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Abstract
Background  Within the tumor microenvironment (TME), the association of B lymphocytes (B cells) with prognosis and 
therapy response in gastric cancer (GC) remains poorly characterized. We investigated the predictive and prognostic value 
of B cells, including their spatial organization within the TME, in one of the largest multi-cohort studies to date.
Methods  Using CD20 immunohistochemistry, we evaluated B cell density in resection specimens from 977 patients with 
resectable GC across three cohorts, including the randomized phase III Korean CLASSIC trial. The relationship between 
CD20 density, clinicopathological characteristics, and overall survival (OS) was analyzed. Digital spatial profiling of 1063 
regions of interest from 15 patients was performed to characterize B cell distribution within different regions of interest 
(ROIs) using the NanoString GeoMx platform.
Results  CD20 density was significantly higher in diffuse-type GC compared to intestinal-type (p = 0.000012). Patients 
with CD20-low diffuse-type GC had the shortest OS in the CLASSIC trial (median OS: 49 vs 62 months, HR: 1.9, 95% 
CI: 1.2–3.0, p = 0.003) and in a Japanese cohort (median OS: 49 vs 67 months, HR: 2.2, 95% CI: 1.2–4.0, p = 0.011). This 
survival difference was not seen in patients treated with adjuvant chemotherapy (median OS: 62 vs 63 months, HR: 1.8, 
95% CI: 0.88–3.5, p = 0.108). Spatial profiling revealed significant B cell enrichment within tumor ROIs compared to the 
stroma, particularly in diffuse-type GC.
Conclusions  Low CD20 positivity, especially in diffuse-type GC, is linked to poor prognosis and may identify patients who 
could benefit from chemotherapy. These findings underscore the role of B cells in GC.

Keywords  Gastric cancer · B lymphocytes · Tumor microenvironment · Immunohistochemistry · Digital Spatial Profiling

Introduction

Gastric cancer (GC) remains the fifth most deadly cancer 
globally [1], despite recent advances in therapeutic regimens 
and a deeper understanding of its tumor microenvironment. 
Whilst previous studies have delineated the distribution and 
prognostic ability of T lymphocytes (T cells) and tumor-infil-
trating lymphocytes (TILs) in its tumor microenvironment 

(TME) in GC [2–5], an understanding of the role of B lym-
phocytes (B cells) remains to be established.

Previous work using immunohistochemistry (IHC) on tis-
sue microarrays (TMAs) found that CD20, the transmem-
brane antigen expressed on B cells, is associated with higher 
pathological risk grading, suggesting a potential role of B 
cells in the prognosis of patients with GC [6]. However, 
other studies reported opposite results with respect to the 
prognostic effect of CD20 [7–9]. Although these studies 
reported an association of CD20 expression with various 
clinicopathological characteristics, the effect of the interac-
tion between CD20 expression and these clinicopathological 
characteristics has not been widely studied.

Other studies beyond IHC have also analyzed the associa-
tion of B cells with clinicopathological characteristics [10]. 
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B regulatory cells have been investigated previously showing 
an association with poorer survival in patients with GC [11]. 
The abundance of lymphocytes in GC from patients diag-
nosed with different disease stages has been studied using 
single cell RNA sequencing (scRNA-seq) suggesting that 
abundant IgA + plasma cells have been found in premalig-
nant lesions such as chronic atrophic gastritis and intestinal 
metaplasia, whilst immunosuppressive myeloid and stromal 
cell subsets seem to dominate late-stage cancers [12]. Nota-
bly, scRNA-seq enabled lineage-based comparisons of the 
TME between diffuse and intestinal GC subtypes suggested 
increased plasma cell proportions in diffuse-type GC [13].

In summary, the current literature on the relationship 
between B cells and survival in GC patients remains con-
troversial and none of the studies to date investigated the 
specific role of B cells in the prognosis of GC patients, as 
well as their association with clinicopathological charac-
teristics. We hypothesized that B cell density has a positive 
effect on GC patient survival in a subset of patients with 
specific clinicopathological characteristics. The aim of the 
current study was to analyze the relationship of B cells with 
disease stage, histological subtypes, treatment benefit and 
survival in more than 1000 GC from multiple cohorts using 
a multi-modality approach including IHC, bulk-RNAseq and 
Digital Spatial Profiling (DSP).

Materials and methods

Clinical cohorts

Korean CLASSIC trial

The CLASSIC trial was a randomized, open-label, multi-
center phase III study comparing D2 gastrectomy followed 
by adjuvant capecitabine and oxaliplatin chemotherapy with 
surgery alone demonstrating better survival in the adjuvant 
chemotherapy arm [14]. The current study was approved by 
the institutional review board at each participating institution 
and was performed in accordance with the Declaration of 
Helsinki and Good Clinical Practice Guidelines. All patients 
provided written informed consent.

Kanagawa Cancer Centre Hospital (KCCH) gastric cancer 
collection

This single hospital series from the Kanagawa Cancer Centre 
Hospital, Yokohama, Japan, comprises 215 cases, 89 treated 
with surgery alone and 126 treated with Fluorouracil-based 
adjuvant chemotherapy. The study was approved by the local 
research ethics committee.

Leeds Teaching Hospital NHS Trust (LTHT) gastric cancer 
collection

This single hospital series from the Leeds Teaching Hospi-
tals NHS Trust, Leeds, UK, comprises 213 cases, all patients 
were treated by surgery alone. The use of archival tissue 
specimens and clinicopathological data for research had 
been approved by the Leeds Research Ethics Committee 
(CA01/122); the need for patient consent was waived by the 
ethics committee.

Stomach adenocarcinoma from The Cancer Genome Atlas 
(TCGA)

Transcriptomic gene expression Level 3 RSEM-normalized 
RNASeqV2 data and clinical data from the TCGA study 
of stomach adenocarcinoma (STAD) cohort were extracted 
from the Broad GDAC Firebrowse database [15]. The his-
tology of all STAD TCGA samples was reviewed and the 
histological tumor type was classified by two pathologists 
from our group. Illumina HiSeq RNA-SeqV2 RSEM nor-
malized gene values were used for B cell gene expression 
profile comparisons.

Singapore Gastric Cancer Consortium (SGCC)

For spatial transcriptomic analysis, samples from 15 
patients diagnosed with GC undergoing surgical resection 
or endoscopic biopsy were collected at the National Uni-
versity Hospital (NUH), Singapore. From this cohort, 1063 
unique regions of interest, identified within specific regions 
within the tumor microenvironment, were analyzed. This 
group of patients has been previously studied and detailed 
methods have been provided previously [16, 17]. This study 
was approved by the local ethics board (National Health-
care Group, Domain Specific Review Board Ref Nos: 
2005/00440 and 2016/00059). Protocols were performed 
in accordance with the Declaration of Helsinki for Human 
Research.

