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Background: Autophagy has a dual function in cancer, and its role in carcinogenesis of the esophagus
remains poorly understood. In the present study, we explored the prognostic value of autophagy in
esophageal cancer (ESCA), one of the leading causes of cancer-related deaths worldwide.

Methods: Using ESCA RNA-sequencing (RNA-Seq) data from 158 primary patients with ESCA,
including esophageal adenocarcinoma and esophageal squamous cell carcinoma, were downloaded from The
Cancer Genome Atlas (TCGA) for this study. We obtained differendally expressed autophagy-related genes
(ARGs) by the “limma” package of R. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genome (KEGG) analyses unveiled several fundamental signaling pathways associated with the differentially
expressed ARGs in ESCA. Univariate Cox regression analyses were used to estimate associations between
ARGs and overall survival (OS) in the TCGA ESCA cohort. A Cox proportional hazards model (iteration
=1,000) with a lasso penalty was used to create the optimal multiple-gene prognostic signature utilizing an R
package called “glmnet”.

Results: A prognostic signature was constructed with four ARGs (DNA7B1, BNIP1, VAMP7 and TBKI)
in the training set, which significantly divided ESCA patients into high- and low-risk groups in terms of
OS [hazard ratio (HR) =1.508, 95% confidence interval (CI): 1.201-1.894, P<0.001]. In the testing set, the
risk score remained an independent prognostic factor in the multivariate analyses (HR =1.572, 95% CI:
1.096-2.257, P=0.014). The area under the curve (AUC) of the receiver operating characteristic (ROC)
predicting 1-year survival showed a better predictive power for the prediction model. The AUC in training
and testing cohorts were 0.746 and 0.691, respectively. Therefore, the prognostic signature of the four ARGs
was successfully validated in the independent cohort.

Conclusions: The prognostic signature may be an independent predictor of survival for ESCA patients.
The prognostic nomogram may improve the prediction of individualized outcome. This study also highlights

the importance of autophagy in the outcomes of patients with ESCA.
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Introduction

Esophageal cancer (ESCA) ranks as the sixth most common
cause of cancer deaths globally (1). Despite the improved
diagnostic and treatment procedures, including endoscopic
resection, targeted therapy, and immunotherapy, the overall
survival (OS) of ESCA patients is still poor. The 5-year
survival rate for patients with advanced ESCA is less than
20% (2). Improving early diagnosis and identifying new
prognostic markers and therapeutic targets are important in
improving the prognosis of patients with ESCA.

Autophagy, known as type Il programmed cell death,
plays an important role in maintaining cell homeostasis.
Abnormal autophagic levels are involved in the
carcinogenesis of various organs, including ESCA (3,4).
Previous studies indicated that autophagy played a dual
role in cancer development, depending on stage and type of
cancers (5). Studying the relationship between autophagy
and tumorigenesis may facilitate the discovery of new
targets for prognosis and treatment.

Various prognostic models based on gene expression
data, such as long non-coding RNA (IncRNA) and
microRNA (miRNA) expression, have been developed for
different cancers (6,7); however, prognostic models based
on autophagy-related genes (ARGs) in ESCA have not been
reported. In the present study, we examined the associations
between expression profiles of ARGs and clinical outcomes
in ESCA patients using the database of The Cancer
Genome Atlas (TCGA). We developed an ARG prognostic
signature that was proved to be an independent predictor
of OS in ESCA patients. Our findings provide an effective
multi-dimensional biomarker strategy that predicts the
prognosis of ESCA patients. We present the following
article in accordance with the TRIPOD reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-4541).

Methods

The study conformed to the provisions of the Declaration
of Helsinki (as revised in 2013).

Data extraction from the TCGA database

The transcriptome data and clinical information for ESCA
patients were obtained from TCGA (https://portal.gdc.
cancer.gov/). RNA-sequencing (RNA-Seq) was performed
using HTSeq-FPKM (version: July 19, 2019), which is
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a simple expression level normalization method. A total
of 158 primary ESCA patients with gene expression data
and clinical follow-up information were included in the
current study. The ARGs were acquired from The Human
Autophagy Database (HADD, http://www.autophagy.lu/
index.html).

Differentially expressed ARGs and functional pathways
analysis

The “Limma” package in R software was employed to
identify the differentially expressed ARGs between tumor
samples and non-tumor samples from patients with ESCA.
The cut-offs were llogFold change (FC)I >0.5 and P
value <0.05. The “org.Hs.eg.db” package was utilized to
extract the Entrez ID of each ARG. The “clusterProfiler”,
“enrichplot” and “ggplot2” packages were applied for Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEEG) analyses as well as for visualization of the
enrichment terms.

Construction and validation of an ARG-related prognostic
signature

The ESCA patients in the entire TCGA dataset were
randomly separated into a training dataset and a testing
dataset by the “caret” package of R. The clinical
information related to the TCGA-ESCA cohort was
downloaded, and the OS was defined as the time from
diagnosis to death or the last follow-up date. ARGs that
were significantly associated with OS were selected using
a univariate Cox regression analysis. To identify ARGs
that independently predicted OS in the training dataset,
a multivariate Cox regression analysis was performed on
the ARGs selected in the univariate regression analysis. A
prognostic signature was developed based on these ARGs.
A risk score was established based on the prognostic ARGs
signature using a linear combination of the gene expression
levels weighted by the regression coefficients derived from
the Cox regression analysis. This model was utilized to
estimate the survival of each patient in the training dataset
and testing dataset. The patients in each dataset were
assigned to a high-risk or a low-risk group using the median
risk score as a cutoff. The predictive potential of the ARGs
signature was evaluated via area under the curve (AUC)
value of the receiver operating characteristic (ROC) curve
at 1-year using the “survivalROC” package.
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Figure 1 Differentially expressed ARGs in ESCA tumor and non-tumor samples. (A) The volcano map of 69 ARGs. The red dots indicate

genes with high expression and the green dots represent genes with low expression. (B) Hierarchical clustering distribution of differendally

expressed ARGs in normal and tumor samples. ARGs, autophagy-related genes; ESCA, esophageal cancer; N, normal samples; T, tumor

samples; FC, fold change.

PPI network construction and module screening

The differentially expressed ARGs were submitted to
the STRING database (Search Tool for the Retrieval of
Interacting Genes/Proteins, http://www.string-db.org/,
version 11.0) to identify protein-protein interaction (PPI)
information. The Cytoscape 3.7.2 software was applied to
further construct and visualize the PPI network. Important
modules and genes were selected in the PPI network by
applying the Molecular Complex Detection (MCODE)
plug-in with node counts higher than 10.

Statistical analysis

A Cox regression analysis was conducted using the “survival”
package. The “Limma” package was utilized to conduct the
normalization and differential expression analyses. Wilcoxon
rank-sum test, a non-parametric statistical hypothesis test,
was used for comparing two groups. All statistical analyses
were implemented using the R software (version 3.6.3). A P
value <0.05 was considered to be significant.

Results
Differentially expressed ARGs in ESCA
The ESCA RNA-seq data download from the TCGA

database included 159 tumor samples and 10 non-tumor
samples from the patients. Among these patients, a total of
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158 primary ESCA patients with gene expression data and
clinical follow-up information were included in the current
study. We analyzed the expression of 232 ARGs in ESCA
tumor samples and non-tumor tissues using the Wilcoxon
signed rank test in R. Using the criteria of llog2 FCI >0.5
and P<0.05, 69 ARGs were extracted, including 9 down-
regulated genes and 60 up-regulated genes. The expression
patterns of these differentially expressed ARGs were
visualized using the “limma” package of R (Figure 14,B). A
box plot was generated to display the expression patterns of
the 69 ARGs in ESCA and non-tumor tissues (Figure 2).

Functional envichment analysis of the differentially
expressed ARGs

The GO annotations for the differentially expressed ARGs
were determined. The most enriched GO terms for biological
processes were autophagy, process utilizing autophagic
mechanism, and neuron death. The cellular component
analysis showed enrichment of vacuolar membrane, endosome
membrane, and autophagosome in the differentially
expressed ARGs. In the molecular function analysis,
ubiquitin-like protein ligase binding, ubiquitin protein
ligase binding, and cytokine receptor binding (Figure 34,B)
were enriched in the differentially expressed ARGs. The
results of the KEGG pathway analysis showed enrichment
of the apoptosis, autophagy-animal, and Kaposi sarcoma-
associated herpes virus infection pathways (Figure 3C,D).
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Figure 2 The expression patterns of 69 ARGs in ESCA tumor samples and paired non-tumor samples. Each red dot represents a distinct

tumor sample and greens dots represent a non-tumor sample. A red bar above a gene name represents a significantly higher expression and

a green bar represents a significantly lower expression. ARGs, autophagy-related genes; ESCA, esophageal cancer; N, normal samples; T,

tumor samples.

