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ABSTRACT

Background: Adenocarcinoma of the esophagogastric junction (AEGJ) with a specific pathological profile and
poor prognosis has limited therapeutic options. Previous studies have found that TILs exhibit distinct
characteristics in different tumors and are correlated with tumor prognosis. We established cellular training
sets to obtain auto-quantified TILs in pathological images. And we compared the characteristics of TILs in AEG)J
with those in esophageal squamous cell carcinoma (ESCC) and gastric adenocarcinoma (GAC) to gain insight into
the unique immune environments of these three tumors and investigate the prognostic value of TiLs in these
three tumors.

Methods: Utilizing a case-control study design, we analyzed 214 AEGJ, 256 GAC, and 752 ESCC cases. The TCGA
dataset was used to validate prognostic value of auto-quantified TILs. The specific cellular training sets were
established by experienced pathologists to determine TILs counts. Kruskal-Wallis test and multi-variable linear
regression were conducted to explore TILs characteristics. Survival analyses were performed with Kaplan-Meier
method and Cox proportional hazards model.

Results: The three cellular training sets of these cancers achieved a classification accuracy of 87.55 at least. The
median auto-quantified TILs of AEGJ, GAC, and ESCC cases were 4.82%, 1.92%, and 0.12%, respectively. The TILs
demonstrated varied characteristics under distinctive clinicopathological traits. The higher TILs proportion was
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associated with better prognosis in esophagogastric cancers (all P < 0.05) and was an independent prognostic
biomarker on AEGJ in both datasets (Taixing: HR = 0.965, 95% Cl = 0.938-0.994; TCGA: HR = 0.811, 95%

Cl =0.712-0.925).

Conclusions: We found variations in TILs across ESCC, GAC, and AEGJ, as assessed by image processing
algorithms. Additionally, TILs in these three cancers are an independent prognostic factor. This enhances our
understanding of the unique immune characteristics of the three tumors, improving patient outcomes.

INTRODUCTION

Globally, gastric and esophageal cancers were ranked as
the fourth and sixth leading causes of cancer-related
deaths, and were responsible for 769,000 and 544,000
deaths in 2020, respectively [1]. Given the advanced or
metastatic nature of many gastroesophageal cases at
diagnosis, the overall 5-year survival rate remains less
than 20% in developing countries [2, 3]. The main
factors affecting gastroesophageal cancers prognosis
include tumor staging and grading, treatment method,
living condition, and genetic marker [4, 5]. However, as
a transitional region tumor from esophageal squamous
epithelium to the gastric adenoid epithelium, it is possible
that the oncological principles for esophageal and
gastric cancer are not directly applicable to junctional
cancer [6].

Accumulating studies reveal that the molecular
characteristics, pathological course, and clinical behavior
of junctional cancer differ from that of gastric and
esophageal cancer [7]. Junctional cancer primarily refers
to adenocarcinoma of the esophagogastric junction
(AEG)). It is based on Siewert’s anatomical classification
criteria and includes distal esophageal adenocarcinoma
(EAC), cardiac cancer, and proximal gastric adeno-
carcinoma (GAC) [8]. The AEGJ incidence has risen
rapidly in East Asia, North America, and Europe over
the last few decades [9]. As the early symptoms are not
obvious with a rapid progression, AEGJ is usually
diagnosed in the late stages and has a 5-year survival rate
of ~6% in the developing world [10]. Therefore, there is
an urgent need to identify potential molecular markers to
predict and improve the prognosis.

A specific component of the tumor immune micro-
environment (TME), tumor-infiltrating lymphocytes
(TILs) are reflective of host-tumor immune interactions
and are predictive of patient prognosis [11, 12]. TILs
primarily include T and B cells, and natural killer (NK)
cells, which cooperate with tumor cells by releasing
chemokines and cytokines that act as important
tumorigenic and prognostic factors and determine tumor
progression and aggressiveness [13]. Different cancer
types have distinct TME, where numerous clinical studies
that evaluated the TIL content in breast carcinoma,
colorectal carcinoma, and non-small cell lung carcinoma

reported that higher TIL infiltration conferred a
significant survival benefit [14-16]. Besides, the
observation of the variations in TILs levels can
recognize the population or cancer types with a high
likelihood of reacting to immunotherapy [13]. However,
there are few studies focusing on the characteristics of
tumor-infiltrating lymphocytes (TILs) in esophagogastric
tumors and their potential as prognostic markers to
predict and improve survival in AEGJ patients.
Additionally, the association between TILs and survival
in esophageal squamous cell carcinoma (ESCC) and
GAC remains controversial [17, 18].

Although the gold standard for evaluating TILs is based
on routine haematoxylin—eosin (H&E) staining using a
semi-quantitative scoring method, it may be subject to
interobserver variability and costly [19]. Computational
pathology has currently displayed promise in recognizing
the biomarkers in tissues, and overcomes limitations
related with manual grading and human bias [20].
Therefore, we establish cellular training sets for AEGJ,
GAC, and ESCC based on the assessment of experienced
pathologists. Then, quantification of the TILs on H&E
staining sections using an open-source image processing
tool that operates with minimal user intervention. We
compared the AEGJ TILs characteristics with that of
GAC and ESCC under demographic factors and clinical
traits. We also examined the association of auto-assessed
TILs as a quantitative variable with overall survival in
both large datasets.

RESULTS
Demographic information

Table 1 displays the demographic information of the 214
AEGJ, 256 GAC, and 752 ESCC cases included in the
analysis. There were significant differences between
AEGJ, GAC, and ESCC for age, sex, tea drinking,
wealth score, first-line treatment method, TNM staging,
tumor differentiation grade, Helicobacter pylori (HP)
infection status, and gastric atrophy (all P < 0.05).
Compared with ESCC and GAC, AEGJ cases were more
likely to be older (mean age: 69.23 years), drink less tea
(77.10%), have positive HP status (78.50%), receive
combination therapy (24.30%), have advanced TNM
stage (28.97%), and have gastric atrophy (25.23%).
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Table 1. Demographic information of 214 AEGJ, 256 GAC, and 752 ESCC cases in Taixing (2010-2014).

Variables AEGJ (n =214), N (%) GAC (n =256), N (%) ESCC (n =752), N (%) Pvalue
Age, mean £ SD, years 69.23 (7.61) 67.52 (9.56) 66.96 (8.50) 0.002
Age (years)
<60 22 (10.28) 57 (22.27) 140 (18.62) 0.002
>60 192 (89.72) 199 (77.73) 612 (81.38
Sex 0.027
Man 152 (71.03) 189 (73.83) 492 (65.43)
Woman 62 (28.97) 67 (26.17) 260 (34.57)
Marriage 0.089
Unmarried 12 (5.61) 9 (3.52) 25 (3.32)
Married 153 (71.50) 186 (72.66) 591 (78.59)
Divorce/widow 49 (22.90) 61 (23.83) 136 (18.09)
Educational level 0.302
Illiteracy 74 (35.58) 80 (31.25) 276 (36.70)
Primary or Secondary school 129 (60.28) 158 (61.72) 429 (57.05)
High school and above 11 (5.14) 18 (7.03) 47 (6.25)
Cigarette smoking 0.820
Never 86 (40.19) 103 (40.23) 313 (41.62)
Ever or still 120 (56.07) 144 (56.25) 405 (53.86)
Missing 8 (3.74) 9(3.52) 34 (4.52)
Alcohol drinking 0.075
Never 121 (56.54) 125 (48.83) 351 (46.68)
Ever or still 88 (41.12) 122 (47.66) 366 (48.67)
Missing 5(2.34) 9(3.52) 35 (4.65)
Tea drinking 0.013
Never 165 (77.10) 170 (66.41) 493 (65.56)
Ever 44 (20.56) 77 (30.08) 225 (29.92)
Missing 5(2.34) 9(3.52) 34 (4.52)
Fruit intake (g/d) 0.513
<25 110 (51.40) 136 (53.13) 417 (55.16)
>25 91 (42.52) 102 (39.84) 288 (38.10)
Missing 13 (6.07) 18 (7.03) 47 (6.22)
Pickles intake (g/d) 0.914
<10 124 (57.94) 141 (55.08) 419 (55.72)
>10 80 (37.38) 98 (38.28) 288 (38.30)
Missing 10 (4.67) 17 (6.64) 45 (5.98)
BMI 0.350
<185 27 (12.62) 32 (12.50) 85 (11.30)
18.5-24 140 (65.42) 158 (61.72) 466 (61.97)
>24 46 (21.50) 66 (25.78) 201 (26.73)
Missing 1(0.47) 0 (0.00) 0 (0.00)
Wealth scores 0.003
Q1 62 (28.97) 52 (20.31) 232 (30.85)
Q2 45 (21.03) 55 (21.48) 139 (18.48)
Q3 38 (17.76) 62 (24.42) 161 (21.41)
Q4 43 (20.09) 47 (18.36) 138 (18.35)
Q5 26 (12.15) 40 (15.63) 62 (8.24)
First-line treatment method <0.001
Radiotherapy 9(4.21) 9 (3.52) 88 (11.70)
Chemotherapy 21 (9.81) 27 (10.55) 93 (12.37)
Surgery 116 (54.21) 151 (58.98) 377 (50.13)
Combination therapy 52 (24.30) 57 (22.27) 170 (22.61)
Untreated 14 (6.54) 11 (4.30) 21 (2.79)
Missing 2(0.93) 1(0.39) 3(0.40)
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TNM staging

O+1+11 55 (25.70)
HI+1v 62 (28.97)
Missing 97 (45.33)
Grade of differentiation
Gx Grading cannot be evaluated 36 (16.82)
G1 Highly differentiated 4 (0.53)
G2 Medium differentiation 63 (29.44)
G3 Poorly differentiated 29 (13.55)
G4 Undifferentiated 11 (5.14)
Missing 71 (33.18)
Helicobacter pylori
HP+ 168 (78.50)
HP- 42 (19.63)
Missing 4(1.87)
Gastric atrophy
Yes 54 (25.23)
No 131 (61.21)
Missing 29 (13.55)

0.004
98 (38.28) 256 (30.04)
50 (19.53) 162 (21.54)
108 (42.19) 334 (44.41)
0.036
47 (18.36) 40 (5.32)
7 (2.73) 60 (7.98)
63 (24.61) 452 (60.11)
48 (18.75) 134 (17.82)
9 (3.52) 45 (5.98)
82 (32.03) 21 (2.79)
0.001
181 (70.70) 484 (64.36)
68 (26.56) 234 (31.12)
7 (2.73) 34 (4.52)
<0.001
51 (19.92) 98 (13.03)
157 (61.33) 520 (69.15)
157 (61.33) 134 (17.82)

Automated cellular recognition accuracy

We obtained the matched H&E-stained images of
214 AEGJ, 256 GAC, and 752 ESCC cases, each of
which was from a solid tumor cross-section. The
image processing approach automatically segmented
the images and classified the cellular components
into cancer cells, lymphocytes, and stromal cells.
The classification was based on cellular training sets
using an SVM classifier that pathologists had trained
according to the cell features (Figure 1A). Cross-
validation within the cellular training sets of the
three cancers yielded overall classification accuracy
of >87.55% (Supplementary Table 1). Furthermore,
the overall correlation coefficients between auto-
mated recognition and the pathologists’ quantitative
assessment of AEGJ, GAC, and ESCC were 0.92,
0.93, and 0.93, respectively, and the TILs correlation
coefficients were 0.94, 0.95, and 0.95, respectively.
The correlation coefficients of the cancer cells and
stromal cells were all >0.86 (Figure 1B; Supplementary
Figure 1A, 1B). Furthermore, the automated recognition
of the TILs proportion in AEGJ, GAC, and ESCC
was consistent with the manual grading, and all
Jonckheere-Terpstra tests yielded P = 0.001 (Figure
1C; Supplementary Figure 1C, 1D). The AEGJ, GAC,
and ESCC cellular training sets are provided in the
Supplementary Datasets 1-3.

