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Abstract. Growing evidence has underscored long non-coding RNAs (lncRNAs) serving as potential biomarkers for cancer
prognosis. However, systematic tracking of a lncRNA signature for prognosis prediction in non-small cell lung cancer (NSCLC)
has not been accomplished yet. Here, comprehensive analysis with differential gene expression analysis, univariate and multivariate
Cox regression analysis based on The Cancer Genome Atlas (TCGA) database was performed to identify the lncRNA signature
for prediction of the overall survival of NSCLC patients. A risk-score model based on a 14-lncRNA signature was identified,
which could classify patients into high-risk and low-risk groups and show poor and improved outcomes, respectively. The receiver
operating characteristic (ROC) curve revealed that the risk-score model has good performance with high AUC value. Multivariate
Cox’s regression model and stratified analysis indicated that the risk-score was independent of other clinicopathological prognostic
factors. Furthermore, the risk-score model was competent for the prediction of metastasis-free survival in NSCLC patients.
Moreover, the risk-score model was applicable for prediction of the overall survival in the other 30 caner types of TCGA. Our
study highlighted the significant implications of lncRNAs as prognostic predictors in NSCLC. We hope the lncRNA signature
could contribute to personalized therapy decisions in the future.
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1. Background

Lung cancer is the most common malignant neo-
plasm and the leading cause of cancer death worldwide,
resulting in approximately 2.5 million morbidities and
more than one million mortalities annually [1]. Over the
past two decades, the mortality for lung cancer is con-
siderably declined. However, in contrast to the advances
in survival for most cancer types, lung cancer presents
a relatively poor prognosis, with a five-year survival
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rate of 18% [2]. Non-small cell lung cancer (NSCLC)
is the most common type of lung cancer, accounting
for about 85% of all lung cancers [3]. In NSCLC, the
major prognostic factors include the stage of the tumor,
performance status, and histology [4,5]. However, these
clinicopathological factors are insufficient to predict
individual clinical outcomes of treatment and survival
accurately [6]. Thus, new molecular prognostic factors
are urgently needed to supplement conventional prog-
nostic factors to assess the prognosis of patients with
NSCLC.

Recent studies have focused increasing attention on
the potential of long non-coding RNAs (lncRNAs) in
cancer etiology [7–9]. LncRNAs are defined as non-
coding transcripts with greater than 200 nucleotides in
length [10] and have been well recognized as versatile
regulators in multiple biological processes, such as cell
growth, differentiation, and disease progression [11].
Significantly, it has been suggested that aberrant ex-
pression of lncRNAs is implicated in the development
and progression of lung cancer [12,13]. Currently, the
evidence is accumulating that lncRNAs promote tumor
metastasis by inducing epithelial to mesenchymal tran-
sition in NSCLC [14]. Schmidt et al. [15] indicated that
high expression of MALAT-1 was correlated with tu-
mor metastasis and a poor prognosis, in patients with
NSCLC. It has also been observed that HOTAIR is dis-
tinctly upregulated in tumor tissues and is required to
tumor metastasis in NSCLC [16]. Although a variety
of lncRNAs have been identified, there are still some
controversies about the prognostic role of lncRNAs in
NSCLC due to the limitation of sample size [17]. A
better understanding of lncRNA alterations in NSCLC
requires a larger cohort study.

Therefore, this study purposed to identify a robust
prognostic lncRNA signature using RNA-seq data of
patients with NSCLC from The Cancer Genome Atlas
(TCGA, https://portal.gdc.cancer.gov/). In the present
study, a risk-score model based on a 14-lncRNA sig-
nature with a reliable prognostic and predictive value
was identified in NSCLC, which could be anticipated
to complement the traditional clinicopathological prog-
nostic factors.

2. Materials and methods

2.1. Clinical cohorts and RNA-Seq data

RNA-seq counts data and clinical data were obtained
from the TCGA data portal (March 2018). For RNA-seq

data, a total of 1037 NSCLC samples were available,
including 535 lung adenocarcinoma (LUAD) and 502
lung squamous cell carcinoma (LUSC), and 730 normal
data were composed of the adjacent normal tissue sam-
ples of other cancer types in TCGA. After removing
NSCLC patients with incomplete clinical data, a total of
983 individuals with NSCLC, including 493 LUAD and
490 LUSC, were enrolled for lncRNA signature gener-
ation and validation. These NSCLC patients were ran-
domly partitioned into training and validating groups,
resulting in a 491-sample training cohort and a 492-
sample validating cohort. The training cohort was used
to identify the lncRNA signature, and the validating and
entire cohorts were applied for validation.

2.2. Differential lncRNAs expression analysis

The differential expression lncRNA levels between
the NSCLC group (1037 samples) and the control group
(730 samples from normal tissues of other cancer types)
were analyzed using the generalized linear model algo-
rithm [18] in the EdgeR package (version 3.20.9) [19].
LncRNAs with P < 0.01 and |log2fold change| > 2
were considered to be significantly differentially ex-
pressed lncRNAs. Heatmaps were generated in the
pheatmap package (Version 1.0.8).

