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Abstract: Colorectal cancer (CRC) is one of the most common malignancies, with varying prognoses and a high 
mortality. There is an urgent need to establish a new prediction model to predict the survival risk of CRC patients. 
The long non-coding RNAs (lncRNAs) expression profiles and corresponding clinical information of CRC patients 
were obtained from The Cancer Genome Atlas, TCGA. We identified a total of 1,176 lncRNAs differentially expressed 
between 480 CRC and 41 normal tissues. In the training test, we combined these differentially expressed lncRNAs 
with overall survival of CRC patients. Six lncRNAs (AL356270.1, LINC02257, AC020891.2, LINC01485, AC083967.1 
and RBAKDN) were finally screened out by using LASSO regression mode to establish a novel prediction model as 
a prognostic indicator for CRC patients. The area under the curve (AUC) of 3- and 5-year ROC analysis in CRC were 
0.6923 and 0.7328 for training set, and were 0.6803 and 0.7035 for testing set, respectively. K-M analysis re-
vealed a significant difference between high risk and low risk in the training set (P-value = 5.0e-05) and testing set 
(P-value = 0.00052), respectively. Our study shows that the six lncRNAs model can improve the survival prediction 
mechanism of patients with CRC and provide help for patients through personalized treatment.
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Introduction

Colorectal cancer (CRC) showed the second 
highest mortality rate among all cancers, and 
its morbidity and mortality ranked the third 
(10.9%) and the fourth (9.0%) among male can-
cer patients, the second (9.5%) and the third 
(9.5%) among female cancer patients, respec-
tively [1]. Despite the therapeutic advances 
and earlier detection, the five-year survival rate 
of patients with CRC remains unsatisfactory 
[2]. One of the main reasons is that existing 
staging systems (such as TNM), which classify 
the extent of cancer basing on clinicopatholog-
ic data, can neither assess the prognosis nor 
reflect the biologic heterogeneity of cancer 
[3-5]. Thus, it is necessary to find novel pre- 
dictive biomarkers related to prognosis or effi-
cacy of treatment. 

Long non-coding RNAs (lncRNAs) are a class  
of RNA molecules with more than 200 nucleo-
tides in length and without protein-coding ca- 
pacity, which once were considered to be tran-
scriptional noise [6]. There is increasing evid- 
ence that the aberrant expression of lncRNAs  
is closely related to the occurrence and devel-
opment of CRC and can be used as diagnostic 
and prognostic biomarker of CRC [7]. For exam-
ple, SLCO4A1-AS1 promotes tumor growth and 
metastasis and serves as an oncogenic role in 
CRC [8]. LINC00312 [9] and BCYRN1 [10] have 
shown to play an important regulatory role in 
CRC cancer cell proliferation and metastasis 
invasion. LINC02257 and AC083967.1 were 
found to be associated with the prognosis of 
CRC patients through the ceRNA network [11]. 
These studies also reported that the lncRNA 
may be a biomarker for CRC diagnosis and 
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prognosis. However, due to the complexity of 
the physiological mechanism of cancer, it is dif-
ficult to accurately predict the prognosis of CRC 
patients by single molecule or combined clini-
cal features.

In this work, the lncRNA expression profiles  
and corresponding clinical information of CRC 
patients were obtained from The Cancer Ge- 
nome Atlas (TCGA). We identified a total of 
1,176 lncRNAs differentially expressed betw- 
een 480 CRC and 41 normal tissues. We com-
bined these differentially expressed lncRNAs 
with overall survival of CRC patients; six lnc- 
RNAs were finally screened out by using the 
least absolute shrinkage and selection opera-
tor regression (LASSO) regression mode to es- 
tablish a novel prediction model as a prognos-
tic indicator for CRC patients. Furthermore, this 
model was proved to be independent of other 
clinicopathologic variables by using univariate 
and multivariate Cox regression analysis and 
can be used as a survival evaluation model for 
CRC patients.