More importantly, the functional analysis showed that the
enriched genes were up-regulated in the most significant
KEGG pathways (e.g., apoptosis and autophagy-animal).

PPIs among differentially expressed ARGs

To understand the interaction among the differentially
expressed ARGs, a PPI network was constructed using
STRING (Figure 44). The PPI network was composed of
three modules, including 670 nodes and 335 edges. For the
ease of description, we named these modules as CASP3,
VEGFA, and SQSTM1 modules. In the CASP3 module
(Figure 4B), 26 edges involving 11 nodes were formed, of
which the most remarkable nodes were CASP3, GAPDH,
CASPS8, EIF4G1, HSPAS, and DDIT3. In the VEGFA
module (Figure 4C), apoptosis and necroptosis-related
genes were assigned to the center of the module, including
CASP1, FAS, FADD, and TNFSF10. The SQSTM1
module had the most nodes associated with autophagy and
ubiquitin-like proteins (Figure 4D).

Construction of ARG prognostic signature and prediction
in the training dataset

The entire group (N=158) with complete survival
information and RNA-seq expression profiles was randomly
separated into the training dataset (N=80, Table SI)
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and testing dataset (N=78, Table S2). The summary
information of ESCA patients is shown in Table 1. The
detailed characteristics and population demographics of the
tissue samples is shown in Table S3. Seven ARGs, including
DDIT3 (DNA damage-inducible transcript 3), HSP90AB1
(heat shock protein 90 alpha family class B member 1),
FKBP1A4 (FKBP prolyl isomerase 1A), DNA7BI (DnaJ
heat shock protein family (Hsp40) member B1), BNIP1
(BCL2 interacting protein 1), VAMP7 (vesicle-associated
membrane protein 7) and TBK1 (TANK binding kinase 1)
were significantly associated with OS (P<0.05). These
genes were selected as prognostic candidate genes
using a univariate Cox regression analysis. Based on the
multivariate Cox regression analysis, four genes including
DNAFB1, BNIP1, VAMP7 and TBKI, were selected to
construct the OS prediction model. Finally, a prognostic
risk score based on the prognostic signature was established
as follows: (0.61184 x expression value of DNA7BI)
+ (1.59675 x expression value of BNIPI) + (0.90984 x
expression value of VAMP7) + (0.96329 x expression value
of TBKI). Here, 0.61184, 1.59675, 0.90984 and 0.96329
are regression coefficients for the respective genes derived
from the Cox regression analysis. Using the median value of
the risk score as the cutoff, we divided the ESCA cases into
high- and low-risk groups. Kaplan-Meier curves indicate
that the high-risk group had a lower survival probability,
compared to the low-risk group in the training dataset

Ann Transl Med 2021;9(4):317 | http://dx.doi.org/10.21037/atm-20-4541


https://cdn.amegroups.cn/static/public/ATM-20-4541-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4541-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4541-supplementary.pdf

Page 5 of 13

Annals of Translational Medicine, Vol 9, No 4 February 2021

*93ued P[oJ ‘D] {soUIOUdr) pue SaUax) Jo eIpadopAouy] 0104 ‘O A8o[oruo auad ‘) ‘souad parefar-Ageydoine ‘soyy “sanfea D J80] o) uo spuadap yoo[q

0B Jo 10[00 oY T, "shemyped pue soyyy weamiaq diysuonepar o jo deuneay () OIS Pue () OO (‘Y ‘uonemndai-umop souo anjq pue ‘wonemngai-dn Ae[dsip so[o1m pay
*souas paudisse a3 10§ 1), 1307 2 JO UL B2 J0J J0[d 1923835 B MOYS SIIIID 1IN0 (D) DI PUt (V) OO "SOYV Passaidxa A[[enuaIafyip o1 jo sisd[eue [euonoun,] ¢ 2Ingry

— — — = — — ﬁ -sisoydody
= : — -lewiue - ABeydoiny
| ! uondvjuI SNIIA Jieg-uig)sd3 6915088y
, -uoRO3JUI SNUIA Jueg-uieysd3 uonodjul sniinewojiided uewnH S9Ls0esy
| sajsesy 2915088y
— -0 sineday s1s0jdos0aN L1Zy0EsY
¥ - J " O sineday 091508esy
0 — -UOoNO3JUI SNJIAO|EB3WOJAO uBwNH UONY3)UI SNJIAO[EBAWOAD UBWNK £91508sY
vl * \ ezuanyu| polsoesy
- - = _ -uonoajul sniinewoided uewny 198juI SnuInsedIaY pajer 1sodey  £9150esy
= a : i lewue - ABeydoiny ovLyoesy
o4 — E — -V ezuanju| sisodody oLzvoesy
" n _ uonduoseq | al
— E — — -uono3juI sniAsadiay pajeldosse-ewodles iIsodey]
— | . s9|ses|\ d
_ — = — ”, ﬁ -s150)doIoaN
-Q ﬁ - — _ — — - -AkBeydoine
i il I
— ﬁ Q V 1S [EUIBIXD O} ISUOUSI JBjN|[30 . -
ljeubis or Isuul - €612600:09
- : — — m -Kemyped Buijeubis onoydode disuuul SN|NWNS [BUJAIXS 0} 9suOdsal Jen||dd  96¥1200:09
Z — a PR T—— Aemy; ileubis onojdode Jo uon £€21002:09
% - | yjeap uoinau jo uonenbas ¥121061:09
b — -$s9004d onj0jdode uosnau ss900.d onoydode uoinsu 20¥1500:09
0 ABeydoine jo uone|nbas 90S0100:09
' -yjeap uoinau 7
- L ABeydoyneosoew 9€29100:09
0460 _v — — — — r -wsiueyoaw o1beydoine Buiziyn ssaooid yeap uonau 1660200:09
i N o Y 16eyd: Buizypn 6161900:09
_ % -Kemyped jo ABeydone #169000:09
g _” — -ABeydoine jo uone|nbas uondudseq | al |

-yjeap uoInau Jo uonenbas

Buiseasou

Buisearop
payenBasdn .« pajeinBasunop

0460 21008-2

042ppe, 190
Sy () U
Buiseasou Suiseanop
o+ soeptoncs [
0460) 21005-Z

6 Go,
oa)ewo gﬁq& 2

° Y w on.v.

Ann Transl Med 2021;9(4):317 | http://dx.doi.org/10.21037/atm-20-4541

© Annals of Translational Medicine. All rights reserved.



Page 6 of 13 Du et al. A novel method of prognosis evaluation
A o (B “@ B
@ . bt ATG4D
DDIT3
V.. & CASPS8
5 TBK1
PINK1 GAPDH
@3 EraGy
RHEB
e e HEEP1 SPHK1
C BAK1
FOXO3 ATIC PARP1
CTsD < BID
HSP90AB1
IFNG Gl BAX
VEGFA SQSTM1
EIF4EBP1
LAMP2
TNFSF10 CASP1 GABARAPLA1
HIF1A RAB7A
EIF2S1
FAS PIK3R4
FADD
EIF2AK2

Figure 4 The three PPI networks and CASP3, VEGFA, and SQSTM1 modules. (A) PPI network; (B) CASP3 module; (C) VEGFA module;
(D) SQSTM1 module. The color of a node in the PPI network indicates the logFC value of the Z score of gene expression and the size of

the node represents the number of interacting proteins with the designated protein. PPI, protein-protein interaction; FC, fold change.

[hazards ratio (HR) =1.508, 95% confidence interval (CI):
1.201-1.894, P=1.346e-05; Figure 5A). The ROC curve for
the ARGs signature model is shown in Figure 5B, and the
AUC for 1-year survival was 0.746. Figure 5C,D,E show
the distribution of patient risk scores, survival time, and the
expression of risk genes in the training dataset.

