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Abstract
Background  Recent studies have highlighted the distinct ratio of PD-1 + Treg/PD-1 + CD8 for prognosis prediction. 
However, it remains unclear about the association of this ratio and tertiary lymphoid structures (TLS) with prognosis 
and response to neoadjuvant or conversion therapy in advanced gastric cancer.

Methods  Firstly, fresh postoperative samples from 68 gastric cancer patients in Renji Hospital were collected. 
Meanwhile, immune cell infiltration as well as clinical prognosis analysis were conducted. Subsequently, we further 
systematically evaluated flow cytometry analysis of tumor samples and TLS expression in 38 gastric cancer patients 
with different response situations after neoadjuvant therapy. Also, a Renji conversion therapy cohort including 10 
patients with complete matching samples before and after treatment was established to receive RNA sequencing 
analysis and multiplex immunohistochemistry (mIHC) tests. The corresponding TLS score and immune cell infiltration 
were further compared based on therapeutic response variations.

Results  In general, the ratio of PD-1 + Treg/PD-1 + CD8>1 could be regarded as an independent predictor of 
prognosis in advanced gastric cancer patients. Moreover, PD-1 + Treg/PD-1 + CD8 < 1 and high expression of TLS 
could indicate better neoadjuvant therapy response and extended survival time in advanved gastric cancer patients. 
Besides, PD-1 + Treg/PD-1 + CD8 low &TLS high group could predict better progression free survival time (PFS) in 
complete response (CR) subgroup. In response group after conversion therapy, the number of PD-1 + CD8 + T cells 
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Background
Gastric cancer (GC), ranking fifth in incidence and 
fourth in mortality, still stands as a refractory public 
health menace worldwide [1]. Locally advanced gastric 
cancer is marked by tumors extending beyond the muscle 
layer or involving lymph node metastases, but without 
distant spread [2]. Treatment typically involves perioper-
ative chemotherapy, immunotherapy, and surgical inter-
vention. Neoadjuvant therapy aims to reduce the stage to 
increase surgical removal possibility. Besides, for patients 
with unresectable advanced gastric cancer, conversion 
therapy has been proposed as an emerging option [3–5].

Currently, immune checkpoint inhibitors (ICIs) have 
significantly revolutionized the treatment paradigm for 
numerous advanced cancers. Thereinto, PD-1 checkpoint 
blockade has gradually become the first-line treatment 
for GC [6, 7]. Recent researches have revealed that neo-
adjuvant chemoimmunotherapy significantly improves 
the prognosis of gastric cancer patients [8–10]. Despite 
the superiorities of this treatment, a large number of 
patients do not respond to anti-PD-1 therapy [11, 12]. 
Hence, to enhance the efficacy of neoadjuvant chemoim-
munotherapy or conversion therapy in GC, there exists 
an urgent requirement to identify whether patients would 
benefit from the therapies mentioned above. A quan-
tity of reports attempt to elucidate the changes in tumor 
microenvironment (TME) after neoadjuvant or conver-
sion therapy from the perspective of immune microen-
vironment remodeling and upregulation of inhibitory 
immune cell subsets [13–16]. As per the latest reports, 
tumor infiltrative forkhead box P3-positive (FOXP3+) 
regulatory T cells (Tregs) might play a prominent role 
as a inhibitory factor [17–21]. It is widely acknowledged 
that PD-1 inhibitors mainly aim to improve anti-tumor 
immunity by releasing the brake of PD-1 + CD8 + T cells. 
Nevertheless, balance constraints are everywhere in 
nature. In gastric cancer, recent studies have revealed that 
the application of PD-1 inhibitors alone not only releases 
the anti-tumor activity of PD-1 + CD8 + T cells, but also 
discharges the inhibitory ability of PD-1 + Tregs, which 
weakens the efficacy of PD-1 inhibitors to some extent. 
Shogo Kumagai et al. have elucidated that PD-1 blockade 
induces both recovery of dysfunctional PD-1 + CD8 + T 

cells and boosted PD-1 + Treg-mediated immunosup-
pression. They have presumed that a profound reac-
tivation of effector PD-1 + CD8 + T cells rather than 
PD-1 + Tregs by PD-1 blockade is essential for tumor 
regression [22–24]. However, there is still no consensus 
on the role of Tregs in the progression and prognosis pre-
diction of gastric cancer, and the function of PD-1 + Treg 
itself and its interactions with other cell subsets have not 
been fully elucidated [25–28]. As a pair of “balance fac-
tors”, the ratio of PD-1 + Treg/PD-1 + CD8 in bladder can-
cer is considered to be a predictor of the postoperative 
therapeutic effect in a recent research [29]. Despite that, 
the impact of this ratio on prognosis and response to pre-
operative treatment in different stages of gastric cancer 
has not been reported yet.

Tertiary lymphoid structures (TLSs) are transient ecto-
pic lymphoid organs that develop in non-lymphoid tis-
sues, such as sites of chronic inflammation and tumors 
[30, 31]. Structurally, TLSs are immune cell which 
aggregates with B cell lymphoid follicles surrounded by 
T cells. TLSs are generally accepted to play an essential 
role in antitumor immune response [32]. Undeniably, 
the presence of TLSs has been associated with a favor-
able prognosis and improved response to immunother-
apy across many tumors including gastric cancer [33, 
34]. In brief, higher TLS levels positively correlate with 
higher immunogenicity and immunoactivity in tumor 
mircroenviroment, demonstrating potential in predicting 
postoperative prognosis and immunotherapy response 
of GC. In view of the above theory, a recent research 
attempted to clarify the association of systemic inflam-
matory markers and TLSs with pathological complete 
response in GC patients receiving preoperative treatment 
[35]. In spite of that, few articles have explained the prog-
nosis and therapeutic efficacy prediction of gastric can-
cer patients from the perspective of the combination of 
PD-1 + Treg/PD-1 + CD8 ratio and TLS.

This research retrospectively examined the immune 
cell infiltration by flow cytometry and conducted clinical 
prognosis analysis of fresh postoperative samples from 68 
gastric cancer patients in our center thoroughly. More-
over, we further systematically evaluated the flow cytom-
etry analysis of tumor samples and TLS expression in 38 

significantly increased, mainly occurring outside the TLSs. Meanwhile, the TLSs were also considerably activated as we 
could observed.

Conclusions  This study underlined that combining PD-1 + Treg/PD-1 + CD8 ratio and TLS were significantly 
associated with prognosis and preoperative treatment response in advanced gastric cancer. Inspiringly, these 
indicators have the potential to elucidate the immune balance of advanced gastric cancer patients and can accurately 
guide subsequent therapeutic strategies.