Materials and methods

Data source and preprocessing

The lncRNAs and mRNAs expression profile 
data and the corresponding clinical informa- 
tion of CRC patients were obtained from TCGA 
database on March 13, 2018, containing 480 
CRC tumor specimens and 41 normal speci-
mens. We determined that mRNAs and lnc- 
RNAs with expression values < 1 in 90% of the 
samples were low abundance RNA and then 
removed them. For the duplication data, the 
average values of the RNA expression were 
used. The differentially expressed mRNA and 
lncRNA were analyzed using R/Bioconductor 
package edgeR [12], with the criterion of a |log-
2FC| > 1.5 and P-value < 0.01.

Establishment of regression model and con-
struction of risk score 

After removing the samples without comple- 
te clinical information, univariate Cox models 
were performed to investigate the correlation 
between the lncRNA expression levels and the 
overall survival (OS) in CRC patients. LncRNAs 
with hazard ratio (HR) for death < 1 were de- 
fined as a protective RNAs and those with HR  
> 1 were defined as high-risk RNAs. We first 
selected lncRNAs as survival-related lncRNAs 
according to the P-value < 0.05, and then used 

the LASSO regression model to analyze and 
determine the most powerful prognostic mark-
ers [13]. Risk score (RS) was calculated accord-
ing to the formula generated by LASSO regres-
sion model. To accurately classify CRC patients 
into high or low risk groups, cutoff point of RS 
was calculated using Youden’s index, which is 
obtained according to favorable sensitivity and 
specificity based on ROC curve of predicting 
5-year survival in the training set.

Survival analysis and the nomogram construc-
tion

To verify that the prognostic value of the lnc- 
RNAs model can be independent of clinical  
features, univariate and multivariate Cox regre- 
ssion models were performed using SPSS (ver-
sion 24.0). The receiver-operator characteris-
tics (ROC) were used to compare the different 
manifestations of regression models and clini-
cal features in predicting the prognosis of CRC 
patients. Kaplan-Meier (K-M) curve analysis 
also was utilized to estimate the survival for the 
patients between the high risk and the low risk 
group in the training and testing set. Nomogram 
was established based on the results of the 
multivariate Cox model analysis. The calibra-
tion plot was also performed to assess the re- 
lationship between the predictive values and 
the observation values in the probabilities of 3 
year overall survival in the entire dataset. We 
used “glmnet” [14], “TimeROC” [15] and “rms” 
[16] package to do LASSO regression model 
analysis, time-dependent ROC curve analysis 
and nomogram plots, respectively.

Functional enrichment analysis 

Based on the expression levels of key lnc- 
RNAs and mRNAs, Pearson correlation betw- 
een them was calculated. The lncRNA-mRNA 
co-expression network was conducted by Cyto- 
scape [17]. Cytoscape software (two plugins: 
ClueGO and CluePedia) was used for Gene 
Ontology (GO) and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis.

Results

Differential lncRNA identification and regres-
sion model establishment

LncRNA array profiles and corresponding clini-
cal records for patients with CRC were obtain- 
ed from the TCGA database. Using the edgeR 
package, we identified a total of 1,176 lnc- 
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RNAs with dysregulated expression between 
the 480 CRC tumor specimens and the 41  
normal specimens, including 912 up-regulated 
and 264 down-regulated lncRNAs (Figure 1A). 

(-0.0002247442 × expression level of LINC01- 
485) + (0.0033990833 × expression level of 
AC083967.1) + (0.0018798374 × expression 
level of RBAKDN). Among these six lncRNAs 

Figure 1. Identification of prognostic lncRNAs. (A) Volcano plots showing expression profiles of lncRNAs. The vertical 
lines correspond to 2.0-fold up- and down-regulation between CRC tissues and adjacent nontumorous tissues, and 
the horizontal line represents a q-value. The red point in the plot represents the differentially expressed miRNAs 
or mRNA with statistical significance; (B) Cross-validation for tuning parameter selection in the LASSO model; (C) 
LASSO coefficient profiles of 70 lncRNAs; and (D) Heat map of six lncRNAs in training set.