Construction of a nomogram based on the four ARGs

To develop a quantitative method for the prediction

© Annals of Translational Medicine. All rights reserved.

of ESCA prognosis, we used the prognostic signature
derived from the four ARGs to construct a nomogram.
Based on the multivariate Cox analysis results, we drew a
horizontal line to determine the points for each autophagy
prognosis gene and calculated the total score of each
patient by adding the points for all variables. The points
were normalized to a 0 to 100 distribution. By calculating
the total score, we could estimate the 1-, 2-, and 3-year
survival of each ESCA patient (Figure 64). Additionally,
we evaluated the relationship between different clinical

Ann Transl Med 2021;9(4):317 | http://dx.doi.org/10.21037/atm-20-4541
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Table 1 The summary information of patients with ESCA
Characteristic Training dataset, n (%) Testing dataset, n (%) P
Age, years 0.3451
<65 53 (66.25) 45 (57.69)
>65 27 (33.75) 33 (42.31)
Gender 0.6052
Male 70 (87.50) 65 (83.33)
Female 10 (12.50) 13 (16.67)
Grade 0.7484
G1-2 39 (48.75) 42 (53.85)
G3 22 (27.50) 21 (26.92)
Unknown 19 (23.75) 15 (19.23)
T 0.6579
T1-2 34 (42.50) 30 (38.46)
T3-4 40 (50.00) 39 (50.00)
Unknown 6 (7.50) 9 (11.54)
N 0.5182
NO 33 (41.25) 32 (41.03)
N1-3 41 (51.25) 36 (46.15)
Unknown 6 (7.50) 10 (12.82)
M 0.1649
MO 65 (81.25) 54 (69.23)
M1 4 (5.00) 4(5.13)
Unknown 11 (13.75) 20 (25.64)
Stage 0.8538
-1l 43 (53.75) 41 (52.56)
-1V 29 (36.25) 27 (34.62)
Unknown 8 (10.00) 10 (12.82)

ESCA, esophageal cancer.

characteristics and the prognosis of ESCA by performing a
Cox regression analysis. We found that tumor stage, distant
metastasis, lymph node involvement, and risk score were
associated with OS of ESCA patients (P<0.01; Figure 6B).
Importantly, as shown in Figure 6C, risk score remained as
an independent risk predictor.

Validation of the ARG prognostic signature

To examine the robustness of the four-ARGs signature, the

© Annals of Translational Medicine. All rights reserved.

prognostic value of the ARGs signature was validated in the
testing dataset. Based on the expression value of the four
prognostic ARGs, the prognostic risk score was calculated
for patients in the testing dataset. Each patient was marked as
a high- or low-risk based on the median risk score obtained
from the training dataset. The Kaplan-Meier survival curves
for the high- and low-risk groups in the testing dataset
were significantly different (P=6.876e-03; Figure 74). The
AUC for the ROC curve of the OS-related predictive
signatures in the testing dataset was 0.691 (Figure 7B).
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Figure 5 The ARGs prognostic signature for ESCA patients in the training dataset. (A) Kaplan-Meier curves plot show that patients in
the high-risk group had significantly worse OS compared with those in the low-risk group; (B) ROC curve for the OS-related prognostic
signature; (C) the number of patients in different risk groups; (D) scatterplots of ESCA patients with different survival status; (E) expression
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receiver operating characteristic; OS, overall survival. AUC, area under the curve.
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Figure 6 The nomogram and Cox regression analysis for the relationship between different clinical characteristics and the prognosis of

ESCA. (A) The nomogram for predicting OS developed in training dataset; (B) univariate Cox regression analysis results; (C) multivariate

Cox regression analysis results. ESCA, esophageal cancer; OS, overall survival.

The distribution of risk scores, survival status, and
expression for the four prognostic ARGs in the testing
dataset are shown in Figure 7C,D,E, respectively.

Independence of the prognostic value of the ARG s signature
derived from other clinical variables

We evaluated the independence of the prognostic value
of the ARGs signature based on other clinical variables.
Univariate and multivariate Cox regression analyses were
performed using age, grade, stage (1, N, M), tumor type

(adenocarcinoma, squamous cell carcinoma), and the

© Annals of Translational Medicine. All rights reserved.

prognostic risk score model as covariables. Multivariate
Cox analysis revealed that the four-ARG signature was
significantly associated with OS in each dataset (training:
Figure 6B,C; testing: Figure 84,B). Thus, the ARGs
signature is a potential prognostic marker for ESCA. The
AUCs of the ROC curves were 0.709 (risk score), 0.594
(age), 0.583 (grade), 0.655 (stage), 0.611 (T), 0.676 (lymph
node status), and 0.509 (distant metastasis) (Figure 9).

Discussion

ESCA is a fatal malignant tumor, causing approximately

Ann Transl Med 2021;9(4):317 | http://dx.doi.org/10.21037/atm-20-4541
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Figure 7 Validation of the predictive 4 ARGs prognostic signature in the testing dataset. (A) Kaplan-Meier curves results; (B) the AUC
of ROC curves for predicting 1-year survival; (C) the number of patients in different risk groups; (D) scatterplots of ESCA patients with
different survival status; (E) expression of risk genes in ESCA patients with different risks (low, pink; high, blue). ARGs, autophagy-related

genes; AUC, area under the curve; ROC, receiver operating characteristic; ESCA, esophageal cancer.
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Figure 8 Cox regression analysis of the relationship between different clinical characteristics and the prognosis of ESCA. (A) Univariate

Cox regression analysis results in the testing dataset; (B) multivariate Cox regression analysis results in the testing dataset. ESCA, esophageal
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Figure 9 Comparison of risk score and clinical features in predicting
the accuracy of patient survival prognosis. AUC, area under the

curve.

500,000 deaths worldwide in 2018 (8), and the incidence
is still growing. Unfortunately, there are no effective
molecular biomarkers for monitoring ESCA prognosis.
In recent years, the focus of ESCA research has turned to
tumor autophagy (9). However, most of the current research
on autophagy in ESCA only focuses on a single gene
involved in autophagy (10,11). A comprehensive analysis
of ARGs has not been conducted to explore the clinical
significance of autophagy in ESCA. In the present study, we

© Annals of Translational Medicine. All rights reserved.

analyzed the RNA-seq expression profiles and corresponding
clinical information of ESCA patients downloaded from
TCGA. To obtain the genes essential for ESCA from the
perspective of autophagy, we first screened 69 ARGs that
were differentially expressed between ESCA tumor and
non-tumor tissues. A functional analysis showed that the
genes enriched in the most significant KEGG pathway (e.g.,
apoptosis and autophagy-animal) were upregulated. Based
on these results, we speculated that autophagy is activated
during the initiation of ESCA. In addition, analysis of the
PPI network for ESCA indicated that the main nodules were
related to autophagy, apoptosis, and ubiquitin-like protein
process. Subsequently, patients were randomly divided into
a training dataset and a testing dataset. Univariate Cox
regression and multivariate Cox regression analyses were
performed in the training dataset. An autophagy-related
prognostic signature was constructed based on the four key
ARGs. This prognostic signature was then validated in the
testing dataset. Kaplan-Meier curves showed the high-risk
group had worse OS compared to the low-risk group in the
two datasets. Univariate Cox regression and multivariate
Cox regression analyses suggested that the four-ARG
signature was as an independent risk predictor for patient
survival, independent of other clinical factors.

These four ARGs play roles in the progression of
various tumors. DNA7BI is associated with a variety of
cellular processes, including the proteasome pathway (12),
endoplasmic reticulum stress (13), and viral infection (14).
Lately, more attention has been paid to the functions of
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DNAZBI in the progression of cancer. DNA7BI inhibits
mitogen-inducible gene 6 (MIGO6) stabilization and increases
lung cancer cell proliferation (15). On the other hand,
DNAZBI acts as an autophagy-related protein involved in the
development of tumors. DNA7BI also targets programmed
cell death 5 (PDCDY5) to suppress p53-mediated apoptosis
and enhance the proliferation of cancer cells (16). The up-
regulation of DNA7BI correlates with poor prognosis for
cholangiocarcinoma patients (17). Bnipl, a member of the
BH3-only protein family, influences apoptosis, proliferation,
invasion, and migration in cervical cancer cells through
the regulation of mammalian target of rapamycin (mTOR)
expression (18). Although TBKI was thought to only play
a role in the immune response (19), a recent study showed
that TKB1 promotes the oncogenic phenotype in cancer
and regulates autophagy (20). As for VAMP?7, it was shown
to be involved in multiple vesicular transport events,
including autophagy (21). However, little is known about the
functional mechanism of VAMP7 in ESCA.

