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ABSTRACT

Purpose: Esophageal cancer is the sixth leading cause of cancer-related death worldwide, and is associated with
a poor prognosis. Stromal tumor infiltrating lymphocytes (sTIL) and certain single nucleotide polymorphisms
(SNPs) have been found to be predictive of patient survival. In this study, we explored the association between
SNPs and sTIL regarding the predictability of disease-free survival in patients with esophageal squamous cell
carcinoma (ESCC).

Materials and methods: We collected 969 pathologically confirmed ESCC patients from 2010 to 2013 and
genotyped 101 SNPs from 59 genes. The number of sTIL for each patient was determined using an automatic
algorithm. A Kruskal-Wallis test was used to determine the association between genotype and sTIL. The
genotypes and clinical factors related to survival were analyzed using a Kaplan-Meier curve, Cox proportional
hazards model, and log-rank test.

Results: The median age of the patients was 67 (42-85 years), there was a median follow-up of 851.5 days and
586 patients died. The univariable analysis showed that 10 of the 101 SNPs were associated with sTIL. Six SNPs
were also associated with disease-free survival. A multivariable analysis revealed that sTIL, rs1801131, rs25487,
and rs8030672 were independent prognostic markers for ESCC patients. The model combining SNPs, clinical
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characteristics and sTIL outperformed the model with clinical characteristics alone for predicting outcomes in

ESCC patients.

Conclusion: We discovered 10 SNPs associated with sTIL in ESCC and we built a model of sTIL, SNPs and clinical
characteristics with improved prediction of survival in ESCC patients.

INTRODUCTION

Esophageal cancer (EC) is the seventh most common
malignant neoplasm and ranks sixth among cancer-
related deaths worldwide [1]. Eastern Asia has the
highest incidence rate of EC [1]. It is estimated that
there were more than 570,000 newly diagnosed EC
cases, approximately 508,000 deaths due to EC in 2018
[1]. EC can be divided into esophageal squamous cell
carcinoma (ESCC) and adenocarcinoma based on
histopathological classification, with ESCC accounting
for about 90% of EC cases [2]. Since it is associated
with mild symptoms, ESCC is often diagnosed only
after the disease has progressed to a late stage, often
meaning that the tumor cannot be resected or cured [3].
Therefore, the five-year survival rate in developed
countries is less than 20% [3, 4]. The main factors
affecting the prognosis of ESCC include the treatment
method, genetic markers, and the general health of the
patient.

Tumor infiltrating lymphocytes (TILs), have been
shown to reflect the status of the tumor immune
microenvironment [5] and are widely considered to be a
key indicator of host-tumor immune interactions.
Moreover, TILs are predictive biomarkers of potentially
effective  anti-tumor therapies, including cancer
immunogenicity, clinical outcome, and immunotherapy
response [6-11]. Recently, many clinical studies have
focused on treatments targeting the tumor immune
microenvironment and have evaluated the outcome of
TILs in several cancers, such as breast cancer and lung
cancer [12, 13]. It has been shown that high levels of
TILs provide a significant survival advantage in ESCC
[14]. Such TILs consist of various lymphocytes (e.g.,
CD8+, CD4+ and Foxp3+ T cells), which are involved
in determining tumor progression and aggressiveness
[15, 16]. In addition, stromal tumor infiltrating
lymphocytes (STIL) are defined as lymphocytes that do
not directly interact with the tumor cells and are more
sensitive at predicting a response to therapy than
intratumoural TIL (iTIL) [13].

Both the risk of developing ESCC and patient prognosis
may be influenced by genetic variations, (e.g.,
polymorphisms) [17, 18], which are involved in many
cellular pathways, including cell proliferation, DNA
repair, apoptosis, and the immune response [19].

Although both patient genetic variation and immune
status contribute to the clinical outcome, whether the
association between sTIL and ESCC survival varies
with different genetic backgrounds unknown. A better
understanding of the relationship between genotypes,
STIL, and their combined-impact on the prognosis of
ESCC patients may also help to enhance the ability to
predict patient survival and promote individualized
treatment. Furthermore, most TILs values reported in
previous studies have been manually estimated by
pathologist, and thus may be subject to interobserver
variability.

Although significant progress has been made in
understanding the risk factors for esophageal cancer, the
development of anti-cancer therapies that can
significantly extend the life expectancy of patients has
proven challenging [20]. Therefore, we emphasis on
studying the patterns of patient clinical outcomes and its
possible determinants, such as germline mutations and
immunological response. In this study, we aimed to
investigate the relationship between SNPs and
automatically quantified sTIL, we also sought to
explore their impact on the prognosis of ESCC in
Taixing, China, a medium sized city in eastern China,
with the highest incidence rate of ESCC.

RESULTS
SsTIL characteristics

The patient demographic characteristics are listed in
Table 1. The median age at diagnosis was 67 years
(range: 42 — 85 years) and the patients were
predominately male (66.6%). Of all patients, 48.3%
(468/965) of the cases were first treated with surgery,
12.4% (120/965) by chemotherapy and 12.1%
(117/965) by radiotherapy. The percentage sTIL was
associated with the first-line treatment method (P =
0.006). A borderline significant association was
observed for tea drinking (P = 0.068).

