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Abstract
BACKGROUND 
Investigating molecular biomarkers that accurately predict prognosis is of 
considerable clinical significance. Accumulating evidence suggests that long non-
coding ribonucleic acids (lncRNAs) are frequently aberrantly expressed in 
colorectal cancer (CRC).

AIM 
To elucidate the prognostic function of multiple lncRNAs serving as biomarkers 
in CRC.

METHODS 
We performed lncRNA expression profiling using the lncRNA mining approach 
in large CRC cohorts from The Cancer Genome Atlas (TCGA) database. Receiver 
operating characteristic analysis was performed to identify the optimal cutoff 
point at which patients could be classified into the high-risk or low-risk groups. 
Based on the Cox coefficient of the individual lncRNAs, we identified a nine-
lncRNA signature that was associated with the survival of CRC patients in the 
training set (n = 175). The prognostic value of this nine-lncRNA signature was 
validated in the testing set (n = 174) and TCGA set (n = 349). The prognostic 
models, consisting of these nine CRC-specific lncRNAs, performed well for risk 
stratification in the testing set and TCGA set. Time-dependent receiver operating 
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characteristic analysis indicated that this predictive model had good performance.

RESULTS 
Multivariate Cox regression and stratification analysis demonstrated that this 
nine-lncRNA signature was independent of other clinical features in predicting 
overall survival. Functional enrichment analysis of Kyoto Encyclopedia of Genes 
and Genomes pathways and Gene Ontology terms further indicated that these 
nine prognostic lncRNAs were closely associated with carcinogenesis-associated 
pathways and biological functions in CRC.

CONCLUSION 
A nine-lncRNA expression signature was identified and validated that could 
improve the prognosis prediction of CRC, thereby providing potential prognostic 
biomarkers and efficient therapeutic targets for patients with CRC.

Key Words: Colorectal cancer; Long non-coding ribonucleic acid; Biomarkers; Survival 
prediction; The Cancer Genome Atlas; Therapeutic targets

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: To the best of our knowledge, preliminary investigation of the function of this 
nine-long non-coding ribonucleic acid signature has not been reported, which further 
strengthens the possibility it may be used to effectively predict the disease course in 
colorectal cancer.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies worldwide with an 
estimated 1.1 million new cancer cases and 0.88 million cancer deaths per year[1]. 
Despite the considerable progress made in CRC screening and therapeutic methods, 
the 5-year survival rate of CRC patients remains low at approximately 12%[2]. Multiple 
genetic and epigenetic alterations play critical roles in CRC tumorigenesis and 
progression[3,4], but they remain underutilized for the precise prediction of CRC. 
Investigating the appropriate biomarkers associated with clinical outcome and 
identifying the effective molecular targets for individual therapies could lead to the 
development of more effective therapeutic regimens and personalized therapies, 
which have promise for prolonging overall survival (OS) and improving prognosis.

Over the last several years, particular attention has been devoted to newly 
discovered long non-coding ribonucleic acids (lncRNAs), which are defined as 
transcripts longer than 200 nucleotides that have no apparent protein-coding 
potential[5]. The protein-coding regions of the genome have been analyzed by most 
large-scale genomic databases of cancer patients. However, the most recent estimate of 
the Encyclopedia of DNA Elements is that up to 75% of the human genome is 
transcribed into RNA, whereas only approximately 3% of the human genome is 
protein-coding[6,7]. It has been estimated that more than 58000 lncRNAs are encoded in 
the human genome[8,9]. Similar to protein-coding genes, lncRNA genes are regulated by 
transcription factors and histone modifications, and lncRNA transcripts are processed 
by the canonical splicing machinery[7]. Compared to protein-coding genes, lncRNAs 
have fewer exons and are usually located in the nucleus, which is affected by lower 
selection pressure during evolution and shows higher tissue or cell specificity[9].

LncRNAs are involved in various biological processes including proliferation, 
immortality, angiogenesis, growth suppression, motility, and viability[8]. Some 
dysregulated lncRNAs play oncogenic and tumor suppressive roles in cancer 
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development, progression, and metastasis such as the well-known lncRNAs 
plasmacytoma variant translocation 1[10], HOX transcript antisense RNA (HOTAIR)[11], 
H19[12], and metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)[13]. 
Growth arrest-specific 5[14] and maternally expressed 3[15] can act as suppressors of 
tumors. Given the fundamental and intrinsic advantages of lncRNAs, at present, they 
are considered to be promising diagnostic and prognostic biomarkers in cancer[16-19]. 
However, few studies have conducted a comprehensive examination of survival-
associated lncRNA expression in CRC.

