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Abstract
Background: In the clinical decision-making among patients with colon cancer (COAD), making an
accurate prognosis of the patients plays a central role. The effects of autophagy on the clinical outcomes
of cancer, including COAD, have been widely reported in numerous studies. Here, weaim to build a novel
autophagy-associated, risk-strati�cation scoring system to predict the overall survival(OS)of patients with
COAD.

Methods: In this study, the candidate autophagy-related prognostic genes correlated with the survival of
COAD patients from The Cancer Genome Atlas (TCGA) public RNA microarray and clinical data sets were
selected as training data set. A cohort of 67 patients from TCGA and a cohort of 124 patients from GEO
were used for the external validation. The autophagy-related mRNAs(ARGs) were analyzed by
multivariate Cox regression analyses. Spearman correlation analysis were used to construct autophagy-
related mRNAs and lncRNAs coexpression network.

Results: 6 autophagy-related mRNAs and 14 lncRNAs with prognostic value were extracted for
constructing two novel autophagy-related RNAs signatures, respectively. Univariate and multivariate Cox
regression analyses were then demonstrated that the two signature could act as independent prognostic
predictor for OS. Additionally, a prognostic nomogram incorporating the clinicopathological
characteristics(patient’s age, tumor stage) and autophagy-related lncRNA risk score was constructed to
predict the OS, which was used in the training and validation sets (5-year C-index: 0.826 and 0.895,
respectively), demonstrating better discrimination ability and clinical net bene�t than the risk score
model. Further gene set enrichment analysis revealed that autophagy-associated lncRNAs were
signi�cantly enriched in cancer-related pathways.

Conclusions: The identi�ed autophagy-related mRNAs and lncRNAs signature had important clinical
implications in prognosis prediction and the user-friendly nomogram may offer an extra insight for
individualized therapy of COAD.

Background
Colon adenocarcinoma is a commonly diagnosed, malignant type of epithelial cell tumor and also one of
the leading causes of mortality worldwide [1]. Despite the advances in the diagnosis and treatment
strategies, the 5-year survival rate of patients with COAD remains below 50% [2], with loco-regional
invasion and metastasis being the major causes of death [3, 4]. Although the histopathological
classi�cation of COAD is widely recognized, the clinicopathological and genetic factors are still unable to
evaluate the survival outcomes accurately. Moreover, patients having similar risk factors might have
con�icting outcomes. Consequently, a more comprehensive study is still needed in order to effectively
identify the molecular biomarkers and increase the prognostic and predictive accuracy of the current
assessment system.
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Autophagy, which is a major catabolic process within the lysosomes, maintains the metabolic
homeostasis and cell survival under metabolic pressures (e.g., energy de�ciency and starvation) as well
as physiological and pathological conditions (e.g., aging, apoptosis, and cancer)[5]. Its role is complex
and differs among various types of cancer, such as inhibiting tumor initiation and progression in some
cancers and promoting tumor survival and progression in others, making it as a potential therapeutic
target for cancer [6]. In recent years, many studies have investigated the autophagic pathways in order to
develop new potential targeted therapies [7–11]. In addition, autophagic drugs tend to induce cell
autophagic death (type II cell death) and cause colon cancer cell death [12–15]. For instance, in the
phase 1/2 clinical trials, NVP-BEZ235 was observed to induce colon cancer cell apoptosis and autophagy
simultaneously [16, 17]. However, previous studies that have investigated the role of autophagy in
tumorigenesis have analyzed a limited number of autophagy-related genes in either cell lines or animal
models. Hence, the prognostic value of the global expression patterns of autophagy-related genes was
not determined.

Long non-coding RNAs (lncRNAs), which play a role in multiple biological processes, are involved in
regulating multiple ways of colon cancer progression and modulating the transcription of downstream
cancer-related genes [18–20]. They are also known to be important regulatory factors in modulating
autophagy and tumor progression [21]. Recent reports also stated that lncRNAs mediate the autophagy in
COAD [22]. However, their potential regulatory roles in the autophagy and tumor progression in COAD
need to be examined further.