The auto-quantified TILs characteristics in AEGJ,
GAC, and ESCC

Based on the cellular training sets, we extracted the
TILs proportions of 214 AEGJ, 256 GAC, and 752
ESCC cases. The examples of low, medium, and high
TILs intensity circled by blue in ESCC, AEGJ, and

GAC H&E-stained tissue sections and their raw images
were displayed (Figure 2A-21 and Supplementary
Figure 2A-2l). The association between TILs
proportion and demographic information of the above
three gastroesophageal cancers was listed in Table 2. In
the AEGJ cases, the TILs percentage was associated
with the first-line treatment method (P = 0.030), and the
patients with the combination therapy (median TILS:
5.72%) had the highest TILs proportion compared
to radiotherapy (median TILs: 1.83%), chemotherapy
(median TILs: 4.10%), and surgery (median TILS:
2.77%). A similar association between TILs and
the first-line treatment method had also discovered in
GAC patients (P = 0.031). Besides, the GAC patients
drinking more tea (median TILs: 2.74%) were more
likely to have a higher TILs proportion (P = 0.028). In
the ESCC cases, the patients eating fewer pickles
(median TILs: 0.15%) were more likely to have a higher
TILs level (P = 0.002), and the trend tests demonstrated
the TILs proportion increased with the BMI ranks (P =
0.008).

The distribution of auto-quantified TILs proportion

We performed a crude comparison of the AEGJ TILs
proportion with that of ESCC and GAC by The
Kruskal-Wallis H test. The differences in the TILs
proportions were statistically significant (P < 0.001).
The multiple comparisons corrected by the Bonferroni
method found that the AEGJ cases had the highest
TILs proportion (median, 4.82%), followed by GAC
(median, 1.92%), and that of ESCC was the lowest
(median, 0.12%) (Supplementary Figure 3). However,
lymphocyte infiltration is associated with age, sex,
BMI, TNM staging, tumor differentiation grade, and
first-line treatment method [21-23]. Hence, based on
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the above factors and the demographic information that
differed among the three cancers, we compared the TILs
proportion between these three cancers within each
factor. The result revealed that significantly different
among the above cancers still existed (Supplementary
Table 2; all P < 0.001). Moreover, the distribution
of auto-quantified TILs proportion was tested with

Lymphocytes
B
Y ® Cancer cells
°\\°f 8 o Ly.mphocyi(-s Ly
'~ ® Stromal cells 3
§ -
g& 8 - ° % .
a . * o': ®
8 3 - e p= O.e(. ° '
3 ‘ e p=0.91
.g, o o °
© & *%e o %
£ .. -
= o PE 0.94
o Overall
. o 4 ' 4 p=092

T T T T T
0 20 40 60 80

Automatic cell proportion (%)

Spearman correlation analysis and multi-variable linear
regression. After adding the cancer type as a variable to
the analysis-adjusted covariates, cancer type remained
associated with TILs proportion (Table 3; p = 0.49; P <
0.001). The standardised effects of AEGJ and GAC
were 0.36 and 0.28, respectively (Table 3; R? = 0.204;
adjusted R? = 0.179; P < 0.001). This indicated that the
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Figure 1. Establishment and verifications of the cell training set in AEGJ. (A) Example images of the three classes used in the
classifier: cancer cells, lymphocytes, and stromal cells. (B) Cell proportions obtained by automated image analysis were compared to
pathologists’ counts for a total of 10,000 single cells in a representative set of 20 tissue samples within AEGJ. (C) TILs proportions versus

manual grading for AEGJ TIL infiltration in random one-third samples.
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cancer type contributed considerably to explaining The prognostic value of auto-quantified TILs

variations in the distribution of auto-assessed TILs proportion in AEGJ, GAC, and ESCC

proportion. We also determined that the cancer type

is AEGJ had the most influence on TILs proportion To explore whether there was a prognostic value of
compared with GAC and ESCC. the auto-assessed TILs proportion in AEGJ, GAC, and

Figure 2. The examples images of low, medium, and high TILs intensity in ESCC (A—C), AEGJ (D-F), and GAC (G-1) H&E-stained tissue
sections (H&Ex200).
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Table 2. The association between TILs proportion and demographic information of AEGJ, GAC, and ESCC cases in

Taixing.
Variables TILs (%) in AEGJ (n = 214) TILs (%) in GAC (n = 256) TILs (%) in ESCC (n =752)
Median (IQR) Pvalue Median (IQR) Pvalue Median (IQR) Pvalue

Age (years) 0.775 0.711 0.090
<60 3.82 (1.57, 11.05) 1.86 (0.16, 9.16) 0.15 (0.03, 0.92)
>60 4.88 (2.01, 11.21) 1.93(0.47, 8.16) 0.12 (0.02, 0.73)

Sex 0.479 0.096 0.437
Man 4.55 (1.71, 10.80) 2.38 (0.52, 9.14) 0.12 (0.02, 0.67)

Woman 5.19 (2.41, 12.45) 1.27 (0.30, 6.54) 0.13(0.02, 1.10)

Marriage 0.779 0.702 0.295
Unmarried 8.02 (1.91, 11.32) 1.14 (0.43, 1.81) 0.11 (0.03, 0.43)

Married 4.60 (1.86, 10.42) 2.36 (0.41, 9.30) 0.12 (0.02, 0.75)
Divorce/widow 5.19 (2.52, 13.93) 2.18 (0.52, 3.55) 0.17 (0.03, 0.76)

Educational level 0.455 0.108 0.868
Iliteracy 5.19 (2.58, 11.06) 1.16 (0.35, 4.48) 0.11 (0.02, 0.79)

Primary or Secondary school 4.65 (1.66, 11.30) 2.50 (0.70, 10.43) 0.13(0.02, 0.74)
High school and above 3.23(1.09, 7.31) 3.09 (0.11, 10.14) 0.12 (0.02, 0.92)

Cigarette smoking 0.683 0.025 0.173
Never 4.34 (1.35, 13.89) 1.16 (0.21, 7.54) 0.13 (0.02, 1.06)

Ever or still 4.95 (2.38, 10.50) 2.49 (0.72,9.43) 0.11 (0.02, 0.63)
Missing NA NA NA

Alcohol drinking 0.357 0.432 0.252
Never 5.42 (1.86, 13.35) 1.59 (0.36, 7.99) 0.13(0.02, 0.91)

Ever or still 4.17 (2.20,9.41) 2.38 (0.51, 8.99) 0.11 (0.02, 0.64)
Missing NA NA NA

Tea drinking 0.271 0.028 0.997
Never 4.65 (1.56, 11.01) 1.51 (0.29, 7.93) 0.12 (0.02, 0.72)

Ever 5.36 (3.02, 11.11) 2.74 (1.14, 10.47) 0.12 (0.02, 0.75)
Missing NA NA NA

Fruit intake (g/d) 0.613 0.788 0.623
<25 4.30 (2.07, 10.41) 2.23(0.47, 7.80) 0.13(0.02, 0.79)
>25 5.23 (1.51, 12.34) 1.90 (0.37, 9.58) 0.10 (0.02, 0.67)

Missing NA NA NA

Pickles intake (g/d) 0.091 0.164 0.002
<10 5.12 (1.63, 16.54) 2.40 (0.51,9.14) 0.15 (0.03, 0.96)
>10 3.95 (2.29, 9.66) 1.39 (0.36, 6.21) 0.08 (0.02, 0.47)

Missing NA NA NA

BMI 0.737 0.700 0.039
<185 5.02 (1.32, 8.99) 1.83(0.33, 6.88) 0.08 (0.02, 0.56)

18.5-24 4.56 (1.99, 11.21) 2.34 (0.51, 8.08) 0.11 (0.02, 0.62)
>24 4.97 (2.09, 10.82) 1.86 (0.43,9.15) 0.23(0.02, 1.20)
Missing NA NA NA

Wealth scores 0.124 0.707 0.085
Q1 4.99 (2.47, 11.56) 2.13(0.37, 8.91) 0.12 (0.02, 0.69)

Q2 2.94 (1.36, 5.60) 1.27 (0.36, 4.56) 0.13 (0.02, 0.96)
Q3 5.22 (2.24, 13.93) 2.55 (0.38, 12.08) 0.09 (0.01, 0.45)
Q4 4.26 (1.23, 10.69) 2.38 (0.67, 10.67) 0.13 (0.02, 0.51)
Q5 5.71 (3.41, 13.55) 2.41(0.93, 4.74) 0.25 (0.03, 2.05)

First-line treatment method 0.030 0.031 0.262
Radiotherapy 1.83(1.05, 3.49) 0.66 (0.18, 1.61) 0.03 (0.02, 0.43)
Chemotherapy 4.10 (1.56, 5.30) 1.32 (0.30, 13.71) 0.10 (0.02, 0.48)

Surgery 2.77(0.40, 7.72) 0.82 (0.27, 2.74) 0.09 (0.02, 0.68)

Combination therapy 5.72 (3.14, 11.94) 2.78 (0.73,11.12) 0.15 (0.03, 0.80)

Untreated 4,64 (1.81, 10.42) 1.32 (0.35, 3.21) 0.10 (0.02, 0.92)