Some prognostic signatures have been derived from
ARGs in several tumor types, including glioblastoma (22),
hepatocellular carcinoma (23), and lung cancer (24). Our
results indicated that an autophagy-related prognostic
signature based on the four ARGs can be employed for
the prognostic prediction of survival in ESCA patients.
This prognostic tool may be the basis for establishing
personalized treatment procedures, based on patient risk,
for improved therapy of ESCA. We explored and validated
the prognostic value of ARGs in ESCA. However, our
research has several limitations. (I) Due to the relatively
small number of ESCA tumor and non-tumor samples
in the TCGA database, the present study inevitably has
the problem of period. (II) Although we have verified the
model in the testing dataset, further investigations in vitro,
in vivo, and in independent ESCA cohorts are needed to
confirm the accuracy of the model. (IIT) Furthermore, other
potential prognostic variables associated with OS in ESCA,
such as lymphovascular invasion (LVI) and neutrophil-to-
lymphocyte ratio (NLR) need to be explored. (IV) Finally,
the functional mechanisms of the four ARGs should be
further investigated in ESCA.

Conclusions

In summary, we constructed and verified a novel ARG
prognostic signature that could improve the individualized
outcome prediction for patients with ESCA. For those
ESCA patients with high risk scores, a more comprehensive

© Annals of Translational Medicine. All rights reserved.
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neoadjuvant/adjuvant therapy or closer follow-up are
indicated for an improved prognosis.
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Supplementary

Table S1 The training dataset

ID OS (years) fustat DDIT3 HSP90AB1 FKBP1A DNAJB1 BNIP1 VAMP7 TBK1
TCGA-2H-A9GL 0.493150685 1 4.827826371 8.970044921 6.956794355 5.997463221 2.423222977 4.27904124 3.622804475
TCGA-L5-A88T 1.901369863 0 2.654444248 7.955963111 6.197298878 6.91372478 1.660706871 3.806357056 2.478899863
TCGA-R6-A6L4 1.35890411 1 3.577958072 8.693904024 6.759510071 6.797365824 1.495175289 4.885442095 2.883341829
TCGA-1IG-A802 0.389041096 1 4.451781482 9.654673975 6.980076726 5.932668546 1.917065832 4.990701686 3.201977401
TCGA-Z6-AAPN 0.221917808 0 3.941938251 9.574178918 7.092371314 7.173117437 2.398539452 4.678727168 2.949928936
TCGA-L5-A40X 0.619178082 1 3.580676144 9.194472719 6.111061786 7.745737509 1.841659193 4.667248388 3.476281875
TCGA-JY-A6FH 3.564383562 0 2.789262465 9.076230385 5.76938272 5.347621369 1.789629104 4.18832021 2.461993929
TCGA-LN-A49S 1.095890411 0 2.955916838 8.879125251 6.641958809 6.564232886 1.939746005 4.326831408 2.87028442
TCGA-LN-A8HZ 1.02739726 0 3.938977329 8.971609939 6.798874825 6.30004225 1.734502833 3.980882617 2.736373463
TCGA-JY-AGFA 3.728767123 1 4.505311703 9.429841054 5.419283026 6.02997536 1.845603656 4.826518998 3.544737601
TCGA-1G-A6QS 0.830136986 1 3.552475444 9.301597477 6.781877679 6.513609176 1.846896833 4.600574843 2.711346004
TCGA-IG-A3YA 1.731506849 0 2.892253638 8.610190806 6.430352639 5.500102693 1.839777587 4.586666118 3.028583613
TCGA-V5-AASV 1.279452055 0 3.368847116 8.882714571 5.8094785 6.34992536 1.520640491 3.501940976 2.251194326
TCGA-L5-A40P 0.597260274 0 2.538235936 10.12866716 7.770724011 5.517561999 2.171751899 4.2555637744 2.738880871
TCGA-L5-A40N 1.528767123 1 4.21978652 10.99759727 6.778897162 7.258559439 1.684689495 4.848191257 3.370370485
TCGA-IG-A3QL 1.673972603 0 2.977132257 9.136798398 7.050914117 6.345453506 1.770393952 4.2982558 2.792020305
TCGA-LN-A7HZ 1.098630137 0 3.71496641 9.255750917 7.0562177845 5.406374419 1.91411251 4.364283164 3.181030176
TCGA-JY-A93E 2.101369863 0 3.880533706 8.92312065 6.816484512 5.117682992 1.442653734 4.660006735 3.077585342
TCGA-L5-A40H 2.717808219 0 4.216075322 8.693056873 7.42608189 4.713457179 1.74080368 4.450796875 3.290687586
TCGA-LN-A9FP 1.002739726 0 3.616239682 8.134282179 6.242406294 4.576906398 1.319206921 3.879451846 2.900247219
TCGA-L5-A8NF 0.221917808 1 5.056688962 9.095747396 6.165624859 5.481255387 2.295275779 4.62205033 3.315560425
TCGA-L5-A400 0.276712329 0 3.393407621 8.071163403 6.628313984 5.440777754 1.926128777 3.888138061 3.855940959
TCGA-LN-A4A1 1.049315068 0 4.014711459 9.178792808 6.298019481 6.068160232 2.014054581 4.3005572 2.759815018
TCGA-L5-A893 0.252054795 0 2.627126539 8.219530646 6.312579577 5.544569391 2.036303516 4.01531994 2.693455053
TCGA-ZR-A9CJ 1.643835616 1 4.807556885 8.741279896 7.071307895 6.620831237 2.339571554 4.401319178 3.705768945
TCGA-IG-A97I 1.01369863 0 4.67336081 9.581857367 6.704082083 6.769031163 2.211186366 3.640251878 2.987497872
TCGA-KH-ABWC 0.523287671 0 1.766230043 7.415025101 6.185635656 7.152983455 1.297307649 3.897640258 2.250549619
TCGA-R6-A8WC 0.191780822 0 4.168735089 9.359903044 6.247705587 5.514609916 1.672084486 4.626546021 3.558500308
TCGA-IC-AGRE 0.64109589 0 3.997665185 8.799810302 6.847100763 5.021003475 2.198824792 4.617500625 2.983758777
TCGA-L5-A8NW 3.84109589 1 2.849987454 8.095240349 6.153231183 6.542483415 1.47412917 4.256373639 3.239190422
TCGA-LN-A7THY 1.002739726 0 3.591496778 9.064763027 6.498016846 5.328998089 2.690389225 4.214981566 2.889217396
TCGA-2H-A9GF 2.147945205 1 4.913540497 9.382232338 6.339090874 4.587228757 1.940633976 4.779305953 3.099426001
TCGA-L5-A8NS 1.117808219 0 4.113392127 8.311202916 5.957089037 6.043918389 1.760357224 4.64710782 3.42288422
TCGA-VR-AA4G 1.254794521 0 3.511055565 8.917980658 6.39234765 6.991039922 1.971422156 4.06764474 3.15938328
TCGA-R6-A6KZ 0.421917808 1 3.996410441 9.457982253 6.504448625 5.09183479 2.546459889 4.212763864 3.203744767
TCGA-2H-A9GI 1.191780822 1 4.040165634 8.939686417 6.22424318 4.687106761 1.949822734 4.691879086 3.619335686
TCGA-VR-A8EU 1.526027397 1 2.969442472 9.097479119 6.508355438 6.479622003 1.827541838 4.931424937 2.937903093
TCGA-L5-A891 0.312328767 0 4.356784005 9.478581157 6.965957398 5.23219833 2.020889025 3.848248354 2.520401127
TCGA-L5-A88W 2.093150685 1 4.294123715 8.725477034 6.805765795 6.505030263 2.183388055 3.982509022 2.320542731
TCGA-JY-A93C 1.931506849 0 3.474274059 8.271334533 6.700533182 5.03683049 2.366208837 4.529735511 3.383182933
TCGA-XP-A8T6 2.090410959 1 3.082085497 8.717037178 6.373392081 6.338339726 1.5683222042 4.325619553 2.538504889
TCGA-LN-A49U 1.279452055 0 3.149268147 9.117042784 5.946308375 5.437497753 1.658801924 4.054448252 3.157955781
TCGA-LN-A7HX 1.019178082 0 3.335858945 9.329326125 6.807888105 5.814202525 1.625439768 4.525267092 3.217087215
TCGA-LN-A4A3 1.063013699 0 3.147803578 9.626747392 7.529423526 6.659413704 2.125942322 4.033962975 2.915110501
TCGA-L5-A8NG 2.997260274 0 3.937109888 9.912088897 6.509205097 4.764028147 1.583497903 4.645371954 3.404192496
TCGA-LN-A4A4 1.049315068 0 3.284619252 9.023827526 6.129183055 5.86452616 1.76466802 3.787445002 3.390306829
TCGA-Z6-A8JE 0.175342466 0 3.452088137 8.85596644 6.938312401 5.822454931 2.208212604 4.328239867 3.643980434
TCGA-LN-A49P 1.02739726 0 4.300710204 8.820363756 6.71365183 6.408940915 2.491396748 5.067056548 3.335804505
TCGA-L5-A40W 0.594520548 1 3.315709191 9.487419522 6.739900899 5.312552864 1.569227961 4.798654571 3.455154047
TCGA-VR-ABEP 1.663013699 0 4.291865789 8.842561232 5.777570684 6.385815475 1.494902998 4.380511283 3.288302448
TCGA-2H-A9GO 1.353424658 1 5.303238266 9.09383242 6.606879975 5.371851205 2.612079741 4.96444438 3.385815889
TCGA-2H-A9GQ 0.350684932 1 5.253921591 9.971030473 7.348717533 5.992868791 2.096826877 4.534667995 4.245250731
TCGA-R6-AGDN 0.665753425 1 3.221582481 9.666495293 6.439795154 5.786362689 2.279582725 3.500058848 3.620005697
TCGA-L5-A8NV 4.380821918 1 5.293069891 9.406931805 6.323264133 5.027103613 1.943288614 4.248269923 3.092103055
TCGA-L5-A40J 1.750684932 0 3.987531888 8.743005939 6.822117 4.757674553 1.974020425 4.361457473 3.291834854
TCGA-JY-AGFB 5.032876712 0 3.568377532 11.4707031 6.57772776 5.999144273 1.774877281 3.550287512 2.930583694
TCGA-IG-A3YB 0.219178082 0 4.240392187 8.355256823 6.358778829 5.240705483 2.103535574 3.837628438 2.566320779
TCGA-L5-A88Z 0.616438356 0 5.440921976 9.092438709 6.699494721 7.323753752 1.863527382 4.286592876 3.158915734
TCGA-VR-A8Q7 3.57260274 0 2.797230769 9.729918193 6.649087422 4.652210223 1.292390897 4.621832588 3.425215492
TCGA-L5-A40G 0.391780822 0 5.214517296 8.566661441 6.914852699 6.349799953 1.716211299 3.906968499 3.196442434
© Annals of Translational Medicine. All rights reserved. http://dx.doi.org/10.21037/atm-20-4541