Table 1. Clinical and pathologic information of CRC patients

Variables Training set 
(n = 219)

Testing set 
(n = 219)

Entire set 
(n = 438)

Age < 60 59 65 124
≥ 60 160 154 314

Gender Male 120 114 234
Female 99 105 204

pathologic-T T1-T2 44 42 86
T3-T4 175 177 352

pathologic-M M0 159 164 323
M1 54 54 108
NA 6 1 7

pathologic-N N0 131 125 256
N1-N2 88 94 182

pathologic stage I-II 122 118 240
III-IV 91 96 187
NA 5 4 9

Vital statue Alive 177 171 348
Death 42 48 90

Among these aberrantly expressed 
lncRNAs, 70 prognostic lncRNAs we- 
re obtained by univariate Cox analy-
sis (P-value < 0.05). Then, we remo- 
ved the sample without adequate 
clinical information and obtained 
438 CRC patients with complete  
survival information. These samples 
were randomly divided into train- 
ing and test sets, each with 219 
patients (Table 1). Finally, six lnc- 
RNAs (AL356270.1, LINC02257, AC- 
020891.2, LINC01485, AC083967.1 
and RBAKDN) were identified in the 
training set using LASSO regress- 
ion model analysis (Figure 1B, 1C). 
The prognostic score was calcula- 
ted as follows: (-0.0081515236 × 
expression level of AL356270.1) + 
(0.0396061920 × expression level 
of LINC02257) + (0.0471324736 × 
expression level of AC020891.2) + 
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(Table 2), AL356270.1 and LINC01485 show- 
ed negative coefficients, which were derived 
from LASSO model, and seemed to be protec-
tive factors, as their high expressions predict- 
ed low risks. The other four lncRNAs with posi-
tive coefficients, including LINC02257, AC020- 
891.2, AC083967.1 and RBAKDN, seemed to 
be risk factors, as their high expressions pre-
dicted high risks. The heat map shows the 
changes in the expression profiles of the six 
lncRNAs in the training set (Figure 1D).

Cutoff estimation and validation of prognostic 
signature in training set

The RS for each sample in the training set was 
calculated according to the expression values 
of these six lncRNAs and the corresponding 
LASSO coefficients. The cutoff point of RS for 
dividing the high-risk and low-risk patients was 
calculated using Youden’s index, which is ob- 
tained according to favorable sensitivity and 
specificity (68.7% and 76.0%, respectively) ba- 
sed on ROC curve of predicting 5-year survi- 
val. Samples with a RS lower to 0.1828 were 
assigned to the low-risk group and the remain-
ing samples to the high-risk group (Figure 2A, 
2B).

To evaluate the performance of the six lnc- 
RNAs model in predicting the prognosis of  
CRC patients, we conducted time-dependent 
ROC analysis for three and five years, respec-
tively, based on OS of the training set. The  
area under the ROC curve (AUC) signed by six 
lncRNAs was 0.6923 and 0.7328, respectively, 
showing good performance (Figure 2C). To ex- 
plore the relationship between RS and OS, K- 
M analysis was conducted on the training sets. 
As shown in Figure 2D, we found the prognosis 
of the low risk group was significantly better 
than that of the high risk group (P-value = 
5.0e-05).

Validation of prognostic value of the six-ln-
cRNA signature for the testing set

To validate the robustness of our prognostic 
LASSO regression model for survival prediction 
in CRC patients, the six lncRNA signatures were 
tested for their predictive ability in the testi set. 
Using the same regression model and cut-off 
points (cut-off = 0.1828) from the training set, 
219 patients in the testing set were divided into 
a low-risk group (n = 130) and a high-risk group 
(n = 89) (Figure 3A, 3B). As in the training set, 
the expression levels of the six lncNRAs in the 
testing set also showed a similar clustering pat-
tern (Figure 3C). Based on the OS of the testing 
set, we also conducted time-dependent ROC 
analysis for three and five years, respectively. 
The AUC assigned by six lncRNAs was 0.6803 
and 0.7035, respectively (Figure 3D). As shown 
in Figure 3E, we also found the prognosis of  
the low risk group was significantly better than 
that of the high risk group (P-value = 0.00052). 
These data showed that our regression model 
had the same predictive power in different po- 
pulations.