Missing NA NA NA
www.aging-us.com 11033 AGING



TNM staging 0.750 0.841 0.996
0+I+II 6.92 (3.12, 13.39) 2.64 (0.49, 10.91) 0.14 (0.02, 0.76)
HI+1V 5.34 (2.99, 11.56) 2.47 (0.74, 11.12) 0.15 (0.02, 0.92)
Missing NA NA NA
Grade of differentiation 0.207 0.930 0.954
Gx Grading cannot be evaluated 4.04 (1.77, 12.42) 2.38(0.82, 10.20) 0.16 (0.02, 1.30)
G1 Highly differentiated 8.67 (2.55, 14.28) 1.60 (0.68, 10.19) 0.13 (0.03, 0.69)
G2 Medium differentiation 7.72 (3.89, 13.39) 2.78 (1.13, 9.15) 0.13 (0.02, 0.84)
G3 Poorly differentiated 7.17 (1.97, 12.81) 2.10(0.26, 11.47) 0.11 (0.02, 0.56)
G4 Undifferentiated 434 (2.42,5.17) 0.85 (0.35, 3.50) 0.13 (0.05, 0.35)
Missing NA NA NA
Helicobacter pylori 0.599 0.721 0.707
HP+ 5.24 (2.99, 11.10) 1.83 (0.39, 6.87) 0.12 (0.02, 0.60)
HP- 4.62 (1.84, 11.24) 2.28 (0.45, 9.66) 0.13 (0.02, 0.77)
Missing NA NA NA
Gastric atrophy 0.475 0.167 0.589
Yes 4.96 (1.92, 10.58) 2.40 (0.73, 10.68) 0.12 (0.02, 0.73)
No 4.34 (1.46, 11.06) 1.31 (0.36, 6.32) 0.09 (0.02, 0.42)
Missing NA NA NA
Table 3. Multi-variable linear regression analysis of the association between factors and TILs proportion.
i Unstandardized coefficient (B i
P o o T T
Age
<60 Ref.
0.01
>60 —-0.03 (-1.62, 1.57) 0.81 -0.01 0.975
Sex
Woman Ref.
Man 003 —0.06 (—1.54, 1.43) 0.75 0.00 0.942
BMI
<18.5 Ref.
18.5-24 0.04 0.36 (—1.72, 2.44) 1.06 0.02 0.734
>24 0.50 (—1.77, 2.78) 1.16 0.03 0.664
Helicobacter pylori
HP— Ref.
0.06
HP+ 0.21 (-1.22, 1.63) 0.73 0.01 0.776
Pickles intake
<10 Ref.
0.04
>10 -1.20 (-2.51,0.11) 0.67 -0.07 0.07
Tea drinking
Never Ref.
0.00
Ever 0.28 (—1.26, 1.83) 0.79 0.01 0.721
First-line treatment method
Untreated Ref.
Radiotherapy —13.94 (-22.20, —5.67) 4.21 -0.39 0.001
Chemotherapy 0.06 —14.42 (-22.58, -6.26) 4.15 -0.46 0.001
Surgery —13.52 (=21.40, —5.63) 4.01 -0.74 0.001
Combination therapy —13.85 (-21.81, —5.88) 4.06 -0.64 0.001
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Grade of differentiation

G1 Highly differentiated Ref.

G2 Medium differentiation —0.03 (-2.53, 2.47) 1.27 -0.00 0.981

G3 Poorly differentiated —0.06 0.51 (—2.35, 3.38) 1.46 0.02 0.725

G4 Undifferentiated —-1.46 (—4.87, 1.95) 1.74 -0.05 0.401

Gx Grading cannot be evaluated 1.21 (-2.39, 4.81) 1.83 0.03 0.510
TNM staging

O+1+l1 Ref.

Hi+1v 003 0.21 (-1.24, 1.66) 0.74 0.01 0.776
Cancer type

ESCC Ref.

GAC 0.49 6.07 (4.32,7.82) 0.89 0.28 <0.001

AEGJ 8.28 (6.45, 10.12) 0.94 0.36 <0.001
Summary R%2=0.204 Adjusted R?=0.179 <0.001

ESCC, we utilized the cases from Taixing as discovery
(Taixing: 214 AEGJ, 256 GAC, and 752 ESCC cases)
and these of TCGA as validation (TCGA: 169 AEGJ,
222 GAC, and 70 ESCC cases). The AEGJ, GAC,
and ESCC cases from the Taixing dataset were divided
into high- and low-TIL groups using median TILs
proportions of 4.82%, 1.92%, and 0.12% as cut-offs,
respectively. The AEGJ, GAC, and ESCC cases from
the TCGA dataset were divided using median TILs
proportions of 1.99%, 4.14%, and 32.40%, respectively,
as cut-offs, and evaluated the prognostic value in both
datasets. Kaplan-Meier plots were generated to compare
the OS based on high and low TILs proportions. There
were statistically significant associations between better
OS and higher TILs proportion in the three cancers of
the Taixing dataset (Figure 3A, 3C, 3E; all P < 0.001).
As validation, we also identified statistically significant
differences in OS between the high- and low-groups of
the TCGA dataset (Figure 3B, 3D, 3F; all P < 0.05).

We further examined the independent prognostic value
of the auto-quantified TILs proportion. A multivariable
Cox regression analysis was performed on the discovery
and validation. In discovery, the marriage and TILs
proportion were statistically related to the outcome
in AEGJ cases (Table 4). Education level, first-line
treatment method, gastric atrophy, and TILs proportion
were significantly associated with prognosis in GAC
cases (Supplementary Table 3). The age, sex, marriage,
first-line treatment method, differentiation grade, and
TILs proportion were significantly associated with
OS in the ESCC cases (Supplementary Table 4).
Specifically, a higher TIL percentage was associated
with a better prognosis in AEGJ (adjusted HR (aHR) =
0.965; 95% CI = 0.938-0.994; P = 0.017), GAC (aHR =
0.972; 95% CI = 0.949-0.995; P = 0.016), and ESCC
(@HR =0.967; 95% CI = 0.938-0.997; P = 0.032) cases
(Table 4 and Supplementary Tables 3 and 4). Notably,
after further adjusting for TNM staging and other

covariates, the associations between TILs proportion
and OS were still significant in the AEGJ (aHR =
0.946; 95% CI = 0.907-0.986; P = 0.009), GAC (aHR =
0.961; 95% CI = 0.931-0.993; P = 0.016), and
ESCC (aHR = 0.954; 95% CI = 0.911-0.998; P =
0.041) cases (Supplementary Tables 5-7). In validation,
except the ESCC (aHR = 0.984; 95% CI = 0.965—
1.005; P = 0.133) cases, the auto-quantified TILs also
were an independent prognostic biomarker in AEGJ
(@HR = 0.812; 95% CI = 0.712-0.925; P = 0.002),
GAC (aHR = 0.969; 95% CI = 0.942-0.996; P = 0.025)
cases (Supplementary Tables 8-10).

DISCUSSION

Although a standardized methodology for manual
TILs assessment exists, it has several limitations due
to requiring professional pathologists, interobserver
variability, and higher costs. To address these
problems, our study established the cellular training
sets, respectively, explored the characteristics of
auto-quantified TILs in AEGJ, GAC, and ESCC.
The prognostic value of auto-assessed TILs was
investigated in the above esophagogastric tumors.
The TILs proportion was distinctive between different
demographic and clinical traits and was the highest in
AEGJ compared with GAC and ESCC in Taixing. The
auto-quantified TILs were an independent prognostic
biomarker for AEGJ, GAC, and ESCC.

The characteristics of TILs infiltration are distinctive in
different body mass, eating habits, and cancer treatment
methods. The tumor microenvironment (TME) is a
specific metabolic niche composed of various cellular
components as well as the contents of the tumor
interstitial space. Recent research data have revealed
that high-fat diet-induced obesity contributes to the
tumor cell fat uptake, whereas the CD8+ T cell intaking
the energy was suppressed [24]. These distinctive
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adaptations impaired the lymphocyte infiltration degree.
However, our study showed the TILs proportion tends
to enrich with increasing BMI ranks. This may be
related to the types of TILs contained. The TILs include
diverse immune cells, e.g., T cells, B cells, and NK
cells [25]. In this research, we regard TILs as a major
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category that might weaken the above association. Our
study also discovered that patients drinking more tea
and intaking fewer pickles were more likely to enrich
the TILs. These results were consistent with previous
experiments. Mantena et al. [26] proved that the tea
polyphenols that originated from tea contributed to the
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Figure 3. Kaplan-Meier curves of OS based on TiLs proportion in the discovery and validation datasets. (A, C, E) Survival
analysis between the high- and low-TILs groups in 752 ESCC, 214 AEGJ, and 256 GAC cases in Taixing, China, 2010-2014. (B, D, F) Survival
analysis between the high- and low-TILs groups in 70 ESCC, 169 AEGJ, and 222 GAC cases of the TCGA dataset.
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Table 4. Univariable and multivariable Cox regression analyses of basic characteristics with OS in AEGJ of Taixing

dataset (Discovery, N = 214).

o No. of patients ~ Median Univariable analysis Multivariable analysis
Characteristics survival
(%) (years)  P-value HR (95% CI) P-value aHR? (95% CI)
TILs, Median (IQR) 4.82(1.90,11.18) <0.001 0.964 (0.943, 0.985) 0.017 0.965 (0.938, 0.994)
Age, mean (range) 69.23 (49-84) 0.488 1.008 (0.986, 1.031) 0.849 1.003 (0.970, 1.037)
Sex
Woman 62 (28.97) 2.44 Ref. Ref.
Man 152 (71.03) 2.32 0.640 1.097 (0.743, 1.621) 0.852 0.950 (0.552, 1.634)
Marriage
Divorce/widow 49 (22.90) 2.51 Ref. Ref.
Unmarried 12 (5.61) 2.71 0.286 0.597 (0.231, 1.540) 0.019 0.125 (0.022, 0.708)
Married 153 (71.50) 2.26 0.819 0.953 (0.630, 1.441) 0.383 0.749 (0.391, 1.434)
Educational level
High school and above 11 (5.14) 1.95 Ref. Ref.
Primary or Secondary school 129 (60.28) 2.39 0.175 0.633 (0.327, 1.226) 0.253 1.881 (0.637, 5.550)
Illiteracy 74 (35.58) 2.52 0.130 0.586 (0.293, 1.171) 0.496 1.258 (0.650, 2.435)
Cigarette smoking
Never 313 (41.62) 2.48 Ref. Ref.
Ever or still 120 (56.07) 2.45 0.813 0.957 (0.666, 1.375) 0.927 1.023 (0.622, 1.683)
Missing 8(3.74)
Alcohol drinking
Never 121 (56.54) 2.39 Ref. Ref.
Ever or still 88 (41.12) 2.44 0.979 1.005 (0.701, 1.441) 0.767 0.930 (0.574, 1.505)
Missing 5(2.34)
Tea drinking
Never 165 (77.10) 2.51 Ref. Ref.
Ever 44 (20.56) 2.14 0.930 1.020 (0.656, 1.585) 0.909 1.033 (0.590, 1.809)
Missing 5(2.34)
BMI
>24 46 (21.50) 2.57 Ref. Ref.
18.5-24 140 (65.42) 2.45 0.587 0.890 (0.585, 1.354) 0.706 0.893 (0.497, 1.607)
<185 27 (12.62) 1.68 0.611 1.171 (0.638, 2.151) 0.800 1.116 (0.477, 2.608)
Missing 1(0.47)
Wealth scores
Q5 26 (12.15) 2.35 Ref. Ref.
Q4 43 (20.09) 2.35 0.682 1.145 (0.600, 2.187) 0.647 0.817 (0.345, 1.939)
Q3 38 (17.76) 2.45 0.936 0.973 (0.494, 1.914) 0.916 0.952 (0.379, 2.390)
Q2 45 (21.03) 1.98 0.566 1.206 (0.636, 2.288) 0.457 0.718 (0.300, 1.719)
Q1 62 (28.97) 2.53 0.862 1.056 (0.570, 1.959) 0.430 0.714 (0.309, 1.647)
First-line treatment method
Untreated 14 (6.54) 1.44 Ref. Ref.
Radiotherapy 9 (4.21) 0.99 0.294 0.598 (0.229, 1.563) 0.424 0.473 (0.075, 2.967)
Chemotherapy 21(9.81) 1.19 0.256 0.664 (0.327, 1.347) 0.610 0.723 (0.208, 2.516)
Surgery 116 (54.21) 2.94 <0.001  0.235(0.129, 0.426) 0.303 0.542 (0.169, 1.738)
Combination therapy 52 (24.30) 2.05 0.002 0.369 (0.196, 0.695) 0.469 0.637 (0.188, 2.162)
Missing 2(0.93)
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Grade of differentiation
G1 Highly differentiated 4 (0.53) 2.19