TCGA-V5-A7RE 1.369863014 0 3.749967547 9.395055728 6.332777561 6.246039765 1.919768727 4.354996524 2.971719564
TCGA-L5-A40U 2.416438356 0 4.414071255 8.947668147 6.779148417 6.760296518 1.98306522 4.431677798 3.377227279
TCGA-2H-A9GK 0.635616438 1 3.733458471 10.79812992 6.921188751 5.053892006 1.700155146 3.938247207 3.034048929
TCGA-R6-A6XG 3.2 0 3.200781949 9.646613789 6.592511007 5.010280806 2.893132293 3.801546703 3.186744737
TCGA-Q9-A6FW 0.652054795 0 3.762331805 8.431608335 6.30194407 6.992034209 1.730347366 3.984077982 2.971544474
TCGA-IG-A4P3 1.553424658 1 3.667198421 8.806021746 6.533274905 6.323714668 1.802678377 4.044156274 3.717245401
TCGA-LN-A49M 1.054794521 0 2.81780476 9.109260514 6.182299197 6.049905603 1.128059093 5.34711143 3.286546451
TCGA-L5-A8NK 1.128767123 0 4.107169199 8.464565741 6.360561598 6.639509208 1.443001776 4.603428314 2.921035179
TCGA-M9-A5M8 2.75890411 0 2.982214012 8.95078566 6.526655413 5.33779992 1.444355386 4.172800311 3.352434956
TCGA-L5-A8NN 0.457534247 0 6.270365228 9.245535356 6.94509146 4.10191812 2.593186423 4.033171885 3.702761697
TCGA-VR-A8EZ 1.515068493 1 5.213103831 9.04673796 7.424273804 6.151930033 2.470724267 4.399376885 3.208545976
TCGA-Z6-A9VB 0.109589041 0 2.888983021 10.01699488 7.014909812 6.399442856 1.593443653 3.981180456 3.150315633
TCGA-LN-A9FR 1.021917808 0 3.400333807 9.483771851 6.201351567 6.00345877 1.549179729 4.374977551 2.656929915
TCGA-2H-A9GN 0.745205479 1 3.559974384 9.887415854 6.067007605 7.534549021 2.142309021 4.254821037 3.200961944
TCGA-LN-A7THW 1 0 3.419043301 9.213812388 5.709825756 6.108118772 1.618081219 4.676163017 2.761581017
TCGA-LN-A490 1.117808219 0 3.306929762 8.617228313 6.16147053 6.636413928 1.632633497 4.382095179 2.853812854
TCGA-IC-ABRF 1.306849315 0 2.837697894 8.379577263 6.228612392 6.185030883 1.665081949 3.748654817 3.015292947
TCGA-LN-A4A8 1.293150685 0 3.513035884 9.057370391 7.479867551 5.402529141 1.481332528 5.463765647 4.103988526
TCGA-V5-A7TRC 0.284931507 1 4.422648792 11.20445866 7.122608533 6.269965957 2.389198657 3.915365055 3.062476642
TCGA-LN-A5U5 0.37260274 1 3.978027183 9.233727515 6.745542568 6.417232445 2.230542431 4.127413722 3.689774389

fustat: 1 = detah; 0 = alive. OS, overall survival.
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Table S2 The testing dataset