SNPs associated with the percentage of sTIL

Of the 1,190 genotyped eligible cases, 73 (6.1%) were
lost to follow-up and 148 patients had low image
quality of the tissue slides. Therefore, a prognostic
association study was carried out for a total of 969
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Table 1. Clinicopathological factors and association with sTIL in ESCC.

Clinical character Count(%o) STIL(95% CI) P value
Age grouping 0.278
40-49 28 (2.9) 27.84 (25.57, 32.63)
50-59 156 (16.1) 28.50 (23.70, 37.00)
60-69 410 (42.3) 28.62 (22.03, 35.76)
70-79 312 (32.2) 27.18 (21.37, 33.95)
80-85 63 (6.5) 29.27 (23.31, 36.04)
Sex 0.515
Male 645 (66.6) 28.22 (22.77,34.91)
Female 324 (33.4) 28.23 (21.84, 36.28)
First-degree family history of ESCC 0.804
No 640 (66.0) 28.37 (22.40, 35.53)
Yes 299 (30.9) 28.07 (22.44, 35.26)
Missing 30(3.1) NA
Grade of Differentiation 0.246
Gx Grading cannot be evaluated 49 (5.1) 29.24 (23.69, 35.60)
G1 Highly differentiated 72 (7.4) 31.38 (23.77, 36.90)
G2 Medium differentiation 563 (58.1) 28.22 (22.30, 35.18)
G3 Poorly differentiated 181 (18.7) 28.80 (22.15, 36.18)
G4 Undifferentiated 63 (6.5) 25.19 (20.35, 33.41)
Missing 41 (4.2) NA
First-line treatment method 0.006
Surgery 468 (48.3) 28.93 (23.13, 36.31)
Chemotherapy 120 (12.4) 25.73 (19.97, 32.49)
Radiotherapy 117 (12.1) 27.69 (22.71, 33.90)
Combination therapy 221 (22.8) 28.89 (21.84, 35.60)
Untreated 39 (4.0) 23.59 (17.95, 33.13)
Missing 4(0.4) NA
BMI 0.504
<18.5 102 (10.5) 26.45 (20.88, 34.52)
[18.5,24) 619 (63.9) 28.19 (22.68, 35.49)
[24,28) 219 (22.6) 28.69 (21.98, 35.47)
>28 29 (3.0 30.34 (24.43, 36.24)
Smoking(pack-years) 0.940
Never 400 (41.3) 27.90 (21.80, 36.03)
<30 224 (23.1) 28.09 (23.10, 34.00)
>30 304 (31.4) 28.73 (22.76, 35.48)
Missing 41 (4.2) NA
Alcohol consumption status 0.341
No 441 (45.5) 27.59 (21.67, 35.44)
Ex-drinker 25 (2.6) 28.22 (23.13, 33.68)
Current drinker 464 (47.9) 29.05 (23.22, 35.54)
Missing 39 (4.0 NA
Tea drinking 0.068
No 628 (64.8) 27.94 (21.85, 35.04)
Yes 303 (31.3) 29.18 (23.27, 36.63)
Missing 38(3.9) NA
Times of tooth brushing daily 0.688
1 774 (79.9) 28.21 (22.08, 35.54)
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=) 169 (17.4)

28.79 (23.45, 34.91)

Missing 26 (2.7) NA
Wealth score 0.178
Q1 299 (30.9) 28.37 (22.99, 35.46)
Q2 181 (18.7) 26.34 (21.27, 34.08)
Q3 221 (22.8) 27.73 (23.07, 34.38)
Q4 170 (17.5) 30.40 (23.01, 37.08)
Q5 98 (10.1) 26.23 (21.27, 37.47)
Education level 0.147

Iliteracy 360 (37.2)

27.38 (21.30, 34.87)

Primary school 368 (38.0) 28.22 (22.94, 35.48)
Junior high school 186 (19.2) 29.25 (23.41, 35.98)
High school and above 55 (5.7) 30.33 (24.62, 38.02)

sTIL, stromal infiltrating lymphocytes.

patients. Among 101 SNPs, 10 were found to be
associated with the percentage of sTIL (Table 2) based
on a Kruskal-Wallis H test. Patients with rs1799930
genotype A/A had the highest percentage of sTIL
among all the SNPs. For each SNP, pairwise within-
group comparisons were performed to investigate which
genotypes were associated with a significantly high
percentage of sTIL. The percentage of sTIL in patients
with the rs1800682 genotype T/C was significantly
higher than that of patients carrying the genotypes T/T
and C/C (P < 0.01). The rs2234767 genotype G/A was
significantly higher than that of patients carrying A/A.
Similarly, for the rs1312200, rs2051428 and rs3762894
polymorphisms, heterozygous patients had a higher
percentage of sTIL than the homozygous patients
(Supplementary Figure 1).