Experimental methods

Immunohistochemistry

For previous studies, tissue microarrays (TMAs) were con-
structed from all three above-mentioned cohorts, sampling 
two 3 mm diameter cores (CLASSIC), two 1.2 mm diameter 
cores (KCCH) or three 0.6 mm cores (LTHT) from archival 
formalin-fixed paraffin-embedded GC resection specimens. 
In all cohorts, TMA cores were sampled from areas with the 
highest tumor density. Clinicopathological data including 
survival were available for all patients.
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TMAs section from CLASSIC, KCCH and LTHT GC 
series were stained for CD20, the transmembrane antigen 
expressed on B cells, and other immune cell antigens such 
as CD3, CD8, CD31, CD45, CD66b, CD68, and CD163 
as described previously [6, 14, 18–20], all slides were 
scanned at 40 × magnification using an Aperio scanner 
(Leica Microsystems, Milton Keynes, UK). For LTHT and 
KCCH, immunoreactive pixels per marker per core were 
measured using image analysis software and utilized to cal-
culate marker density (% marker positive pixel of all pixels 
per core). After visual quality control with respect to tumor 
content and staining quality, results from cores were aver-
aged if appropriate to establish the final value per patient.

The density of CD8 or CD20 positive pixels in the dual 
stained TMA sections of the CLASSIC trial cohort was 
estimated using a pixel-based Random Forest Classifier 
(Definiens Developer XD, Munich, Germany). The clas-
sifier was trained using expert annotations for CD8 posi-
tive, CD20 positive, Hematoxylin, background and artifact 
pixels. The percentage of positive CD8 or CD20 pixels per 
core was reported by the software. The same quality control 
as described above was performed and results from cores 
were averaged if appropriate to establish the final value per 
patient.

Gene expression analysis of RNA‑seq data

Gene expression analysis was performed on RNA-seq data 
from the TCGA-STAD cohort. Data were aligned to GEN-
CODE V.19 transcript annotation using STAR v2.7.9a and 
TrimGalore v0.6.7. Transcripts per million abundance meas-
ure were generated using RSEM v1.3.3. RNA-seq transcripts 
mapping to genes profiled using the NanoString panel were 
extracted. Immune cell subsets were enumerated with the 
CIBERSORT v1.0 LM22 immune subset signature and Car-
cinoma EcoTyper v1.0 [21, 22]. This output yielded a set of 
proportions representing the estimated abundance of each 
immune cell type, inlcuding B cells within each sample.

Spatial transcriptomic analysis

Digital spatial profiling (DSP) analysis was performed 
only on the SGCC cohort. FASTQ files from DSP were 
converted into count matrices using established protocols 
[23]. Cell abundances within each ROI were estimated 
using the SpatialDecon algorithm (v.1.4.3), leveraging on a 
human cell-profile reference matrix on Nanostring Biostats 
GitHub [24, 25]. Gene Set Enrichment Analysis (GSEA) of 
the differentially expressed genes was conducted using the 
MSigDB Hallmark database through the R clusterProfiler 
package [26]. Additional known signatures and pathways 
were mapped onto DSP data through single-sample GSEA 
(ssGSEA) using the R GSVA package.

Statistical methods

Within the IHC cohorts, a two-sided Wilcoxon Rank Sum 
test was used to investigate the relationship between CD20 
density and clinicopathological characteristics. Within each 
cohort, patients with a CD20 density greater than the 75th 
percentile of that cohort were classified as “CD20-high”, 
while patients below the 25th percentile were classified as 
“CD20-low”.

The cohorts were analyzed both pooled, at individual 
cohort level and per treatment modality. To investigate the 
correlation of CD20 density with other immune cell markers, 
the strength of correlation was measured using the Spear-
man (Rho, ρ) correlation coefficient and the probability of 
observing a correlation with the corresponding p values. 
A ρ of 0.00–0.30 was interpreted as a negligible correla-
tion, 0.30 < ρ ≤ 0.50 was interpreted as a weak correlation, 
0.50 < ρ ≤ 0.70 was interpreted as a moderate correlation, 
and ρ > 0.70 was interpreted as a strong correlation. Survival 
analyses were conducted in individual cohorts. As CLASSIC 
was a randomized phase III trial cohort, subgroup survival 
analysis by treatment was performed. Univariate survival 
analyses of overall survival (OS) were performed using 
the Kaplan–Meier method and log-rank test. Multivariate 
survival analyses were performed using a Cox-proportional 
hazards model, including all clinicopathological parameters 
that were significant in univariate analysis.

Within the TCGA cohort, a two-sided Wilcoxon Rank 
Sum test was used to investigate the relationship between B 
cell proportions and clinicopathological characteristics. To 
investigate the correlation of B cell proportions with other 
immune cells, the strength of correlation was measured 
using the Spearman (Rho, ρ) correlation coefficient and the 
probability of observing a correlation with the correspond-
ing p-values. ρ was interpreted as above.

Within the DSP cohort, comparisons of B cell propor-
tions between regions were conducted with two-sided Wil-
coxon Rank Sum tests. Similar correlation analyses were 
performed between B cell proportions and other immune 
cells. All analyses were conducted in R-4.2.0 unless stated 
otherwise. Graphical illustrations were created with BioRen-
der.com. A p value < 0.05 was considered statistically 
significant.

Results

Cohort overview

In this study, a total of 1442 samples from multiple cohorts 
of patients with gastric cancer were studied using three 
methods: immunohistochemistry (IHC, n = 977), whole 
transcriptome sequencing (WTS, n = 450) and digital 
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spatial profiling (DSP, GeoMx platform, Nanostring Tech-
nologies, Inc, n = 15). Among the IHC cohorts, the South 
Korean CLASSIC trial contributed 549 samples, the Japa-
nese KCCH cohort 215 samples, and the UK LTHT cohort 
213. An overview of the samples is provided in Fig. 1.

CD20 density is higher in diffuse‑type gastric cancer

IHC staining was performed on 977 samples across three 
cohorts to establish the density of CD20 positive B cells, 
The distribution of CD20 density (% CD20 positive pixels 
of all pixels per core per patient) was consistent between 
cohorts (Fig. 2a–c). Supplementary Table S1 summarizes 
the baseline clinicopathological characteristics of the sam-
ples included in this study.

When analyzed across all cohorts, CD20 density was 
significantly higher in diffuse-type GC (n = 389) com-
pared to intestinal-type GC (n = 470) (1.91% vs 1.56%, 
p = 0.00025) (Fig. 2d). This association remained signifi-
cant when analysing the CLASSIC trial cohort (1.82% 
vs. 1.25%, p = 0.000014) (Fig. 2e) and the LTHT cohort 
(2.86% vs. 1.9%, p = 0.0004) (Fig. 2f) individually, but 
was not observed in the KCCH cohort (1.58% vs. 1.64%, 
p = 0.81) (Fig. 2g). Correlation analysis indicated that 
CD20 density was not significantly associated with other 
immune cell biomarkers, such as CD3, CD8, CD31, CD45, 
CD66b, CD68, and CD163 (Fig. 2h–j). CD20 density was 
not related to any of the other clinicopathological features 
(Table 1).

Relationship of CD20 density and survival 
in patients with resectable gastric cancer

As expected, there were no significant differences in CD20 
density in the resection specimen of patients who were 
treated with adjuvant chemotherapy after surgery com-
pared to those who were treated by surgery alone (CLAS-
SIC p = 0.82, KCCH p = 0.51). Patients with diffuse-type 
GC had poorer overall survival compared to those with 
intestinal-type GC in CLASSIC (HR 1.6; 95% CI: 1.1–2.3, 
p = 0.01)), KCCH (HR = 1.9 (95% CI = 1.3–2.9, p = 0.003)) 
and in LTHT (HR = 1.8 (95% CI = 1.2–2.6, p = 0.003).