Considering the autophagy-associated mRNAs (ARGs) and lncRNAs, we undertook a systematic and
comprehensive biomarker discovery and validation effort to develop two risk signatures, which better
predict prognosis performance than the traditional factors for COAD patients. The nomogram
incorporated the autophagy-related lncRNA signature and clinical factors to predict the OS of COAD
patients. In addition, we assessed the prognostic and predictive accuracy of this model in the validation
set. Moreover, function and pathway enrichment analyses, as well as a co-expression network analysis of
the lncRNAs and mRNAs associated with OS, were performed to provide hints concerning the roles of the
prognostic genes in the development and pathophysiology of COAD.

Materials And Methods
LncRNA and autophagy gene screening and patient samples

A total of 232 genes from the HADb (Human Autophagy Database
http://autophagy.lu/clustering/index.html) were identi�ed as an up-to-date list of ARGs. The pro�les of
lncRNAs and autophagy genes and clinical information of COAD patients (colon cancer, 41 normal
samples and 473 tumor samples) were acquired from the TCGA databases. A total of 124 samples from
the GEO dataset (accession number: GSE72970) and 67 samples from TCGA (colon cancer primary site
rectosigmoid juction) were used for the external validation. The correlation between the autophagy-
related lncRNAs and ARGs was calculated using Pearson correlation coe�cient. A lncRNA with a
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correlation coe�cient |R| > 0.3 and P < 0.01 was considered to be an autophagy-related lncRNA. A full
mutation dataset of corresponding patients was obtained from the cBioPortal
(http://www.cbioportal.org). Since our data was obtained from the TCGA and GEO databases, no ethics
committee approval was required.

Gene ontology and KEGG analysis

A functional enrichment of differentially expressed ARGs is performed using the Bohao Online
Enrichment Tool (http://enrich. shbio.com/). Gene Ontology (GO) and the Kyoto Gene and Genomic
Encyclopedia (KEGG) were used to assess relevant functional categories. GO and KEGG enrichment
pathways with P values less than 0.05 are considered to be signi�cant categories.

Survival analysis of autophagy-related mRNAs and lncRNAs

The clinical datasets of the COAD cohort were downloaded from the TCGA database. 426 samples with a
survival duration of t > 0 days were retained for the survival analysis. A univariate Cox regression analysis
was used in the R software to evaluate whether autophagy-related RNA was correlated with OS. RNAs
with a hazard ratio (HR) < 1 were de�ned as a protective signature, while RNAs with a HR > 1 were de�ned
as risky RNAs. In addition, GeneMANIA (http://www.genemania.org) was used to build protein–protein
interaction (PPI) networks of the autophagy-related genes correlated with OS.

Construction of the prognostic model of autophagy-related mRNAs and lncRNAs

Prognosis-related mRNAs and lncRNAs were constructed using multivariate Cox regression. After
incorporating the expression values for each particular RNA, the risk score formula for each patient was
constructed and weighted based on its estimated regression coe�cients. The median risk score was used
as the cutoff point according to the risk scoring formula, and the patients were divided into two groups:
low-risk group and high-risk group. The survival differences between the two groups were assessed using
the Kaplan–Meier curve and compared using log-rank statistical methods. The role of the risk scores in
predicting patient outcomes was examined using a multivariate Cox regression analysis and strati�ed
analysis. The prediction accuracy of the risk model was determined by a time-dependent ROC analysis.
Moreover, the e�cacy was also validated by the data from the GEO database.

Univariate and multivariate cox regression analyses

To detect whether the clinical characteristics and autophagy-related RNA risk score were signi�cantly
associated with OS in COAD patients, univariate and multivariate Cox regression analyses were
performed. The prognostic factors in the training set were selected with the signi�cance threshold of log-
rank P < 0.05. Moreover, the hazard ratio and 95% con�dence intervals for each variable were calculated.

Nomogram survival rate model for independent prognostic factor
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To further investigate the correlations between the independent prognostic factors and OS, we
incorporated the identi�ed independent prognostic factors with the predicted risk information in the
prediction prognosis model in order to construct a nomogram that predicts the 3-, or 5-year OS using the
rms package in the R software.

Gene set enrichment analysis (GSEA)

GSEA was performed using the GSEA4.0.3 program (https://www.gsea-msigdb.org/gsea/index.jsp), in
which the pathway enrichment of lncRNA was shown. In this study, we veri�ed whether the genes that are
differentially expressed between the two groups are enriched during autophagy.