Prognostic value of sTIL and SNPs

Next, we examined the prognostic value of the sTIL and
SNPs. The six SNPs that were significantly associated
with patient prognosis are presented in Table 3. Because
the DFS of patients receiving chemotherapy, chemo-
radiotherapy and surgery is significantly different.
Therefore, if the overall analysis of these three
populations is performed without distinction, the
difference caused by SNPs may be masked. We add a
stratification analysis by the first-line treatment, the six
SNPs had significant or borderline significant
differences in prognosis in at least one of the four first-
line treatment method except for rs994771
(Supplementary Table 1). Patients with rs1801131 C/C
had a higher risk of death than those with A/A
(Adjusted HR (aHR) = 1.869; 95% CI = 1.183 — 2.954:
P = 0.007) and the results changed little after adjusting
for staging information (aHR = 1.947; 95% CI = 1.098
— 3.453; P = 0.023) (Supplementary Table 2). Patients
with the rs8030672 T/T genotype had a higher risk of

death than those carrying the T/A genotype (aHR =
1.545; 95% CI = 1.045 — 2.284, P = 0.029). Patients
carrying the rs25487 G/G genotype exhibited better
survival compared with the A/A genotype (@aHR =
0.619; 95% CI = 0.424 — 0.906; P = 0.014). The
percentage of sTIL among the rs994771, rs2234767,
and rs1800682 genotypes also significantly differed
(Table 3), however, this significance was lost after
adjusting for sTIL, age, gender, grade of differentiation,
first-line treatment method, and BMI.

We further combined the FAS/ACTA2 rs2234767
A/A+G/G and rs1800682 C/C+T/C genotypes, which
exhibited a similar prognostic risk. For DFS, patients
with the rs2234767 G/A and rs1800682 C/C+T/C
genotypes had a decreased risk of disease progression,
compared with those carrying the rs2234767 AIA+G/G
(P < 0.001) and rs1800682 T/T genotypes (P = 0.012)
(Figure 1).

A new prognostic model involving sTIL, SNPs, and
clinical characteristics

A multivariate Cox regression analysis was performed
on 969 subjects. Age, gender, grade of differentiation,
first-line treatment method, history of tea drinking, and
sTIL were significantly associated with DFS (Table 4).
Specifically, a higher percentage of sTIL was associated
with a better prognosis (aHR = 0.958; 95% CI = 0.949 —
0.967; P < 0.001). It should be noted that there was no
significant difference in DFS for the tumor grade, first-
line treatment method, and history of tea drinking with
adjustment for clinical characteristics, and TNM staging
(Supplementary Table 3).

Finally, we constructed a prognostic model by
combining all of the independent prognostic factors
(i.e., prognosis-related SNPs, sTIL) and clinical
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Table 2. Significant SNPs (P-values < 0.05) from a Kruskal-Wallis test for the association with ESCC (N=969).

SNP Position for th‘genr;rest) aﬁé is fof gzt)'e”ts sTIL, mean (95% CI)  P-value
rs1051740 chr1:225831932 EPHX1 C/C 195 (20.1) 28.31 (23.45, 33.93) 0.037
TIC 472 (48.7) 28.81 (22.92, 36.72)
TIT 295 (30.4) 27.01 (20.71, 34.22)
Missing 7(0.7)
rs1312200 chr4:99091206 LOC100507053 CiC 443 (45.7) 27.23 (21.51, 34.04) 0.001
TIT 409 (42.2) 29.90 (23.31, 36.90)
CIT 107 (11.0) 26.32 (22.28, 33.22)
Missing 10(1.0)
rs3762894 chr4:99144933 ADH4 c/c 437 (45.1) 27.37 (21.47, 34.08) 0.002
LOC100507053 CIT 406 (41.9) 29.66 (23.51, 36.76)
TIT 107 (11.0) 26.39 (22.39, 33.33)
Missing 19 (2.0)
rs2051428 chr4:99202029 LOC100507053 CiC 496 (51.2) 27.53 (21.61, 34.09) 0.004
CIT 382 (39.4) 29.61 (23.39, 36.90)
TIT 85 (8.8) 26.32 (22.17, 33.24)
Missing 6 (0.6)
rs10008281 chr4:99221145 ADH6 A/A 515 (53.1) 27.59 (21.64, 34.27) 0.009
AIC 368 (38.0) 29.58 (23.72, 36.92)
cic 77(7.9) 26.95 (22.17, 33.42)
Missing 9(0.9)
rs10052657 chr5:59111944 PDE4D A/A 15(1.5) 21.67 (17.12, 24.88) 0.008
C/IC 212 (21.9) 28.55 (23.09, 34.13)
CIA 720 (74.3) 28.27 (22.43, 35.80)
Missing 22 (2.3)
rs2285947 chr7:21544470 DNAH11 A/A 73 (7.5) 24.32 (19.23, 32.05) 0.021
GIA 391 (40.4) 28.80 (22.63, 36.31)
GIG 474 (48.9) 28.06 (22.67, 35.00)
Missing 31(3.2)
rs1799930 chr8:18400593 NAT2 AIA 41 (4.2) 31.55 (24.49, 36.96) 0.021
G/A 334 (34.5) 29.09 (23.17, 36.87)
GIG 554 (57.2) 27.36 (21.75, 34.07)
Missing 40 (4.1)
rs1800682 chr10:88990206 FAS CiC 127 (13.1) 27.41 (19.99, 34.01) 0.015
ACTA2 TIC 474 (48.9) 29.09 (23.14, 36.41)
TIT 348 (35.9) 27.43 (21.67, 34.31)
Missing 20(2.1)
rs2234767 chr10:88989499 FAS A/A 108 (11.1) 26.93 (19.57, 33.65) 0.030
ACTA2 GIA 444 (45.8) 28.73 (23.14, 36.09)
GIG 401 (41.4) 27.76 (22.15, 35.03)
Missing 16 (1.7)
characteristics, which are statistically significant factors DISCUSSION

in a univariate analysis as shown in Table 4. The
combination of prognosis-related sTIL, SNPs and
clinical characteristics (AUC = 0.727) showed a
significantly better prognostic value (P = 0.008)
compared to the conventional clinical model (AUC =
0.658) (Figure 2).

