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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 differentially 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 (DNAJB1, BNIP1, VAMP7 and TBK1) 
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 II programmed cell death, 
plays an important role in maintaining cell homeostasis. 
Abnormal  autophagic  leve l s  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 (lncRNA) 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 

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 (HADb, 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 |logFold change (FC)| >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.

http://dx.doi.org/10.21037/atm-20-4541
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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 

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 |log2 FC| >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 1A,B). A 
box plot was generated to display the expression patterns of 
the 69 ARGs in ESCA and non-tumor tissues (Figure 2).

Functional enrichment 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 3A,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).  

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

0 1 2 3–3 –2 –1
LogFC

5

4

3

2

1

0

–L
og

10
 (f

dr
)

VolcanoA B

http://www.string-db.org/,


Du et al. A novel method of prognosis evaluation

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):317 | http://dx.doi.org/10.21037/atm-20-4541

Page 4 of 13

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 4A). 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, 
CASP8, EIF4G1, HSPA5, 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 S1)  

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), 
FKBP1A (FKBP prolyl isomerase 1A), DNAJB1 (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 
DNAJB1, BNIP1, VAMP7 and TBK1, were selected to 
construct the OS prediction model. Finally, a prognostic 
risk score based on the prognostic signature was established 
as follows: (0.61184 × expression value of DNAJB1) 
+ (1.59675 × expression value of BNIP1) + (0.90984 × 
expression value of VAMP7) + (0.96329 × expression value 
of TBK1). 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 
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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.
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[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 

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 6A). Additionally, 
we evaluated the relationship between different clinical 

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.
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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

N0 33 (41.25) 32 (41.03)

N1–3 41 (51.25) 36 (46.15)

Unknown 6 (7.50) 10 (12.82)

M 0.1649

M0 65 (81.25) 54 (69.23)

M1 4 (5.00) 4 (5.13)

Unknown 11 (13.75) 20 (25.64)

Stage 0.8538

I–II 43 (53.75) 41 (52.56)

III–IV 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 

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 7A). 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 
of risk genes in ESCA patients with different risks (low, pink; high, blue). ARGs, autophagy-related genes; ESCA, esophageal cancer; ROC, 
receiver operating characteristic; OS, overall survival. AUC, area under the curve.
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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 ARGs 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 (T, N, M), tumor type 
(adenocarcinoma, squamous cell carcinoma), and the 

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 8A,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 

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. 
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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 
cancer.

A B

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 

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. DNAJB1 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 

Figure 9 Comparison of risk score and clinical features in predicting 
the accuracy of patient survival prognosis. AUC, area under the 
curve.
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DNAJB1 in the progression of cancer. DNAJB1 inhibits 
mitogen-inducible gene 6 (MIG6) stabilization and increases 
lung cancer cell proliferation (15). On the other hand, 
DNAJB1 acts as an autophagy-related protein involved in the 
development of tumors. DNAJB1 also targets programmed 
cell death 5 (PDCD5) to suppress p53-mediated apoptosis 
and enhance the proliferation of cancer cells (16). The up-
regulation of DNAJB1 correlates with poor prognosis for 
cholangiocarcinoma patients (17). Bnip1, 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 TBK1 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 VAMP7, 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. (III) 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 

neoadjuvant/adjuvant therapy or closer follow-up are 
indicated for an improved prognosis.
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