G2 Medium differentiation 63 (29.44) 3.00
G3 Poorly differentiated 29 (13.55) 3.13
G4 Undifferentiated 11 (5.14) 0.68
Gx Grading cannot be evaluated 36 (16.82) 1.48
Missing 71 (33.18)

Helicobacter pylori
HP- 42 (19.63) 2.36
HP+ 168 (78.50) 2.36
Missing 4(1.87)

Gastric atrophy
No 131 (61.21) 2.26
Yes 54 (25.23) 2.13
Missing 29 (13.55)

Ref. Ref.
0.573 0.661 (0.156, 2.790) 0.625 0.695 (0.161, 2.994)
0.572 0.894 (0.204, 3.919) 0.926 0.931 (0.206, 4.203)
0.048 4.665 (1.015, 21.443) 0.058 4.655 (0.947, 22.879)
0.348 1.993 (0.473, 8.405) 0.396 1.886 (0.436, 8.156)

Ref. Ref.
0.959 1.012 (0.654, 1.564) 0.794 1.083 (0.597, 1.962)

Ref. Ref.
0.116 1.362 (0.927, 2.001) 0.164 1.466 (0.855, 2.514)

2aHR with adjustment for TILs proportion, age, sex, differentiation grade, first-line treatment method, and BMI.

increasing recruitment of TILs in TME. Besides, eating
excessive pickles leads to more nitrite intake, which
easily oxidizes hemoglobin to methemoglobin, resulting
in the lower oxygen-carrying capacity of blood and
facilitating the formation of an immunosuppressive
environment [27]. Additionally, the patients with
combination therapy had the most TILs levels compared
to radiotherapy, chemotherapy, and surgery in our
cases. These results support that combination therapy
produces fewer side effects on immune cells than
applying the above three methods alone [28]. Hence,
keeping a better diet and body quality, and choosing
a suitable cancer therapy in the clinical field will help
to improve immune infiltration to resist tumor growth.

The TILs infiltration showed a cancer-specificity in
esophagogastric cancers. Quantification of TILs is
growing in significance as evidence emerges of a
reliable biomarker to reflect the better response to
immunotherapeutic agents [29]. Characterizing the
TIL proportion between different solid tumors would
provide clues into the varied effectiveness of in
immunotherapy. In the general clinical field, the AEGJ,
located between the esophagus and stomach is more
likely to group with GAC. Nevertheless, increasing
evidence demonstrated the AEGJ displayed a significant
difference in immune molecular characteristics [30].
In this study, we revealed that the TILs proportion
varied between esophagogastric cancer, where AEGJ
had the highest TIL proportion. The absolute difference
in the TILs proportions between AEGJ and GAC was
smaller than that between ESCC and AEGJ or between
ESCC and GAC. Our results were similar to previous
studies. Mohamed et al. [31] studied 215 ESCC, 1176
EAC, and 1951 GAC cases, including gastric and
gastroesophageal junction cancers, and reported that

ESCC exhibited a unique molecular profile, whereas
GAC and AEGJ shared similarities, supporting the idea
that squamous cell carcinomas and adenocarcinomas are
entirely different diseases at the molecular level. In
another study of 4125 tumor specimens from patients
with 14 different gastrointestinal cancer types, Alberto
et al. demonstrated that AEGJ had different immune
characteristics from GAC and EAC [32]. Our results
supported and complemented these findings, indicating
the specificity of AEGJ in lymphocyte infiltration
degree compared to GAC and ESCC. In addition,
variations of TILs infiltration in cancers also indirectly
reflect the different immunotherapy effects. Our results
might present evidence for the specific selection of
immunotherapy for esophagogastric cancers. However,
some trial examinations of PD-1/PD-L1 blockade in
upper gastrointestinal cancers enrolled patients with
gastric cancers and AEGJ without distinction [33].
Therefore, our results also provide clues for future
clinical immunotherapy in esophagogastric cancers and
enhance precision therapy.

The auto-assessed TIL proportion is an independent
prognostic biomarker in AEGJ, GAC, and ESCC
patients. The cumulative studies have focused on the
association between semiquantitative scoring of TILs
levels and prognosis in esophagogastric cancers, and
high TILs scores have been reported as a positive
prognosis marker [34-37]. Despite the standardized
efforts, the subjective nature and higher costs have
limited its translational adoption into clinical practice
[38]. Besides, the prognostic biomarkers for AEGJ
are still under-explored. For this reason, we used the
automatic algorithm to quantify the TILs percentage
and investigate its prognostic value. We performed a
survival analysis of AEGJ and determined that the auto-
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quantified TILs proportion was an independent
prognostic biomarker in Taixing and TCGA datasets.
This finding was consistent with the results of two
previous studies [39, 40], in which the TILs proportion
was estimated by pathologists. However, several
researchers demonstrated that the prognostic value
of TILs in GAC and ESCC has not been defined [41-
43]. Nevertheless, some studies also reported positive
results [44-47]. In the present study, we also identified
an association between higher auto-assessed TILs
proportion and better overall survival in GAC and
ESCC cases in both datasets. This discovery supported
the idea of the prognostic value of TILs proportion in
GAC and ESCC. Hence, we can predict the overall
survival of AEGJ, GAC, and ESCC by auto-quantified
TILs infiltration degree objectively and it has the
potential for translation to the routine clinical and
pathological application at minimal additional cost.

As far as we know, this is the first relatively
comprehensive establishment of cellular training sets
for esophagogastric tumors to automatically quantify
TILs infiltration in AEGJ, GAC, and ESCC. We
obtained relatively full demographic characteristics and
clinical information to explore the TILs characteristics.
The findings contributed to more accurate tumor
classification and immunotherapy outcome prediction.
As an independent prognostic factor common to AEGJ,
the auto-quantified TILs provided more evidence for
its predictive value in upper gastrointestinal tumors.
The findings established the foundation for further
exploration of TME differences at specific immune cell
level, providing crucial insights into immunotherapy
and supporting the prognostic value of the auto-
quantified TILs proportion in esophagogastric tumors,
particularly in the AEGJ patients.

This study has some limitations. Our study aims to
provide clues for immunotherapy in patients with upper
gastrointestinal tumors by comparing the TILs level
as the immune characteristic. Although the cases in
our study did not receive immunotherapy to directly
draw relevant conclusions, our results can provide
data support for immunotherapy in AEGJ to some
extent. Besides, multivariable survival analysis in the
validation set showed that auto-quantified TILs were
not an independent prognostic factor for ESCC, which
may be related to the small sample size of ESCC in
TCGA. However, considering the large sample size of
ESCC in the Taixing dataset, we can still consider the
independent prognostic value of auto-quantified TILs in
ESCC.

Future research should investigate the association
between the auto-quantified TILs proportion and
clinical outcomes in patients received immunotherapy.

Moreover, incorporating additional  independent
datasets to deeply validate the independent prognostic
value of TILs in patients with AEGJ, GAC and ESCC
will enhance the value of the clinical application of this
biomarker.

CONCLUSIONS

The findings of this study suggested that TILs levels
determined by CRImage based on three different cell
training sets are showing distinctive characteristics
between various demographic information, clinical
traits, and cancer types. The auto-quantified TILs are
an independent prognostic factor in AEGJ, GAC, and
ESCC patients, and are associated with a favorable
prognosis. It is a cost-effective biomarker to predict and
improve prognosis in clinical and pathological research.

MATERIALS AND METHODS
Patients and sample selection

The analysis was based on a 2010-2014 population-
based case-control study in Taixing, Jiangsu, China,
where there is a high incidence of upper gastrointestinal
cancer. Patients were mainly recruited from the
endoscopy units of the four most prominent hospitals in
Taixing, the People’s Hospital of Taixing, the Second
People’s Hospital of Taixing, the Third People’s
Hospital of Taixing, and the Hospital of Traditional
Chinese Medicine of Taixing. Patients with suspected
ESCC, AEGJ, and GAC on endoscopy were invited to
participate. The demographic information of patients
was obtained using questionnaires and pathological
sections of formalin-fixed, paraffin-embedded tissue
blocks were obtained from the pathology department.
The following inclusion criteria of the participants were
applied: (1) age 40-85 years old and living in Taixing
for >5 years; (2) suspected ESCC, AEGJ, and GAC
by endoscopy that was subsequently pathologically
confirmed; (3) preserved H&E staining tumor section
images. The detailed research designs were described
previously [48-50]. Based on the above criteria, the
1005 ESCC, 292 AEGJ, and 340 GAC cases were
included. We also excluded 233 ESCC (23.18%),
71 AEGJ (24.32%), and 80 GAC (23.53%) cases
with low-quality images due to uneven H&E-stained,
unflattening, and blurred images. And the 20 ESCC
(1.99%), 7 AEGJ (2.40%), and 4 GAC (1.18%) patients
who missed the survival time were excluded. Finally,
the 752 ESCC, 214 AEGJ, and 256 GAC cases were
analyzed. Figure 4 illustrates the case selection flow.
In the TCGA dataset, we excluded 34 AEGJ (16.75%),
51 GAC (18.68%), and 19 ESCC (21.35%) cases with
low-quality images from the 203 AEGJ, 273 GAC, and
89 ESCC cases, respectively. The 169 AEGJ, 222 GAC,
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and 70 ESCC cases from the TCGA dataset were
analyzed to validate the prognostic value of auto-
quantified TILs.

Pathological image processing pipeline
We utilized the pathological image processing pipeline

published in our previous study [51]. The images
of the H&E-stained tumor sections were processed

using the R package CRImage developed by Yuan et al.
[52]. Based on watershed segmentation and Otsu
thresholding for haematoxylin-positive nuclei, this tool
was embedded with the EBImage R package and a
support vector machine (SVM) [52], to achieve color
transformation and segmentation of the nuclei, then
analyzed each morphological feature of each nuclei
detected, such as shape, intensity, and texture features.
The resulting morphological and textural features were

The enrollment of upper gastrointestinal cancer cases (Taixing city, 2010-2014)

Pathological confirmation:

« Review of pathological sections

« Pathological reports after surgical
resection

—

A

y

Suspecting cases:
Endoscopy units in the four
largest local hospitals

Esophageal Squamous Cell Carcinoma (ESCC, n=1395)
Adenocarcinoma of the Esophagogastric Junction (AEGJ, n=349)
Gastric Adenocarcinoma (GAC, n=648)

4

Exclusion:

« Missing the pathological sections
of paraffin-embedded tissues
(ESCC, n=390; AEGIJ, n=57;
GAC, n=308)

ESCC cases (n=1005)
AEG] cases (n=292)
GAC cases (n=340)

Exclusion:

« Low-quality images
(ESCC, n=233; AEGJ, n=71;
GAC, n=80)

« Missing the survival time
(ESCC, n=20; AEGJ, n=T7,
GAC, n=4)

—

Final analysis:

A

4

ESCC cases (n=752)
AEG] cases (n=214)
GAC cases (n=256)

Figure 4. The flowchart of inclusion and exclusion of ESCC, AEGJ, and GAC cases in Taixing, Jiangsu (2010-2014).
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input into the SVM for the supervised classification of
cancer cells, lymphocytes, and stromal cells. The cancer
cells exhibited large nuclei and variable texture and
shape, and lymphocytes were small, round, and
contained basophilic nuclei. Therefore, cancer cells and
lymphocytes could be reliably differentiated from
stromal cells that contained the elongated nuclei of
fibroblasts and endothelial cells.