In this study, we found that patients with a high
percentage of sTIL had a better prognosis. This finding
was consistent with the results of a previous study [21,
22], in which the percentage of sTIL was estimated by
pathologists. Instead, we used an automatic algorithm to
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Table 3. Univariate and multivariate cox regression analyses of SNPs for DFS (N=969).

o Gene A/B Median survival Univariate analysis Multivariate analysis
SNP Position
(or the nearest)  alleles (days) P-value HR (95% CI) P-value HR (95% CI)
rs1801131  chrl:11794419 MTHFR AIA 632 1003 0.018 Ref.
AIC 256 744 1.238(1.030-1.488) 0.151 1.151(0.950-1.394) 2
CIC 30 649 1.537(1.008-2.343) 0.007 1.869(1.183-2.954) 2
rs994771 chr4:99406646 LOC102723576 CIC 106 667 0.048 Ref.
TIC 385 909 0.779(0.600-1.012) 0.079 0.781(0.594-1.029) @
TIT 458 993 0.723(0.559-0.936) 0.065 0.776(0.593-1.016) 2
rs2234767  chr10:88989499 FAS AIA 108 776 0.004 Ref.
ACTA2 G/IA 444 1172 0.771(0.591-1.007) 0.052 0.761(0.578-1.002)
G/IG 401 791 1.024(0.787-1.333) 0.850 0.974(0.742-1.279)®
rs1800682  chr10:88990206 FAS CIC 127 899 0.023 Ref.
ACTA2 TIC 474 1037 0.860(0.668-1.107) 0.159 0.828(0.638-1.076) °
TT 348 790 1.100(0.851-1.422) 0.958  1.007(0.772-1.315)°
rs8030672  chrl5:68766745 ANP32A TIA 62 1734 0.018 Ref.
TIT 905 883 1.596(1.085-2.350) 0.029 1.545(1.045-2.284) 2
rs25487 chr19:43551574 XRCC1 AIA 43 783 0.001 Ref.
G/IA 354 700 0.948(0.651-1.379) 0.632 0.910(0.619-1.338) 2
G/G 553 1078 0.704(0.487-1.019) 0.014 0.619(0.424-0.906) ®

Abbreviations: DFS, disease-free survival; Cl, confidence interval; HR, hazard ratio.
awith adjustment for sTIL, age, sex, grade of differentiation, first-line treatment method, BMI.
bwith adjustment for age, sex, grade of differentiation, first-line treatment method, BMI.

calculate the percentage of sTIL, thereby ensuring the
robustness and accuracy of the results.

An accurate prognostic assessment will facilitate
clinical decision-making, enabling doctors to make
patient-specific decisions pertaining to drug therapy,
thereby improving patient prognosis [23]. We found
that a model including both sTIL and the SNPs
identified in our study in addition to conventional
clinical factors improves the predictability of DFS.
Notably, SNP rs2234767 and rs1800682 on gene
FAS/ACTA2 were found to be significantly associated
with both the percentage of sTIL and patient prognosis.
Several studies have described the clinical outcomes
related to FAS SNPs in multiple types of cancer,
including lung cancer and breast cancer [24-26]. By
studying 338 patients with early non-small cell lung
cancer (NSCLC) who underwent surgical resection,
Park et al. found that the FAS rs1800682 T/C
polymorphism may affect the survival of early NSCLC,
and that the survival rate of patients with the C/C
genotypes was significantly lower than those with the
T/T genotype [24]. In a study of 216 women diagnosed
with lymph node-positive breast cancer, Knechtel et al.
found a significant association between the FAS
rs2234767 G/A genotype (P = 0.040; HR = 0.451; CI =
0.496 — 1.188) with DFS in the univariate Cox

regression [26] and a similar case was reported in China
[25]. Further-more, a meta-analysis by Zhong et al.
showed that FAS rs2234767 G/A were found to be
associated with a decreased risk of cancer [27]. Thus,
our results are consistent with these previous studies.
More importantly, we are the first to show that
rs1800682 and rs2234767 were also associated with the
percentage of sTIL in ESCC.

Rs2234767 and rs1800682 are only significantly
associated with patient survival in univariable analyses,
whereas the multi-variable analysis was not significant
after adjusting for sTIL, age, sex, first-line treatment
method, and BMI. This implies that the two SNPs are
potential confounders or the genetic variation of the
gene FAS affect patient survival via sTIL.

FAS, also known as CD95, is a cell surface receptor that
triggers apoptosis upon binding by its cognate ligand
(FASL) as a method of maintaining immune homeo-
stasis. FAS also plays a critical role in the immune-
related elimination of cancer cells. It has been found that
SNPs in the promoter regions of the FAS and FASL genes
are associated with the differential expression of these
two genes. The FAS rs2234767 and rs1800682
polymorphisms have been shown to reduce promoter
activity and downregulate FAS gene expression by
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disrupting the SP1 and STAT1 transcription factor
binding sites [28, 29]. In addition, these SNPs have been
reported to be involved in the development of esophageal
cancer, lung cancer, and breast cancer, for which
apoptosis plays a key pathogenic role [30].