The aim of this study was to exploit the potential prognostic value of lncRNA 
signatures in CRC patients using a whole-transcriptome RNA-sequencing approach. 
The findings obtained in this study might help to elucidate the functions of lncRNAs 
and identify novel therapeutic targets for patients with CRC.

MATERIALS AND METHODS
Patient information and The Cancer Genome Atlas lncRNA dataset
The clinical characteristics of patients with CRC and their lncRNA expression profiles 
were available at The Cancer Genome Atlas (TCGA) data portal (https://portal.gdc.
cancer.gov/projects). Patients were included if they met the following criteria: Both 
lncRNA expression profiles and complete clinical follow-up data were available, OS[9] 
was more than 30 d, and lncRNAs had an average count > 1 and appeared in > 70% of 
the total samples. In total, 349 patients were enrolled in our study. Subsequently, these 
patients were randomly divided into the training set (n = 175) and testing set (n = 174). 
In addition, the expression level of each lncRNA was defined as the log2 (x + 1) for 
further analysis.

Prognostic model construction and statistical analysis
We analyzed the relationship between lncRNAs and the OS of CRC patients in the 
training set. Univariable Cox regression analysis was performed to screen for CRC-
specific lncRNAs associated with OS (P < 0.05). These seed lncRNAs were employed to 
further select a prognosis-associated predictive model by multivariable Cox regression 
analysis. According to robust likelihood-based survival analysis, a series of predictive 
models were performed by the R package Rbsurv. The candidate predictive models 
constructed by the multiple prognosis-related lncRNAs were strictly selected by 
Akaike information criteria. Finally, the ideal predictive model with the minimum 
Akaike information criteria value was determined.

Risk score model establishment and validation
The risk score model of prognosis-associated lncRNAs was established by 
multivariable Cox regression analysis and weighted by the regression coefficients. In 
the training set, the risk score of each patient was calculated by the risk score formula. 
Patients were subsequently divided into low-risk and high-risk score groups based on 
the median risk score. The receiver operating characteristic curve was obtained by R 
with the survival receiver operating characteristic (ROC) package (version 1.0.3) to 
predict OS at 1, 3, and 5 years. The optimal cutoff point was selected by the maximum 
specificity and sensitivity. Survival differences between the low-risk and high-risk 
groups were assessed by Kaplan-Meier curves and log-rank tests. Furthermore, the 
risk score model was validated in the testing set and TCGA set. The prognostic 
performance of the risk score model was measured by a time-dependent ROC curve. 
Multivariable Cox proportional hazards regression was performed to evaluate the 
independence of these nine CRC-specific lncRNAs. Stratification analysis of common 
clinical characteristics, such as tumor stage and patient sex, was conducted by R with 
the survival ROC package. Overall statistical analyses were performed by R language 
(Version 3.4.3).

Bioinformatic analysis of lncRNA target genes and pathways
The correlation networks between prognostic lncRNAs and potential target genes 
were investigated by the Spearman’s rank-correlation test. Moreover, gene ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment 
were employed to analyze the biological processes of target genes and pathways by 
Cluster Profiler. The enriched functional annotations of GO terms and KEGG 
pathways were considered to be significant when the P value was less than 0.05.

https://portal.gdc.cancer.gov/projects
https://portal.gdc.cancer.gov/projects
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RESULTS
CRC patients in the training set, testing set, and TCGA set
A total of 349 patients from TCGA database were included and analyzed in this study; 
the patients were randomly divided into a training set (n = 175) and testing set (n = 
174). A total of 5152 LncRNAs were identified from 349 patients in TCGA database. 
Among these acquired lncRNAs, 2149 had a mean Fragments Per Kilobase of 
transcript per Million mapped reads of > 0.1. The baseline demographic and clinical 
characteristics of the two groups did significantly differ (P > 0.05). These features are 
summarized in Supplementary Table 1.

LncRNAs associated with the OS of CRC patients in the training set
A total of 104 prognosis-associated lncRNAs of CRC were identified by univariable 
Cox regression analysis. The combination of nine lncRNAs was selected from these 104 
LncRNAs by robust likelihood-based survival analysis (Table 1). Interestingly, all nine 
CRC-specific lncRNAs showed positive regression coefficients, indicating that these 
lncRNAs were associated with a high risk of mortality in CRC.