Keywords  Gastric cancer (GC), PD-1 + Treg/PD-1 + CD8 ratio, Tertiary lymphoid structure (TLS), Neoadjuvant therapy, 
Conversion therapy
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advanced gastric cancer patients with different response 
situations after neoadjuvant therapy. Also, we centered 
on analyzing the mIHC results of paraffin sections from 
10 pairs of advanced gastric cancer samples before and 
after conversion therapy. For these precious 10 pairs 
of samples, we also conducted transcriptome sequenc-
ing analysis. It has been found that the combination of 
PD-1 + Treg/PD-1 + CD8 ratio and TLS were significantly 
associated with prognosis and response to preopera-
tive therapy in advanced gastric cancer patients. It is of 
great significance to predict their possible prognosis 
and response for preoperative therapy in the foreseeable 
future.

Methods
Study design and patients
This was a retrospective single-center study. Ethical 
approval for this study was provided by the ethical com-
mittee of our center. The participants provided their writ-
ten informed consent to participate in this study. Firstly, 
the study reviewed 88 patients with gastric adenocarci-
noma who experienced primary gastrectomy during the 
period spanning from May 2017 to December 2021 at 
the Department of Gastrointestinal Surgery, RenJi Hos-
pital, School of Medicine, Shanghai Jiao Tong University. 
The inclusion criteria encompassed all the samples were 
definitely diagnosed as gastric cancer by Department 
of Pathology. All patients in this section have received 
conventional chemotherapy only, and not received post-
operative immunotherapy yet. Moreover, among these 
people, Stage I cases have not received chemotherapy. 
We excluded the following types of patients: (1) patients 
without complete clinical information, postoperative 
pathological diagnosis, etc.; (2) patients with non-neo-
plastic resection; (3) patients who suffered from other 
primary malignant tumors; (4) primary tumor involv-
ing ≥ 2 regional sites; (5) unclear pathological types. 
Overall Survival time was defined as the interval between 
the gastrectomy and patient death or survival, and the 
final follow-up date was May 1, 2024, for all cases exam-
ined. After applying the eligibility criteria, we excluded 
20 cases in the final study cohort. Among these excluded 
cases, out of which, 14 were loss to follow-up, 6 Stage I 
cases received chemotherapy. Then, 38 advanced gastric 
cancer patients who underwent neoadjuvant chemo-
therapy combined with immunotherapy were included 
in the study. The study reviewed patients with gastric 
adenocarcinoma who received neoadjuvant chemother-
apy combined with immunotherapy followed by curative 
gastrectomy (R0 resection) during the period spanning 
from January 2021 to March 2023 at the Department of 
Gastrointestinal Surgery, RenJi Hospital. The time from 
the start of treatment to disease progression or death 
from any cause was defined as progression-free survival 

(PFS). The final follow-up date was May 1, 2024, for all 
cases examined. Finally, 19 unresectable gastric can-
cer patients who underwent conversion therapy using 
immunotherapy plus chemotherapy with pre-conversion 
laparoscopic biopsy samples were included in the study. 
In this cohort, we excluded 9 cases which were pre-treat-
ment slice unqualified. All of them experienced gastrec-
tomy during the period spanning from December 2018 to 
July 2023 at the Department of Gastrointestinal Surgery, 
RenJi Hospital. The final follow-up date was May 1, 2024, 
for all cases examined. All patients received standard 
treatments according to the NCCN guidelines, and the 
immunotherapy involved above is limited to PD-1 inhibi-
tors. The patients’ tumor staging was in accordance with 
the American Joint Committee on Cancer (AJCC 8th edi-
tion) staging system.

Pathological analysis
Formalin-fixed, Paraffin-embedded (FFPE) surgical sam-
ples were cut into serial sections with a thickness of 5 μm. 
A total of 38 selected cases were immunologically stained 
for CD20 (1:150 dilution, RRID: ab64088, Abcam). TLSs 
were assessed morphologically based on Whole-Slide 
Image (WSIs) obtained. Briefly, for each patient, TLSs 
were initially identified in the WSIs using the ZEISS Axio 
Vert.A1 microscope system, which was presented as a 
lymphocyte aggregate on pathological images. To ensure 
the accuracy of TLSs identification, slides were indepen-
dently evaluated by a senior pathologist. We categorized 
the amount of TLS according to previous researches as 
follows: 0 = none, no TLS formation in the area adjacent 
to the tumor; 1 = little, TLSs occupying an area of 1–10% 
of the tumor; 2 = moderate, 11–50%; 3 = abundant, > 50%. 
For survival analysis, we divided TLS into high (score ≥ 2) 
and low (score ≤ 1). Response Evaluation Criteria in 
Solid Tumors version 1.1 (RECIST 1.1) was applied as 
the criteria for calculating the immunotherapy response 
of patients. Responders were defined as patients with 
complete response (CR) or partial response (PR), while 
none-responders were defined as those with progressive 
disease (PD) or stable disease (SD). In addition, tumor 
regression grading (TRG) serves as a reference indicator. 
According to pathologic response of TRG, patients were 
labeled as responders (TRG = 0–1) and none-responders 
(TRG = 2–3) [36, 37].

Multiplex immunohistochemistry staining
Slide images were acquired and analyzed using the Tis-
sue FAXS (SL 7.1.120) and StrataQuest 7.1.129 software 
(TissueGnostics). mIHC staining was performed to visu-
alise the expression of CD3, CD8, PD-1, CD20, FOXP3 in 
tumor tissues. The samples were collected within 30 min 
after tumor collection and fixed in formalin for 24–48 h. 
Dehydration and paraffin embedding were performed 
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using routine methods. Five consecutive Sect.  (4  μm) 
were cut from paraffin blocks. Standard IHC proce-
dures including dewaxing and rehydration of tissue sec-
tions, antigen retrieval, and blockade of endogenous 
peroxidase. Then sections were blocked and incubated 
with primary antibodies at room temperature for 1  h. 
After washing, the sections were coincubated with poly-
HRP-MS/Rb for 10  min at room temperature. All sam-
ples were stained with the primary antibody for CD20 
(1:100, ab9475, Abcam, UK) visualized with Opal690 
TSA, CD3 (1:100, ab135372, Abcam, UK) visualized with 
Opal480 TSA, CD8 (1:100, ZA-0508, Zsbio, China) visu-
alized with Opal570 TSA, PD-1 (1:100, ZM-0381,Zsbio, 
China) visualized with Opal520 TSA, FOXP3 (1:100, 
ab20034,Abcam, UK) visualized with Opal620 TSA. 
Finally, the sections were covered with an anti-fluores-
cence attenuating tablet and cover glass.