Interestingly, patients with diffuse-type GC with low 
CD20 density (CD20-low diffuse-type) had the poorest OS 
when compared to all other patients. This was observed 
in patients from CLASSIC: CD20-low diffuse-type 
median OS = 49.0 months vs 62.0 months (HR = 1.9; 95% 
CI:1.2–3.0, p = 0.003) (Fig. 3a, Supplementary Figure S1a), 
and in patients from KCCH: CD20-low diffuse-type median 
OS = 49.1 vs 69.1 months (HR = 2.3 (95% CI = 1.2–4.2, 
p = 0.011)) (Fig. 3b, Supplementary Figure S1b). As the 
LTHT cohort only had 1 sample in the CD20-low diffuse-
type group, this analysis could not be performed in LTHT 
(Supplementary Fig. S1c).

In the CLASSIC trial patients, we were able to perform 
further survival analyses of the CD20 density, stratifying 
patients by treatment. In patients treated with surgery alone, 
survival was significantly poorer in CD20-low diffuse-
type patients (median OS = 46.0 vs 61.0 months (HR = 2.3 
(95% CI = 1.3–4.2, p = 0.005)) (Fig. 3c, Supplementary 

Fig. 1   Summary of included samples including cohort details, method of CD20/B cell measurement and clinicopathological characteristics stud-
ied. Created with BioRender.com
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Figure S1d). In patients treated by surgery and adjuvant 
chemotherapy, the difference in survival between CD20-low 
diffuse-type and the other patients was no longer apparent: 
CD20-low diffuse- type (median OS = 62.3 vs 63.0 months 
(HR = 1.8 (95% CI = 0.88–3.5, p = 0.108)) (Fig. 3d, Supple-
mentary Figure S1e).

Multivariate analysis including CD20 density, histologi-
cal subtype, combination of CD20-low and diffuse-type, 
disease stage, MSI status, sex, and treatment in the model, 
showed that while CD20 density alone was not an independ-
ent factor with respect to survival, a particular combination 
of CD20-low diffuse-type was associated with significantly 
poorer survival (Table 2). Similar univariate and multivari-
ate analyses were also performed for the KCCH and the 
LTHT cohorts (Tables 3, 4).  

Analysis of Bulk‑RNAseq data from TCGA STAD 
cohort

To assess the generalizability of our CD20 immunohisto-
chemical findings, Bulk-RNAseq data from TCGA (n = 450) 
was analyzed. CIBERSORT v1.0 was used to estimate 
immune cell proportions based on Bulk-RNAseq data. 
Baseline clinicopathological characteristics are outlined in 
Supplementary Table S2. The proportion of B cells was sig-
nificantly higher in the diffuse-type GC (n = 66) compared 
to intestinal-type GC (n = 189) (15% vs 7%, p < 0.001) 
(Fig. 4a). The proportion of B cells was not correlated with 
other immune cell proportions (Fig. 4b). Supplementary 
Table S3 summarizes the relationship of the proportion of 
B cells with clinicopathological features.
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Fig. 2   Distribution of CD20 density across cohorts, by histological 
subtype and correlation with other immune cell biomarkers. A–C 
CD20 density per cohort. D CD20 density is significantly higher 
in the diffuse-type gastric cancer compared to intestinal-type GC 

(pooled analysis of all cohorts). E–G Per cohort analyses confirms 
higher CD20 density in diffuse-type GC in the CLASSIC and LTHT 
cohorts, but not in the KCCH cohort. H–J Correlation of CD20 den-
sity with other immune cell biomarkers
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Digital spatial profiling demonstrates 
differences in B cell distribution 
within the Tumor Microenvironment

Exploratory analyses were conducted in 15 GC patients uti-
lizing digital spatial profiling to establish the distribution of 
B cells within the TME. 1063 regions of interest (ROIs) were 
identified for analysis (Fig. 5a). Of these ROIs, 88 (8%) were 
from regions with intestinal metaplasia (IM), 130 (12%) from 
regions with lymphoid aggregates (LA), 179 (17%) from nor-
mal gastric epithelium, 138 (13%) from intratumoral stroma 
region, 11 (1%) from regions where lymphocytes were seen 
on top of tumor cells (TL), 87 (8%) from the tumor stro-
mal interface (TSI) region and 430 (40%) from regions with 
tumor cells. A visual depiction of the staining and identifica-
tion of these ROIs has been included in Fig. 5b.

B cell proportions, calculated as the % of immune cells 
that were B cells, within each region were compared between 
patients (Supplementary Figure S2a) and within the same 
patient (Supplementary Figure S2b). The proportion of B 
cells was significantly higher in the tumor region compared 
to the intratumoral stroma (8%vs 1%, p < 0.001) (Fig. 5c, d).

The distribution of the B cells within each region and 
its association with clinicopathological characteristics was 
further analyzed. In diffuse-type GC, B cells appeared to 
congregate in the tumor cell ROIs, while B cells were more 
evenly distributed between the various ROI compartments 
in intestinal-type GC (Fig. 5e). The proportion of B cells 
was significantly higher in the intestinal-type GC compared 
to diffuse-type GC in the normal gastric epithelium (10.8% 
vs 1.4%, p < 0.05), TSI (tumor-stromal interface) (7.3% vs 
2%, p = 0.026), and the intratumoral stroma (1.2% vs 0.2%, 
p = 0.029) regions.

B cell proportions were also significantly higher in the 
tumor region in stage IV GC vs stage I-III GC (Supplemen-
tary Figure S3a) (17% vs 7%, p < 0.05); and higher in distal 
vs proximal GC (Supplementary Figure S3b) (10% vs 6%, 
p < 0.05). Correlation analysis did not find any significant 
correlation between B cell proportion and other immune 
cells (Fig. 5f) (− 0.28 < r < 0.24). No significant correlations 
were noted when stratifying the correlation analysis by his-
tological subtype, stage or tumor location (Supplementary 
Figure S3c–e).

Discussion

To date, T cells have remained the center of attention with the 
role of B cells in gastric cancer (GC) prediction and progno-
sis remaining poorly described. We aimed to characterize the 
role of B cells in prognosis prediction in GC patients using a 
multi-modality approach (immunohistochemistry, bulk-RNA 
sequencing and digital spatial profiling) across multiple GC 

Table 1   Relationship between CD20 density and clinicopathological 
features per cohort

UICC, Union for International Cancer Control; LN, Lymph node; 
MSI, microsatellite instability

n CD20 den-
sity, median 
%

p value

Histological subtype
 All cohorts Diffuse 389 1.91  < 0.001

Intestinal 470 1.56
 CLASSIC Diffuse 284 1.82  < 0.001

Intestinal 184 1.25
 LTHT Diffuse 47 2.86  < 0.001

Intestinal 134 1.90
 KCCH Diffuse 58 1.56 0.81

Intestinal 152 1.64
Treatment modality
 CLASSIC Surgery alone 268 1.84 0.82

Surgery + adj. chemo 281 1.75
 KCCH Surgery alone 89 1.67 0.51

Surgery + adj. chemo 126 1.55
UICC pT category
 CLASSIC T1/T2 101 1.98 0.13

T3/T4 448 1.75
 KCCH T1/T2 40 2.4 0.39

T3/T4 175 1.42
 LTHT T1/T2 50 3.83 0.072

T3/T4 163 1.92
UICC pN category
 CLASSIC N0 43 1.32 0.95

N1 +  506 1.83
KCCH N0 33 1.02 0.11

N1 +  182 1.71
 LTHT N0 68 2.72 0.57

N1 +  145 2.21
Sex
 CLASSIC Male 395 1.88 0.87

Female 154 1.58
 KCCH Male 157 1.42 0.094

Female 58 2.08
 LTHT Male 135 2.48 0.63

Female 78 2.19
MSI status
 CLASSIC MSI negative 484 1.82 0.43

MSI positive 37 1.47
 LTHT MSI negative 106 2.15 0.034

MSI positive 9 0.49
 KCCH MSI negative 21 1.15 0.073

MSI positive 192 1.66
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cohorts. We analyzed the relationship of B cells with disease 
stage, histological subtypes, treatment benefit and survival in 
GC samples from multiple patient cohorts, including patients 
from the landmark phase III CLASSIC trial.