Construction of lncRNAs and calculation of risk score in training set
Based on nine identified prognostic lncRNAs, we designed a risk prediction formula 
and calculated the risk score for each patient in the training set to facilitate the 
application of these lncRNAs in clinical practice. The 175 CRC patients in the training 
set were classified into a high-risk group (n = 87) and a low-risk group (n = 88) with 
differential survival outcome based on the median value of the risk score (5.38), as the 
optimal cut-off point. Clearly, patients in the low-risk group showed a better outcome 
than those in the high-risk group by Kaplan-Meier analysis (P = 0.001; Figure 1A).

The distribution of the risk scores, OS, survival status, and corresponding lncRNA 
expression profiles of the 175 patients in the training set are shown in Figure 1B. These 
nine CRC-specific lncRNAs tended to be more highly expressed in the high-risk group. 
Notably, the high-risk group consisted of 19 patients who died and 68 patients who 
did not die, whereas the low-risk group consisted of 4 patients who died and 84 
patients who did not die. However, the difference between the two groups in OS was 
only marginally significant (chi-square test, P = 0.003).

Validation of nine CRC-specific lncRNAs in the testing set and TCGA set
Using the same risk score formula and threshold value in the training set, patients in 
the testing set (n = 174) and TCGA set (n = 349) were assigned into high-risk and low-
risk groups. There was convincing evidence that patients in the high-risk group of the 
testing set (n = 87) had poorer outcomes than those in the low-risk group, as 
determined by Kaplan-Meier analysis (P = 0.009; Figure 2A). Similar results were 
observed in the TCGA set (P < 0.005; Figure 2B).

The distributions of risk scores, OS, survival status, and corresponding lncRNA 
expression profiles in the testing set and entire set of patients are shown and ranked 
according to increasing risk scores (Figure 2C and D). Likewise, these nine risk-
associated lncRNAs were downregulated in the low-risk group and upregulated in the 
high-risk group. Moreover, the majority of patients who died in the testing set and 
TCGA set were clustered into the high-risk group. In the testing set, the high-risk 
group consisted of 12 patients who died and 75 patients who did not die, whereas the 
low-risk group consisted of 3 who died and 84 who did not die. The difference in OS 
between the two groups was significant (chi-square test, P = 0.015). Similarly, the high-
risk group consisted of 26 patients who died and 148 patients who did not die in 
TCGA set, while the low-risk group consisted of 12 patients who died and 163 patients 
who did not die. Consistent with the testing set, the difference in OS between the two 
groups of the entire set was significant (chi-square test, P = 0.015).

Evaluation of the predictive performance of the nine CRC-specific lncRNAs
Time-dependent receiver operating characteristic curve analysis was performed to 
evaluate the prognostic performance of the nine CRC-specific lncRNAs. These nine 
prognostic lncRNAs achieved area under the curve (AUC) values of 0.754, 0.778, and 
0.804 for predicting prognosis in the training set at 1, 3, and 5 years, respectively 
(Figure 3A). The AUC values were 0.891, 0.720, and 0.814 in the testing set at 1, 3, and 
5 years, respectively (Figure 3B), and 0.758, 0.701, and 0.690 in the entire set at 1, 3, and 
5 years, respectively (Figure 3C). Most of the AUC values exceeded 0.7, indicating that 
these nine prognostic lncRNAs performed well for the prediction of prognosis in CRC 
patients.

https://f6publishing.blob.core.windows.net/65be5596-b0a4-424e-be70-d99a575b60e7/WJGS-13-210-supplementary-material.pdf
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Table 1 Characteristics of the study population in the train set and validation set

Characteristics Train set, n = 175 Test set, n = 174 Entire set, n = 349

Age, mean ± SD 65.38 ± 13.25 65.29 ± 13.12 65.33 ± 13.19

Sex, male/female 94/81 93/81 187/162

Clinical stage, I/II/III/IV 31/64/55/25 34/75/50/15 65/139/105/40

Status, deceased/alive 23/152 15/159 38/311

Figure 1 Construction of the nine-long non-coding ribonucleic acid signature in the training set. A: Kaplan-Meier overall survival analysis in the 
training set between patients in the high-risk group and low-risk group; B: Distribution of risk score, overall survival and long non-coding ribonucleic acid expression 
for the patients in the training set. Columns represent patients.