Immune cell counting, TLS definition, TLS distance analysis 
and intracellular distance analysis
Immune cell counting: Using StrataQuest 7.1.129 soft-
ware (TissueGnostics) to identify cell and tissue types 
and quantify protein expression in panoramic images. 
Firstly, the software used intelligent algorithms to seg-
ment all cells in the tissue area centered around the 
nucleus, through manual training and machine learn-
ing methods for tissue type recognition, tissues can be 
divided into different regions such as tumors and stroma 
regions, based on the cytokeratin staining using the 
Inform Tissue Finder algorithms. Then, individual cells 
were segmented using the counterstain-based cell seg-
mentation algorithm, based on DAPI staining. Quantifi-
cation of the specific immune cells was performed using 
the Inform scoring tool by assigning a threshold to the 
different cell phenotypes, based on the staining intensity 
of each marker. The protein expression quantification 
was performed by determining the average fluorescence 
threshold of each detected marker, in order to deter-
mine the number of positive cells labeled by that marker, 
positive cells are defined as those that have detected 
immunofluorescence signals greater than the threshold 
and have the correct expression pattern. Cell density 
(cells/mm2) for CD8 + cells, CD3 + cells, FOXP3 + cells, 
CD20 + cells, PD-1 + CD3 + cells, PD-1 + CD8 + cells, 
PD-1 + FOXP3 + cells, PD-1 + CD20 + cells was quantified 
in whole tumor sections and TLS areas by the Strata-
Quest 7.1.129 software (TissueGnostics) [38].

TLS definition: For TLS definition and quantification, 
the stained slides were panoramic scanned and visualized 
using the the Tissue FAXS (SL 7.1.120). Multicolor fluo-
rescence images were analyzed with StrataQuest 7.1.129 
software (TissueGnostics). Structures were identified as 
aggregates of lymphocytes having histological features 
with analogous structures to that of lymphoid tissue 

with B cells (CD20), T cells (CD3/CD8). The aggregation 
degree was identified to screen for areas that might be 
TLS, and then it was manually confirmed by HE stained 
images. TLS counting was defined as the total number of 
structures identified either within the tumoral area or in 
direct contact with the tumoral cells on the margin of the 
tumors [39].

TLS distance analysis: After TLSs were filtered out, the 
distance between TLSs and the closest tumor cells was 
measured using the distance measurement. Intracellular 
distance: We found the nearest cell by using one of the 
cells as a fixed point based on the coordinate axis posi-
tion, and then we calculated the distance between them. 
All the analyses mentioned above were conducted by 
StrataQuest 7.1.129 software (TissueGnostics) [40].

Flow cytometry
Fresh tumor samples were collected after the surgery. All 
tissue samples were cut into tiny pieces and incubated 
in DMEM (Cat# 11054001, Gibco) containing 10% FBS 
(200 U/ml), type IV collagenase (Cat# C5138, Sigma) for 
35 min at 37  °C on a shaker (200 rpm). Then the disso-
ciated cell suspensions were filtered through 70 μm cell 
strainers and 40 μm cell strainers (Cat# 352340 and Cat# 
352360, Falcon) to obtain single-cell suspensions. PBMCs 
were isolated by density gradient centrifugation (speed at 
2000  rpm; acceleration ramp 3 and braking ramp 0) for 
20 min using Ficoll-Paque Plus (Cat# 17-1440-03–1, GE 
Healthcare). Single-cell suspensions were prepared as 
described above. The cells were collected and transferred 
to flow tubes. Single cells were stained with different anti-
bodies (antibody information was shown in) in PBS con-
taining 2% FBS for 30 min at 4 °C in the dark place. Cells 
were then fixed and permeabilized with fixation/permea-
bilization concentrate (Cat#00-5123-43, eBioscience) 
for 35 min at room temperature in dark place. Intracel-
lular targets were stained with corresponding antibod-
ies for 35  min at room temperature, followed by two 
wash steps with permeabilization buffer (Cat# 00-8333-
56, eBioscience).A BD LSRFortessa X-20 cell analyzer 
were used for flow cytometry analysis. Data analysis was 
performed with FlowJo v10 (FlowJo LLC). The follow-
ing flow cytometry antibodies were purchased from BD 
Horizon™: CD3 (SP34-2), CD8 (SK1), FOXP3 (259D/C7), 
CD25 (M-A251), PD-1 (EH12.1).

RNA sequencing
Bulk RNA derived from biopsy fresh tumor tissue sam-
ples was extracted using RNeasy Plus Mini Kit (74134, 
QIAGEN, Germany) according to the manufacturer’s 
instructions. Raw sequencing reads were pre-processed 
using fastp v0.12.6. with default parameters and addi-
tional trimming of the first 10 bases of the reads for sub-
sequent analysis. After quality control, clean data were 



Page 5 of 19Liu et al. Journal of Translational Medicine         (2024) 22:1152 

aligned to the reference genome (GRCh37) with STAR 
(version 2.7.8a). FeatureCounts was used to estimate 
the expression level of each gene. Gene expression was 
quantified as transcripts per million (TPM). We used 
the DESeq2 package of R software (4.2.0) to screen dif-
ferentially expressed genes between comparisons, with 
the following threshold: |log2(Fold Change)|>1 and p 
value < 0.05. Paired regression analysis using DESeq2 
was performed to identify differentially expressed genes 
(DEGs) associated with histologically paired lesions. 
Gene set variation analysis (GSVA). ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​b​i​​o​c​
o​​n​d​u​c​​t​o​​r​.​o​r​g​/​p​a​c​k​a​g​e​s​/​r​e​l​e​a​s​e​/​b​i​o​c​/​h​t​m​l​/​G​S​V​A​.​h​t​m​l​​​​​
) of whole gene sets was conducted using the canonical 
Broad C2 collection of gene sets in the molecular signa-
ture database (MsigDB) based on the expression data.

Gene ONTOLOGY analysis
Gene Ontology analysis was performed using Metascape 
software, which was available online ​(​​​h​t​t​p​:​/​/​m​e​t​a​s​c​a​p​e​.​o​
r​g​​​​​)​. Genes were uploaded to the website, and the expres-
sion analysis option was selected.

ssGSEA
Single-sample Gene Set Enrichment Analysis (ssGSEA) 
with the GSVA function in R (version 1.42.0) was used 
to estimate the abundance of specific cell subsets in the 
tumor microenvironment. This method enabled us to 
infer the abundance of 28 cell subsets in each sample 
based on their expression data.

Co-expression
Co-expression method for 14 types of immune cells 
exerted significant differences in the abundance of vari-
ous immune cell subsets between the experimental group 
and the control group [41].

CYT
Further investigation of the immune characteristics asso-
ciated with CYT (Cytolytic Activity) revealed that CYT 
calculates genes per million transcripts using the log 
average (geometric mean) of GZMA and PRF1 to deter-
mine the effect of T cells on tumor cells.There were sig-
nificant difference in killing energy between groups.