We selected the regions containing tumor cells,
lymphocytes, and stromal cells from the tissue images
and imported them into EBImage for conversion to the
LAB color space. The mean and standard deviation of
each channel were computed to convert the image to
grayscale for further segmentation and cell recognition.
Subsequently, an Otsu threshold to partition the image
into foreground and background was constructed by the
algorithm of maximization of the between-class variance
method and morphological opening. Leveraging both
the image grayscale and the threshold, the algorithm can
eliminate noise and refine the cell edges. Eventually, the
watershed segmentation was performed to separate cell
clusters, automatically outlining recognized cells in the
image.

The senior pathologists were invited to discern the circled
cell types, identifying them as cancer cells, lymphocytes,
and stromal cells. Subsequently, the EBImage toolkit
integrated within CRImage was employed to extract
43 cellular features, encompassing nucleus perimeter,
major axis, eccentricity, and the count of neighboring
cells, among additional metrics. These features were then
exported to construct training sets comprising cellular
characteristics for each cancer type. Considering the
cytomorphological differences between AEGJ, GAC, and
ESCC, we established cell training sets for each cancer.
We performed three verifications to test the accuracy of
the image analysis tool based on our training sets: (1)
cross-validation within each training set; (2) correlation
between 10,000 single-cell annotations by the pathologists
and automated recognition; (3) comparison of auto-
quantified TILs proportion with manual infiltration grade
of TILs evaluated by expert pathologists in random one-
third samples of each cancer type.

We enhanced the computational efficiency of the
algorithm by dividing each entire H&E-stained tumor
section image into 100 equal parts. The established
AEGJ, GAC, and ESCC cell feature training sets were
loaded into the SVM embedded in CRImage to create
cell classifiers, respectively. Utilizing the corresponding
classifier to read the target H&E-stained tumor tissue
sections, we obtained the cell counts and measured
lymphocyte infiltration of each sample by calculating
the TILs proportion which refers to lymphocyte counts
divided by the total cell counts.

Statistical analysis

The distributions of the patient’s demographic
characteristics were summarized and presented as
counts and percentages. Differences in ordered
categorical or continuous variables between cancer
types were assessed with the Kruskal-Wallis H test and
Wilcoxon rank sum tests. The Pearson chi-square test
was used for disordered categorical variables. The
multiple comparisons were corrected by the Bonferroni
method. The correlations between the auto-assessed
TILs percentage and demographic information were
analyzed using a Kruskal-Wallis H test since the
proportion of TILs did not meet the prerequisites for
the parametric testing method. Spearman correlation
analysis and multi-variable linear regression were
performed to explore the distribution of TILs proportion
between cancer types with adjustment for age, sex, body
mass index (BMI), first-line treatment method, tumor
differentiation grade, tumor-node-metastasis (TNM)
staging, i.e., factors correlated with TILs levels. Besides,
we also adjusted for Helicobacter pylori infection
status, pickles intake, and tea drinking which were
significant in univariable correlation analyses.

Overall survival (OS) was defined as the time from
diagnosis to the time of any-cause death or the
last follow-up. The OS was evaluated with Kaplan-
Meier curves and compared using log-rank tests. The
Cox proportional hazard model was conducted for
univariable and multivariable association analyses
between the auto-quantified TILs proportion and OS,
adjusted for age, sex, BMI, first-line treatment method,
and tumor differentiation grade, i.e., factors associated
with esophagogastric cancers survival. The multivariable
model adjusting for TNM staging and other demographic
characteristics was used for the 117 AEGJ, 148 GAC,
and 418 ESCC cases with TNM staging information.
The hazard ratio (HR) and 95% confidence interval (Cl)
were estimated. The statistical analyses were performed
using R version 4.1.2 (http://cran.r-project.org). Two-
sided P < 0.05 was considered statistically significant.

Availability of data and materials

The datasets generated during and analyzed during the
current study are available from the corresponding
author upon reasonable request.

Abbreviations

AEGJ: Adenocarcinoma of the Esophagogastric Junction;
aHR: adjusted HR; ESCC: Esophageal Squamous Cell
Carcinoma; GAC: Gastric Adenocarcinoma; OS: Overall
Survival; SVM: Support Vector Machine; TILs: Tumor-
Infiltrating Lymphocytes.
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Supplementary Figure 1. Verifications of the cell training sets. (A, B) Cell proportions obtained by automated image analysis were
compared to a pathologist’s counts for a total of 10,000 single cells in the two representative sets of 20 ESCC and 20 GAC tissue samples.
(C, D) TIL proportions versus manual grading of TIL infiltration in random one-third samples of ESCC and GAC.
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Supplementary Figure 2. The raw images of TILs intensity examples in ESCC, AEGJ, and GAC H&E-stained tissue sections
(H&Ex200). (A-C) The H&E-stained tumor tissue sections with low TILs grade (0.00%, 0.02%), medium TILs grade (0.02%, 0.75%), and high
TILs grade (0.75%, 57.92%) infiltration in ESCC. (D—F) The H&E-stained tumor tissue sections with low TILs grade (0.01%, 1.87%), medium
TILs grade (1.87%, 11.14%), and high TILs grade (11.14%, 53.89%) infiltration in AEG)J. (G—I) The H&E-stained tumor tissue sections with low
TILs grade (0.00%-0.43%), medium TILs grade (0.43%, 8.54%), and high TILs grade (8.54%, 75.05%) infiltration in GAC.
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Supplementary Figure 3. Comparison of the TILs proportions in 752 ESCC, 214 AEGJ, and 256 GAC cases without

stratification.
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Supplementary Tables

Supplementary Table 1. Classification accuracy by 2-fold cross-validation for cancer cells, lymphocytes, and stromal
cells based on the AEGJ, GAC, and ESCC training and testing sets.

SVM Prediction (Training set)

SVM Prediction (Testing set)

Classes Cancer Lymphocyte Stromal Recall (%) Cancer Lymphocyte Stromal Recall (%)
AEGJ

Cancer 426 28 34 87.30 463 14 35 90.43
Lymphocyte 23 425 7 93.41 18 408 3 95.78
Stromal 58 4 187 75.10 38 4 209 83.27
Precision (%) 84.02 93.00 82.02 89.21 95.77 84.62

GAC

Cancer 530 1 4 99.07 523 3 5 98.40
Lymphocyte 9 748 1 98.68 4 729 0 99.45
Stromal 12 0 189 94.03 10 0 220 95.65
Precision (%) 96.19 99.87 97.42 97.39 99.59 97.78

ESCC

Cancer 410 4 98 80.08 438 4 91 82.18
Lymphocyte 3 166 48 76.50 4 167 34 81.46
Stromal 11 7 594 97.06 19 15 569 94.36
Precision (%) 96.70 93.79 80.27 95.01 89.78 81.99

The confusion matrix of the real classes of the cells (columns) and the predicted classes (rows) are shown, where Precision was calculated
by true positives/(true positives + false positives) and Recall was calculated by true positives/(true positives + false negatives).

Supplementary Table 2. The comparison of TILs proportion in the 214 AEGJ, 256 GAC, and 752 ESCC cases.

TILs proportion, Median (IQR)

Variables P-value
AEGJ (%) GAC (%) ESCC (%)
All patients 4.82(1.90, 11.18) 1.92 (0.44, 8.66) 0.12 (0.02, 0.75) <0.001
Age
<60 3.82 (1.57,11.05) 1.86 (0.16, 9.16) 0.15 (0.03,0.92) <0.001
>60 4.88 (2.01, 11.21) 1.93 (0.47, 8.16) 0.12 (0.02,0.73) <0.001
Sex
Man 4.55(1.71, 10.80) 2.38(0.52,9.14) 0.12 (0.02, 0.67) <0.001
Woman 5.19 (2.41, 12.45) 1.27 (0.30, 6.54) 0.13(0.02, 1.10) <0.001
BMI
<185 5.02 (1.32, 8.99) 1.83(0.33, 6.88) 0.08 (0.02, 0.56) <0.001
18.5-24 4.56 (1.99, 11.21) 2.34 (0.51, 8.08) 0.11 (0.02, 0.62) <0.001
>24 4.97 (2.09, 10.82) 1.86 (0.43, 9.15) 0.23 (0.02, 1.20) <0.001
Tea drinking
Never 4.65 (1.56, 11.01) 1.51 (0.29, 7.93) 0.12 (0.02,0.72) <0.001
Ever 5.36 (3.02, 11.11) 2.74 (1.14,10.47) 0.12 (0.02, 0.75) <0.001
Times of tooth brushing daily
<2 4.94 (2.03, 11.21) 2.18 (0.46, 9.09) 0.12 (0.02, 0.75) <0.001
>2 3.98 (1.29, 6.62) 1.79 (0.33, 8.08) 0.12 (0.02, 0.75) <0.001
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Wealth scores
Q1
Q2
Q3
Q4
Q5

Helicobacter pylori
HP+
HP-

Gastric atrophy
Yes
No

First-line treatment method
Radiotherapy
Chemotherapy
Surgery
Combination therapy
Untreated

TNM staging
O+1+I1
H+1v

Grade of differentiation

Gx Grading cannot be evaluated

G1 Highly differentiated
G2 Medium differentiation
G3 Poorly differentiated
G4 Undifferentiated

4.99 (2.47, 11.56)
2.94 (1.36, 5.60)
5.22 (2.24, 13.93)
4.26 (1.23, 10.69)
5.71 (3.41, 13.55)

4.62 (1.84, 11.24)
5.24 (2.99, 11.10)

4.62 (1.84, 11.24)
5.24 (2.99, 11.10)

2.77 (0.40, 7.72)
4.10 (1.56, 5.30)
5.72 (3.14, 11.94)
4.64 (1.81, 10.42)
1.83 (1.05, 3.49)

6.92 (3.12, 13.39)
5.34 (2.99, 11.56)

4.04 (1.77, 12.42)
8.67 (2.55, 14.28)
7.72 (3.89, 13.39)
7.17 (1.97, 12.81)
4.34 (2.42, 5.17)

2.13(0.37,8.91)
1.27 (0.36, 4.56)
2.55 (0.38, 2.55)
2.38 (0.67, 2.38)
2.41 (0.93, 4.74)

2.28 (0.45, 9.66)
1.83 (0.39, 6.87)

2.28 (0.45, 9.66)
1.83 (0.39, 6.87)

0.82 (0.27, 2.74)
1.32 (0.30, 13.71)
2.78 (0.73, 11.12)
1.32 (0.35,3.21)
0.66 (0.18, 1.61)

2.64 (0.49, 10.91)
2.47 (0.74, 11.12)

2.38 (0.82, 10.20)
1.60 (0.68, 10.19)
2.78 (1.13, 9.15)
2.10 (0.26, 11.47)
0.85 (0.35, 3.50)

0.12 (0.02, 0.69)
0.13 (0.02, 0.96)
0.09 (0.01, 0.45)
0.13 (0.02, 0.51)
0.25 (0.03, 2.05)

0.13 (0.02, 0.77)
0.12 (0.02, 0.60)

0.13 (0.02, 0.77)
0.12 (0.02, 0.60)

0.09 (0.02, 0.68)
0.10 (0.02, 0.48)
0.15 (0.03, 0.80)
0.10 (0.02, 0.92)
0.03 (0.02, 0.43)

0.14 (0.02, 0.76)
0.15 (0.02, 0.92)

0.16 (0.02, 1.30)
0.13 (0.03, 0.69)
0.13 (0.02, 0.84)
0.11 (0.02, 0.56)
0.13 (0.05, 0.35)

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
0.002

<0.001
<0.001

<0.001
0.008
<0.001
<0.001
<0.001

Supplementary Table 3. Univariable and multivariable Cox regression analyses of basic characteristics with OS in GAC
of Taixing dataset (Discovery, N = 256).