Stratified survival analysis of stage and gender
Stratification analysis of tumor stage and patient sex was conducted to determine 
whether these nine CRC-specific lncRNAs maintain their prognostic value in the 
different contexts of common clinical features. All 349 patients were stratified by 
tumor stage into a stage I/II dataset (n = 204) and a stage III/IV dataset (n = 145). 
Based on these nine prognostic lncRNAs, patients in the stage I/II dataset were 
classified into a high-risk group (n = 102) or a low-risk group (n = 102) with a 
significant difference in OS (P = 0.025, Figure 3F). Similarly, the patients in the stage 
III/IV dataset were also classified into a high-risk group (n = 73) and a low-risk group 
(n = 72), which also differed significantly in OS (P = 1e-05; Figure 3G). Similarly, all 349 
patients were stratified by gender into a male dataset (n = 187) and a female dataset (n 
= 162). Patients in the male dataset could be stratified into a high-risk group (n = 94) 
and a low-risk group (n = 93), with a significant difference in OS being observed (P = 
0.019; Figure 3D). An analogous result was obtained in the female dataset (P = 0.013; 
Figure 3E).

Functional enrichment analysis of target genes of nine prognostic lncRNAs
A total of 270 potential target genes of these nine lncRNAs were first identified by GO 
terms and KEGG pathway functional enrichment analysis. The 10 most enriched 
KEGG pathways are shown in Figure 4A. A series of cancer-related pathways were 
highly activated in CRC patients, such as cell adhesion molecules and the Hippo and 
Rap1 signaling pathways. The 10 most enriched GO terms related to biological 
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Figure 2 Validation of the nine-long noncoding ribonucleic acid signature in the testing set and entire set. A: Kaplan-Meier overall survival (OS) 
analysis in the testing set between patients in the high-risk group and low-risk group; B: Kaplan-Meier OS analysis in the entire set between patients in the high-risk 
group and low-risk group; C: Distribution of risk score, OS and long noncoding ribonucleic acid expression for the patients in the testing set; D: Distribution of risk 
score, OS and long non-coding ribonucleic acid expression for patients in the entire set. Columns represent patients.

processes are shown in Figure 4B; these processes have long been recognized as 
functions of lncRNAs. The 10 most enriched GO terms primarily included the 
extracellular matrix and structure organization, suggesting that these nine prognostic 
lncRNAs were closely correlated with the carcinogenesis of gene expression and 
biological functions.
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Figure 3 Performance assessment and comparison of the nine-long non-coding ribonucleic acids signature by survival receiver 
operating characteristic and stratification analyses. A-C: Receiver operating characteristic analysis of overall survival for the nine-long noncoding 
ribonucleic acid signature in the training set, testing set and entire set; D: Kaplan-Meier curves for male patients; E: Kaplan-Meier curves for female patients; F: 
Kaplan-Meier curves for patients with stage I/II disease; G: Kaplan-Meier curves for patients with stage III/IV disease.

DISCUSSION
An optimal prognostic predictor model for risk stratification in CRC patients was 
constructed by the combination of the nine-lncRNA signature and the risk score 
formula. In the comprehensive analysis of lncRNA-sequencing data, this nine-lncRNA 
signature could effectively divide patients into high-risk and low-risk groups in the 
training series with significantly different OS. Next, we successfully validated the 
relationship of this nine-lncRNA signature with the prognosis of CRC patients in the 
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Figure 4 Functional annotation of predicted target genes of the nine long noncoding ribonucleic acids. A: Gene Ontology enrichment (biological 
process) of predicted target genes; B: Kyoto Encyclopedia of Genes and Genomes pathways of predicted target genes.

testing set and entire set, indicating good reproducibility and reliability for the 
prediction of prognosis. The top 10 enriched KEGG pathways and GO terms showed 
that the regulation of gene expression and critical cell biological functions were closely 
related to these nine prognostic lncRNAs, suggesting that they play a crucial role in 
prognosis prediction and the progression of CRC.