The calculation formula was as follows [42]:

	CY T =
GZM Alog2 (TPM + 1) + PRF1log2(TPM + 1)

2

Xcell
XCell algorithm based on R package xCell master was 
used to infer 64 types of immune and stromal cells in the 
sample [43].

GEP
Immune sensitive features GEP (18 genes in T cell‒
inflamed gene expression profile) score. GEP immune 
signature can be classified into the following three 
categories:

1)	 (1) 10-Gene preliminary IFN - γ signature: includes.
2)	 IFNG, STAT1, CCR5, CXCL9, CXCL10, CXCL11, 

IDO1, PRF1, GZMA, and MHCII HLA-DRA;
3)	 (2) Expand 28 gene set IFN-γ signature: including 

cytolytic activity, cytokines/chemokines, T cell 
markers, NK cell activity, antigen presentation, and 
additional immunomodulatory factors;

4)	 (3) T cell‒inflamed GEP: including CXCR6, TIGIT, 
CD27, CD274, PDCD1 LG2, LAG3, NKG7, PSMB10, 
CMKLR1, CD8A, IDO1, CCL5, CXCL9, HLA.
DQA1, CD276, HLA.DRB1, STAT1, HLA.E.

The calculation formula is as follows [44]:

	

T cell inf lamed GEP Score =the weighted sum of

the housekeeping normalized

values of the 18 genes

TLS signature
TLS signature referred to the signature related to the ter-
tiary lymphatic structure [45].

Statistical analysis
Tumor infiltrating lymphocyte (TIL) levels between pre- 
and post-treatment biopsy specimens were compared 
using paired t tests. Univariate and multivariate analy-
ses were performed by using a logistic regression model. 
Variables that substatiated statistical significance in the 
univariate analysis were included in the multivariate 
analysis. Survival was calculated using the Kaplan–Meier 
method and compared using the log-rank test. Multivari-
able-adjusted Cox proportional hazards regression was 
performed to analyze response and survival after treat-
ment. Differences in survival curves between groups were 
compared using the Log-Rank test, and statistical signifi-
cance was set at P-values < 0.05. The odds ratio (OR) was 
reported with a 95% CI. Best cut-off were determined by 
using the receiver operating characteristics (ROC) curve 
analysis, and the best cut-off was the one that maximized 
the area under the curve (AUC). Statistical analysis was 
performed using SPSS software (SPSS Statistics, version 
26); GraphPad Prism 9.0.0 software was applied in the 
multiplex immunohistochemistry staining result inter-
pretation and Forest plot. The Chi-Square Test was used 
to compare rates in independent groups. All statistical 
tests were two-sided and P-values < 0.05 were considered 
statistically significant.

https://www.bioconductor.org/packages/release/bioc/html/GSVA.html
https://www.bioconductor.org/packages/release/bioc/html/GSVA.html
http://metascape.org
http://metascape.org
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Results
Baseline characteristics of 68 gastric cancer patients
The study flowchart was presented in Fig.  1. Firstly, 68 
patients who underwent gastrectomy between May 2017 
and December 2021 were collected for analysis (Table 
S1). To better exclude the influence of chemotherapy 
and distinguish between Stage I early gastric cancer and 
advanced gastric cancer, we excluded cases received che-
motherapy in Stage I patients. With regard to patients 
with advanced gastric cancers, we selected the cases only 
received conventional chemotherapy to exclude the influ-
ence of postoperative immunotherapy. 68 samples includ-
ing 49 males and 19 females surgically resected gastric 
cancer. The median overall survival time is 37.2 months 
(range:2–84 months), and the median age at diagnosis is 
65 years (range:24–81 years). The tissue pathological type 
consist of 5 cases of papillary adenocarcinoma (pap), 16 
cases of tubular adenocarcinoma (tub), 31 cases of poor-
differentiated adenocarcinoma (por), 5 cases of mucinous 
adenocarcinoma (muc) or signet ring cell (sig) type (path-
ological classification by Japanese Classification). To sum 
up, 17 GC lesions occurred in “the upper parts of the 
stomach”, 18 GC tumors occurred in “the middle parts 
of the stomach”, and 33 GC cases occurred in “the lower 
parts of the stomach”. The tumors were classified based 
on clinical TNM Stages, including 13 cases of Stage I, 55 
cases of Stage II-IV (Table S1).

PD-1 + Treg/PD-1 + CD8>1 could be regarded as an 
independent predictor of prognosis in advanced gastric 
cancer patients
For the flow cytometry analysis of fresh tumor samples 
from 68 gastric cancer patients, PD-1 + Treg infiltra-
tion was high in Stage I patients, and with the progres-
sion of the disease, the infiltration of PD-1 + Treg slashed. 
Accordingly, the infiltration of PD-1 + CD8 + T cells did 
not change significantly with the progression of the dis-
ease (Fig.S1, S2A, B). In addition, we found that the ratio 
of PD-1 + Treg/PD-1 + CD8 ranks the highest in Stage I, 
with the progression of the disease, the ratio plunged. 
Specifically, patients with high PD-1 + Treg/PD-1 + CD8 
ratio had a significant high rate in Stage I than those 
in Stage II-IV (p<0.001). The same trend was also been 
observed in the PD-1 + Treg/ PD-1 + CD4 ratio (p = 0.006). 
Moreover, PD-1 + Treg/PD-1 + CD8>1 could be an inde-
pendent doomy prognostic factor in the Stage II-IV 
group in the multivariable survival analysis (HR: 2.689, 
95% CI 1.138–5.489, p = 0.007) (Fig.  2A, B,C; Table  1). 
Nevertheless, the corresponding trend was not reflected 
in the peripheral blood samples of patients (data was 
not shown). Through multivariable-adjusted cox pro-
portional hazards regression, we found that pathological 
type, location, and PD-1 + Treg/PD-1 + CD8>1 were inde-
pendent predictors in advanced gastric cancer patients 
(Fig. 2D).