Differences in B cell distribution by histological 
subtype

To understand the relationship between B cell density and 
GC patient prognosis, we performed one of the largest 

immunohistochemistry (IHC) analysis of 977 GC samples 
from three independent clinical cohorts and characterized 
the distribution of B cells in the tumor microenvironment. 
We demonstrated that B cell density, quantified as CD20 
protein expression, was significantly greater in diffuse-type 
GC compared to intestinal-type gastric cancer. Orthogonal 
analysis of gene expression data from the TCGA STAD 
cohort including patients (n = 450) with either localized 
or metastatic GC further supported our findings. B cell 
proportion, calculated by deconvolution methods from 
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Fig. 3   Kaplan-Meier curves depicting OS survival analysis in IHC 
cohorts. A, B Survival analysis shows that patients with CD20-low 
diffuse-type GC have the poorest prognosis in both CLASSIC and 
KCCH. C Survival analysis of the surgery alone treated patients from 

the CLASSIC trial shows a strong difference between CD20-low dif-
fuse-type GC and the rest of the patients. D In CLASSIC, patients 
with CD20-low diffuse-type GC have the same survival as the rest of 
the patients if treated with adjuvant chemotherapy



391Spatial organization of B lymphocytes and prognosis prediction in patients with gastric cancer﻿	

gene expression profiles, was significantly higher in the 
diffuse-type GC versus intestinal-type GC suggesting that 
the different B cell distributions in different histological 
subtypes are not related to disease stage. Our CD20 immu-
nohistochemistry and gene expression analysis results pro-
vide further evidence from a larger dataset, in support of 
a previous report [27].

Survival analyses

Considering that patients with locally advanced resectable 
diffuse-type GC have a poor prognosis [28], and that the 
presence of intratumoral lymphocytes and tertiary lym-
phoid structures (TLS) is usually associated with a bet-
ter prognosis [29], our findings of increased B cells in 
the diffuse-type GC appeared contradictory. We therefore 

Table 2   Univariate and 
multivariate survival analysis in 
the CLASSIC cohort

MSI  microsatellite instability, MSS microsatellite stability

Variable Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

CD20 density (low vs high) 0.9 (0.6–1.4) 0.8 – –
Diffuse-type vs intestinal-type 1.6 (1.1–2.3) 0.01 – –
CD20-low diffuse-type vs rest 1.9 (1.2–3.0) 0.003 1.8 (1.1–2.8) 0.017
Stage III vs Stage II 2.2 (1.5–3.4) 0.0003 2.4 (1.5 −3.9)  < 0.001
Tumour depth (T3/T4 vs T1/T2) 2.4 (1.3–4.5) 0.004 – –
Nodal involvement (N1-3 vs N0) 1.2 (0.6–2.4) 0.5 – –
Sex (male vs female) 1.6 (1.0–2.4) 0.03 1.7 (1.1–2.5) 0.015
Age (continuous) 1.0 (1.0–1.0) 0.3 – -
MSI vs MSS 0.1 (0.015–0.8) 0.03 0.1 (0.02–0.8) 0.03
Adjuvant chemotherapy (yes vs no) 0.6 (0.4–0.9) 0.004 0.6 (0.4–0.8) 0.003

Table 3   Univariate and 
multivariate survival analysis in 
the KCCH cohort

Variable Univariate Multivariate

HR (95% CI) p val HR (95% CI) p value

CD20 density (low vs high) 0.9 (0.8–1.0) 0.03 – –
Diffuse-type vs intestinal-type 1.9 (1.3–2.9) 0.003 – –
CD20-low diffuse-type vs rest 2.3 (1.2–4.2) 0.011 2.5 (1.3–4.7) 0.005
Stage III vs Stage II 3.3 (2.0–5.7)  < 0.001 – –
Tumour depth (T3/T4 vs T1/T2) 2.4 (1.2–4.6) 0.001 2.9 (1.5–5.7) 0.001
Nodal involvement (N1-3 vs N0) 2.9 (1.3–6.2) 0.01 3.6 (1.7–7.9) 0.001
Sex (male vs female) 1.0 (0.6–1.6) 1.0 – –
Age (continuous) 1.0 (1.0–1.0) 0.96 – –
Adjuvant chemotherapy (yes vs no) 1.3 (0.8–2.0) 0.186 – –

Table 4   Univariate and 
multivariate survival analysis in 
the LTHT cohort

p values of statistical significance were bolded

Variable Univariate Multivariate

HR (95% CI) p val HR (95% CI) p value

CD20 density (low vs high) 0.9 (0.9–1.0) 0.04 1.0 (0.9–1.0) 0.26
Diffuse-type vs intestinal-type 1.8 (1.2–2.6) 0.004 1.5 (1.0–2.2) 0.07
CD20-low diffuse-type vs rest 15.3 (2.0–116.7) 0.009 – –
Stage III vs Stage II 2.4 (1.6–3.5)  < 0.001 – –
Tumour depth (T3/T4 vs T1/T2) 3.9 (2.3–6.5)  < 0.001 2.2 (1.2–3.8) 0.01
Nodal involvement (N1-3 vs N0) 2.6 (1.7–3.8)  < 0.001 1.9 (1.2–2.9) 0.01
Sex (male vs female) 0.9 (0.7–1.3) 0.6 – –
Age (continuous) 1.0 (1.0–1.0) 0.08 – –
MSI vs MSS 0.5 (0.2–1.4) 0.2 – –
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performed additional exploratory survival analyses strati-
fying patients by CD20 density and histological subtype.

Across multiple cohorts, we found that patients with 
diffuse-type GC with a low CD20 (CD20-low diffuse-
type) had significantly poorer survival compared to all 
other patients. Furthermore, we were able to leverage on 
data from the landmark phase III CLASSIC randomized 
control trial to determine whether the use of adjuvant 
chemotherapy has an impact on survival in this particular 
subgroup of patients.

The findings from our study add insight into the prog-
nostic role of B cells in GC. Two previous GC studies using 
IHC suggested that CD20 positive B cell infiltration alone 
was associated with better prognosis [8, 9], while other IHC 
and bulk-RNAseq analyses found that B cell infiltration was 
not associated with significant survival differences [7, 10]. 
While the difference in prognostic outcomes may be attrib-
uted to variation in the number of patients and the meth-
odology of the individual studies, each study also differed 
in terms of clinicopathological characteristics. Our study 
addresses this knowledge gap and is the first to demonstrate 
that it is a specific combination of diffuse-type samples with 
low CD20 that are associated with the worst prognosis. Pre-
viously proposed mechanisms may explain this observation. 
Studies in other cancer types highlight two ways B cells may 
exert an anti-tumor immune response. Firstly, via differentia-
tion into plasma cells and subsequent antibody production,  
and secondly via antigen presentation to CD4 T cells within 
the TME [30, 31]. Considering the “immune-suppressive” 
features that have previously been observed in diffuse-type 

GC, this may explain the variability in CD20/B cell-asso-
ciated survival between diffuse-type and intestinal-tpye GC 
[32].