Establishment of a nomogram to predict the 
OS in CRC

To assess whether the six lncRNA markers rep-
resent independent predictors of CRC patients, 
univariate Cox regression analysis was perfor- 
med on the training set and testing set, respec-
tively. According to the results from the univari-
ate Cox regression analysis (Table 3), the six 
lncRNAs signatures based on risk score, patho-
logic stage (I + II/III + IX), pathologic T (T1-T2/
T3-T4), pathologic M (M0/M1) and pathologic N 
(N0/N1 + N2) were able to effectively predict 
the prognosis of the CRC patients. Then, using 
the above factors to perform multivariate Cox 
regression analysis in the training set, the risk 
score remained a powerful and independent 
prognostic factor (P-value < 0.001). Subsequent 

Table 2. The six lncRNAs significantly associated with overall survival of CRC patients
Gene symbol Ensembl number Coefficient Hazard ratio P value
AL356270.1 ENSG00000236915 -0.008151524 0.810464882 0.0295246
LINC02257 ENSG00000238042 0.039606192 1.230672711 0.0008732
AC020891.2 ENSG00000259306 0.047132474 1.325255998 0.0003554
LINC01485 ENSG00000254211 -0.000224744 0.883150351 0.0157486
AC083967.1 ENSG00000254337 0.003399083 1.207908284 0.0088715
RBAKDN ENSG00000273313 0.001879837 1.22050803 0.0099595
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Figure 2. Properties of the training set prognostic classifier. A. The distribution of risk score of the training set. B. 
Training set survival time and status. C. Time-dependent ROC curves analysis in the training set. D. Kaplan-Meier 
survival analysis in the training set.

multivariate Cox regression analysis of the test 
set also confirmed the above conclusions (P- 
value = 0.007) (Table 3). We further stratified 
all the 438 patients (the entire dataset) accord-
ing to their clinicopathologic risk factors, such 
as pathologic M, pathologic N and pathologic 
stage. As shown in Figure 4, K-M survival analy-
sis showed the survival rate of the low-risk gro- 
up was significantly improved compared with 
the high-risk group. All these results show that 
the prognostic value of risk score based on six 
lncRNAs is not only statistically significant, but 
also independent of clinicopathologic factors.

To further illustrate the effect of the combina-
tion of six lncRNAs on forecasting the prognos-
tic outcomes, we constructed a nomogram in- 
tegrating independent prognostic factors (risk 
score, pathologic stage, pathologic T, patholog-
ic M, and pathologic N), which were derived 
from the results of multivariate Cox analysis 
(Figure 5A). The calibration curve demonstrat-
ed consistency between predicted values and 
observed values in the probabilities of three 
year OS in the entire dataset (Figure 5B).

Functional enrichment analysis of the six 
lncRNAs

To explore the functional significance of the 
lncRNAs model, we first obtained mRNA ex- 
pression data from the same patient group of 
TCGA. According to the threshold criteria of 
|log2FC| > 1.5 and Q-value < 0.01, 2,083 
mRNAs (DEmRNAs) abnormalities were identi-
fied and expressed in the CRC tissues com-
pared with the paracancer tissues. A number  
of mRNAs were upregulated or downregulated 
> 100-fold (Figure 6A). We performed Pear- 
son correlation analysis on six lncRNAs and 
DEmRNAs. With absolute correlation coeffi-
cient threshold |R| > 0.8 and P < 0.05, 214 
related lncRNA-mRNA couplings were found in 
five lncRNAs and 193 mRNAs, but any mRNA 
co-expressed with RBAKDN in the LASSO re- 
gression model was not found (Figure S1). 
Finally, we performed GO enrichment analysis 
and KEGG pathway analysis on these mRNAs. 
Enrichment analysis demonstrated that they 
were chiefly enriched in 23 GO terms (Benjamin 
P-value < 0.01, Figure 6B).
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Discussion