Fig. 1  Study flowchart for the analysis
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PD-1 + Treg/PD-1 + CD8 < 1 and high expression of TLS 
could indicate better neoadjuvant therapy response and 
extended survival time in advanved gastric cancer patients
Due to the discovery of the predictive value of 
PD-1 + Treg/PD-1 + CD8 ratio for the prognosis of 

gastric cancer patients, we further discussed the impact 
of PD-1 + Treg/PD-1 + CD8 ratio and other immune fac-
tors on treatment response in advanced gastric cancer. By 
analyzing the flow cytometry data and results of immuno-
histochemistry staining of 38 gastric cancer patients who 

Fig. 2  The correlation between T cell ratios and prognosis of gastric cancer patients at different stages. (A): Representative images of the propor-
tion of PD-1 + Treg、PD-1 + CD8、PD-1 + CD4 in Stage I and Stage III gastric cancer; (B): The proportion of PD-1 + Treg/PD-1+CD8、PD-1 + Treg/PD-
1+CD4、PD-1 + CD4/PD-1+CD8 between Stage I and Stage II-IV gastric cancer; (C): The Correlation of PD-1 + Treg/PD-1 + CD8、PD-1 + Treg/PD-1 + CD4
、PD-1 + CD4/PD-1 + CD8 with GC patients’ overall survival. Kaplan–Meier survival curves for OS based on PD-1 + Treg/PD-1 + CD8、PD-1 + Treg/
PD-1 + CD4、PD-1 + CD4/PD-1 + CD8 in total GC patients in Stage I and Stage II-IV GC patients (cutoff values are ratios>1 and median, respectively.); (D): 
Forest plot displaying the multivariate regression analysis of risk factors affecting 55 advanced GC. (* and ** represented P-values less than 0.05 and 0.01, 
respectively. ns: no statistical significance)
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underwent neoadjuvant immunotherapy and chemother-
apy (including 21 responders and 17 non-responders), we 
observed a significant increase in PD-1 + CD8 + T cells 
along with high expression of TLS in patients with better 
neoadjuvant therapy response(Fig.  3A, B,C). We found 
that only the combination of PD-1 + Treg/PD-1 + CD8<1 
and TLS has a significant correlation with the response 
group through statistical analysis (p = 0.018). (Table 2).

Regarding the PD-1 + Treg/PD-1 + CD8 ratio for pre-
dicting response status, the area under the curve (AUC) 
by ROC analysis was 0.809. The optimal cut-off by the 
Youden index was 0.1457, resulting in the sensitivity of 

85.7% and specificity of 70.6% (Fig.S3A). However, con-
sidering its clinical feasibility, we still used the ratio < 1 
as a criteria in the following analysis. Subsequently, we 
conducted ROC curves for PD-1 + Treg/PD-1 + CD8 < 1 
and TLS high expression, as well as their combined indi-
cators, discovering that only the combined group had 
statistical significance in predicting response (p = 0.0443) 
(Fig.S3B). Then we conducted survival analysis in the 38 
gastric cancer patients mentioned above. Intriguingly, 
we found that patients with PD-1 + Treg/PD-1 + CD8 < 1 
and high TLS expression had significantly prolonged sur-
vival (p = 0.0334), which was also a statistically significant 

Table 1  Univariate analysis and multivariate analysis for total and subgroup in 68 GC patients
Univariate analysis Multivariate analysis

Risk factors HR(95%CI) P HR(95%CI) P
Total
Age 1.045 (1.007–1.085) 0.021* 1.045 (1.004–1.087) 0.031*
Gender: male 1.12 (0.539–2.327) 0.761
Pathological type 1.445 (0.958–2.181) 0.079
Location 0.763 (0.519–1.122) 0.169
Advanced vs. early 6.394 (1.529–26.734) 0.011* 5.926 (1.415–24.825) 0.015*
PD-1 + Treg: high 1.327 (0.685–2.571) 0.402
PD-1 + CD8:high 1.574 (0.807–3.071) 0.184
PD-1 + CD4:high 1.688 (0.868–3.283) 0.123
PD-1 + Treg/CD8:high 0.935 (0.480–1.820) 0.842
PD-1 + Treg/CD8>1 1.223 (0.612–2.445) 0.568
PD-1 + Treg/CD4:high 0.905 (0.485–1.690) 0.754
PD-1 + CD4/CD8:high 1.226 (0.663–2.266) 0.515
Stage I
Age 1.094 (0.878–1.362) 0.423
Gender: male 0.378 (0.023–6.209) 0.496
Pathological type 0.207 (0.019–2.282) 0.199
Location 68.67 (0.024-193543.017) 0.297
PD-1 + Treg: high 1.581 (0.097–25.767) 0.748
PD-1 + CD8:high 2 (0.125–31.975) 0.624
PD-1 + CD4:high 59.152 (0.001-5329486.111) 0.483
PD-1 + Treg/CD8:high 0.008 (0.000-1357.465) 0.435
PD-1 + Treg/CD8>1 0.742 (0.168–3.272) 0.693
PD-1 + Treg/CD4:high 0.471 (0.018–12.043) 0.649
PD-1 + CD4/CD8:high 0.5 (0.031–7.994) 0.624
Stage II-IV
Age 1.039 (0.998–1.083) 0.064
Gender: male 1.21 (0.564–2.597) 0.625
Pathological type 1.575 (0.970–2.557) 0.066
Location 0.673 (0.461–0.981) 0.040* 0.681 (0.461–1.006) 0.054
TNM stage 2.336 (1.065–5.120) 0.034* 2.713 (1.191–6.182) 0.018
PD-1 + Treg: high 1.441 (0.724–2.865) 0.298
PD-1 + CD8:high 1.458 (0.729–2.914) 0.286
PD-1 + CD4:high 1.353 (0.687–2.663) 0.382
PD-1 + Treg/CD8:high 1.501 (0.751–2.960) 0.242
PD-1 + Treg/CD8>1 2.576 (1.281–5.178) 0.008* 2.689 (1.318–5.489) 0.007*
PD-1 + Treg/CD4:high 1.082 (0.551–2.124) 0.819
PD-1 + CD4/CD8:high 1.48 (0.750–2.918) 0.258
*p-value < 0.05
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Fig. 3  The correlation of PD-1 + Treg/PD-1 + CD8 ratio&TLS and neoadjuvant response as well as survival in advanved gastric cancer patients. (A): Rep-
resentative images of the proportion of PD-1 + Treg、PD-1 + CD8 in responders and non-responders; (B): The proportion of PD-1 + Treg、PD-1 + CD8
、PD-1 + Treg/PD-1+CD8 in responders and non-responders; (C):The tertiary lymphoid structures expression in gastric cancer by immunohistochem-
istry staining (×5). The representative images of responders and non-responders. (The right panel:×20). (D): The Correlation of PD-1 + Treg/PD-1 + CD8
、TLS、PD-1 + Treg/PD-1 + CD8 low and TLS high with GC patients’ overall survival; (E): The Correlation of PD-1 + Treg/PD-1 + CD8、TLS、PD-1 + Treg/
PD-1 + CD8 low and TLS high with GC patients’ progression-free survival; (F): The Correlation of PD-1 + Treg/PD-1 + CD8、TLS、PD-1 + Treg/PD-1 + CD8 low 
and TLS high with 14 CR patients’ progression-free survival. (*, **, and *** represent P-values less than 0.05, 0.01, and 0.001, respectively.ns: no statistical 
significance)
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factor in univariate analysis along with ypTNM stage and 
response (Table 3). Also, we found that both PD-1 + Treg/
PD-1 + CD8 < 1 and combined indicators conld distin-
guish PFS with significant differences, while only the 
combined indicator was considered an independent pre-
dictor of PFS in multivariable-adjusted cox proportional 
hazards regression analysis(p = 0.039) (Fig.  3D, E, Table 
S2,S3). Owing to a dearth of samples before neoadju-
vant therapy, we were regretfully unable to predict the 
response of patients after treatment. Actually, in clini-
cal practice, even a subset of CR cases relapsed without 
postoperative treatment [46]. This is why surveillance 
and additional treatment is crucial to certain patients 
who have achieved CR currently. Consequently, we were 
dedicated to the 14 CR patients in the response group 
(all of them did not receive postoperative adjuvant che-
motherapy). In this section, due to the fact that almost 
all patients in this subgroup had the characteristic of 
PD-1 + Treg/PD-1 + CD8 ratio<1, patients were dichoto-
mized into the high- and low- group according to the 
median of PD-1 + Treg/PD-1 + CD8 ratio. Intriguingly, 
the PFS of the PD-1 + Treg/PD-1 + CD8low and TLShigh 
group was significantly prolonged, which may guide the 
postoperative treatment of certain CR patients to some 
extent (p = 0.0428)(Fig. 3F).