There are five RP11 lncRNAs among these nine prognosis-related lncRNAs, namely, 
RP11-305L7.1, RP11-999E24.3, RP11-757G1.5, RP11-59H7.3, and RP11-522I20.3. 
Nevertheless, none of these lncRNAs has been previously reported with respect to 
CRC. Several RP11 lncRNAs have been considered to be unfavorable factors in 
previous studies such as RP11-650L12.2 in CRC[20], RP11-357H14.17 in diffuse-type 
gastric carcinoma[21], and RP11-445H22.4 in breast cancer[22]. In contrast, other studies 
have demonstrated that the expression of some RP11 LncRNAs was downregulated 
such as RP11-3N2.1 and RP11-462C24.1 in CRC[23,24], lncRNA RP11-119F7.4 in gastric 
cancer[25], and RP11-766N7.4 in esophageal squamous cell carcinoma[26]. According to 
the current research, the RP11 lncRNAs mentioned above were correlated with 
tumorigenesis, invasion depth, metastasis, tumor size and stage, and they were even 
considered independent prognostic indicators for the survival of patients with cancer. 
Therefore, these five newly identified RP11 lncRNAs have the potential to be 
confirmed through further experimental research, possibly becoming prognostic 
biomarkers and therapeutic targets. The enriched GO terms in our study primarily 
included extracellular matrix and structure organization. Matrix metalloproteinases 
(MMPs) and pericellular proteases can degrade matrix proteins and modulate cancer 
metastasis by regulating the cleavage of proteins, thereby degrading the protective 
barrier against CRC invasion and metastasis[27,28]. HOTAIR and FOXF1 adjacent non-
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coding developmental regulatory RNA were observed to participate in extracellular 
matrix degradation by modulating the expression of cancer metastasis-associated 
genes such as intracellular adhesion molecule 1, MMP1, MMP2, MMP3, and 
MMP9[29,30]. This finding was in line with previous reports on gastric cancer metastasis 
showing that lncRNAs are aberrantly expressed in gastric cancer metastasis and play 
important roles in stabilizing or degrading the extracellular matrix. LncRNAs are still 
involved in cell-to-cell junctions and adhesion between cells by regulating the 
diffusion of ions and specific molecules and maintaining the integrity of the cell-to-cell 
protective barrier. Tight junctions between cells are potential targets for therapeutic 
intervention in tumor metastasis. The enriched KEGG pathways in our study indicated 
that the molecular pathway of cell adhesion was highly activated in patients with 
CRC. Indeed, the aberrant expression or distribution of tight junction proteins leads to 
the loss of cell-to-cell adhesion and tissue integrity, thereby facilitating CRC cancer cell 
invasion and metastasis[31,32]. Hence, these nine prognosis-related lncRNAs may 
regulate cancer cell growth and adhesion via TUC339[33].

Specifically, in our analysis of other GO functional enrichment and KEGG 
pathways, these nine-lncRNA signature lncRNAs were also enriched in such biological 
processes as axon development, endothelial cell migration, epithelial cell migration, 
the Hippo signaling pathway, the cyclic GMP-protein kinase G signaling pathway, 
and transcriptional dysregulation. With the convincing data obtained in our series, 
nine prognosis-related lncRNAs were determined to be involved in many critical 
processes of cancer development and progression. This observation highlights the 
importance of newly discovered lncRNAs as a promising field for the development of 
future molecular targeted therapies for CRC. It is necessary to explore the specific 
pathogenic mechanisms of each lncRNA in CRC to achieve further improvements in 
clinical outcomes. Additional research to comprehensively characterize these nine 
lncRNAs should be recommended.

With the development of high-throughput sequencing and bioinformatic 
approaches, many differentially expressed lncRNAs in CRC have been identified. 
Recent reports have described the heavily researched lncRNAs involved in CRC[34], 
including the CRCMALAT1, HOTAIR, H19, and CCAT families. Unlike some heavily 
researched lncRNAs that have been adequately investigated, this nine-lncRNA 
signature has not been reported to date and warrants further research. The discovery 
of the nine-lncRNA signature in our study not only represents new insight into the 
molecular architecture of CRC but also opens up the possibility of using lncRNAs as 
diagnostic biomarkers and therapeutic targets. lncRNAs may possess considerable 
advantages as biomarkers, especially when they can be readily detected in biological 
fluids. However, taking into account the nature of lncRNAs as long RNA molecules, 
some other factors should be considered, such as their stability in the circulation and 
in various disease states.