Interestingly, adjuvant chemotherapy appears to be able to 
rescue the poor prognostic effect as patients with CD20-low 
diffuse-type GC randomized to adjuvant chemotherapy have 
the same survival as the rest of the patients in the adjuvant 
chemotherapy arm of the study. Chemotherapy agents are 
known to to induce immunogenic cell death in tumor cells 
[33]. Considering the role of B cells as antigen-presenting 
cells that mediate T cell cytotoxicity, chemotherapy may 
act as a compensatory mechanism in samples with lower B 
cell infiltration [34]. Overall, these findings provide impe-
tus for the development of therapeutics targeting the B cell 
axis, perhaps particularly for patients with diffuse type GC. 
Significantly, we exhibit that this is show in two cohorts of 
distinct ethnicities and are also the first study to conduct sur-
vival analyses on samples from a randomized control trial.

Digital spatial profiling exploratory analyses

To add further granularity to our understanding of the spatial 
organization of the B cells in the tumor microenvironment 
(TME), we performed an exploratory analysis utilizing DSP 
technology, analyzing more than 1000 regions of interest 
(ROIs) from 15 GC patients. We were able to characterize 
the distribution of B cell proportions within different regions 
in the TME and relate findings to various clinicopathological 
characteristics.

****

0.0

0.1

0.2

0.3

0.4

diffuse intestinal
Lauren Subtype (Recoded)

B 
C

el
l P

ro
po

rti
on

 (%
)

TCGA

1
0.8
0.6
0.4
0.2
0
0.2
0.4
0.6
0.8
1

B_
ce

lls
_t
ot
al

pl
as

m
a

cd
8_

T
cd

4_
T_

to
ta
l

N
K_

to
ta
l

m
on

oc
yt
es

m
ac

ro
ph

ag
es

_t
ot
al

de
nd

rit
ic
_t
ot
al

m
as

t_
to
ta
l

eo
si
no

ph
ils

ne
ut
ro
ph

ils

B_cells_total
plasma
cd8_T

cd4_T_total
NK_total

monocytes
macrophages_total

dendritic_total
mast_total
eosinophils
neutrophils

TCGA Immune Cell Expression

Fig. 4   Analysis of B-cell proportions determined by Bulk RNA-seq 
of TCGA STAD data. A Similar to immunohistochemically measured 
CD20 density, the B-cell proportion was greater in diffuse-type GC 

compared to intestinal-type GC. B Correlation analysis with other 
immune cell subtypes did not find any significant correlation



393Spatial organization of B lymphocytes and prognosis prediction in patients with gastric cancer﻿	

1 0.14

1

0.23

0.27

1

0.24

0.02

0.16

1

0.14

0.1

0.2

0.05

1

0.28

0.18

0.37

0.11

0.03

1

1

0.8

0.6

0.4

0.2

0

0.2

0.4

0.6

0.8

1B CD
4.T
.ce
lls

CD
8.T
.ce
lls

Tre
g

ma
cro
ph
ag
es

fib
rob

las
ts

B

CD4.T.cells

CD8.T.cells

Treg

macrophages

fibroblasts

Correlation Plot Between B Cells and Other Immune Cells (Overall)

0.00

0.05

0.10

0.15

0.20

Normal Stroma TSI Tumor
Region

B 
ce

ll 
pr

op
or

tio
n

Region
Normal

Stroma

TSI

Tumor

Lauren
Diffuse

Intestinal

Lauren

****

0.00

0.05

0.10

0.15

0.20

Stroma Tumor
Region

B 
ce

ll 
pr

op
or

tio
n

Region
Stroma

Tumor

Boxplot of B cell proportion

Fig. 5   Digital spatial profiling transcriptomic analysis. A Haematoxy-
lin/Eosin-stained TMA core with tumor outlined in blue to identify 
regions of interest (ROIs). B Identification of specific ROIs in one 
sample, NGC545. C Proportion of B cells in the tumor region is sig-
nificantly higher than that of the intratumoral stroma region. D B-cell 
signatures are higher in tumor regions vs intratumoral stroma regions. 
Red lines indicate areas enriched with B cells; blue lines indicate 

areas with lower number of B cells. E B-cell distribution by region, 
stratified by histological subtype. Notably, diffuse-type samples 
appear to congregate in the tumor region, while intestinal-type sam-
ples are spread out more evenly between the other regions. F Immune 
cell proportion correlation in DSP samples does not show significant 
correlation with other immune cells



394	 R. Y. K. Tay et al.

Our study is the first to demonstrate that B cells in GC 
preferably located in the tumor cell regions compared to 
intratumoral stromal regions. A previous pan-cancer analysis 
of breast, gastrointestinal and gynecological malignancies 
found that B cells tend to congregate in high proximity to the 
tumor cells [35]. Our findings confirm that this is a trend that 
is present specifically in GC. These results were unexpected 
considering that tertiary lymphoid structures, which contain 
B cells, are usually located in the stroma [36]. In addition, 
it was also interesting that we found B cells tended to con-
gregate in the tumor cell region in diffuse-type GC, while B 
cells seem to be more evenly distributed across the different 
regions (tumor cells, normal epithelial) in intestinal-type 
GC. Furthermore, stage IV GC had a significantly higher 
proportion of B cells in the tumor cell region compared to 
stage I-III GC. These findings could suggest that B cells are 
especially present in the tumor cell region in certain histo-
logical subtypes or higher disease stages.

This study has some limitations. To date, there are no 
standardized cut-offs for determining what constitutes a 
high/low number of CD20 positive B cells in a tumor sam-
ple. Therefore, it is challenging to directly compare results 
between our study and previous reports on B cell density 
in GC and to identify the CD20 cut off most relevant for 
prognosis prediction and/or response to treatment. IHC sam-
ples used in our study were from early, resectable GC. This 
limited the feasibility of analyses on CD20/B cell density in 
later-stage tumors.CD20 was measured on tissue microarray 
cores sampled from areas with the highest tumor density 
irrespective of the location within the tumor. Therefore, it is 
not possible to assess whether there is intratumoral variation 
of B cell infiltration and how this might influence the predic-
tive value of B cells. Although the spatial characterization 
of the GC TME highlights an important association between 
clinicopathological characteristics and spatial distribution of 
the B cells, results need to be interpreted with caution due 
to the relatively low number of patients in this exploratory 
study.

Conclusion

To date, our study is the largest and the only multicenter 
cohort study including the landmark Korean CLASSIC trial 
of B cells in gastric cancer providing unique insights into B 
cell distribution and prognostic impact across multiple dis-
ease stages, histological subtypes and treatment regimens. 
Using a multi-modal experimental approach, our study iden-
tified in multiple cohorts that patients with diffuse-type GC 
containing only low levels of CD20 positive B cells have the 
poorest survival when treated with surgery alone. Clinically, 
most interesting is the finding that adjuvant chemotherapy 
improves the survival of this patient subgroup up to the 

level of the rest of the patients. We can only speculate that 
this effect may be attributed to the immunogenic cell death 
induced by the chemotherapeutic agents, which may act as 
a compensatory mechanism for the lower B cell infiltration, 
or inhibitory to the proliferative nature of diffuse-type GC. 
Our study is the first to describe that B cells appear to be 
more frequent in tumor cell regions than in the intratumoral 
stroma which could be relevant for the development of B cell 
targeting therapies. Results from our investigations highlight 
the important prognostic role of B cells in the GC TME, 
particularly in diffuse-type GC, paving the way for the devel-
opment of potential therapeutics targeting the B cell axis.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10120-​025-​01593-y.