PD-1 + CD8 + T cells infiltration raised, accompanied by an 
increase in TLS after treatment
Meanwhile, 10 pairs of cases using preoperative immu-
notherapy plus chemotherapy with complete preopera-
tive laparoscopic biopsy specimens and postoperative 
surgical specimens were selected for further exploration. 
To begin with, we compared the differences in immune 
cell infiltration before and after conversion therapy using 
multi-color fluorescence staining (Fig.S4A, B,C). It was 
found that CD8 + T cell density in tumor increased signif-
icantly after treatment. Next, as for cell subpopulations, 
we found that PD-1 + CD8 + T cell density in tumor muti-
plied after conversion therapy (Fig.S5A, B), though, there 
was no significant difference in the various cell subsets of 

stroma after treatment (data was not shown). Meanwhile, 
the number of TLS slightly increased after treatment 
among all cases, but there was no statistical significance 
(Fig.S5C).

Based on RECIST 1.1 and postoperative pathological 
TRG, we defined a response group of 5 cases and a non-
response group of 5 cases to conversion therapy (Fig. 4A, 
B). In response group, PD-1 + CD8 + T cells increased 
after treatment, accompanied by the rise of TLS expres-
sion (Fig. 4C, D,E). By contrast, in non-responsive group, 
no similar trend was observed (data not shown). Through 
univariate analysis of 10 gastric cancer patients who 
underwent conversion therapy, due to the limited sample 
size, the post-treatment PD-1 + Treg/PD-1 + CD8 ratio 
and TLS combination group was considered a protec-
tive factor, but it did not show statistical significance (HR: 
0.013, 95% CI 0.000–161.723, p = 0.366)(Table S4).

PD-1 + CD8 + T cells infiltration increased mainly outside of 
TLS after treatment
Next, we conducted statistical analysis on the subsets 
of cells inside and outside the TLS based on multi-color 
immunofluorescence results. We found that among 
CD3+, CD8+, FOXP3+, CD20+, and PD-1 + subsets, only 
CD20 + cells exerted a significant increase within TLS 
compared to the outside after treatment with signifi-
cant statistical differences(Fig.  5A, B,C). When we ana-
lyzed the TLS/nTLS (non-TLS areas) ratio before and 
after treatment, we found that the TLS/nTLS ratio of 
CD20 + cells, PD-1 + CD3 + cells, and PD-1 + CD20 + cells 
significantly increased after treatment, while the TLS/
nTLS ratio of PD-1 + CD8 + cells decreased (Fig.  5D). 
To some extent, this phenomenon indicated that the 
increment in PD-1 + CD8 + cells after treatment mainly 
infiltrating outside of TLS, which was opposite to 
PD-1 + CD20 + cells.

Subsequently, in the analysis of the average distance 
between TLS and the nearest tumor area, there was a 
trend of shorter distance observed in the response group 
after treatment, but the results were not statistically 

Table 3  Univariate analysis and multivariate analysis for 38 neoadjuvant therapy AGC patients
Univariate analysis Multivariate analysis

Risk factors HR(95%CI) P HR(95%CI) P
Age 0.965 (0.923–1.010) 0.126
Gender: male 0.797 (0.216–2.945) 0.797
Pathological Type: Sig + Muc + Por 1.129 (0.358–3.563) 0.836
Location: L 1.055 (0.284–3.928) 0.936
ypTNM: III 3.372 (1.008–11.283) 0.049* 2.270 (0.637–8.083) 0.206
Response: Yes 0.143 (0.037–0.553) 0.005* 0.237 (0.039–1.435) 0.117
PD-1 + Treg/CD8<1 0.533 (0.160–1.774) 0.305
TLS: High 2.117 (0.669–6.701) 0.202
PD-1 + Treg/CD8<1 TLS: High 0.264 (0.070–0.994) 0.049* 0.637 (0.116–3.511) 0.605
*p-value < 0.05
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Fig. 4  Representative CT images and fluorescence images between responders and non-responders. (A): Representative CT images and fluorescence 
images of responders before and after conversion treatment; (B): Representative CT images and fluorescence images of non-responders before and after 
conversion treatment (The red arrows indicate TLS); (C): The density of CD3+、CD8+、PD-1+、FOXP3 + and CD20 + cells between pre- and post-con-
version therapy in responders; (D): The density of PD-1 + CD3+, PD-1 + CD8+, PD-1 + FOXP3 + and PD-1 + CD20 + cells between pre- and post-conversion 
therapy in responders; (E):The TLS counts between pre- and post-conversion therapy in responders. (*represented P-values less than 0.05, respectively. 
ns: no statistical significance)
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significant (Fig.S6A, B). Then, in the analysis of the aver-
age intracellular distance before and after treatment, 
we found that the distances between PD-1 + cells and 
CD8 + cells, PD-1 + cells and CD20 + cells, CD3 + cells and 
CD20 + cells were significantly shortened, which further 

confirmed our former conclusions that there existed an 
increase in PD-1 + CD8 + T cells infiltration accompa-
nied by increment of TLS after treatment to some extent 
(Fig.S6C).