ID OS (year) fustat DDIT3 HSP90AB1 FKBP1A DNAJB1 BNIP1 VAMP7 TBK1
TCGA-L5-A8NU 5.846575342 1 4.199072732 8.288675123 6.6482317 4.917927349 2.067159753 3.951623099 2.957914203
TCGA-R6-A6XQ 0.528767123 1 4.262723291 8.763269808 7.191064151 6.029689414 2.022167509 5.11092653 3.187968653
TCGA-LN-A7HV 0.876712329 0 3.714558755 9.229722977 6.992561119 5.93186551 1.884917095 3.870938724 2.344967932
TCGA-S8-A6BV 1.668493151 0 4.252639904 9.878413834 7.114791332 6.796336167 1.749740791 4.743578875 3.146978326
TCGA-JY-AGFE 0.306849315 1 3.357585784 8.901993662 7.242033661 4.632596275 2.080845577 4.342373402 2.247818776
TCGA-LN-A8I0 1.115068493 0 4.407540384 8.2827391 6.697584798 6.340447974 1.399529877 3.395398475 2.905674565
TCGA-VR-AA4D 3.775342466 0 3.911616809 8.725487259 6.67663554 6.062617812 2.835956605 4.509011064 3.391991199
TCGA-V5-A7RB 0.44109589 1 4.025737561 8.912499277 6.585528647 5.99116762 2.607598527 4.37065463 3.172022757
TCGA-L5-A8NL 1.101369863 0 4.017193463 8.809586766 6.373227522 5.729176593 1.997210415 4.46409707 3.529764032
TCGA-IG-A51D 1.419178082 0 2.634722431 9.57510486 6.983084809 5.447945774 2.182052476 4.134896121 3.110427224
TCGA-L5-A40E 2 1 3.735684634 9.151996021 6.383866695 6.734384469 1.500829071 4.189267927 3.466948118
TCGA-LN-A49W 1.104109589 0 3.037053582 8.578329511 6.397038357 5.3137079 1.936554355 4.524871888 3.42034922
TCGA-L5-A8NR 0.726027397 0 4.903733894 8.333759143 6.144571373 5.771239601 1.747783952 4.211092428 3.49389963
TCGA-L5-A8SNT 2.260273973 0 4.225954213 8.487307064 6.333878299 5.296853744 1.331835093 4.344080327 3.53500916
TCGA-VR-ABEW 0.676712329 1 5.104419696 8.894695614 7.417003522 8.10798439 2.112540677 4.260871749 2.662580825
TCGA-LN-A8I1 1.098630137 0 5.154648418 9.216335298 7.668157427 6.201263339 2.162233243 3.589864137 3.101433252
TCGA-2H-A9GR 2.704109589 1 3.883979699 8.969787721 6.421706138 4.763447636 1.948598123 4.482552066 2.965698154
TCGA-1G-A3I8 1.304109589 0 3.70945497 8.794595542 6.995016358 5.739048514 1.402706353 4.085941269 3.188732282
TCGA-IG-A3YC 1.676712329 0 3.669009752 8.866825162 7.063760697 5.626661657 1.819306443 4.080683243 3.116686965
TCGA-R6-A8W5 1.315068493 1 3.118854218 9.719083478 6.499683116 4.886554049 1.820185091 4.481888533 2.919943542
TCGA-L5-A43J 0 1 3.445697044 8.501755198 6.940694154 5.238488814 2.096769541 4.213642012 2.991917969
TCGA-IG-A50L 0.043835616 0 3.584465888 8.5561682118 6.666337638 7.036350572 1.63692525 4.419190985 3.158279338
TCGA-IG-A5S3 1.950684932 0 3.892735871 8.966416047 6.780180156 4.899205606 2.195981867 3.302831252 3.420485636
TCGA-L5-A88S 1.290410959 0 3.370688941 9.410639812 7.260132009 6.310800888 1.953198551 4.132890188 2.296048843
TCGA-LN-A9FO 0.010958904 0 5.429068463 9.640637009 6.904477748 9.284367722 2.289380314 4.985081838 3.772338668
TCGA-VR-A8ER 1.035616438 1 4.781741584 9.410236362 7.420269324 7.31629511 2.367340869 4.300685314 2.929696708
TCGA-V5-AASX 0.747945205 0 2.422795434 9.506860946 6.581242016 5.133474341 1.322727127 4.49800827 2.704992774
TCGA-VR-ABET 0.128767123 1 4.08527769 8.624788565 6.422412847 7.559366392 1.792264305 4.33282887 5.878286469
TCGA-1IG-A4QS 0.323287671 1 4.58431254 9.282349912 7.261394475 5.075551884 2.08510576 4.58230369 3.087835518
TCGA-IG-A7DP 1.238356164 0 3.611938387 8.38343819 6.797638183 4.417029522 2.088171794 4.12158076 3.234861336
TCGA-L7-A56G 0.904109589 1 2.513000752 8.925938613 6.420978845 6.41819872 1.571130205 3.944328111 2.904218945
TCGA-2H-A9GG 1.671232877 1 4.497432965 8.201927442 5.875552937 4.786805728 1.848834396 4.152295837 2.898033396
TCGA-L5-A40M 3.994520548 1 3.335541046 9.147650697 6.236166234 5.932902503 1.347142195 4.919567732 3.22502176
TCGA-L5-A8NJ 1.37260274 0 3.761004367 8.715073112 6.300068066 5.584229546 2.332801294 4.179718841 2.937732888
TCGA-Z6-A8JD 0.284931507 0 4.68027259 9.169492128 6.143965379 8.193684529 2.223139235 4.096713046 2.528141947
TCGA-LN-A4A5 1.865753425 1 3.107633474 8.82846276 6.521882435 5.00270162 1.867416935 4.760363612 3.518740324
TCGA-LN-A9FQ 1.071232877 0 2.716728443 9.031629256 6.613404498 6.777659049 1.481729309 3.957791119 3.139896412
TCGA-L5-A8NI 1.123287671 1 4.661955912 9.797306968 5.946920541 7.606077955 2.379150707 4.59615874 3.332433115
TCGA-1G-A625 1.068493151 1 2.914472104 9.176324019 6.648331694 5.536953371 1.349198237 4.926625716 3.639322474
TCGA-RE-A7BO 0.583561644 1 4.66079003 9.031425248 7.279989369 5.073597901 2.30303196 4.00341964 2.989790254
TCGA-2H-A9GJ 4.879452055 1 3.679721045 9.027329356 6.047096858 4.578984589 1.703839139 3.91168583 2.968118592
TCGA-IG-A5B8 0.065753425 1 3.749838864 9.139522447 7.119343726 7.193117258 2.491604547 4.551715336 2.907715581
TCGA-VR-A8EY 2.309589041 0 4.796416575 9.367308593 7.049451073 6.036503554 2.538913067 3.537499844 2.306701748
TCGA-L5-A88V 0.216438356 0 4.710229516 9.300249589 6.955575519 4.970090701 1.642495953 4.401958066 2.514128574
TCGA-R6-ABWG 1.057534247 1 3.210161368 8.868445989 6.025075187 5.013508588 1.512261855 5.380992185 3.799012941
TCGA-LN-A49Y 1.038356164 0 4.637795031 8.837986565 6.022209564 5.39889309 2.381195781 3.979254633 3.115990925
TCGA-JY-A93F 2.002739726 0 2.455902934 8.534422729 6.691155855 6.791182428 1.816134775 3.796639282 2.850046682
TCGA-L5-A8NM 0.646575342 1 3.312395369 9.035965025 6.511355443 5.462754185 2.147323633 4.158947716 3.441338326
TCGA-LN-A4MQ 1.02739726 0 3.443075223 8.703734038 6.107973618 5.367102283 1.877346129 4.31767743 4.041360398
TCGA-L5-A40S 3.482191781 0 4.046177587 9.525793858 7.167907826 4.661001612 2.08254932 4.629197478 3.447606834
TCGA-VR-A8EX 2.342465753 1 3.424756988 8.407481497 6.567587428 6.820775068 1.687879029 3.860167259 2.665785229
TCGA-L7-A6VZ 0.863013699 0 4.161861891 9.970807649 6.54125571 5.192935842 1.925077318 4.981173148 3.271131758
TCGA-LN-A49X 1.052054795 0 2.354254108 9.293276901 7.110052068 4.908414239 1.753744007 4.281279103 2.934784069
TCGA-L5-A40I 1.665753425 0 3.188258167 8.507171848 6.417985304 5.226446104 1.926141403 3.756809814 3.067349426
TCGA-R6-AGY0 4.495890411 0 3.22279158 7.67095998 6.42898067 6.870658161 1.786322851 3.905822606 2.969706219
TCGA-2H-A9GM 1.161643836 1 4.813047988 10.67710562 7.125514727 4.993211955 2.24371386 4.656578743 3.218133592
TCGA-L5-A8NQ 1.780821918 1 2.765224697 8.657968511 6.560763079 6.485464891 1.622038016 3.611511407 2.137826976
TCGA-LN-A5U6 1.02739726 0 3.468280932 8.533115941 7.323001602 6.856476575 2.038238096 3.719260119 2.526706612
TCGA-IG-A97H 1.208219178 0 3.486624282 8.88423708 7.14636909 5.993441365 2.358774329 4.385617402 2.912549275
TCGA-L5-A43E 2.520547945 0 4.160424903 9.23270608 6.722800702 4.870307997 1.640842081 4.239040532 3.405097203
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TCGA-VR-A8EQ 1.901369863 1 3.686833289 9.23707704 6.147631106 5.413886153 1.789904909 4.118580665 2.83122322
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4.624657534
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3.280846772
4.049273535
3.13275466
3.32235132
3.884041052
3.109314754
3.661454328
4.130080813
3.139927673
3.046376681
3.590918139
5.971828173
5.1257573
4.249816699
4.431719894
2.810750119
3.776290368

8.816638743
8.400253991
10.46286827
9.937172226
8.60030544
9.381449941
9.023681177
10.67164367
9.156324294
8.65970019
8.77867643
9.666420227
9.77314102
9.857720703
8.456499807
8.868932103
9.900583976

6.847654977
6.68180624
6.639949569
7.203890227
6.494039846
6.166142591
5.594459274
6.164916377
5.925800322
5.755862595
6.813091097
6.417926411
7.086522662
6.676206966
5.84652942
6.848535312
6.821666852

5.897763429
4.830623457
5.897222755
5.907790797
5.621471695
6.421782593
5.569113347
5.370657071
6.562840599
5.984754298
5.267095657
8.914611178
5.431159926
6.922418771
6.221475761
7.001446478
6.250500049