No. of patients  Median survival Univariable analysis Multivariable analysis

Characteristics

(%) (years) P-value HR (95% CI) P-value aHR®? (95% ClI)

TILs, Median (IQR) 1.92 (0.44, 8.66) 0.030 0.979 (0.961, 0.998) 0.016 0.972 (0.949, 0.995)
Age, mean (range) 67.52 (41-85) 0.023 1.022 (1.003, 1.041) 0.919 1.001 (0.977, 1.026)
Sex

Woman 67 (26.17) 2.16 Ref. Ref.

Man 189 (73.83) 2.65 0.061 0.711 (0.500, 1.016) 0.574 0.854 (0.493, 1.479)
Marriage

Divorce/widow 61 (23.83) 2.56 Ref. Ref.

Unmarried 9 (3.52) 0.98 0.103 1.955 (0.874, 4.375) 0.390 1.790 (0.475, 6.746)

Married 186 (72.66) 2.71 0.108 0.740 (0.512, 1.068) 0.665 1.135 (0.640, 2.011)
Educational level

High school and above 18 (7.03) 3.47 Ref. Ref.

E;Sglr y or Secondary 158 (61.72) 2.64 0.095 2.038 (0.883, 4.705) 0.027  3.871(1.163, 12.881)

Illiteracy 80 (31.25) 2.16 0.027 2.602 (1.113, 6.079) 0.077 3.272 (0.881, 12.148)
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Cigarette smoking
Never
Ever or still
Missing
Alcohol drinking
Never
Ever or still
Missing
Teadrinking
Never
Ever
Missing
BMI
>24
18.5-24
<185
Missing
Wealth scores
Q5
Q4
Q3
Q2
Q1

First-line treatment method

Untreated

Combination therapy

Surgery
Chemotherapy
Radiotherapy
Missing

Grade of differentiation

G1 Highly
differentiated
G2 Medium
differentiation
G3 Poorly
differentiated

G4 Undifferentiated

Gx Grading cannot be

evaluated
Missing
Helicobacter pylori
HP-
HP+
Missing
Gastric atrophy
No
Yes
Missing

103 (40.23)
144 (56.25)
9 (3.52)

125 (48.83)
122 (47.66)
9 (3.52)

170 (66.41)
77 (30.08)
9 (352)

66 (25.78)

158 (61.72)

32 (12.50)
0 (0.00)

40 (15.63)
47 (18.36)
62 (24.42)
55 (21.48)
52 (20.31)

11 (4.30)
57 (22.27)
151 (58.98)
27 (10.55)

9 (3.52)

1(0.39)

7(2.73)
63 (24.61)

48 (18.75)
9 (352)
47 (18.36)
82 (32.03)

68 (26.56)
181 (70.70)
7(2.73)

157 (61.33)
51 (19.92)
48 (18.75)

2.16
2.73

2.64
2.62

2.64
2.48

3.01
2.55
2.25

2.64
2.68
3.14
1.99
2.40

0.81
2.32
3.00
0.86
1.21

3.59

3.14

2.40
3.48
1.99

2.27
2.65

2.71
2.10

0.077

0.536

0.856

0.434
0.107

0.448
0.453
0.508
0.321

0.003
<0.001
0.658
0.413

0.762

0.162
0.320
0.071

0.138

0.017

Ref.
0.737 (0.525, 1.034)

Ref.
0.899 (0.642, 1.259)

Ref.
0.967 (0.672, 1.391)

Ref.
1.176 (0.783, 1.766)
1.564 (0.908, 2.695)

Ref.
0.792 (0.434, 1.447)
0.810 (0.468, 1.403)
1.202 (0.697, 2.070)
1.309 (0.769, 2.227)

Ref.
0.344 (0.169, 0.698)
0.193 (0.098, 0.380)
0.844 (0.399, 1.786)
0.681 (0.271, 1.709)

Ref.
0.795 (0.181, 3.503)

2.786 (0.663, 11.711)
2.300 (0.446, 11.868)
3.733 (0.893, 15.603)

Ref.
0.761 (0.531, 1.092)

Ref.
1.623(1.091, 2.414)

0.497

0.552

0.070

0.489
0.103

0.903
0.850
0.532
0.990

0.007
<0.001
0.241
0.778

0.799

0.162
0.435
0.242

0.543

0.006

Ref.
0.776 (0.373, 1.614)

Ref.
1.189 (0.673, 2.101)

Ref.
1.671 (0.960, 2.909)

Ref.
1.230 (0.684, 2.211)
1.938 (0.875, 4.294)

Ref.
1.056 (0.438, 2.548)
1.081 (0.484, 2.415)
1.296 (0.574, 2.926)
1.005 (0.461, 2.188)

Ref.
0.175 (0.049, 0.620)
0.140 (0.043, 0.451)
0.472 (0.135, 1.656)
0.817 (0.202, 3.314)

Ref.
0.822 (0.183, 3.694)

2.835 (0.657, 12.237)
1.979 (0.357, 10.977)
2.467 (0.543, 11.209)

Ref.
0.836 (0.470, 1.488)

Ref.
2.183 (1.246, 3.826)

3aHR with adjustment for TILs, age, sex, grade of differentiation, first-line treatment method, BMI.
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Supplementary Table 4. Univariable and multivariable Cox regression analyses of basic characteristics with OS in
ESCC of Taixing dataset (Discovery, N = 752).

Characteristics

No. of patients

Median survival

Univariable analysis

Multivariable analysis

(%) (years) P-value HR (95% CI) P-value aHR? (95% ClI)
TILs, Median (IQR) 0.12 (0.02, 0.75) 0.008 0.960 (0.931, 0.990) 0.032 0.967 (0.938, 0.997)
Age, mean (range) 66.96 (42-85) <0.001 1.033 (1.021, 1.045) <0.001 1.022 (1.010, 1.035)
Sex
Woman 260 (34.57) 2.62 Ref. Ref.
Man 492 (65.43) 2.35 0.107 1.180 (0.965, 1.444) 0.020 1.289 (1.040, 1.599)
Marriage
Divorce/widow 136 (18.09) 2.54 Ref. Ref.
Unmarried 25(3.32) 131 0.003 2.105 (1.286, 3.445) 0.037 1.798 (1.036, 3.121)
Married 591 (78.59) 2.46 0.938 0.990 (0.773, 1.269) 0.346 1.137 (0.870, 1.486)
Educational level
High school and above 47 (6.25) 2.43 Ref. Ref.
SPC’r']?glry or Secondary 429 (57.05) 2.61 0.796 1.057 (0.694, 1.609) 0.880 1.034 (0.669, 1.598)
lliteracy 276 (36.70) 2.06 0.135 1.385 (0.903, 2.122) 0.190 1.374 (0.854, 2.210)
Cigarette smoking
Never 313 (41.62) 2.59 Ref. Ref.
Ever or still 405 (53.86) 2.40 0.600 1.053 (0.867, 1.280) 0.423 0.884 (0.653, 1.120)
Missing 34 (4.52)
Alcohol drinking
Never 351 (46.68) 2.43 Ref. Ref.
Ever or still 366 (48.67) 2.45 0.523 0.939 (0.775, 1.139) 0.208 0.849 (0.658, 1.096)
Missing 35 (4.65)
Teadrinking
Never 493 (65.56) 2.51 Ref. Ref.
Ever 225 (29.92) 2.33 0.483 1.076 (0.876, 1.322) 0.181 1.180 (0.926, 1.504)
Missing 34 (4.52)
BMI
>24 201 (26.73) 2.77 Ref. Ref.
18.5-24 466 (61.97) 2.22 0.007 1.377 (1.093, 1.735) 0.058 1.259 (0.993, 1.598)
<185 85 (11.30) 1.75 0.001 1.771 (1.281, 2.449) 0.063 1.378 (0.983, 1.932)
Missing 0 (0.00)
Wealth scores
Q5 62 (8.24) 2.67 Ref. Ref.
Q4 138 (18.35) 2.63 0.232 1.262 (0.862, 1.848) 0.287 1.235 (0.837, 1.822)
Q3 161 (21.41) 2.49 0.240 1.253 (0.860, 1.826) 0.580 1.114 (0.760, 1.635)
Q2 139 (18.48) 2.31 0.158 1.318 (0.898, 1.935) 0.112 1.373 (0.928, 2.029)
Q1 232 (30.85) 2.18 0.030 1.480 (1.039, 2.109) 0.254 1.235 (0.859, 1.776)
First-line treatment method
Untreated 21 (2.79) 0.89 Ref. Ref.
Radiotherapy 88 (11.70) 1.68 <0.001 0.328 (0.199, 0.540) 0.001 0.391 (0.224, 0.683)
Chemotherapy 93 (12.37) 1.49 <0.001 0.368 (0.225, 0.602) 0.004 0.448 (0.259, 0.775)
Surgery 377 (50.13) 2.88 <0.001 0.166 (0.105, 0.263) <0.001 0.236 (0.140, 0.399)
Combination therapy 170 (22.61) 1.84 <0.001 0.291 (0.182, 0.466) 0.001 0.400 (0.236, 0.678)
Missing 3(0.40)
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Grade of differentiation

G1 Highly differentiated

G2 Medium
differentiation

G3 Poorly differentiated

G4 Undifferentiated

Gx Grading cannot be
evaluated

Missing
Helicobacter pylori
HP-
HP+
Missing
Gastric atrophy
No
Yes
Missing

60 (7.98)
452 (60.11)

134 (17.82)
45 (5.98)

40 (5.32)
21 (2.79)

234 (31.12)
484 (64.36)
34 (4.52)

520 (69.15)
98 (13.03)
134 (17.82)

2.85
2.61

2.05
151

1.68

2.45
2.38

2.47
2.31

0.091

0.003
0.003

0.003

0.271

0.635

Ref.
1.426 (0.945, 2.152)

1.966 (1.260, 3.069)
2.215 (1.302, 3.770)

2.250 (1.317, 3.845)

Ref.
1.124 (0.913, 1.383)

Ref.
1.070 (0.808, 1.418)

0.142

0.101
0.087

0.031

0.355

0.468

Ref.
1.366 (0.9005, 2.073)

1.463 (0.929, 2.303)
1.607 (0.933, 2.768)

1.814 (1.055, 3.117)

Ref.
1.108 (0.892, 1.376)

Ref.
1.114 (0.832, 1.490)

2aHR with adjustment for TILs, age, sex, grade of differentiation, first-line treatment method, BMI.