Furthermore, the overexpression of ANP32A was
associated with aberrant expression of oncogenes and
tumor suppressor, as well as immune-related pathways
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[31]. It is possible that individuals carrying genotype
T/T of rs8030672 in gene ANP32A may be more
susceptible to alterations in the state of gene
modifications or DNA damage related to autoimmune
regulation [20, 32, 33], when stimulated by certain
carcinogen exposures such as acetaldehyde and
nicotine. Subsequently, the alterations may result in
reduced sTIL in the tumor microenvironment. Further
studies are needed to explore the mechanism.
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Figure 1. Kaplan-Meier curves of disease-free survival (DFS) in esophageal squamous cell carcinoma (ESCC) based on
genotypes, prognostic significance was found for the FAS/ACTA2 rs2234767 G/A genotypes in ESCC: (A), under a reference
model; (B), under a dominant model; and for the FAS/ACTA2 rs1800682 T/C genotypes: (C), under a reference model; (D), under a dominant

model. P values in the univariate Cox hazard models.
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Table 4. Univariate and multivariate cox regression analyses of basic characteristics with DFS in ESCC (N=969).

. Median Univariate analysis Multivariate analysis
Characteristics No. of patients survival
(%) (days) P-value HR (95% CI) P-value HR (95% CI)?
sTIL, mean(range) 28.80 (3.25-69.55) <0.001 0.955(0.946-0.963) <0.001 0.958(0.949-0.967)
Age, mean(range) 67 (42-85) <0.001 1.025(1.015-1.035) 0.023 1.014(1.002-1.025)
Sex
Male 645 (66.6) 855 Ref. Ref.
Female 324 (33.4) 1074 0.035 0.875(0.773-0.991) 0.017 0.756(0.601-0.951)
First-degree family history of ESCC
No 640 (66.0) 909 Ref. Ref.
Yes 299 (30.9) 918 0.550 0.962(0.849-1.091) 0.262 0.926(0.81-1.059)
Missing 30(3.1)
Grade of Differentiation
Gx Grading cannot be evaluated 49 (5.1) 598 Ref. Ref.
G1 Highly differentiated 72(7.4) 1614 <0.001 1.195(0.886-1.611) 0.837 1.034(0.754-1.418)
G2 Medium differentiation 563 (58.1) 1078 1.737(1.339-2.253) 0.006 1.463(1.113-1.923)
G3 Poorly differentiated 181 (18.7) 750 0.724(0.547-0.957) 0.164 0.813(0.607-1.088)
G4 Undifferentiated 63 (6.5) 514 1.12(0.91-1.378) 0.304 1.12(0.902-1.39)
Missing 41 (4.2)
First-line treatment method
Chemotherapy 120 (12.4) 531 Ref. Ref.
Surgery 468 (48.3) 1517 <0.001 0.454(0.356-0.578) <0.001 0.588(0.449-0.77)
Radiotherapy 117 (12.1) 562 0.892(0.664-1.2) 0.809 0.961(0.695-1.329)
Combination therapy 221 (22.8) 710 0.783(0.603-1.017) 0.875 0.977(0.732-1.305)
Untreated 39(4.0) 352 1.772(1.2-2.617) 0.109 1.485(0.915-2.409)
Missing 4(0.4)
BMI
<18.5 102 (10.5) 619 Ref. Ref.
[18.5,24) 619 (63.9) 791 <0.001 0.599(0.411-0.872) 0.192 0.772(0.523-1.139)
[24,28) 219 (22.6) 1351 1.159(0.861-1.561) 0.344 1.161(0.852-1.583)
>28 29 (3.0) 1217 1.103(0.913-1.333) 0.100 1.183(0.968-1.446)
Smoking(pack-years)
Never 400 (41.3) 1018 Ref. Ref.
<30.0 224 (23.1) 786 0.141 1.006(0.876-1.154) 0.101 0.845(0.69-1.034)
>30.0 304 (31.4) 930 0.856(0.733-0.999) 0.271 0.902(0.75-1.084)
Missing 41(4.2)
Alcohol consumption status
No 466 (48.1) 879 Ref. Ref.
Still drinking now 464 (47.9) 936 0.487 0.943(0.799-1.113) 0.187 0.859(0.685-1.077)
Missing 39 (4.0)
Tea drinking
No 628 (64.8) 930 Ref. Ref.
Yes 303 (31.3) 844 0.430 1.051(0.929-1.189) 0.004 1.264(1.079-1.481)
Missing 38(3.9)
Times of tooth brushing daily
<l 774 (79.9) 912 Ref. Ref.
> 169 (17.4) 950 0.983 1.002(0.862-1.164) 0.435 1.068(0.905-1.26)
Missing 26(2.7)
Wealth score
Ql 299 (30.9) 781 Ref. Ref.
Q2 181 (18.7) 844 0.401 0.831(0.673-1.027) 0.149 0.833(0.65-1.068)
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Q3 221 (22.8) 936 0.992(0.811-1.213) 0.808  0.972(0.772-1.223)

Q4 170 (17.5) 952 0.928(0.762-1.131) 0.293 0.89(0.716-1.106)

Q5 98 (10.1) 1180 1.003(0.836-1.203) 0.125 0.857(0.704-1.044)
Education level

Illiteracy 360 (37.2) 735 Ref. Ref.