Global cancer morbidity and mortality are rap-
idly increasing [1]. CRC is one of the most com-
mon malignancies with varying prognoses and 
a high mortality. Some studies based on small 
sample size for high-throughput sequencing or 
microarray data suggest that dysregulated ex- 
pression of lncRNAs, such as LINC00460 [18] 
and H19 [19], contributes to tumorigenesis  

and progression of CRC. Prognosis predictions 
are critical to select the appropriate treatment 
[20] and the relationship between lncRNA, and 
CRC has received much attention. Some 
lncRNAs are considered useful prognostic bio-
markers for predicting the prognosis of CRC 
patients. NR_029373 and NR_034119 were 
identified to be significantly dysregulated in 
CRC tissues and can be biomarkers for CRC 
prognosis [21]. LncRNA AK098783 participa- 

Figure 3. Properties of the testing set prognostic classifier. A. The distribution of risk score of testing cohort. B. 
Testing cohort survival time and status. C. Heat map of six lncRNAs in testing set. D. Time-dependent ROC curves 
analysis in the testing set. E. Kaplan-Meier survival analysis in the testing set.
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tes in distant metastasis and is significantly 
associated with poor prognosis in CRC pati- 
ents [22]. However, the sample size of many 
previous studies were very small.

In the present study, based on large sample 
RNA-seq data in the TCGA database, we identi-
fied aberrantly expressed 1,176 lncRNAs and 

2,083 mRNAs in the CRC tissues compared 
with the paracancer tissues. We then construc- 
ted a new CRC prognostic analysis model con-
sisting of six lncRNAs based on LASSO regres-
sion analysis. 

To validate the performance of the model, we 
performed time-dependent ROC analysis for 

Table 3. Univariate and multivariate Cox regression analysis of entire cohort

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Training set, n = 219
    Age: ≥ 60/< 60 0.88 (0.45-1.73) 0.719
    Gender: Male/Female 1.10 (0.59-2.03) 0.098
    Stage: I-II/III-IV 2.79 (1.43-5.44) 0.002 4.10 (1.75-9.97) 0.018
    Tumor: T3-T4/T1-T2 3.14 (0.97-8.21) 0.047 1.34 (0.38-4.82) 0.063
    Metastasis: M0/M1 3.58 (1.87-6.86) < 0.001 2.23 (1.06-4.73) 0.035
    Node: N0/N1-N2 2.49 (1.34-4.66) 0.004 0.43 (0.09-2.06) 0.055
    Risk score: High/Low 3.42 (1.84-6.40) < 0.001 3.22 (1.62-6.39) < 0.001
Testing set, n = 219
    Age: ≥ 60/< 60 1.60 (0.77-3.33) 0.204
    Gender: Male/Female 1.30 (0.73-2.32) 0.369
    Stage: I-II/III-IV 3.75 (2.01-6.99) < 0.001 3.35 (1.94-9.43) 0.006
    Tumor: T3-T4/T1-T2 3.02 (0.94-9.77) 0.044 6.80 (0.89-22.13) 0.065
    Metastasis: M0/M1 3.38 (1.91-6.00) < 0.001 2.23 (1.14-4.34) 0.018
    Node: N0/N1-N2 3.37 (1.86-6.12) < 0.001 0.22 (0.05-0.99) 0.048
    Risk score: High/Low 2.33 (1.31-4.15) 0.003 2.34 (1.26-4.34) 0.007
HR, hazard ratio; CI, confidential interval.