Results
Identi�cation of prognostic ARGs

Figure 1 shows the �ow chart of our research process. After analyzing the expression pro�les of 232
ARGs in the COAD tumor tissues and comparing them with the normal tissues, 16 upregulated and 20
downregulated ARGs were obtained, according to the following criteria: false discovery rate (FDR) < 0.05
and |log2 (fold change) |>1(Figs. 2A,B). Then, analysis of Kaplan-Meier was performed to determine the
ability of the ARGs for OS to predict the prognosis of COAD patients, and 15 ARGs were screened. The
forest map of the hazard ratio indicates that most of these genes are oncogene (HR > 1), except for
SERPINA1 (Fig. 2C). Furthermore, the PPI analysis showed that these genes are closely related to
autophagy, pre-autophagosomal structure, macroautophagy, autophagic vacuole assembly, cellular
response to starvation, response to starvation, and cellular response to nutrient levels (Fig. 2D). Finally,
given the important clinical implications of these ARGs, the genetic alterations of these genes were
examined, and deep deletion and ampli�cation were classi�ed as two common types of mutations. A
total of four genes have a mutation rate ≥ 4%, in which GRID1 is the most frequently mutated gene (6%)
(Fig. 2E).

Go and KEGG enrichment analysis of the differentially expressed ARGs

Then, the potential biological processes and pathways of the differentially expressed ARGs between
COAD and non-tumor tissues were investigated. The GO term functional enrichment (P < 0.05) and the
KEGG pathway enrichment analyses of these genes are summarized (P < 0.01) in Additional �le 1: Fig.
S1. The top 5 GO terms for biological processes include “autophagy,” “process utilizing autophagic
mechanism,” “response to oxygen level,” “intrinsic apoptotic signaling pathway,” and “macroautophagy”
(in decreasing order of p value). For the cellular components of the enrichment analysis, the top 5 terms
were notably associated with “autophagosome,” “vacuolar membrane,” “autophagosome membrane,”
“outer mitochondrial membrane,” and “membrane organelle outer membrane.” On the basis of molecular
function, among the top 5 terms, the genes were mostly enriched in “ubiquitin protein ligase binding,”
“ubiquitin-like protein ligase binding,” “protein kinase regulator activity,” “protein kinase regulator activity,”
and “protein phosphatase 2A binding.” In addition, 30 KEGG pathways were considered statistically
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signi�cant (P < 0.01), and the top 3 signi�cant pathways were “p53 signaling pathway,” “apoptosis,” and
“human cytomegalovirus.” Overall, autophagy played an important role in the pathogenesis of COAD.

Identi�cation of prognostic autophagy-related LncRNA

lncRNAs dominate the upstream portion of the RNA network and function as primary effectors of the
mRNAs. A gene co-expression network analysis was performed using the Pearson correlation with |R|>0.3
and P < 0.01 as the cutoff point. A total of 943 lncRNAs were obtained in proportion to the 36 ARGs
(Additional �le 5 : Table S1). Only 369 of 943 autophagy-related lncRNAs were signi�cantly differentially
expressed between patients with COAD and normal tissues (∣log2FC∣>1; P < 0.05; Figs. 3A,B; Additional �le
6 : Table S2). Subsequently, 36 of 369 different expressed lncRNAs were found to be associated with OS
of COAD patients, of which �ve lncRNAs (AP001554.1, LINC00513, SNHG16, AL137782.1, and
AL590483.1) were protective genes with an HR < 1 and the remaining 31 lncRNAs were risky genes with
an HR > 1 (Fig. 3C).

