFN)-γ-secreting T 
helper (Th)-1 cells, natural killer (NK) cells and CD8+ 
cells [24-26]. It suppresses the activation of T and NK 
cells upon engagement with its ligand, galectin-9 
[24-26]. Upregulation of TIM3 might be associated 
with adaptive resistance to PD-1 blockade. Koyama et 
al revealed that in two fully immunocompetent mouse 
xenograft models of lung adenocarcinoma, the 
expression of TIM3 on T-cell was notably upregulated 
when tumors progression following response to 
anti-PD-1 therapy[27]. Addition of a TIM3 blocking 
antibody following failure of PD-1 blockade brought 
about a survival advantage [27]. In vitro, combined 

targeted therapy against TIM3 and PD-1 in colorectal 
cancer and hepatitis B virus-related hepatocellular 
carcinoma achieved remarkable effects on reversing 
tumor-induced T-cell exhaustion and dysfunction, 
and this effect was stronger than the effect of targeting 
either pathway alone [28, 29]. The strongly positive 
correlations between TIM3, PD-1 and PD-L1 
expression in our research imply that dual targeted 
immunotherapy against PD-(L)1 and TIM3 might be a 
potentially beneficial choice for patients with gastric 
cancer. Multiple studies have also been initiated to 
investigate the safety and efficacy of combination of 
various immunotherapies (anti-TIM3 and anti-PD-1) 
with or without chemotherapy in tumors including 
gastric cancer. The results are worth expecting 
(ClinicalTrials.gov Identifier: NCT03469557, 
NCT02608268, NCT02817633, NCT03448835 and 
NCT03399071). 

The changes of expression in all the immune 
markers in each chemotherapy group were in 
accordance with the entire cohort except that the 
upregulation of PD-L1 in Group 2 showed no 
significant difference. This may due to the effect of 
steroids on tumor immune micro-environment. 
Different from preclinical studies, in clinical practice, 
corticosteroids needed to be administrated before 
taxane to avoid adverse events. Corticosteroids can 
modulate the immune system in different ways [30, 
31]. As taxane has been proven to significantly 
increase the expression of PD-L1 in preclinical 
experiment [22], we speculated that it might be the 
steroid that mitigated the elevation of PD-L1 
expression in our research.  

 The prognostic value of immune markers 
remains controversial in gastric cancer. Wang et al 
found that gastric cancer patients with high level of 
pre-treatment CD8+ T lymphocytes was associated 
with a prolonged survival (P = 0.0058) [32], while 
Thompson et al revealed that a high CD8+ T 
lymphocyte density was correlated with worse PFS 
and OS [33]. Zhang et al found that pre-treatment 
PD-L1 positive was a negative independent 
prognostic factor for stage Ⅱ and Ⅲ gastric cancer 
patients (HR 2.696, 95%CI [1.468-4.951], P=0.001) [34]. 
Nevertheless, Böger et al revealed that high levels of 
PD-L1 and PD-1 expression in baseline sample were 
associated with significantly better outcomes 
(P<0.001) [35]. In our study, baseline CD8 level was 
not associated with survival. Higher level of 
pre-NACT PD-L1 seemed to correlate with a worse 
outcome. We provide a new interpretation that it is 
the levels of the changes, other than the specific 
baseline or post-treatment levels of CD8 and 
checkpoint molecule expression are of prognostic 
significance. This possible interpretation has not been 
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thoroughly discussed in previous reports. In our 
research, multivariable analysis demonstrated that 
high upregulation of CD8, PD-1 and PD-L1 
expression were independent protective prognostic 
factors for OS. As discussed above, significant 
upregulation of CD8 and checkpoint molecules may 
represent strong adaptive immunogenic reactions 
following NACT, which might be the intrinsic reason 
for survival benefits. Therefore, the levels of the 
changes in CD8 and checkpoint molecule expression 
might be more reliable predictors for prognosis in 
chemotherapy-involved conditions because these 
changes may reflect the dynamic process of the 
adaptive immune system. 

 The limitation of our study lies in the 
retrospective nature of the experiments. Inter- and 
intra-tumoral heterogeneity has been reported in 
gastric cancer and may introduce the possibility of 
bias [36]. The limited biopsy samples by endoscopy 
prevent us from analysing the pre-NACT immune 
profile in whole tumors. We did not analyze marker 
expression on tumor cells and on immune cells 
separately due to the relatively low PD-1 and PD-L1 
positive rate. Apart from these limitations, our study 
revealed the concomitant elevation in expression of 
different checkpoint molecules and tumor immune 
cell markers following NACT, and it is also unique in 
uncovering positive pairwise correlations between 
level of changes in TIM3, PD-1 and PD-L1. 

In conclusion, NACT can substantially increase 
the expression of various checkpoint molecules and 
the infiltration of CD4+ and CD8+ immune cells in 
most locally advanced gastric cancer patients with the 
levels of changes in checkpoint molecules positively 
correlated with each other. This provides a clue for 
applying immunotherapy with chemotherapy or dual 
checkpoint inhibitors in gastric cancer. The high 
upregulation of CD8, PD-1 and PD-L1 may be 
beneficial prognostic factors for patients.  
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