Our study identified a nine-lncRNA signature for predicting the survival of CRC 
patients by comprehensive data analysis. This signature was reproducible and reliable 
in a second independent large-scale CRC cohort, supporting their value and 
effectiveness. To the best of our knowledge, a preliminary investigation of the function 
of this nine-lncRNA signature has not been reported to date, which further strengthens 
the possibility that the nine-lncRNA signature could be used effectively to predict the 
disease course in CRC. In addition, the lncRNA profiling approach described in this 
report could potentially be applied in other kinds of studies and serve as a useful 
method for the systematic identification of lncRNA biomarkers in clinical practice.

This study had some limitations. A small proportion of the results in the stratified 
survival analysis were not significant but rather showed trend differences, which may 
be attributed to the limited sample size after repeated grouping. Therefore, 
independent cohorts from multicenter studies in large populations are required to 
validate the prognostic value of these lncRNA signatures before they can be applied to 
clinical practice. Moreover, we could not examine the cause-effect relationship 
between this modeled risk score and the prognosis status of CRC patients. Future 
studies may attempt to validate our findings in planned clinical trials and investigate 
the functions of these lncRNAs, providing a more convincing explanation of the 
biological implications and molecular mechanisms of these prognostic lncRNAs in 
CRC.

CONCLUSION
Our study identified a nine-lncRNA signature for predicting the survival of CRC 
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patients by comprehensive data analysis. This signature was reproducible and reliable 
in a second independent large-scale CRC cohort, supporting their value and 
effectiveness. To the best of our knowledge, a preliminary investigation of the function 
of this nine-lncRNA signature has not been reported to date, which further strengthens 
the possibility that the nine-lncRNA signature could be used effectively to predict the 
disease course in CRC. In addition, the lncRNA profiling approach described in this 
report could potentially be applied in other kinds of studies and serve as a useful 
method for the systematic identification of lncRNA biomarkers in clinical practice.

ARTICLE HIGHLIGHTS
Research background
To investigate molecular biomarkers that accurately predict prognosis would be of 
great clinical significance. Increasing evidence suggests long non-coding ribonucleic 
acids (lncRNAs) are frequently aberrantly expressed in colorectal cancer (CRC).

Research motivation
To elucidate the prognostic function of multiple lncRNAs that served as biomarkers in 
CRC.

Research objectives
To study the lncRNAs that are reportedly involved in various biological processes of 
CRC including proliferation, immortality, angiogenesis, growth suppression, motility 
and viability.

Research methods
We collected lncRNA expression profiling using the lncRNA-mining approach in large 
CRC cohorts from The Cancer Genome Atlas (TCGA) database. Receiver operating 
characteristic analysis was performed to identify the optimal cut-off point, which 
patients could be classified into the high-risk or low-risk group. Based on the Cox co-
efficient of the individual lncRNAs, we identified nine-lncRNA signature that are 
associated with survival of patients with CRC in the training set (n = 175). The 
prognostic value of this nine-lncRNA signature was validated in the testing set (n = 
174) and TCGA set (n = 349) respectively. The prognostic models were comprised by 
these nine CRC-specific lncRNAs, performing well for risk stratification in the testing 
set and TCGA set. Time-dependent receiver operating characteristic analysis indicated 
that this predictive model had well performance.

Research results
Multivariate Cox regression and stratification analysis showed that a nine-lncRNA 
signature was independent of other clinical features in predicting overall survival. 
Functional enrichment analysis of Kyoto Encyclopedia of Genes and Genomes 
pathways and Gene Ontology terms further indicated these nine prognostic lncRNAs 
were closely associated with carcinogenesis associated pathways and biological 
functions in CRC.

Research conclusions
A nine-lncRNA expression signature was identified and validated which could 
improve the prognosis prediction of CRC, providing potential prognostic biomarkers 
and efficient therapeutic targets for patients with CRC.

Research perspectives
Our present study identified nine-lncRNA signature for survival prediction of CRC 
patients by the comprehensive data analysis. This signature was reproducible and 
reliable in a second independent large-scale CRC cohort, supporting their value and 
effectiveness. To the best of our knowledge, preliminary investigation of the function 
of this nine-lncRNA signature has not been reported, which further strengthen the 
possibility that the nine-lncRNA signature could be used effectively to predict disease 
course in CRC. In addition, the lncRNA profiling approach described here could 
potentially be applied in other kinds of studies and served as a useful method for the 
systematic identification of lncRNA biomarkers in clinical practice.
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