Construction of the ARGs-based prognostic signature

Based on the 15 ARGs that were signi�cantly correlated with OS in COAD patients, an autophagy-related
risk signature was considered in predicting the prognosis. After multivariate Cox regression analysis, 6
ARGs which consisted of GRID1, DAPK1, RAB7A, PELP1, ULK3, and WIPI2 were identi�ed to construct a
prognostic signature for OS. Subsequently, with the expression coe�cient of each independent risk gene,
our six-mRNA models were formed using the following formula: prognosis score = (0.524 × expression
level of UKL3) + (1.022 × expression level of GRID1) + (0.254 × expression level of DAPK1) + (0.410 × 
expression level of PELP1)+ (0.608 × expression level of WIP2) + (1.097 × expression level of RAB7A).
Using this formula, we calculated the risk score of each patient. By using the median risk score as the
threshold, we divided the patients into two groups: high-risk groups and low-risk groups (Figs. 4A,B). The
heatmap of these six ARGs and the Kaplan–Meier analysis of the different OS between the two groups
are displayed in Fig. 4C,D. Notably, our data showed that the high-risk group (risk scores ≥ 0.954; n = 213)
had a worse prognosis (shorter OS) than the low-risk group (risk scores < 0.954; n = 213). The area under
the curve (AUC) of the corresponding ROC curve for the 5-year OS is 0.728 in the training group (Fig. 4E).
A similar trend was observed with a 5-year OS AUC of 0.733 in the validation group (GSE72970) from the
GEO database. (P < 0.001; Figs. 4F,G). This indicated that the 6 mRNA-prognostic scoring system for
COAD based on ARGs has a certain potential in survival prediction.

Construction of autophagy related lncRNA-based prognostic signature

Based on the 36 differentially expressed autophagy-related lncRNAs between the tumor and normal
tissues that were signi�cantly correlated with the OS of COAD patients, multivariate Cox regression
analyses were performed to select the potential prognosis-related lncRNAs. As a result, 14 lncRNAs, which
consisted of CASC9, PCAT6, AP006621.2, GS1-124K5.4, MIR4435-2HG, AL354993.2, AC048344.4,
AC010973.2, AL590483.1, AL137782.1, STAG3L5P-PVRIG2P-PILRB, LINC00513, SNHG16, and
AP001554.1, were determined as independent prognostic indicators for OS. Furthermore, our 14-lncRNA
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prognosis score was calculated using the following formula: prognosis score = (0.183 × expression level
of CASC9) +(0.334 × expression level of PCAT6) + (0.348 × expression level of AP006621.2) +(0.409 × 
expression level of GS1-124K5.4) + (0.651 × expression level of MIR4435-2HG) +(0.838 × expression level
of AL354993.2) + (0.881 × expression level of AC048344.4) +(1.145 × expression level of AC010973.2) +
(− 0.882 × expression level of AL590483.1) +(− 0.875 × expression level of AL137782.1) + (− 0.688 × 
expression level of STAG3L5P-PVRIG2P-PILRB) +(− 0.665 × expression level of LINC00513) +(− 0.663 × 
expression level of SNHG16) +(− 0.573 × expression level of AP001554.1). Using this formula, we
calculated the risk score of each patient. By using the median risk score as the threshold, the patients
were divided into two groups: high-risk and low-risk groups. The heatmap of the 14 lncRNAs and the
Kaplan–Meier analysis of the different survival durations between the two groups are shown in Fig. 5C,D.
The results show that the high-risk patients (risk scores ≥ 1.009;n = 213) had shorter OS, indicating that
they require more clinical attention and better clinical management, while the low-risk patients (risk
scores < 1.009; n = 213) have better survival, in which a milder treatment plan is required to avoid over-
treatment. The prognostic value of the risk score was also validated based on the data of the primary site
rectosigmoid junction of the patient samples (n = 67) from the TCGA database. The AUC of the
corresponding ROC curve of the autophagy related lncRNA-based prognostic signature prognostic index
for the 5-year OS is 0.726 (P < 0.001; Figs. 5F,G). As a consequence, autophagy related lncRNA-based
prognostic signature also provides a robust prediction for the prognosis of COAD patients.