Primary school 368 (38.0) 986 0.073 0.828(0.638-1.074) 0.200 0.807(0.582-1.12)

Junior high school 186 (19.2) 1003 1.105(0.883-1.381) 0.510 1.088(0.847-1.399)

High school and above 55(5.7) 1288 1(0.836-1.196) 0.579 0.946(0.778-1.15)

Abbreviations: DFS, disease-free survival; Cl, confidence interval; HR, hazard ratio.
awith adjustment for sTIL, age, sex, grade of differentiation, first-line treatment method, BMI.

Statistical comparison

,8 |
g -
g -
£
o)
= p—value = 0.008
g
o
g -
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Area under the ROC curve
Multivariate model with sTIL, SNPs and clinical characteristics:0.727
o Multivariate model only with clinical characteristics;0.658

100 80 &0 40 20 ]
Specificity (%)

Figure 2. ROC analyses of esophageal squamous cell carcinoma (ESCC) patients. Additive prognostic value of SNPs and sTIL in
patients with ESCC by comparison of area under the ROC curve (AUC) for (1) multivariate model with sTIL, SNPs and clinical characteristics, (2)
multivariate model only with clinical characteristics.
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This study has some limitations. The SNPs we studied
are derived from genes that have been shown to
contribute to the risk of ESCC, however they are not
comprehensive on a genome-wide level. Besides, our
study only involved patients from one region. Taizhou,
its population with a combination of genetic
characteristics from both north and south China [34], is
geographically located at the north-south border and
one of the highest esophageal cancer regions in China.
Therefore, our studied population is a fairly good
representative of the Chinese population. We have
collected information on alcohol and tea consumption,
as well as individual oral health, socioeconomic status,
education level, and first-line treatment, and adjusted
for these factors in our analysis. However, it should still
be cautious in interpreting the results, given that China
is a multi-ethnic country with large geographic
variation.

The findings of this study lay the groundwork for future
research into the mechanisms of how sTIL and SNPs
affect ESCC patient prognosis. Future research should
be carried out to generalize the outcome and search for
genomic variations that explain the different immune
responses in ESCC and the subsequent effect on patient
survival.

CONCLUSIONS

This study aimed to investigate the association between
sTIL and SNPs, and to explore their prognostic value
independent of the classical clinical variables of patients
with ESCC. To the best of our knowledge, this is the
first study to investigate the association between SNPs
of genes known to be associated with a higher risk of
EC with the proportion of sTIL and their impact on
patient survival. We examined the percentage of sTIL
and 101 SNPs from 59 ESCC risk-related genes in 969
patients. We found that 10 SNPs from 9 genes were
associated with the percentage of sTIL, and 6 SNPs
were associated with prognosis.

MATERIALS AND METHODS
Patients and sample selection

We recruited and genotyped 1,190 EC patients
between 2010 and 2013 in Taixing, China. The
following inclusion criteria for cases were used: (1)
age 40 — 85 years old and living in Taixing for at least
five years; (2) suspected EC by endoscopy that was
subsequently histopathologically confirmed. (3) newly
diagnosed and newly treated with ESCC. The
specific study design was as previously described
[35-39]. Furthermore, 221 participants who were lost
to follow-up or had low quality images from

hematoxylin and eosin (H&E)-stained slides derived
from tissue blocks were excluded. The patients’
personal information and clinical data (e.g., smoking,
drinking, and family history) were obtained by
questionnaires and patients were staged according to
the 7th edition of the American Joint Committee on
Cancer staging system.

Histologic evaluation of sTIL

We used an unsupervised learning algorithm to
independently perform tumor infiltrating cell detection
for each analyzed image. The algorithm has been used
in automated detection of tumor tissue on nuclear
magnetic resonance sequences and the average MiMSeg
(Mixture Model based Segmentation) has been
demonstrated similar to the expert-curated decision with
89.2% consistency [40]. We scored TIL cells on the
tissue slide image using the following three-step
algorithm: 1) we first started with the RGB domain
enhancement using a Gaussian mixture model (GMM).
The GMM decomposition of signal distribution in each
RGB channel was performed. The multi-class image
guantization was realized based on the threshold values
obtained after k-means clustering of all GMM
components. An optimal number of classes was found
with the use of Dunn criterion. Each level in the
guantization process represents separate segments. The
identified image segments were then automatically
annotated into nuclei, cytoplasm, stroma and other type.
2) during the second step we focused on image
segments annotated as nuclei. The lymphocyte nuclei
were identified using the following features: i) the size
of the lymphocyte nucleus with respect to the size of the
other detected nuclei; ii) nucleus roundness; iii) nucleus
eccentricity; iv) nucleus to cell size ratio; and v) nucleus
staining variation. All the steps mentioned above are
described in detail in Binczyk et al. [40]. The
lymphocyte nucleus and cytoplasm were used to
construct the lymphocytes; and 3) since stromal TILs
are located either scattered or clustered in the stroma
between the tumor cells but do not directly interact with
tumor cells [41], identification of the tumor region is
required. The percentage of sTIL’s was calculated as the
ratio between the area of stromal TILs and total stroma,
limited to the tumor regions.