Fig. 5  Distribution of immune cell subsets inside and outside TLS. (A): Characteristics of immune cell subsets inside TLS by multicolor immunofluo-
rescence staining; (B): The density of CD3、CD8、Treg and CD20 between TLS and nTLS before and after treatment. (C): The density of PD-1 + CD3
、PD-1 + CD8、PD-1 + Treg and PD-1 + CD20 between TLS and nTLS before and after treatment. (D): Cell subsets in TLS/nTLS density ratio before and 
after treatment. (*, **and*** represented P-values less than 0.05, 0.01and 0.001, respectively. ns: no statistical significance)
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Transcriptome analysis of tumors before and after 
conversion therapy
For these 10 pairs of samples before and after conversion 
therapy, we conducted transcriptome sequencing analy-
sis. Regarding the analysis of differences before and after 
conversion therapy, GO analysis demonstrated a signifi-
cant correlation with the “collagen-containing extracellu-
lar matrix”, “guanyl-nucleotide exchange factor activity”, 
and “muscle system process” (Fig.S7A, B,C). Pathway 
signature analysis related to KEGG metabolism exerted 
the significant difference about “Glycosaminoglycan deg-
radation” and “Purine metabolism”(Fig.S7D). In terms 

of immune analysis, post-treatment group presented 
more immunocostimulators (Fig.  6A). The analysis of 
the abundance of 14 immune cell populations using Co-
expression indicated significant differences in the abun-
dance of mast cell between the post-treatment group and 
the prior-treatment group (Fig.  6B). Moreover, quanti-
tative analysis of 28 immune cellular subpopulations in 
the tumor microenvironment was conducted by using 
ssGSEA method. A comparative analysis of the infiltra-
tion of 28 immune cells displayed a significant increase in 
activated-CD8 + T cell infiltration in the post-treatment 
group (Fig.  6C). Besides, we investigated the immune 

Fig. 6  Related immune analysis between prior- and post-conversion therapy. (A): The Box diagram of immunoactivity analysis; (B): Abundency boxplot 
of immune cell subsets between groups; (C): Heat map of infiltration analysis of immune cell subsets between groups; (D): Boxplot of T cells’ ability to 
kill tumor cells between groups; (E): Box map of tertiary lymphoid structure correlation features. (* and ** represented P-values less than 0.05 and 0.01, 
respectively. ns: no statistical significance)
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characteristics related to CYT (Cytolytic activity) analy-
sis. There was no statistically significant difference in 
killing energy between prior- and post-groups (Fig. 6D). 
Obviously, TLS-signature referred to the signature which 
was related to the tertiary lymphatic structure. Similar to 
the above research trends, sequencing results suggested 
that the TLS 9 genes signature was significantly upregu-
lated after treatment (Fig. 6E). Furthermore, to describe 
the characteristics of tumor cells, inter-group functional 
state analysis was conducted. It implied that the apop-
tosis and hypoxia may have significant changes after 
treatment (Fig.S8A). However, the GEP (18 genes in T 
cell‒inflamed gene expression profile) comparison analy-
sis of immune sensitive features indicated no significant 
difference (Fig.S8B). With the goal of further refining 
the features of the immune microenvironment, the xCell 
algorithm based on R package xCell master was applied. 
It inferred that “chondrocytes”, “epithelial cells”, “HSC”, 
“Th2 cells” and “cDC” were significantly altered after 
treatment (Fig.S8C).

Discussion
There have been huge amounts of studies discussing 
the relationship between cell subsets ratios and disease 
progression in the tumor immune microenvironment. 
Among them, the effects of CD4/CD8, CD8/Treg, as 
well as PD-1 + CD8/PD-1 + CD4 ratios on post-treatment 
response have been extensively reported [47–49]. How-
ever, as a balancing factor to play a decisive role in PD-1 
therapy, PD-1 + Treg/PD-1 + CD8 ratios in gastric cancer 
has not been systematically discussed yet.

In this research, we concentrated on exploring the asso-
ciation of PD-1 + Treg/PD-1 + CD8 ratios with prognosis 
and treatment response in gastric cancer. In 68 fresh gas-
tric cancer samples, the PD-1 + Treg/PD-1 + CD8 ratio in 
advanced gastric cancer was found to exert an inverted 
trend compared to early gastric cancer for the first time. 
In advanced gastric cancer, PD-1 + Treg/PD-1 + CD8 
ratio>1 could be an independent doomy prognostic 
factor, which is a thought-provoking phenomenon. To 
our knowledge, this is the first relative large-scale flow 
cytometry data from fresh tumor sample of gastric can-
cer with high reliability. In theory, patients with a high 
PD-1 + Treg/PD-1 + CD8 ratio may experience a propor-
tional imbalance after the application of PD-1 inhibitors, 
leading to disease progression. Therefore, this population 
may be considered as an “immune-compromised popula-
tion”. According to the data of our research, it has been 
found that the utilization of ICIs in early gastric cancer 
patients may have the opposite effect, but the “immune-
compromised population” still accounts for a consider-
able proportion in advanced gastric cancer. Therefore, 
it is of great significance to screen out the “immune 

benefiting population”and avoid the “immune-compro-
mised population”.

Afterwards, we directed attention to the immune cell 
infiltration in advanced gastric cancer patients after 
neoadjuvant therapy and discovered that the infiltra-
tion of PD-1 + CD8 + T cells in response group signifi-
cantly increased, indicating a significant drop in the 
PD-1 + Treg/PD-1 + CD8 ratio. In addition, by plotting 
the ROC curve of PD-1 + Treg/PD-1 + CD8 ratio and 
response in patients after neoadjuvant therapy, it has 
been found that this ratio is somewhat related to treat-
ment response.

Given the insights gained from the combined use of 
TLS and systemic inflammatory markers in a related 
research [35], we intended to incorporate the concept of 
tertiary lymphoid structure. Previous studies have indeed 
suggested that TLS indicated a better response to neo-
adjuvant therapy in tumors, including gastric cancer [37, 
50]. As for the specific mechanisms about how TLS influ-
ence the efficacy of neoadjuvant therapies, there were 
few studies reported on it up to now. In a HER-2(+) gas-
tric cancer cohort, the authors found that patients with 
lower TLS in the tumor core or lower Tregs had better 
overall survival in the trastuzumab-exposed group [51]. 
Luise Rupp et al. claimed that neoadjuvant therapy differ-
entially affected pancreatic ductal adenocarcinoma-infil-
trating immune cells and may have detrimental effects 
on the existing B cell landscape and the formation of TLS 
[52]. Moreover, another report suggested that the induc-
tion of TLS maturation may be a potential mechanism 
for the effectiveness of neoadjuvant chemoimmunother-
apy in resectable non-small cell lung cancer [53].