The univariate analysis showed that the two autophagy-related prognostic scores were signi�cantly
associated with OS in COAD patients (Fig. 6A). After adjusting for the clinicopathological features, such
as age, gender, pathology_T_stage, pathology_N_stage, pathology_M _stage, and pathologic_stage. The
two prognostic signatures remained an independent prognostic indicator for OS based on the
multivariate analysis (mRNA-based signatures (HR = 1.381, 95% CI = 1.208–1.578; P < 0.001; Fig. 6B);
LncRNA-based signatures (HR = 1.204, 95% CI = 1.134–1.278; P < 0.001; Fig. 6B). Subsequently, we also
determined the clinical utility of the 6-mRNA prognostic signature and 14-lncRNA prognostic signature
regarding the pathology_T_stage, pathology_N_stage, pathology_M_stage, and pathologic_stage. As
shown in Fig. 6C, the mRNA-based risk score tends to increase in the higher pathology_T_stage (T1–2 vs
T3–4; P = 0.034), lymph node metastasis ( N0 vs N1–3; P < 0.001), and pathologic_stage (stage I & II vs
stage III & IV, P < 0.001). Moreover, as shown in Fig. 6D, higher 14-lncRNA-based risk scores were observed
among those with higher T stage (T1–2 vs T3–4, P = 0.002), lymph node metastasis (N0 vs N1–3, P = 
0.002), and tumor stage (stage I-II vs stage III-IV, P = 0.001). Speci�cally, the identi�ed two prognostic
signatures are of clinical relevance to pathologic_stage and TNM staging of COAD. These data suggest
that two prognostic signatures have the potential in diagnosis of COAD. While, according to the ROC
curve(Additional �le 2: Fig. S2), the prognostic model of 14 autophagy-related lncRNA(1,3,5 year AUC = 
0.768, 0.76, 0.804, respectively) was superior to the 6 autophagy-related mRNA(1,3,5 year AUC = 0.694,
0.697, 0.728, respectively) and other independent prognostic factors, which was then selected for further
analyses.

Establishment of the predictive nomogram for OS based on prognostic clinical factors and the 14-lncRNA
signature
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To further improve the predictive accuracy of our autophagy-related lncRNA signature by examining their
performance in combination with other independent prognostic factors (e.g., age, tumor stage;
Figs. 6A,B), we established an easy-to-use and clinically adaptable, risk nomogram for predicting the 3-
and 5-year survival probability of COAD patients (Fig. 7A). Using the nomogram, “point” was scaled to
estimate the points for each variable by drawing a vertical line. Then, the “total points” were scaled to
estimate the corresponding 3- and 5-year OS rates of the COAD patients. The calibration curves of
nomogram for predicting the 3- and 5-year COAD patients in the training set and validation set are shown
in Figs. 7B, C. The C-indices (0.826 for the training set, 0.895 for the validation set) further strengthen the
good discriminative ability of our models with regard to the age and tumor stage in predicting the OS of
patients with COAD.

14-autophagy-related lncRNAs co-expressed network

An interaction network analysis was performed on the 14 risk score-related lncRNAs and the 9 associated
ARGs (BID, CAPN10, CCR2, CD46, FAS, ITPR1, TNFSF10, VEGFA, PINK1). Then, the lncRNA–mRNA risk
axes were integrated into two module maps (Additional �le 3: Figs. S3A,B). Positive correlations were
obtained for 17 lncRNA-mRNA pairs, and negative correlations were obtained for 3 lncRNA‐mRNA pairs
(Additional �le 3: Fig. S3C). These results suggested that the coexpressed lncRNAs-mRNA networks may
play important roles in regulating autophagy and in modulating COAD patients’ survival.

Gene set enrichment analysis of 14 lncRNAs in the model

Moreover, to gain insights into the functional roles of the 14 lncRNAs in the molecular mechanisms of
COAD, GSEA enrichment analyses for the lncRNAs between the predicted high-risk and low-risk groups
were performed. The results revealed that the identi�ed 14 lncRNAs were enriched in several autophagy-
related, metastasis-related, and COAD-related pathways, such as MAPK signaling pathway, VEGF
signaling pathway, Hedgehog signaling pathway, Notch signaling pathway, pathway in cancer; natural
killer cell-mediated cytotoxicity, GAP junction, and JAK_STAT signaling pathway (Additional �le 4 : Fig.
S4). Therefore, we predicted that the 14-autophagy-related lncRNAs might be potential therapeutic targets
for COAD.