Acknowledgements  RYKT is supported by the Clinician Scientist 
Development Unit (CSDU) NUS Medicine Student Research Mentor-
ship Program. JJZ is supported by the National University Health Sys-
tem Seed Fund (NUHSRO/2024/008/RO5+6/Seed-Sep23/01), National 
University Hospital Junior Research Award 2023 (JRA/Sep23/002), 
Chan Heng Leong Education & Research Fund 2024 award by the 
National University Hospital Singapore,  2025 Conquer Cancer 
Merit Award by Conquer Cancer, the ASCO Foundation, and Dean's 
Research Development Award awarded by the Yong Loo Lin School 
of Medicine, National University of Singapore. P.T was supported by 
the National Research Foundation, Singapore, and Singapore Ministry 
of Health’s National Medical Research Council under its Open Fund-
Large Collaborative Grant (“OF-LCG”) (MOH-OFLCG18May-0003) 
and the Singapore Gastric Cancer Consortium. His work was also sup-
ported by the National Medical Research Council grant MOH-000967. 
HIG is supported in part by the National Institute for Health and Care 
Research (NIHR) Leeds Biomedical Research Centre (grant number 
NIHR203331). The views expressed are those of the author(s) and not 
necessarily those of the NHS, the NIHR or the Department of Health 
and Social Care. RS is supported by the National Medical Research 
Council (NMRC/CIRG23Jul-0035 and NMRC/ MOH-000627).

Declarations 

Conflict of interest   P. T reports other support from Tempus Health-
care outside the submitted work. RS reports other support from Bristol 
Myers Squibb, Merck, Eisai, Bayer, Taiho, Novartis, Eli Lilly, Roche, 
AstraZeneca, DKSH, MSD, Paxman Coolers, Natera, Astellas, GSK, 
Ipsen, Pierre-Fabre, Tavotek, Sanofi, Daichii Sankyo, Beigene, Cy-
toMed and Auristone outside the submitted work.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

https://doi.org/10.1007/s10120-025-01593-y
http://creativecommons.org/licenses/by/4.0/


395Spatial organization of B lymphocytes and prognosis prediction in patients with gastric cancer﻿	

References

	 1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2021;71(3):209–49. https://​doi.​org/​
10.​3322/​caac.​21660.

	 2.	 Choo J, Kua LF, Soe MY, Asuncion BR, Tan BKJ, Teo CB, et al. 
Clinical relevance of PD-1 positive CD8 T-cells in gastric can-
cer. Gastric Cancer. 2023;26(3):393–404. https://​doi.​org/​10.​1007/​
s10120-​023-​01364-7.

	 3.	 Lee JS, Won HS, Sun S, Hong JH, Ko YH. Prognostic role of 
tumor-infiltrating lymphocytes in gastric cancer: a systematic 
review and meta-analysis. Medicine (Baltimore). 2018;97(32): 
e11769. https://​doi.​org/​10.​1097/​MD.​00000​00000​011769.

	 4.	 Li R, Liu H, Cao Y, Wang J, Chen Y, Qi Y, et al. Identification 
and validation of an immunogenic subtype of gastric cancer with 
abundant intratumoural CD103(+)CD8(+) T cells conferring 
favourable prognosis. Br J Cancer. 2020;122(10):1525–34. https://​
doi.​org/​10.​1038/​s41416-​020-​0813-y.

	 5.	 Soeratram TTD, Biesma HD, Egthuijsen JMP, Meershoek-Klein 
Kranenbarg E, Hartgrink HH, van de Velde CJH, et al. Prognostic 
value of T-cell density in the tumor center and outer margins in 
gastric cancer. Mod Pathol. 2023;36(9): 100218. https://​doi.​org/​
10.​1016/j.​modpat.​2023.​100218.

	 6.	 Meier A, Nekolla K, Hewitt LC, Earle S, Yoshikawa T, Oshima 
T, et al. Hypothesis-free deep survival learning applied to the 
tumour microenvironment in gastric cancer. J Pathol Clin Res. 
2020;6(4):273–82. https://​doi.​org/​10.​1002/​cjp2.​170.

	 7.	 Fristedt R, Borg D, Hedner C, Berntsson J, Nodin B, Eberhard J, 
et al. Prognostic impact of tumour-associated B cells and plasma 
cells in oesophageal and gastric adenocarcinoma. J Gastrointest 
Oncol. 2016;7(6):848–59. https://​doi.​org/​10.​21037/​jgo.​2016.​11.​
07.

	 8.	 Hennequin A, Derangere V, Boidot R, Apetoh L, Vincent J, Orry 
D, et al. Tumor infiltration by Tbet+ effector T cells and CD20+ 
B cells is associated with survival in gastric cancer patients. Onco-
immunology. 2016;5(2): e1054598. https://​doi.​org/​10.​1080/​21624​
02X.​2015.​10545​98.

	 9.	 Ni Z, Xing D, Zhang T, Ding N, Xiang D, Zhao Z, et al. Tumor-
infiltrating B cell is associated with the control of progression of 
gastric cancer. Immunol Res. 2021;69(1):43–52. https://​doi.​org/​
10.​1007/​s12026-​020-​09167-z.

	10.	 Chen Y, Sun Z, Chen W, Liu C, Chai R, Ding J, et al. The immune 
subtypes and landscape of gastric cancer and to predict based 
on the whole-slide images using deep learning. Front Immunol. 
2021;12: 685992. https://​doi.​org/​10.​3389/​fimmu.​2021.​685992.

	11.	 Murakami Y, Saito H, Shimizu S, Kono Y, Shishido Y, Miyatani 
K, et al. Increased regulatory B cells are involved in immune eva-
sion in patients with gastric cancer. Sci Rep. 2019;9(1):13083. 
https://​doi.​org/​10.​1038/​s41598-​019-​49581-4.

	12.	 Wang R, Song S, Qin J, Yoshimura K, Peng F, Chu Y, et al. Evolu-
tion of immune and stromal cell states and ecotypes during gastric 
adenocarcinoma progression. Cancer Cell. 2023;41(8):1407-1426 
e9. https://​doi.​org/​10.​1016/j.​ccell.​2023.​06.​005.

	13.	 Kumar V, Ramnarayanan K, Sundar R, Padmanabhan N, Srivas-
tava S, Koiwa M, et al. Single-cell atlas of lineage states, tumor 
microenvironment, and subtype-specific expression programs in 
gastric cancer. Cancer Discov. 2022;12(3):670–91. https://​doi.​org/​
10.​1158/​2159-​8290.​CD-​21-​0683.

	14.	 Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, 
et al. Adjuvant capecitabine and oxaliplatin for gastric cancer after 
D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised 
controlled trial. Lancet. 2012;379(9813):315–21. https://​doi.​org/​
10.​1016/​S0140-​6736(11)​61873-4.