1.607926327
1.823517451
1.873171027
1.379479014
1.570234608
1.943799456
1.809469599
2.106418342
1.508080741
1.831882509
2.533694157
1.991722431
2.31208339
2.065550033
1.827325579
1.989445684
1.846099317

4.706273596
4.264423083
4.59328026
3.578287844
4.506845637
4.26680078
4.166524251
4.07342438
3.717970278
3.82515571
5.016083973
4.507515126
4.684368246
4.7855304
4.205609902
4.46760555
4.51917955

3.195489341
3.411452415
2.895618273
2.582447134
3.448919711
2.639791302
2.026629404
3.086228894
3.399542591
2.541863453
3.049253841
3.519003044
3.675572075
2.714891197
4.737176753
3.219720086
3.068628165

fustat: 1 = detah; 0 = alive. OS, overall survival.
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Table S3 The characteristics and population demographics of the tissue samples

ID Age Gender Grade Stage T M N Tumor Type Race Reflux History Alcohol History
TCGA-L5-A40G 79 Female G1 | T MO NO Adeno White No Yes
TCGA-L5-A40J 70 Female G3 | T1 MO NO Adeno White Yes Yes
TCGA-L5-A893 71 Female Unknown | T1 MO NO Adeno White Yes Yes
TCGA-2H-A9GJ 57 Male G2 | T MO NO Adeno Unknown Yes No
TCGA-JY-AGFB 7 Male G2 | T MO NO Adeno White Unknown Yes
TCGA-L5-A40H 71 Male Unknown | T1 MO NO Adeno White No Yes
TCGA-L5-A43E 74 Male Unknown | T1 MO NO Adeno White Yes Yes
TCGA-IC-A6RF 69 Female Unknown | T MO NO SCC White Yes Yes
TCGA-KH-A6WC 82 Male Unknown | T MO NO SCC White No Yes
TCGA-V5-A7RE 45 Male G2 | T1 MO NO Adeno White Yes Yes
TCGA-JY-A93F 58 Female G1 I T2 MO NO SCC White No Yes
TCGA-LN-A8I1 67 Female G3 I T2 MO NO SCC Asian No Yes
TCGA-LN-A9FP 60 Female G3 I T2 MO NO SCC Asian No Yes
TCGA-LN-A49M 62 Male G1 I T2 MO NO SCC Asian No No
TCGA-LN-A4A9 58 Male G1 I T2 MO NO SCC Asian No Yes
TCGA-LN-A5U7 46 Male G1 I T2 MO NO SCC Asian No Yes
TCGA-LN-A7HV 58 Male G1 I T2 MO NO SCC Asian No Yes
TCGA-LN-A9FO 42 Male G2 I T2 MO NO SCC Asian No No
TCGA-IG-A97I 58 Male G2 I T2 MO NO SCC White No No
TCGA-LN-A4A5 49 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-LN-A4A8 52 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-LN-A7THW 59 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-LN-A7HX 72 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-LN-A7THZ 49 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-LN-A8I0O 52 Male G2 I T2 MO NO SCC Asian No Yes
TCGA-IG-A3QL 54 Male G2 I T2 MO NO SCC White Unknown Yes
TCGA-VR-A8SET 64 Male G2 I T2 MO NO SCC White Unknown Yes
TCGA-L5-A8NU 84 Male G3 I T2 MO NO Adeno White Yes No
TCGA-LN-A8HZ 56 Male G3 I T2 MO NO SCC Asian No Yes
TCGA-L5-A8NQ 71 Male G3 I T2 MO NO SCC White Yes Yes
TCGA-IG-A5B8 72 Male G1 | T3 MO NO SCC White No Yes
TCGA-VR-ABEY 44 Female G1 I T3 MO NO SCC White No No
TCGA-L5-A8NK 84 Female G1 I T3 MO NO SCC White Yes Yes
TCGA-JY-ABFD 51 Female G1 I T3 MO NO SCC Asian Unknown Yes
TCGA-IG-A318 51 Female G2 I T3 MO NO SCC White Unknown No
TCGA-Z6-AAPN 57 Male G1 I T3 MO NO SCC White Unknown Unknown
TCGA-LN-A49U 62 Male G1 I T3 MO NO SCC Asian No Yes
TCGA-LN-A49S 59 Male G2 I T3 (0] NO SCC Asian No No
TCGA-LN-A49X 44 Male G2 I T3 MO NO SCC Asian No No
TCGA-2H-A9GR 80 Male G2 I T3 MO NO Adeno Unknown Unknown No
TCGA-LN-A49P 71 Male G2 I T3 MO NO SCC Asian No Yes
TCGA-LN-A49Y 77 Male G2 I T3 MO NO SCC Asian No Yes
TCGA-M9-A5M8 58 Male G2 I T3 MO NO Adeno Unknown No Yes
TCGA-L5-A8NV 75 Male G3 I T3 MO NO Adeno White Yes No
TCGA-LN-A490 47 Male G3 I T3 Mo NO SCC Asian No Yes
TCGA-LN-A4A1 60 Male G3 I T3 MO NO SCC Asian No Yes
TCGA-LN-A9FQ 62 Male G3 I T3 MO NO SCC Asian No Yes
TCGA-VR-A8SEO 49 Male G3 I T3 MO NO SCC White Yes Yes
TCGA-L5-A40U 81 Male Unknown I T3 MO NO Adeno White Yes Yes
TCGA-IG-A5S3 69 Female G2 I T3 MO NO SCC White Unknown Yes
TCGA-Z6-A8JD 53 Male G2 I T3 MO NO SCC White Unknown No
TCGA-L5-ABNT 69 Male Unknown I T3 MO NO Adeno White No Yes
TCGA-L5-A8NS 76 Male Unknown I T3 MO NO Adeno White Yes Yes
TCGA-VR-AA7I 70 Male G1 I T4 MO NO SCC White No Yes
TCGA-IG-A3YA 53 Male G2 1l T4 MO NO SCC White Unknown Yes
TCGA-L5-A8NH 54 Male Unknown v T M1 NO Adeno White Yes Yes
TCGA-L5-A8NF 57 Male Unknown I\ T1 M1 NO Adeno White No Yes
TCGA-L5-A40P 67 Female G2 | T1 Unknown NO Adeno White Yes Yes
TCGA-L5-A88Y 76 Male Unknown Unknown T1 Unknown NO Adeno White No Yes
TCGA-S8-A6BW 51 Male G1 | T2 Unknown NO SCC White Yes Yes
TCGA-L5-A88S 84 Male Unknown | T3 Unknown NO SCC White Yes No
TCGA-L5-A88W 67 Male Unknown I T3 Unknown NO SCC White No Yes
TCGA-L5-A43J 90 Male G3 I T3 Unknown NO SCC White No Yes
TCGA-V5-AASV 67 Male G3 I T3 Unknown NO SCC Black Yes Yes
TCGA-L5-A40M 54 Female Unknown | T Unknown NO SCC White No Yes
TCGA-L5-A88Z 70 Female Unknown I T1 MO N1 SCC White Yes Yes
TCGA-RE-A7BO 72 Female G3 I il MO N1 Adeno White No No
TCGA-XP-A8T8 49 Male G1 I T MO N1 SCC Black No Yes
TCGA-2H-A9GH 44 Male G2 I T MO N1 Adeno Unknown No No
TCGA-VR-AA4D 53 Male G2 I T1 MO N1 Adeno White Yes No
TCGA-2H-A9GM 53 Male G2 I T1 MO N1 Adeno Unknown Unknown No
TCGA-IG-A51D 63 Male G2 I T MO N1 SCC White Unknown No
TCGA-IC-A6RE 59 Male G2 I T MO N1 Adeno White Yes Yes
TCGA-JY-A939 7 Male G3 I T MO N1 Adeno White No Yes
TCGA-L5-A40S 86 Female G3 I T2 MO N1 Adeno White Yes Yes
TCGA-L5-A8NM 84 Female Unknown I T2 MO N1 Adeno White No Yes