Discussion
The TNM staging system is routinely used as a staging procedure for patients with COAD [1]. Because the
signi�cant heterogeneity of the prognosis and treatment response is still observed in the same stage, it is
necessary to develop reliable and effective prognostic biomarkers in order to improve the clinical
decisions and outcome of COAD patients [23]. In recent years, high-throughput biological technologies
have been widely used to predict the prognosis and response to speci�c therapies for a range of tumors.
Moreover, growing evidence reveals the close relationship between the ncRNAs and autophagy in the
malignant progression of certain cancers, including COAD [24–26]. Targeting autophagy was found to be
an alternative and novel strategy in cancer immunology, and these autophagy-related RNAs may play a
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key role in cancer biology. Moreover, autophagy-related genes, such as the mRNA, miRNA, or lncRNA
signature, have prognostic potential for cancer[24, 25, 27–29].

Based on the �ndings of this study, we performed a bioinformatics analysis of the data from the COAD
and control samples obtained from the TCGA and GEO databases; two panels (14-lncRNA signature and
6-mRNA signature) relating to the prognosis for patients with COAD were identi�ed in our study,
respectively. The results of the multivariate Cox analysis indicated that these two risk scores were
independent prognostic factors, which were capable to categorize the COAD patients into subgroups with
signi�cantly different risk scores. The results of the validation set revealed good reproducibility and
reliability with regard to the signatures. The application of these signatures would help clinicians to select
patients with a high-risk of death, thereby facilitating the development of individualized therapies for
COAD patients. However, due to the heterogeneity of the disease, it is insu�cient to use a single
signature. Therefore, a nomogram that incorporated the patient’s age, tumor stage, and lncRNA risk
scores was developed in order to predict the OS of the patients with COAD. The performance of the
nomogram was veri�ed in all data sets, which guaranteed the repeatability of our model.

lncRNAs dominate the upstream portion of the RNA network and function as primary effectors of mRNAs,
and several lncRNAs are identi�ed as potential prognostic factors in COAD [20, 30]. Among these 14
lncRNAs in the model, PCAT6, CASC9, MIR4435-2HG, SNHG16, and LINC00513 have been reported to
play a role in the pathogenesis and prognosis of various cancer types (31–43). For example, CASC9 has
been reported to be upregulated and conferred an oncogenic function in human hepatocellular
carcinoma, oral carcinoma, gastric cancer, colorectal cancer, and esophageal cancer [28, 31–33]. In
colorectal cancer, CASC9 was found to be negatively correlated with the miR-193a-5p expression, and
promoted tumorigenesis via the miR-193a-5p/ERBB2 axis[34]. Luo et al. [35] reported that the higher
expression of the oncogenic CASC9 was associated with poor patient outcomes when interacting with
CPSF3 to regulate TGF-β signaling. Consistently, it has been reported that the higher expression of PCAT6
was correlated with poorer clinical outcomes and further found that PCAT6 was able to inhibit cell
apoptosis by regulating the anti-apoptotic protein ARC expression via the EZH2 in COAD [36]. Dong et al.
[37] reported that the upregulation of oncogenic MIR4435-2HG promoted colorectal cancer proliferation
and metastasis through partially repressing the miR-206/YAP1 axis. Moreover, the upregulated MIR4435-
2HG was found to promote hepatocellular cancer cell proliferation through upregulating the miRNA-487a
[38] as well as lung cancer cell progression by activating β-catenin signaling [39]. lncRNA SNHG16 was
showed to be regulated by the wnt pathway in colorectal cancer [40]. Additionally, SNHG16 has also been
reported to associate with many other cancers, such as bladder cancer and pediatric neuroblastoma [41,
42]. As of now, the remaining lncRNAs (AP006621.2, AL354993.2, AC048344.4, GS1-124K5.4, AC010973,
AL590483.1, AL137782.1, STAG3L5P-PVRIG2P-PILRB, and AP001554.1) are rarely reported in the
previous studies. Moreover, no studies have reported any association between these 14 lncRNAs and
autophagy. Interestingly, in our study, an interaction network analysis was performed on the 14 risk score-
related lncRNAs and their associated ARGs. For instance, AP006621.2 and STAG3L5P-PVRIG2P-PILRB
were found to be associated with the expression of VEGFA in COAD. VEGFA is known to be a pivotal
oncogene in various cancers [43]. PCAT6 was found to be associated with expression of FAS, and FAS is
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found to be an initiator of in�ammation for cancers[44]. GSEA analysis results showed that 14 lncRNAs
were enriched in several autophagy-related, metastasis-related, and COAD-related pathways. Our �ndings
might contribute additional information to future studies on elucidating the molecular mechanisms
behind the roles of these lncRNAs.