	15.	 Deng M, Bragelmann J, Kryukov I, Saraiva-Agostinho N, Perner S. 
FirebrowseR: an R client to the Broad Institute’s Firehose Pipeline. 
Database (Oxford). 2017. https://​doi.​org/​10.​1093/​datab​ase/​baw160.

	16.	 Ma H, Srivastava S, Ho SWT, Xu C, Lian BSX, Ong X, et al. 
Spatially resolved tumor ecosystems and cell states in gastric 
adenocarcinoma progression and evolution. Cancer Discov. 
2025. https://​doi.​org/​10.​1158/​2159-​8290.​CD-​24-​0605. (PMID: 
39774838)

	17.	 Zhao JJ, Ong CJ, Srivastava S, Chia DKA, Ma H, Huang K, et al. 
Spatially resolved niche and tumor microenvironmental alterations 
in gastric cancer peritoneal metastases. Gastroenterology. 2024. 
https://​doi.​org/​10.​1053/j.​gastro.​2024.​08.​007.

	18.	 Challoner BR, von Loga K, Woolston A, Griffiths B, Sivamano-
haran N, Semiannikova M, et al. Computational image analysis of 
T-cell infiltrates in resectable gastric cancer: association with sur-
vival and molecular subtypes. J Natl Cancer Inst. 2021;113(1):88–
98. https://​doi.​org/​10.​1093/​jnci/​djaa0​51.

	19.	 Lin SJ, Gagnon-Bartsch JA, Tan IB, Earle S, Ruff L, Pettinger 
K, et al. Signatures of tumour immunity distinguish Asian and 
non-Asian gastric adenocarcinomas. Gut. 2015;64(11):1721–31. 
https://​doi.​org/​10.​1136/​gutjnl-​2014-​308252.

	20.	 Liu DHW, Kim YW, Sefcovicova N, Laye JP, Hewitt LC, Irvine 
AF, et al. Tumour infiltrating lymphocytes and survival after adju-
vant chemotherapy in patients with gastric cancer: post-hoc analy-
sis of the CLASSIC trial. Br J Cancer. 2023;128(12):2318–25. 
https://​doi.​org/​10.​1038/​s41416-​023-​02257-3.

	21.	 Chen B, Khodadoust MS, Liu CL, Newman AM, Alizadeh AA. 
Profiling tumor infiltrating immune cells with CIBERSORT. 
Methods Mol Biol. 2018;1711:243–59. https://​doi.​org/​10.​1007/​
978-1-​4939-​7493-1_​12.

	22.	 Luca BA, Steen CB, Matusiak M, Azizi A, Varma S, Zhu C, et al. 
Atlas of clinically distinct cell states and ecosystems across human 
solid tumors. Cell. 2021;184(21):5482-5496 e28. https://​doi.​org/​
10.​1016/j.​cell.​2021.​09.​014.

	23.	 Merritt CR, Ong GT, Church SE, Barker K, Danaher P, Geiss G, 
et al. Multiplex digital spatial profiling of proteins and RNA in 
fixed tissue. Nat Biotechnol. 2020;38(5):586–99. https://​doi.​org/​
10.​1038/​s41587-​020-​0472-9.

	24.	 Nanostring-Biostats/CellProfileLibrary [cited 2024 April]. Avail-
able from: https://​github.​com/​Nanos​tring-​Biost​ats/​CellP​rofil​eLibr​
ary/​tree/​master/​Human.

	25.	 Elmentaite R, Kumasaka N, Roberts K, Fleming A, Dann E, King 
HW, et al. Cells of the human intestinal tract mapped across space 
and time. Nature. 2021;597(7875):250–5. https://​doi.​org/​10.​1038/​
s41586-​021-​03852-1.

	26.	 GSEA - Molecular Signatures Database [cited 2024 April]. Avail-
able from: https://​www.​gsea-​msigdb.​org/​gsea/​msigdb/.

	27.	 Huang KH, Wang RF, Yang MH, Wu CW, Fang WL, Li AF, et al. 
Advanced gastric cancer patients with lymphoid stroma have bet-
ter survival than those without. J Surg Oncol. 2013;107(5):523–8. 
https://​doi.​org/​10.​1002/​jso.​23279.

	28.	 Lauren P. The two histological main types of gastric carcinoma: 
diffuse and so-called intestinal-type carcinoma. An attempt 
at a histo-clinical classification. Acta Pathol Microbiol Scand. 
1965;64:31–49. https://​doi.​org/​10.​1111/​apm.​1965.​64.1.​31.

	29.	 Derks S, de Klerk LK, Xu X, Fleitas T, Liu KX, Liu Y, et al. 
Characterizing diversity in the tumor-immune microenvironment 
of distinct subclasses of gastroesophageal adenocarcinomas. Ann 
Oncol. 2020;31(8):1011–20. https://​doi.​org/​10.​1016/j.​annonc.​
2020.​04.​011.

	30.	 Xia J, Xie Z, Niu G, Lu Z, Wang Z, Xing Y, et al. Single-cell 
landscape and clinical outcomes of infiltrating B cells in colorec-
tal cancer. Immunology. 2023;168(1):135–51. https://​doi.​org/​10.​
1111/​imm.​13568.

	31.	 Ruffin AT, Cillo AR, Tabib T, Liu A, Onkar S, Kunning 
SR, et  al. B cell signatures and tertiary lymphoid structures 

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s10120-023-01364-7
https://doi.org/10.1007/s10120-023-01364-7
https://doi.org/10.1097/MD.0000000000011769
https://doi.org/10.1038/s41416-020-0813-y
https://doi.org/10.1038/s41416-020-0813-y
https://doi.org/10.1016/j.modpat.2023.100218
https://doi.org/10.1016/j.modpat.2023.100218
https://doi.org/10.1002/cjp2.170
https://doi.org/10.21037/jgo.2016.11.07
https://doi.org/10.21037/jgo.2016.11.07
https://doi.org/10.1080/2162402X.2015.1054598
https://doi.org/10.1080/2162402X.2015.1054598
https://doi.org/10.1007/s12026-020-09167-z
https://doi.org/10.1007/s12026-020-09167-z
https://doi.org/10.3389/fimmu.2021.685992
https://doi.org/10.1038/s41598-019-49581-4
https://doi.org/10.1016/j.ccell.2023.06.005
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.1093/database/baw160
https://doi.org/10.1158/2159-8290.CD-24-0605
https://doi.org/10.1053/j.gastro.2024.08.007
https://doi.org/10.1093/jnci/djaa051
https://doi.org/10.1136/gutjnl-2014-308252
https://doi.org/10.1038/s41416-023-02257-3
https://doi.org/10.1007/978-1-4939-7493-1_12
https://doi.org/10.1007/978-1-4939-7493-1_12
https://doi.org/10.1016/j.cell.2021.09.014
https://doi.org/10.1016/j.cell.2021.09.014
https://doi.org/10.1038/s41587-020-0472-9
https://doi.org/10.1038/s41587-020-0472-9
https://github.com/Nanostring-Biostats/CellProfileLibrary/tree/master/Human
https://github.com/Nanostring-Biostats/CellProfileLibrary/tree/master/Human
https://doi.org/10.1038/s41586-021-03852-1
https://doi.org/10.1038/s41586-021-03852-1
https://www.gsea-msigdb.org/gsea/msigdb/
https://doi.org/10.1002/jso.23279
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.1016/j.annonc.2020.04.011
https://doi.org/10.1016/j.annonc.2020.04.011
https://doi.org/10.1111/imm.13568
https://doi.org/10.1111/imm.13568


396	 R. Y. K. Tay et al.

contribute to outcome in head and neck squamous cell carci-
noma. Nat Commun. 2021;12(1):3349. https://​doi.​org/​10.​1038/​
s41467-​021-​23355-x.