Considering the current theory of dividing the immune 
microenvironment into inflamed, excluded or des-
ert immune phenotypes, PD-1 + CD8 and TLS may 
be considered as two “complementary components” 
in the immune microenvironment [54]. Excitingly, in 
our research, only the combination of PD-1 + Treg/
PD-1 + CD8<1 and high expression of TLS has a sig-
nificant correlation with the response group, which can 
also be considered as independent protective factors in 
multivariable regression analysis for PFS. Furthermore, 
we detectd the PFS of the PD-1 + Treg/PD-1 + CD8low 
and TLShigh group was significantly prolonged in 14 
CR patients. Generally, CR patients are not required to 
receive further treatment after undergoing R0 resection. 
Based on our research, by combining the PD-1 + Treg/
PD-1 + CD8 ratio and TLS expression, we can further 
predict and select the population that does not require 
treatment after operation precisely.

Additionally, we innovatively selected 10 advanced gas-
tric cancer patients who were unable to undergo direct 
resection at the initial diagnosis. By obtaining tissue 
sections from their first laparoscopic tumor biopsy and 



Page 16 of 19Liu et al. Journal of Translational Medicine         (2024) 22:1152 

tumor tissues undergoing surgery after conversion ther-
apy, we performed multiplex immunohistochemistry tests 
and transcriptome sequencing, aiming to compare the 
infiltration of immune cells and TLS in the TME before 
and after conversion therapy. At the same time, including 
the mutual comparison between the response group and 
the non-response group, it was also found that the num-
ber of TLS in the response group significantly increased 
after treatment, and the PD-1 + Treg/PD-1 + CD8 ratio 
also exerted a significant downward trend. Unfortunately, 
due to the limited sample size, no correlation between 
the combination indicators and patient response as well 
as significant differences in survival curves was observed 
in these 10 samples. Meanwhile, there were no significant 
attractive results observed in the comparison of sequenc-
ing results between the Response and Non-response 
groups (data not shown). By analyzing the relationship 
about immune cell subsets and TLS before and after 
treatment, we found that the PD-1 + CD8 + T cells infil-
tration after treatment was mainly increased outside of 
TLS. Also, the statistics of the average distance between 
cells before and after treatment illustrated that the dis-
tance between PD-1 + cells and CD20 + cells, as well as 
PD-1 + cells and CD8 + cells, decreased after treatment. 
Based on the above results, we believed that discuss-
ing the combination of PD-1 + Treg/PD-1 + CD8 ratio 

and TLS has certain scientific basis. However, whether 
the components of TLS would affect the balance of 
PD-1 + Treg/PD-1 + CD8 after neoadjuvant therapy, and 
the specific mechanism by which changes in the propor-
tion of cells in the immune microenvironment contribute 
to the generation or activation of TLS still require further 
investigation. In accordance with recent researches, the 
significance of combinated index also needs to be further 
explored in depth [55, 56]. In a nutshell, the main idea 
of this research was summarized in the pattern diagram 
(Fig. 7).

Based on the RNA sequencing results and compared 
with the prior-treatment group, some genes in the treat-
ment group were significantly upregulated, including 
PANX1, BMP8A, etc., (data not shown) which have been 
previously reported to be associated with tumor progres-
sion [57, 58]. And GO-BP analysis enriched the changes 
in related pathways such as muscle contracts, GO-CC 
analysis suggested changes in exocytic vessel after treat-
ment. As for GO-MF analysis, there was a significant 
difference in the cyclic nucleotide photosensitive activ-
ity. These corresponding alterations after neoadjuvant 
immunotherapy and chemotherapy are worth further 
exploration. Moreover, KEGG metabolism related path-
ways exerted the “Glycosaminoglycan degradation” and 

Fig. 7  The model diagram of immune balance in advanced gastric cancer tumor microenvironment
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“Purine metabolism”changed significantly after treatment 
[59, 60].

With respect to immune analysis, from the perspective 
of transcriptome and referring to corresponding research, 
it was combined with the visualization of immune infil-
tration obtained by multi-color immunofluorescence 
staining. Firstly, by evaluating the overall immune activity 
of tumor samples, we found that compared to immune-
inhibitors, the scores of immune-costimulators and adhe-
sion-molecules were upregulated, partially indicating the 
immune activation after treatment. After that, we quan-
titatively analyzed the infiltration of 28 immune cell sub-
sets in the tumor immune microenvironment. Then, we 
found that the infiltration of actived CD8 + T cell was sig-
nificantly upregulated, which was in accord with immu-
nofluorescence results.

However, our study was not without limitations. Firstly, 
this was a single center retrospective study, and there may 
exist bias in the selection process of the cohort. Secondly, 
the number of clinical samples was relatively small, espe-
cially the proportion of samples that could be obtained 
integrally after neoadjuvant therapy and before/after 
conversion therapy. The limited sample size and poten-
tial bias in research design also inevitably caused limi-
tations to this study. More conclusive data in sufficient 
number of gastric cancer patients cohort with multiple 
centers and greater diversity are expected to obtain in the 
future. In addition, through statistical analysis, we found 
that due to the small sample size, there was no significant 
difference in immune cell infiltration and TLS distribu-
tion between the responsive and non-responsive groups 
before conversion therapy. This implied that it was not 
yet possible to prospectively select suitable patients for 
neoadjuvant or conversion therapy, which was also a bar-
rier that we would focus on tackling in the future. Ulti-
mately, in the study of TLS, we only defined it based on 
the expression of B and T cells, without subdividing the 
maturation of TLS.

Thanks to the continuous innovation of advanced tech-
nology, precision medicine has been gradually realized. 
To a certain degree, researches mentioned above were 
also products of technological innovation. Optimistically, 
these findings have the opportunity to be further refined 
and validated by machine learning [61]. As the depth of 
research on tumor immunology, concepts such as “con-
ventional drug in new use” have also enriched the means 
of cancer treatment [62, 63]. Moreover, the emergence of 
nascent biomaterials has provided the possibility for the 
clinical translation of these research results. For instance, 
the rapid development of nanomedicine and materials 
science has provided powerful weapons for tumor immu-
notherapy [64, 65].

To conclude, further exploration of the microenviron-
ment composition of advanced gastric cancer samples 

would have a critical insight into the complex and het-
erogeneous immune landscape which is associated 
with tumor progression and neoadjuvant or conversion 
treatment response. The in-depth exploration of tumor 
immunology combined with rapidly advancing medical 
technology has the potential to significantly improve the 
efficacy of tumor immunotherapy for the benefit of can-
cer patients.

Conclusions
This study demostrated that PD-1 + Treg/PD-1 + CD8 
ratio and TLS were significantly related to prognosis and 
treatment response in advanved gastric cancer. Patients 
with low PD-1 + Treg/PD-1 + CD8 ratio and high TLS 
score had favorable survival and better preoperative 
treatment response on the whole. It may provided a new 
strategy for better predicting the prognosis and treat-
ment responses of advanved gastric cancer patients in the 
future.
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