SNP genotyping and quality control

We selected SNPs that were previously reported to be
associated with ESCC in candidate genes or GWAS
studies [42, 43]. A total of 101 SNPs from 59 genes
were obtained for genotyping. The SNPs were
genotyped by using a three-round multiplex polymerase
chain  reaction procedure with next-generation
sequencing technology [44].
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Follow-up

The survival time of each patient was calculated from
the date of diagnosis until the date of death or until the
end of the follow-up procedure period. The survival
time was expressed in days.

Statistical analysis

Distributions of continuous variables were evaluated
using the Kruskal-Wallis H, and Shapiro-Wilk tests.
Parametric continuous data are expressed as mean and
95% confidence intervals (95% CI). Categorical data
were presented as numbers and percentages. Correlations
between the genotype frequencies and clinical
information were analyzed using a Chi-square test. The
correlation between sTIL and SNPs was analyzed with a
Kruskal-Wallis H test since the percentage of sTIL did
not meet the prerequisites for parametric testing method.

Disease-free survival (DFS) was defined as the time
which begins at diagnosis and up to recurrence of ESCC
or the time of any death or last follow-up. Kaplan-Meier
curves were displayed to evaluate long-term DFS and
comparisons were performed with the log-rank test.

The Cox proportional hazard model was used for
univariable analysis and multi-variable association
analysis between SNPs and prognosis, adjusting for
STIL, age, sex, first-line treatment method, and BMI
(i.e., confounding factors associated with ESCC
survival) (Table 4). Univariate Cox regression analysis
stratified by first-line treatment method was used to
analyze the effect of SNPs on prognosis
(Supplementary Table 1). The multivariate model with
adjusting for TNM staging and other clinical
characteristics was used only for the 507 patients who
had clinical staging information (Supplementary Tables
2, 3). The hazard ratio (HR) and 95% confidence
interval were estimated.

To investigate whether the inclusion of sTIL and SNP
could improve the accuracy of a general prediction
model with only clinical characteristics, we randomly
divided 969 individuals into a 70% training set for
training the model and a 30% test set for calculating the
accuracy of the model. Receiver operating characteristic
(ROC) curve was used to compare the sensitivity and
specificity of each parameter for predicting disease-free
survival. Area under curve (AUC) was calculated to
compare model fit superiority and statistical
significance was calculated by Delong’s test [45].

Statistical analyses were performed using R software
(version 3.5.1, http://cran.r-project.org) and SPSS
(version 21). A threshold of P < 0.05 was considered to

be statistically significant and all tests were two-sided.
Patients with missing values on any of the analyzed
predictors were excluded from the univariable analysis
and multivariable analyses.

Ethical approval and consent to participate

All participants provided written informed consent. This
project was approved by the institutional review boards
of the School of Life Sciences, Fudan University and
Qilu Hospital, Shandong University. This study was
conducted in compliance with the Measures for the
Administration of Human Genetic Resources issued by
the Ministry of Science and Technology and the
Ministry of Public Health, China, and the Declaration of
Helsinki or comparable ethical standards.

Consent for publication

Written informed consent for publication was obtained
from all participants.

Availability of supporting data
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current study are available from the corresponding
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Supplementary Figure 1. Comparison of sTIL between different genotypes of 10 SNPs with significant differences. (A-J) The
vertical axis represents the percentage of sTIL and the horizontal axis is the genotypes of each SNP. * P < 0.05; ** P <0.01; *** P <0.001.
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Table 1.

Supplementary Table 1. Univariate cox regression analyses of SNPs for DFS stratified by first-line treatment
(N=969).

Supplementary Table 2. Univariate and multivariate cox regression analyses of SNPs for DFS (N=507).

Gene Median Univariate analysis Multivariate analysis
SNP Position (or the A/B Count  survival
nearest) alleles (days) P-value HR (95% CI) P-value HR (95% CI)
rs1801131  chrl:11794419 MTHFR AIA 338 1172 0.230 Ref.
AlC 123 1051 1.059(0.8-1.402) 0.497 1.105 (0.829-1.472) 2
c/IC 18 563 1.635(0.929-2.876) 0.023 1.947(1.098-3.453) *
rs994771 chr4:99406646  LOC102723576  C/C 53 768 0.480 Ref.
TIC 200 1033 0.828(0.558-1.228) 0.406 0.844(0.566-1.259) *
TIT 240 1225 0.787(0.534-1.16) 0.246 0.793(0.535-1.174)
rs2234767  chr10:88989499 FAS AIA 59 896 0.018 Ref.
ACTA2 G/IA 254 1482 0.746(0.511-1.09) 0.025 0.640(0.434-0.945)
GIG 184 855 1.067(0.727-1.566) 0.829 0.957(0.645-1.421)
rs1800682  chr10:88990206 FAS C/IC 70 1092 0.020 Ref.
ACTA2 TIC 269 1424 0.825(0.575-1.182) 0.064 0.706(0.488-1.021) ®
TIT 157 837 1.192(0.82-1.732) 0.911 1.022(0.693-1.509)
rs8030672  chrl5:68766745 ANP32A TIA 30 1734 0.085 Ref.
TIT 475 1014 1.663(0.932-2.969) 0.318 1.350 (0.749-2.433) 2
rs25487 chr19:43551574 XRCC1 AIA 21 883 0.107 Ref.
G/IA 185 801 0.875(0.502-1.527) 0.389 0.779(0.442-1.375)
GIG 290 1378 0.692(0.4-1.197) 0.057 0.578(0.328-1.017) @

Abbreviations: DFS, disease-free survival; Cl, confidence interval; HR, hazard ratio.
awith adjustment for sTIL, age, sex, TNM stage, grade of differentiation, first-line treatment method, BMI.
bwith adjustment for age, sex, TNM stage, grade of differentiation, first-line treatment method, BMI.
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Supplementary Table 3.
ESCC (N=507).