Supplementary Table 5. Univariable and multivariable Cox regression analyses of basic characteristics with OS in
AEG) of Taixing dataset (Discovery, N = 117).

Characteristics

No. of patients

Median survival

Univariable analysis

Multivariable analysis

(%) (years) P-value HR (95% CI) P-value aHR? (95% CI)
TILs, Median (IQR) 5.42 (3.04, 12.86) 0.009 0.957 (0.926, 0.989) 0.009 0.946 (0.907, 0.986)
Age, mean (range) 69 (49-84) 0.546 1.010 (0.978, 1.044) 0.553 1.012 (0.973, 1.053)
Sex
Woman 35 (29.91) 2.56 Ref. Ref.
Man 82 (70.09) 2.82 0.628 0.874 (0.507, 1.506) 0.605 0.849 (0.458, 1.577)
Marriage
Divorce/widow 28 (23.93) 3.05 Ref. Ref.
Unmarried 9 (7.69) 2.56 0.579 0.703 (0.202, 2.448) 0.073 0.149 (0.019, 1.194)
Married 80 (68.38) 2.71 0.600 1.175 (0.643, 2.147) 0.712 0.857 (0.379, 1.938)
Educational level
High school and above 6 (5.13) 2.59 Ref. Ref.
Ecr;]'gglry or Secondary 66 (56.41) 2.83 0.285 0.597 (0.232, 1.537) 0.407 0.637 (0.219, 1.851)
Illiteracy 45 (38.46) 2.70 0.520 0.729 (0.278, 1.909) 0.608 0.720 (0.205, 2.524)
Cigarette smoking
Never 45 (38.46) 3.26 Ref. Ref.
Ever or still 70 (59.83) 2.53 0.331 1.298 (0.767, 2.198) 0.322 1.364 (0.738, 2.522)
Missing 2(1.71)
Alcohol drinking
Never 70 (59.83) 3.11 Ref. Ref.
Ever or still 45 (38.46) 2.53 0.790 1.073 (0.637, 1.809) 0.755 0.912 (0.511, 1.628)
Missing 2(1.71)
Teadrinking
Never 88 (75.21) 2.84 Ref. Ref.
Ever 27 (23.08) 2.17 0.480 1.235 (0.688, 2.218) 0.822 1.079 (0.555, 2.101)
Missing 2(1.71)
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BMI

>24 27 (23.08)
18.5-24 78 (66.67)
<185 11 (9.40)
Missing 1(0.85)
Wealth scores
Q5 14 (11.97)
Q4 24 (20.51)
Q3 24 (20.51)
Q2 22 (18.80)
Q1 33(28.21)
First-line treatment method
Untreated 1(0.85)
Radiotherapy 4 (3.42)
Chemotherapy 4(3.42)
Surgery 82 (70.09)
Combination therapy 26 (22.22)
Missing 0 (0.00)
TNM staging
0+1+11 55 (47.01)
HI+1Vv 62 (52.99)
Grade of differentiation
diforentsed 442
cciaiifx::tlii;?on 61 (52.14)
ket 2222
G4 Undifferentiated 8 (6.84)
eG\/);ICj;?gCiing cannot be 14 (11.97)
Missing 4 (3.42)
Helicobacter pylori
HP- 19 (16.24)
HP+ 95 (81.20)
Missing 3(2.56)
Gastric atrophy
No 70 (59.83)
Yes 29 (24.79)
Missing 18 (15.38)

2.93
2.75
2.70

2.98
2.25
2.60
3.67
2.88

1.58
1.16
2.08
2.82
3.03

294
2.14

2.19

3.00

2.73
0.68
1.70

2.70
2.80

2.66
2.76

0.792
0.493

0.391
0.572
0.621
0.987

0.744
0.859
0.226
0.102

0.027

0.574

0.979
0.087
0.378

0.987

0.461

Ref.
0.925 (0.519, 1.649)
0.681 (0.228, 2.040)

Ref.
1.521 (0.584, 3.963)
1.322 (0.502, 3.481)
1.277 (0.485, 3.365)
1.008 (0.391, 2.600)

Ref.
0.684 (0.070, 6.676)
0.819 (0.091, 7.400)
0.291 (0.039, 2.150)
0.176 (0.022, 1.415)

Ref.
1.795 (1.068, 3.014)

Ref.
0.661 (0.156, 2.797)

0.980 (0.223, 4.319)
3.971 (0.819, 19.250)
1.971 (0.436, 8.907)

Ref.
0.994 (0.503, 1.964)

Ref.
1.234 (0.706, 2.159)

0.434
0.435

0.636
0.959
0.893
0.661

0.969
0.990
0.900
0.731

0.200

0.771

0.919
0.100
0.365

0.968

0.786

Ref.
0.841 (0.423, 1.674)
0.625 (0.193, 2.030)

Ref.
0.769 (0.260, 2.279)
0.972 (0.327, 2.894)
0.931 (0.328, 2.642)
0.792 (0.279, 2.247)

Ref.
0.946 (0.059, 15.110)
1.015 (0.108, 9.568)
1.153 (0.125, 10.65)
0.663 (0.064, 6.916)

Ref.
1.462 (0.813, 2.611)

Ref.
0.804 (0.184, 3.512)

1.082 (0.234, 4.998)
4.242 (0.757, 23.762)
2.128 (0.416, 10.891)

Ref.
0.983 (0.419, 2.251)

Ref.
0.914 (0.475, 1.755)

3aHR with adjustment for TILs, age, sex, grade of differentiation, TNM staging, first-line treatment method, BMI.

Supplementary Table 6. Univariable and multivariable Cox regression analyses of basic characteristics with OS in GAC

of Taixing dataset (Discovery, N = 148).

Characteristics No. of patients

Median survival

Univariable analysis

Multivariable analysis

(%) (vears) P-value HR (95% CI) P-value aHR? (95% ClI)
TILs, Median (IQR) 2.55 (0.51, 11.06) 0.192 0.983 (0.958, 1.009) 0.016 0.961 (0.931, 0.993)
Age, mean (range) 65.22 (44-85) 0.853 1.003 (0.974, 1.032) 0.600 0.990 (0.955, 1.027)
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Sex

Woman 39 (26.35) 2.88 Ref. Ref.
Man 109 (73.65) 2.75 0.982 0.993 (0.568, 1.736) 0.896 0.955 (0.483, 1.891)
Marriage
Divorce/widow 31 (20.95) 2.88 Ref. Ref.
Unmarried 3(2.03) 2.01 0.364 1.987 (0.452, 8.740) 0.321 0.319 (0.034, 3.046)
Married 114 (77.03) 2.87 0.608 0.858 (0.478, 1.540) 0.766 1.131 (0.503, 2.546)
Educational level
High school and above 14 (9.46) 3.42 Ref. Ref.
Eg;]'gglr y or Secondary 95 (64.19) 2.81 0.262 1.962 (0.605, 6.362) 0045 4728 (1.032, 21.662)
Iliteracy 39 (26.35) 2.82 0.111 2.679 (0.798, 9.001) 0.043 5.534 (1.056, 28.992)
Cigarette smoking
Never 59 (39.86) 2.87 Ref. Ref.
Ever or still 88 (59.46) 2.82 0.746 0.920 (0.555, 1.524) 0.101 0.496 (0.214, 1.148)
Missing 1(0.68)
Alcohol drinking
Never 75 (50.68) 2.98 Ref. Ref.
Ever or still 72 (48.65) 2.64 0.492 1.191 (0.723, 1.961) 0.440 1.390 (0.602, 3.210)
Missing 1(0.68)
Tea drinking
Never 100 (67.57) 291 Ref. Ref.
Ever 47 (31.76) 2.46 0.139 1.477 (0.882, 2.473) 0.299 1.475 (0.708, 3.070)
Missing 1(0.68)
BMI
>24 43 (29.05) 3.14 Ref. Ref.
18.5-24 90 (60.81) 2.64 0.513 1.215 (0.677, 2.181) 0.188 1.678 (0.777, 3.626)
<185 15 (10.14) 2.75 0.369 1.477 (0.631, 3.454) 0.135 2.193 (0.783, 6.143)
Missing 0 (0.00)
Wealth scores
Q5 22 (14.86) 2.62 Ref. Ref.
Q4 30 (20.27) 2.97 0.479 0.733 (0.311, 1.731) 0.648 0.792 (0.291, 2.158)
Q3 40 (27.03) 3.34 0.174 0.564 (0.246, 1.289) 0.187 0.518 (0.195, 1.376)
Q2 30 (20.27) 2.44 0.744 0.869 (0.375, 2.015) 0.477 0.698 (0.259, 1.881)
Q1 26 (17.57) 2.41 0.527 1.291 (0.585, 2.848) 0.416 0.668 (0.252, 1.768)
First-line treatment method
Untreated 2 (1.35) 1.19 Ref. Ref.
Radiotherapy 3(2.03) 0.98 0.997 1.004 (0.167, 6.039) 0.070 0.043 (0.001, 1.276)
Chemotherapy 11 (7.43) 0.93 0.942 0.945 (0.206, 4.342) 0.031 0.026 (0.001, 0.723)
Surgery 106 (7.16) 3.11 0.004 0.120 (0.028, 0.509) 0.002 0.007 (0.001, 0.161)
Combination therapy 25 (16.89) 2.64 0.028 0.180 (0.039, 0.828) 0.005 0.010 (0.001, 0.253)
Missing 1(0.68)
TNM staging
0+1+I1 98 (66.22) 3.27 Ref. Ref.
I+ 50 (33.78) 1.85 <0.001 4.568 (2.733, 7.633) 0.001 3.115 (1.546, 6.278)
Grade of differentiation
g%f;g;gte ] 7(4.73) 3.59 Ref. Ref.
glch'e\f:r?t';g‘on 60 (40.54) 3.14 0.755 0.789 (0.178, 3.501) 0.643 0.696 (0.151, 3.218)
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G3 Poorly

differentiated 40 (27.03) 2.55 0.225 2.460 (0.575, 10.519) 0.673 1.407 (0.288, 6.878)
G4 Undifferentiated 7(4.73) 3.48 0.315 2.460 (0.575, 10.519) 0.438 2.045 (0.335, 12.482)
Sv’; E;‘i;”g cannot be 23 (15.54) 1.79 0093  3.576(0.809, 15.801) 0.922 1.089 (0.199, 5.957)
Missing 11 (7.43)

Helicobacter pylori
HP- 34 (22.97) 2.52 Ref. Ref.
HP+ 108 (72.97) 2.87 0.763 0.914 (0.510, 1.639) 0.721 1.141 (0.554, 2.349)
Missing 6 (4.05)

Gastric atrophy
No 90 (60.81) 3.14 Ref. Ref.
Yes 30 (20.27) 2.10 0.002 2.547 (1.407, 4.609) 0.047 2.196 (1.011, 4.771)
Missing 28 (18.92)

2aHR with adjustment for TILs, age, sex, grade of differentiation, TNM staging, first-line treatment method, BMI.