Figure 4. Prognostic values of the six lncRNAs signature in the CRC patients. (A) Kaplan-Meier survival analysis in 
pathologic M; (B) Kaplan-Meier survival analysis in pathologic N; and (C) Kaplan-Meier survival analysis in patho-
logic stage according to the six lncRNAs signatures. All analyses are based on six lncRNA signatures.
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three years and five years in the training set 
and testing set, respectively. According to the 
optimal cutoff point of RS, it can successfully 
divide the CRC patients into high-risk and low-
risk groups. The results of K-M survival analysis 
showed that low-risk groups showed significant 
advantages in overall survival in the training 
set. This advantage was further validated in the 
testing set. The results of these analyses indi-
cated that the risk models based on the six 
lncRNAs were robust and reliable in predicting 
the survival of CRC patients.

TMN staging, which can reflect the invasion 
and metastasis capacity and degree of tumor, 
has been used to determine the progression 
and prognosis of colorectal cancer [23]. How- 
ever, CRC is a highly heterogeneous malignant 
tumor with a unique genetic and epigenetic 
background, which also determines the com-
plex clinical biologic behavior and prognosis of 

CRC [24]. The regression models based on six 
lncRNAs not only had similar prognostic ability 
with TNM staging, but also were independent of 
each other. In addition, K-M survival analysis 
also showed that CRC patients with the same 
TNM staging could also be divided into a long- 
er survival group and a shorter survival group 
by the six lncRNAs regression model (Figure 4). 
These analyses demonstrate that our model 
can be used to refine current TNM staging and 
to improve the accuracy of predicting CRC pati- 
ents’ prognosis, as well as to bring more per-
sonalized treatments to CRC patients. To devel-
op a more sensitive and convenient predictive 
tool, we combined the six lncRNAs signals with 
some clinicopathologic data, including TNM 
staging, to establish the nomogram, which can 
act as a prognostic factor for CRC patients.

To the best of our knowledge, the biologic func-
tions of these six lncRNAs have not been re- 

Figure 5. Nomogram to predict the overall survival probability in CRC patients. A. Nomogram for predicting the one, 
three and five year overall survival probability in CRC. B. Calibration plots of 3-year outcomes in nomogram are close 
to the real outcome in the entire dataset.

Figure 6. Bioinformatics analyses of the six lncRNAs. A. Volcano plots showing expression profiles of mRNAs; B. The 
GO enrichment and KEGG pathway analysis of DE mRNA belonging to the interaction network.
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ported. We performed Pearson correlation an- 
alysis between the six lncRNAs and the differ-
ently expressed mRNAs which were from the 
same TCGA patient group. GO enrichment anal-
ysis revealed that the mRNAs co-expressed 
with the six lncRNAs are enriched in 23 GO 
terms, such as extracellular matrix organiza-
tion, flavonoid metabolic process, cartilage de- 
velopment, and metabolic processes. We fou- 
nd that the flavonoid metabolic process and 
metabolic process also were involved in the 
development of hepatocellular carcinoma [25]. 
Among KEGG pathways, some were directly 
linked to cancer pathogenesis, such as retinol 
metabolism [26], steroid hormone biosynthesis 
[27] and cytochrome p450 [26]. These results 
suggest that the six lncRNAs may be involved  
in CRC initiation and progression through the- 
se pathways.

In conclusion, we conducted a comprehensive 
analysis of lncRNA expression profile and clini-
cal data based on LASSO regression, and es- 
tablished a new six lncRNA model as a prog- 
nostic indicator for CRC patients. The predic-
tive model has good repeatability and robust-
ness, and is independent of other clinicopatho-
logic variables. Predictive models of six key 
lncRNAs can improve survival prediction accu-
racy in patients with CRC and provide personal-
ized treatment.
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Figure S1. The lncRNA-DEmRNA co-expression networks. A blue circule denotes a DEmRNA, whereas the red shape 
of inverted triangle denotes a lncRNA.