Univariate and multivariate cox regression analyses of basic characteristics with DFS in

. Median Univariate analysis Multivariate analysis
Characteristics No. of patients survival
(%) (days) P-value HR (95% CI) P-value HR (95% ClI) @
sTIL, mean(range) 28.47 (5.13-69.04) <0.001 0.954(0.942-0.966) <0.001 0.958(0.945-0.971)
Age, mean(range) 66 (42-85) 0.008 1.019(1.005-1.034) 0.289 1.009(0.992-1.027)
Sex
Male 930 Ref. Ref.
Female 170 (33.9) 1812 0.005 0.767(0.638-0.922) 0.002 0.566(0.398-0.805)
First-degree family history of ESCC
No 337 (66.5) 1176 Ref. Ref.
Yes 152 (30.0) 972 0.639 1.044(0.871-1.252) 0.834 1.021(0.84-1.242)
Missing 18 (3.6)
TNM stage
0+1+11 301 (59.4) 1812
H+1vV 206 (40.6) 528 <0.001 2.545(2.007-3.228) <0.001 2.09(1.583-2.76)
Grade of Differentiation
Gx Grading cannot be evaluated 9 (1.8) 579 Ref. Ref.
G1 Highly differentiated 47 (9.3) 1812 <0.001 1.021(0.608-1.715) 0.243 0.718(0.412-1.252)
G2 Medium differentiation 340 (67.1) 1220 2.184(1.398-3.412) 0.262 1.33(0.808-2.191)
G3 Poorly differentiated 60 (11.8) 700 0.571(0.371-0.879) 0.181 0.725(0.453-1.161)
G4 Undifferentiated 49 (9.7) 470 1.212(0.895-1.64) 0.154 1.264(0.916-1.746)
Missing 2(0.4)
First-line treatment method
Chemotherapy 59 (11.6) 520 Ref. Ref.
Surgery 97 (19.1) 1451 <0.001 0.49(0.35-0.687) 0.128 0.737(0.498-1.092)
Radiotherapy 50 (9.9) 609 0.851(0.541-1.337) 0.758 1.083(0.652-1.799)
Combination therapy 296 (58.4) 981 0.62(0.415-0.926) 0.571 0.878(0.561-1.375)
Untreated 4(0.8) 188 3.012(0.929-9.765) 0.293 1.936(0.566-6.63)
Missing 1(0.2)
BMI
<185 53 (10.5) 700 Ref. Ref.
[18.5,24) 310 (61.1) 1003 0.046 0.71(0.44-1.145) 0.938 0.98(0.59-1.628)
[24,28) 125 (24.7) 1812 1.189(0.81-1.746) 0.183 1.316(0.878-1.972)
>28 19 (3.7) 1172 1.17(0.906-1.512) 0.180 1.205(0.917-1.583)
Smoking(pack-years)
Never 213 (42) 1378 Ref. Ref.
<30.0 108 (21.3) 862 0.196 1.106(0.908-1.348) 0.227 0.829(0.611-1.124)
>30.0 163 (32.1) 1120 0.845(0.674-1.059) 0.943 1.01(0.771-1.323)
Missing 23(4.5)
Alcohol consumption status
No 238 (46.9) 1074 Ref. Ref.
Still drinking now 247 (48.7) 1109 0.87 1.02(0.802-1.298) 0.284 0.829(0.589-1.168)
Missing 22 (4.3)
Tea dringking
No 337 (66.5) 1176 Ref. Ref.
Yes 149 (29.4) 963 0.334 1.093(0.913-1.309) 0.189 1.176(0.923-1.498)
Missing 21 (4.1)
Times of tooth brushing daily
<l 409 (80.7) 1014 Ref. Ref.
>1 81 (16.0) 1234 0.577 0.937(0.746-1.178) 0.717 0.956(0.748-1.221)
Missing 17 (3.4)
Wealth score
Q1 148 (29.2) 1014 Ref. Ref.
Q2 105 (20.7) 1009 0.703 0.882(0.657-1.186) 0.188 0.784(0.546-1.126)
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Q3 98 (19.3)

Q4 101 (19.9)

Q5 55 (10.8)
Education level

Iliteracy 167 (32.9)

Primary school 191 (37.7)

Junior high school 121 (23.9)

High school and above 28 (5.5)

2371
972
1378

984
1118
1109

Ref.
0.605

1.073(0.8-1.44)
0.927(0.71-1.211)
0.894(0.679-1.178)

0.765(0.508-1.152)
0.915(0.652-1.283)
0.963(0.752-1.233)

0.71
0.496
0.111

Ref.
0.149
0.776
0.522

1.068(0.756-1.507)
0.903(0.673-1.212)
0.79(0.59-1.056)

0.7(0.431-1.136)
1.054(0.733-1.515)
0.917(0.702-1.197)

Abbreviations: DFS, disease-free survival; Cl, confidence interval; HR, hazard ratio.

awith adjustment for sTIL, age, sex, TNM stage, grade of differentiation, first-line treatment method, BMI.
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