This study has several limitations. The neoadjuvant treatment information were not collected across the
public cohorts. Another limitation is the potential reporting bias because all samples were from the
retrospective collection. Further prospective studies are required to validate the results.

In conclusion, the study provided a novel 6-ARGs and a 14-lncRNA prognostic signatures which were
developed and validated in order to categorize the COAD patients into subgroups with different
prognostic risks, respectively. Furthermore, we established a risk nomogram which incorporates our
lncRNA risk score and key clinicopathological features, offering an easy-to-deploy tool for identifying
high-risk COAD patients and predicting the prognosis of patients suffering from this lethal malignancy.
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Figure 1

The �owchart of our research process.
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Figure 2

Prognostic ARGs screening. (A) The volcano plot of the differentially expressed ARGs. The yellow dots
indicate a high expression and the blue dots a low expression. (B) The heat map shows 15 prognostic
ARGs between COAD and paired non-tumor samples, with yellow dots indicating signi�cantly upregulated
mRNAs, blue dots indicating downregulated mRNAs, and black dots indicating no differences in the
mRNAs. “N” indicates non-tumor tissues; “T” indicates tumor tissues. (C)Risk ratio forest plot showed the
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prognostic value of the 15 genes. (D)The protein–protein interactions among the ARGs that are
associated with the prognosis of patients with COAD.The different colors of the network nodes indicate
the biological functions of the set of enrichment genes. (E) The mutation frequency of the prognosis-
related ARGs.

Figure 3
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Prognostic lncRNAs screening. (A) The volcano plot of the differentially expressed autophagy-related
lncRNAs. The yellow dots indicates the high expression and the blue indicates the low expression. (B) The
heat map show 36 autophagy-related lncRNAs that associated with prognostic of patients with COAD.
The yellow dots indicates signi�cantly upregulated lncRNAs, blue dots representing downregulated
lncRNAs, and black dots represented no differences lncRNAs.(C) Risk ratio forest plot showed the
prognostic value of the 36 autophagy-related lncRNAs.

Figure 4
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Development of a risk score system based on ARGs. (A) Distribution of risk score. The risk score
increased from blue to red. (B) The survival status and duration of COAD cases. Blue and red scatter
indicate alive and dead, respectively. (C) The heatmap shows the expression distributions of the 6 ARGs
in the low-risk and high-risk groups, with the color changing from blue to red, indicating an increasing
trend from low levels to high levels. The Kaplan–Meier survival curves (high vs. low-risk) in the training
set (D) and the validation set (F). ROC curves of the two risk score system to evaluate their capability in
predicting the OS of the COAD patients in the training set (E) and the validation set (G).
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Figure 5

Development of a risk score system based on autophagy-related lncRNAs. (A) Distribution of risk score.
The risk score increased from green to red. (B) The survival status and duration of each patients. Blue
and red scatter represent alive and dead, respectively. (C) The heatmap shows the expression
distributions of the 8 lncRNAs in the low-risk and high-risk groups, with the color changing from blue to
red, indicating an increasing trend from low levels to high levels. The Kaplan–Meier survival curves (high
vs. low-risk) in the training set (D) and the validation set (F). Using the ROC curves of the risk score
system to evaluate their capability in predicting the OS of the COAD patients in the training set (E) and the
validation set (G).

Figure 6

Clinical utility of prognostic signature for COAD. (A,B) Forest plot of univariate Cox regression and
multivariate Cox regression analyses of risk factors associated with OS. (C,D) The clinical utility of the 6-
mRNA prognostic signatures and 14-lncRNA prognostic signatures regarding the pathology_T_stage,
pathology_N_stage, pathology_M_stage, and pathologic_stage.
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Figure 7

Nomograms predicting survival and calibration curves in COAD patients. (A)The nomogram used to
predict the 3- and 5-year OS based on the 8-lncRNA risk score, age, and tumor stage. (B,C) Calibration
curves of nomogram for predicting the 3- and 5-year OS of the COAD patients in the training set (B) and in
the validation set (C). The dotted line represents a perfect �t, the solid lines represent the predictive
performance, and the error bars re�ect 95% CIs of the nomograms.
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