Supplementary Table 7. Univariable and multivariable Cox regression analyses of basic characteristics with OS in
ESCC of Taixing dataset (Discovery, N = 418).

. No. of patients  Median survival Univariable analysis Multivariable analysis
Characteristics
(%) (years) P-value HR (95% CI) P-value aHR® (95% CI)

TILs, Median (IQR) 0.14 (0.02, 0.84) 0.045 0.958 (0.918, 0.999) 0.041 0.954 (0.911, 0.998)
Age, mean (range) 65.60 (42-85) 0.003 1.024 (1.008, 1.041) 0.016 1.021 (1.004, 1.039)
Sex

Woman 152 (36.36) 2.89 Ref. Ref.

Man 266 (63.64) 2.54 0.023 0.716 (0.537, 0.954) 0.004 1.574 (1.157, 2.140)
Marriage

Divorce/widow 70 (16.75) 2.58 Ref. Ref.

Unmarried 9 (2.15) 0.99 0.019 2.649 (1.172, 5.986) 0.005 3.765 (1.504, 9.424)

Married 339 (81.10) 2.74 0.697 1.076 (0.745, 1.553) 0.147 1.341 (0.902, 1.993)
Educational level

High school and above 25 (5.98) 2.81 Ref. Ref.

Spcr;]':;g{ y or Secondary 252 (60.29) 271 0.583 1.188 (0.642, 2.200) 0.787 1.091 (0.579, 2.055)

Iliteracy 141 (33.73) 2.61 0.416 1.300 (0.690, 2.449) 0.340 1.398 (0.702, 2.786)
Cigarette smoking

Never 180 (43.06) 2.76 Ref. Ref.

Ever or still 219 (52.39) 2.61 0.223 1.187 (0.901, 1.564) 0.179 0.745 (0.485, 1.144)

Missing 19 (4.55)
Alcohol drinking

Never 194 (46.41) 2.61 Ref. Ref.

Ever or still 205 (49.04) 2.76 0.914 1.015 (0.773, 1.333) 0.094 0.735 (0.513, 1.053)

Missing 199 (4.55)
Teadrinking

Never 285 (68.18) 2.70 Ref. Ref.

Ever 115 (27.51) 2.55 0.268 1.178 (0.881, 1.576) 0.749 1.058 (0.749, 1.493)

Missing 18 (4.31)
BMI

>24 122 (29.19) 2.82 Ref. Ref.

18.5-24 248 (59.33) 2.61 0.095 1.308 (0.955, 1.791) 0.564 0.564 (0.796, 1.521)
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<185 48 (11.48) 2.09

Missing 0 (0.00)

Wealth scores
Q5 46 (11.00) 2.92
Q4 84 (20.10) 2.66
Q3 78 (18.66) 2.57
Q2 85 (20.33) 2.62
Q1 125 (29.90) 2.68

First-line treatment method
Untreated 2 (0.47) 0.38
Radiotherapy 39 (9.33) 2.25
Chemotherapy 46 (11.00) 1.53
Surgery 250 (59.81) 2.89
Combination therapy 81 (19.38) 2.55
Missing 0 (0.00)

TNM staging
0+1+11 256 (61.24) 3.04
H+1v 162(38.76) 1.56

Grade of differentiation
ditforentited 3 (933) 313
mem e
ket sz um
G4 Undifferentiated 34 (8.13) 2.32
S\;; S;?s(ijng cannot be 9 (2.15) 159
Missing 2(0.48)

Helicobacter pylori
HP- 135 (32.30) 2.61
HP+ 263 (62.92) 2.66
Missing 20 (4.78)

Gastric atrophy
No 289 (69.14) 2.68
Yes 54 (12.92) 2.50
Missing 75 (17.94)

0.047

0.149
0.429
0.259
0.068

<0.001
<0.001
<0.001
<0.001

<0.001

0.067

0.003
0.009
0.011

0.328

0.849

1.579 (1.006, 2.479)

Ref.
1.489 (0.867, 2.558)
1.258 (0.712, 2.223)
1.373 (0.791, 2.382)
1.615 (0.964, 2.706)

Ref.
0.063 (0.014, 0.282)
0.078 (0.018, 0.343)
0.040 (0.009, 0.171)
0.048 (0.011, 0.211)

Ref.
2.435 (1.863, 3.182)

Ref.
1.701 (0.963, 3.003)

2.611 (1.373, 4.966)
2.505 (1.253, 5.010)
3.286 (1.309, 8.247)

Ref.
1.156 (0.864, 1.547)

Ref.
1.040 (0.695, 1.556)

0.406 0.406 (0.765, 1.937)

Ref.
0.332 1.316 (0.755, 2.295)
0.918 1.031 (0.575, 1.849)
0.201 1.445 (0.822, 2.542)
0.245 1.373 (0.804, 2.343)
Ref.

<0.001  0.059 (0.128, 0.274)
<0.001  0.063 (0.139, 0.283)
<0.001  0.054 (0.125, 0.236)
<0.001  0.059 (1.331, 0.263)

Ref.
<0.001 2.273 (1.684, 3.070)

Ref.
0.115 1.596 (0.893, 2.852)

0.131 1.671 (0.859, 3.251)
0.589 1.223 (0.589, 2.542)
0.121 2.145 (0.818, 5.625)

Ref.
0.519 1.103 (0.818, 1.488)

Ref.
0.750 1.071 (0.701, 1.638)

2aHR with adjustment for TILs, age, sex, grade of differentiation, TNM staging, first-line treatment method, BMI.

Supplementary Table 8. Univariable and multivariable Cox regression analyses of basic characteristics with OS in

AEG) of TCGA dataset (Validation, N = 169).

Characteristics No. of patients

Median survival

Univariable analysis

Multivariable analysis

(%) (years) P-value HR (95% CI) P-value aHR? (95% ClI)
TILs, Median (IQR) 1.99 (0.63, 6.38) 0.003 0.897 (0.835, 0.964) 0.002 0.812 (0.712, 0.925)
Age, mean (range) 65.43 (27-90) 0.806 1.003 (0.982, 1.024) 0.344 1.014 (0.985, 1.045)
Sex
Woman 46 (27.22) 0.97 Ref. Ref.
Man 123 (72.78) 1.36 0.530 1.207 (0.671, 2.169) 0.444 1.325 (0.646, 2.718)
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First-line treatment method
Pharmaceutical Therapy
Radiotherapy

Grade of differentiation
Grade 1-2
Grade 3
Missing

TNM staging
I+l
H+1V
Missing

89 (52.66)
80 (47.34)

46 (27.22)
72 (42.60)
51 (30.18)

71 (42.01)
85 (50.30)
13 (7.69)

1.25
1.26

1.45

1.08

1.28
1.35

0.613

0.073

0.014

Ref.
0.887 (0.559, 1.409)

Ref.

1.787 (0.948, 3.366)

Ref.
1.921 (1.140, 3.236)

Ref.
0.234 1.447 (0.788, 2.657)

Ref.

0.125 1.676 (0.866, 3.240)

Ref.
0.644 1.167 (0.606, 2.249)

3aHR with adjustment for TILs proportion, age, sex, first-line treatment method, grade of differentiation, and TNM staging.

Supplementary Table 9. Univariable and multivariable Cox regression analyses of basic characteristics with OS in GAC

of TCGA dataset (Validation, N = 222).

o No. of patients Median Univariable analysis Multivariable analysis
Characteristics survival
(%) (years) P-value HR (95% CI) P-value aHR? (95% Cl)

TILs, Median (IQR) 4.14 (1.17, 12.99) 0.004 0.961 (0.935, 0.988) 0.025 0.969 (0.942, 0.996)
Age, mean (range) 65.52 (30-90) 0.019 1.027 (1.004, 1.050) 0.002 1.039 (1.014, 1.064)
Sex

Woman 80 (27.22) 1.72 Ref. Ref.

Man 142 (72.78) 1.17 0.492 1.172 (0.746, 1.841) 0.797 1.064 (0.662, 1.711)
First-line treatment method

Pharmaceutical Therapy 109 (49.10) 1.30 Ref. Ref.

Radiotherapy 113 (50.90) 1.44 0.873 0.966 (0.627, 1.486) 0.912 1.026 (0.646, 1.631)
Grade of differentiation

Grade 1-2 83(37.39) 1.44 Ref. Ref.

Grade 3 133 (59.91) 1.18 0.085 1.510 (0.944, 2.414) 0.119 1.486 (0.904, 2.442)

Missing 6 (2.70)
TNM staging

1+ 95 (42.79) 1.66 Ref. Ref.

Hn+1v 123 (55.41) 1.10 0.001 2.780 (1.704, 4.533) 0.001 2.464 (1.468, 4.134)

Missing 4(1.80)

2aHR with adjustment for TILs proportion, age, sex, first-line treatment method, grade of differentiation, and TNM staging.

Supplementary Table 10. Univariable and multivariable Cox regression analyses of basic characteristics with OS in

ESCC of TCGA dataset (Validation, N = 70).

Median Univariable analysis Multivariable analysis
e No. of -
Characteristics atients (%) survival N
p 0 (years) P-value HR (95% CI) P-value aHR® (95% Cl)

TILs, Median (IQR) 33.00 (9.77, 62.62) 0.080 0.986 (0.970, 1.002) 0.133 0.985 (0.965, 1.005)
Age, mean (range) 57.01 (36-90) 0.031 1.052 (1.005, 1.102) 0.058 1.063 (0.998, 1.132)
Sex

Woman 11 (27.22) 1.95 Ref. Ref.

Man 59 (72.78) 1.04 0045 4546 (1.032,20.040) 0070  6.690 (0.854, 52.415)
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First-line treatment method
Pharmaceutical Therapy
Radiotherapy

Grade of differentiation

Grade 1-2
Grade 3
Missing

TNM staging

1+11
HI+1V
Missing

36 (70.00)
34 (50.90)

49 (70.00)
15 (21.43)
6 (8.57)

43 (61.43)
26 (31.17)
1(1.80)

1.06
1.05

1.05

1.10

1.10
1.02

0.542

0.290

0.048

Ref.
0.777 (0.346, 1.746)

Ref.

0.516 (0.152, 1.758)

Ref.
2.258 (1.006, 5.067)

Ref.
0.187 0.492 (0.171, 1.411)

Ref.

0.182 0.357 (0.079, 1.619)

Ref.
0.150 2.125 (0.762, 5.922)

3aHR with adjustment for TILs proportion, age, sex, first-line treatment method, grade of differentiation, and TNM staging.
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Supplementary Datasets
Please browse Full Text version to see the data of Supplementary Datasets 1-3.

Supplementary Dataset 1. AEGIJ cell feature training set.

Supplementary Dataset 2. ESCC cell feature training set.

Supplementary Dataset 3. GAC cell feature training set.
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