	32.	 Pernot S, Terme M, Radosevic-Robin N, Castan F, Badoual 
C, Marcheteau E, et al. Infiltrating and peripheral immune cell 
analysis in advanced gastric cancer according to the Lauren 
classification and its prognostic significance. Gastric Cancer. 
2020;23(1):73–81. https://​doi.​org/​10.​1007/​s10120-​019-​00983-3.

	33.	 Zhai J, Gu X, Liu Y, Hu Y, Jiang Y, Zhang Z. Chemotherapeu-
tic and targeted drugs-induced immunogenic cell death in cancer 
models and antitumor therapy: an update review. Front Pharmacol. 
2023;14:1152934. https://​doi.​org/​10.​3389/​fphar.​2023.​11529​34.

	34.	 Zhang E, Ding C, Li S, Zhou X, Aikemu B, Fan X, et al. Roles and 
mechanisms of tumour-infiltrating B cells in human cancer: a new 

force in immunotherapy. Biomark Res. 2023;11(1):28. https://​doi.​
org/​10.​1186/​s40364-​023-​00460-1.

	35.	 Cai X, Yang J, Guo Y, Yu Y, Zheng C, Dai X. Re-analysis of sin-
gle cell and spatial transcriptomics data reveals B cell landscape 
in gastric cancer microenvironment and its potential crosstalk with 
tumor cells for clinical prognosis. J Transl Med. 2024;22(1):807. 
https://​doi.​org/​10.​1186/​s12967-​024-​05606-9.

	36.	 Munoz-Erazo L, Rhodes JL, Marion VC, Kemp RA. Tertiary lym-
phoid structures in cancer - considerations for patient prognosis. 
Cell Mol Immunol. 2020;17(6):570–5. https://​doi.​org/​10.​1038/​
s41423-​020-​0457-0.

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

Authors and Affiliations

Ryan Yong Kiat Tay1 · Manavi Sachdeva2 · Haoran Ma3 · Young‑Woo Kim4 · Myeong‑Cherl Kook5 · Hyunki Kim6 · 
Jae‑Ho Cheong7 · Lindsay C. Hewitt8,9 · Günter Schmidt10 · Takaki Yoshikawa11 · Takashi Oshima12,13 · 
Tomio Arai14 · Supriya Srivastava15 · Ming Teh16 · Xuewen Ong3 · Su Ting Tay3 · Taotao Sheng17 · Joseph J. Zhao1,2,3 · 
Patrick Tan3,17,18,19,20 · Heike I. Grabsch8,21 · Raghav Sundar1,2,3,22,23 

 *	 Heike I. Grabsch 
	 h.grabsch@maastrichtuniversity.nl

	 Raghav Sundar 
	 raghav.sundar@yale.edu

1	 Yong Loo Lin School of Medicine, National University 
of Singapore, 1E Kent Ridge Road, Singapore 119228, 
Singapore

2	 Department of Haematology‑Oncology, National University 
Cancer Institute, National University Hospital, Singapore, 
Singapore

3	 Cancer and Stem Cell Biology Program, Duke-NUS Medical 
School, Singapore, Singapore

4	 Department of Cancer Policy and Population Health, 
National Cancer Center Graduate School of Cancer 
Science and Policy and Center for Gastric Cancer 
and Department of Surgery, National Cancer Center, Goyang, 
Republic of Korea

5	 Center for Gastric Cancer, Department of Pathology, 
National Cancer Center, Goyang, Republic of Korea

6	 Department of Pathology, Yonsei University College 
of Medicine, Seoul, Republic of Korea

7	 Department of Surgery, Yonsei University College 
of Medicine, Seoul, Republic of Korea

8	 Department of Pathology, GROW Research Institute 
for Oncology and Reproduction, Maastricht University 
Medical Center+, Maastricht, The Netherlands

9	 Department of Precision Medicine, GROW School 
for Oncology and Reproduction, Maastricht University 
Center+, Maastricht, The Netherlands

10	 Computational Pathology, Oncology R&D, AstraZeneca, 
Munich, Germany

11	 Department of Surgery, Kanagawa Cancer Center, 
Yokohama, Japan

12	 Department of Surgery, Yokohama City University, 
Yokohama, Japan

13	 Department of Surgery, Tokyo Metropolitan Cancer 
and Infectious Diseases Center Komagome Hospital, Tokyo, 
Japan

14	 Department of Pathology, Tokyo Metropolitan Institute 
for Geriatrics and Gerontology, Tokyo, Japan

15	 Department of Medicine, National University of Singapore, 
Singapore, Singapore

16	 Department of Pathology, National University Hospital, 
Singapore, Singapore

17	 Genome Institute of Singapore, Agency for Science, 
Technology and Research, Singapore, Singapore

18	 Cancer Science Institute of Singapore, National University 
of Singapore, Singapore, Singapore

19	 Cellular and Molecular Research, National Cancer Centre, 
Singapore, Singapore

20	 Singhealth/Duke‑NUS Institute of Precision Medicine, 
National Heart Centre Singapore, Singapore, Singapore

21	 Pathology and Data Analytics, Leeds Institute of Medical 
Research at St. James’S, University of Leeds, Leeds, UK

22	 The N.1 Institute for Health, National University 
of Singapore, Singapore, Singapore

23	 Singapore Gastric Cancer Consortium, Singapore, Singapore

https://doi.org/10.1038/s41467-021-23355-x
https://doi.org/10.1038/s41467-021-23355-x
https://doi.org/10.1007/s10120-019-00983-3
https://doi.org/10.3389/fphar.2023.1152934
https://doi.org/10.1186/s40364-023-00460-1
https://doi.org/10.1186/s40364-023-00460-1
https://doi.org/10.1186/s12967-024-05606-9
https://doi.org/10.1038/s41423-020-0457-0
https://doi.org/10.1038/s41423-020-0457-0
http://orcid.org/0000-0001-9423-1368

	Spatial organization of B lymphocytes and prognosis prediction in patients with gastric cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Clinical cohorts
	Korean CLASSIC trial
	Kanagawa Cancer Centre Hospital (KCCH) gastric cancer collection
	Leeds Teaching Hospital NHS Trust (LTHT) gastric cancer collection
	Stomach adenocarcinoma from The Cancer Genome Atlas (TCGA)
	Singapore Gastric Cancer Consortium (SGCC)


	Experimental methods
	Immunohistochemistry
	Gene expression analysis of RNA-seq data
	Spatial transcriptomic analysis
	Statistical methods

	Results
	Cohort overview
	CD20 density is higher in diffuse-type gastric cancer
	Relationship of CD20 density and survival in patients with resectable gastric cancer
	Analysis of Bulk-RNAseq data from TCGA STAD cohort
	Digital spatial profiling demonstrates differences in B cell distribution within the Tumor Microenvironment

	Discussion
	Differences in B cell distribution by histological subtype
	Survival analyses
	Digital spatial profiling exploratory analyses

	Conclusion
	Acknowledgements 
	References