TCGA-L5-A40W 56 Female Unknown I T2 MO N1 Adeno Unknown Yes Yes
TCGA-IG-A6QS 54 Male G1 I T2 MO N1 SCC White No Yes
TCGA-LN-A5U6 54 Male G2 I T2 MO N1 SCC Asian No Yes
TCGA-LN-A9FR 70 Male G2 I T2 MO N1 SCC Asian No Yes
TCGA-XP-A8T6 54 Male G2 I T2 MO N1 SCC Black No Yes
TCGA-JY-ABFH 53 Male G2 I T2 MO N1 Adeno White No Yes
TCGA-IG-A4P3 48 Male G2 I T2 MO N1 SCC White No Yes
TCGA-JY-AGFA 51 Male G2 I T2 MO N1 SCC Asian Yes Yes
TCGA-L5-A88T 86 Male Unknown I T2 MO N1 Adeno White No Yes
TCGA-L5-A8NE 77 Male Unknown I T2 MO N1 Adeno White No Yes
TCGA-L5-A40X 60 Male Unknown I T2 MO N1 Adeno White Yes Yes
TCGA-L5-A8NW 55 Male Unknown Unknown T2 MO N1 Adeno White Yes Yes
TCGA-L5-A8NR 81 Female Unknown 1l T3 MO N1 Adeno Unknown Yes No
TCGA-LN-A4A3 61 Male G2 1l T3 MO N1 SCC Asian No No
TCGA-2H-A9GG 66 Male G2 11l T3 MO N1 Adeno Unknown Unknown No
TCGA-2H-A9GI 68 Male G2 1 T3 MO N1 Adeno Unknown Unknown No
TCGA-LN-A7HY 50 Male G2 1l T3 MO N1 SCC Asian No Yes
TCGA-VR-A8EQ 73 Male G2 1l T3 MO N1 Adeno White No Yes
TCGA-LN-A4MQ 46 Male G3 1l T3 MO N1 SCC Asian No No
TCGA-2H-A9GL 74 Male G3 1 T3 MO N1 Adeno Unknown No No
TCGA-L5-A8NI 79 Male G3 1l T3 MO N1 Adeno White No No
TCGA-2H-A9GK 43 Male G3 1l T3 MO N1 Adeno Unknown Yes No
TCGA-2H-A9GF 67 Male G3 1l T3 MO N1 Adeno Unknown Unknown No
TCGA-2H-A9GN T® Annals of Trivisletional Medici@3 All rights reselied. T3 MO N1 http://d&dlenorg/10.2 10hkfAowa20-4541 Unknown No
TCGA-2H-A9GQ 80 Male G3 1] T3 MO N1 Adeno Unknown Unknown No
TCGA-LN-A49W 73 Male G3 1l T3 MO N1 SCC Asian No Yes
TCGA-JY-AGFE 49 Male G3 1l T3 MO N1 SCC White Unknown Yes
TCGA-L5-A8NG 7 Male Unknown 11l T3 MO N1 Adeno White Yes No
TCGA-LN-A4A4 36 Male Unknown 1l T3 MO N1 SCC Asian No Yes
TCGA-L5-A8NJ 77 Male Unknown 1l T3 MO N1 Adeno White No Yes
TCGA-L5-A8NL 56 Male Unknown 1l T3 MO N1 Adeno White Yes Yes
TCGA-L5-A8NN 81 Male Unknown 1] T3 MO N1 Adeno White Yes Yes
TCGA-1G-A50L 58 Male G2 1l T3 MO N1 SCC Asian No No
TCGA-IG-A3YB 61 Male G2 1l T3 MO N1 SCC White Unknown No
TCGA-Z6-A9VB 53 Male G2 1l T3 MO N1 SCC White Unknown Unknown
TCGA-IG-A3YC 62 Male G2 1l T3 MO N1 SCC White Unknown Yes
TCGA-Z6-A8JE 57 Male G3 1 T3 MO N1 SCC White Unknown No
TCGA-VR-A8Q7 60 Male G3 1l T3 MO N1 SCC White No Yes
TCGA-JY-A93E 61 Male G3 1l T3 MO N1 Adeno White Yes Yes
TCGA-L5-A891 51 Male Unknown Unknown T3 MO N1 Adeno White No Yes
TCGA-VR-A8ER 54 Male Unknown I} T4 MO N1 SCC Unknown No Yes
TCGA-VR-ABEU 51 Male G2 \% T M1 N1 SCC White Yes Yes
TCGA-LN-A5U5 57 Male G2 \% T3 M1 N1 SCC Asian No Yes
TCGA-VR-A8EX 63 Male G2 v T M1 N1 SCC Unknown No No
TCGA-L5-A40T 7 Male Unknown v T3 M1 N1 Adeno White Yes Yes
TCGA-R6-A8W5 60 Male G2 I\ T3 M1 N1 Adeno White Yes No
TCGA-2H-A9GO 58 Male G3 I\ T3 M1 N1 Adeno Unknown Unknown No
TCGA-L5-A88V 60 Male Unknown 1l T3 Unknown N1 Adeno White Yes Yes
TCGA-S8-A6BV 76 Male G2 1l T3 Unknown N1 Adeno White No Yes
TCGA-V5-A7RB 59 Male Unknown Unknown Unknown Unknown N1 Adeno Unknown Yes Yes
TCGA-L5-A40N 65 Male Unknown I T1 Unknown N1 Adeno White Yes Yes
TCGA-VR-AA4G 51 Female G2 1l T2 MO N2 SCC White No No
TCGA-Q9-A6FW 61 Male G2 1l T3 MO N2 Adeno White No No
TCGA-IG-AB25 60 Male G2 1] T3 MO N2 SCC Asian No Yes
TCGA-VR-ABEW 57 Male G2 I T3 MO N2 SCC Asian No Yes
TCGA-IG-A4QS 71 Male G3 1l T3 MO N2 Adeno White No No
TCGA-VR-ABEP 51 Male G3 1l T3 MO N2 SCC White No No
TCGA-JY-A93C 47 Male G3 I} T3 MO N2 Adeno Asian No Yes
TCGA-IG-A802 62 Male G3 1l T3 Mo N2 SCC Asian No Yes
TCGA-L5-A40E 81 Male G2 1l T3 Unknown N2 Adeno White Unknown Yes
TCGA-JY-A93D 51 Male G3 1l T2 MO N3 Adeno White Yes Yes
TCGA-VR-A8EZ 47 Male G2 1l T3 MO N3 SCC White No No
TCGA-L5-A400 75 Male G2 1 T3 MO N3 Adeno White Yes Yes
TCGA-L7-A6VZ 62 Male G2 1l T3 Unknown N3 Adeno White Yes Unknown
TCGA-L5-A40I 79 Male G2 1l T3 Unknown N3 Adeno White No Yes
TCGA-ZR-A9CJ 65 Male G3 1l T3 Unknown N3 Adeno White Unknown No
TCGA-IG-A97H 36 Male G3 I T3 MO Unknown SCC Asian No Yes
TCGA-IG-A7DP 50 Female G2 1 T4 Unknown Unknown Adeno White No No
TCGA-R6-ABDQ 74 Female G3 Unknown Unknown Unknown Unknown Adeno White Yes Yes
TCGA-R6-A8W8 72 Male G2 Unknown Unknown Unknown Unknown Adeno White No No
TCGA-R6-A6Y0 54 Male G2 Unknown Unknown Unknown Unknown Adeno White No Yes
TCGA-V5-AASX 74 Male G2 Unknown Unknown Unknown Unknown Adeno White No Yes
TCGA-R6-A6L4 27 Male G2 Unknown Unknown Unknown Unknown Adeno White Yes Yes
TCGA-R6-ABXG 64 Male G2 Unknown Unknown Unknown Unknown Adeno White Yes Yes
TCGA-R6-A8WC 56 Male G2 Unknown Unknown Unknown Unknown Adeno White Yes Yes
TCGA-R6-ABWG 60 Male G3 Unknown Unknown Unknown Unknown Adeno White Yes No
TCGA-V5-AASW 72 Male G3 Unknown Unknown Unknown Unknown Adeno White Yes No
TCGA-R6-ABKZ 42 Male G3 Unknown Unknown Unknown Unknown Adeno White No Yes
TCGA-R6-AB6XQ 58 Male G3 Unknown Unknown Unknown Unknown Adeno White No Yes
TCGA-L7-A56G 65 Male G3 Unknown Unknown Unknown Unknown SCC Black Yes Yes
TCGA-R6-A6DN 58 Male G3 Unknown Unknown Unknown Unknown Adeno White Yes Yes
TCGA-V5-A7TRC 55 Male Unknown Unknown Unknown Unknown Unknown SCC Black Yes Yes

Adeno, adenocarcinoma; SCC, squamous cell carcinoma.
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