2.3. LncRNA-based prognostic signature generation

In the training cohort, a univariate Cox regression
analysis was used to evaluate the association between
lncRNA expression levels and overall survival. From
the univariate analysis, the lncRNAs with Cox P -value
< 0.01 were considered as predictive lncRNAs asso-
ciated with overall survival. Then, stepwise multivari-
ate Cox’s proportional hazard regression model was
performed to assess the relative contribution of lncR-
NAs for survival prediction and identify lncRNA-based
prognostic signature with independent prognostic value.
Based on the multivariate Cox’s regression analysis,
the lncRNA expression-based risk score for predicting
overall survival was calculated as follows,

Risk score =

n∑
i=1

Ei × βi

Where n was the number of selected LncRNAs, Ei

was the expression level of lncRNA i, and βi repre-
sented the coefficient of lncRNA i generated by multi-
variate Cox regression analysis.

According to the median risk score value from the
training cohort, patients were classified into low-risk
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Table 1
General information of the 14 non-coding RNAs for construction of the prognostic 14-lncRNA signature

Gene stable ID Gene name
Transcript

type Chromosome
Gene start

(bp)
Gene end

(bp)
Tumor vs
normal

ENSG00000176659 C20orf197 LincRNA 20 60055925 60072953 Down-regulated
ENSG00000188660 LINC00319 LincRNA 21 43446601 43453893 Up-regulated
ENSG00000196893 AC090286.1 Antisense 17 18951625 18954149 Up-regulated
ENSG00000228944 AC004485.1 Antisense 7 24196662 24255719 Down-regulated
ENSG00000232774 AL355916.1 LincRNA 14 61570540 61658696 Up-regulated
ENSG00000235884 LINC00941 LincRNA 12 30795681 30802711 Up-regulated
ENSG00000249916 AC119150.1 Antisense 5 122369762 122383568 Down-regulated
ENSG00000250748 AC025419.1 LincRNA 12 65466820 65642372 Up-regulated
ENSG00000251281 AC034223.2 LincRNA 5 33011322 33017607 Up-regulated
ENSG00000255565 AC073651.1 LincRNA 12 15780068 15782120 Down-regulated
ENSG00000256577 AC007406.4 Antisense 12 203642 205094 Down-regulated
ENSG00000258404 LINC02320 LincRNA 14 101634454 101731108 Up-regulated
ENSG00000272632 AC097504.2 LincRNA 4 141430831 141431284 Up-regulated
ENSG00000275216 AL161431.1 LincRNA 13 109269634 109273838 Up-regulated

Chr: Chromosome.

Fig. 1. Hierarchical clustering shows that differentially expressed lncRNAs clearly separate tumor tissues from normal tissues.
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Fig. 2. Correlation between the 14-lncRNA signature and overall survival of patients in the training cohort. A: The distribution of risk scores. The
black dotted line represents the median risk score cutoff dividing patients into low-risk and high-risk groups. B: The expression heatmap of the 14
prognostic lncRNAs. C: Kaplan-Meier curves of overall survival between low-risk and high-risk groups. D: ROC curve for survival prediction by
14-lncRNA signature showing an AUC of 0.785.

and high-risk groups. Subsequently, Kaplan-Meier plot-
ting was performed to assess overall survival between
the low-risk group and the high-risk group, and a log-
rank test was used to determine survival differences.
The hazard ratio was also calculated. The receiver op-
erating characteristic (ROC) curve was used to evaluate
the sensitivity and specificity of the risk score. The area
under the curve (AUC) value was calculated from the
ROC curve. The validating cohort and the entire cohort
were used to validate the risk score. The survival pre-
diction value of the risk score based on the 14-lncRNA
signature was further investigated in other 30 tumor
types of TCGA database. Moreover, the potential role
of the risk score on predicting metastasis-free survival
was also analyzed.

2.4. Independent prognosis analysis

To further investigate the independent correlation be-
tween risk score and overall survival, univariate and

multivariate Cox’s proportional hazards regressions
were applied for prognostic prediction of clinical pa-
rameters, such as age, gender, stage, histology type, and
risk score. Hazard ratio (HR) and 95% confidence inter-
vals (CI) were assessed by Cox’s proportional hazards
regression model. Kaplan-Meier survival curves with
log-rank tests for differences were performed to esti-
mate the association between each variable and over-
all survival. ROC curve was performed to assess the
predictive accuracy of prognostic factors. A P value of
less than 0.05 was considered statistically significant.

2.5. Stratification analysis and statistical analysis

Stratification analysis of clinical parameters was fur-
ther performed to validate the results. For each clinical
parameter, patients were stratified into two subgroups
based on the corresponding attributes, such as age 6 65
or > 65 and gender female or male. Then patients in
each subgroup were classified into the low- and high-
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Fig. 3. Correlation between the 14-lncRNA signature and overall survival of patients in the validation cohort. A: The distribution of risk scores.
The black dotted line represents the median risk score cutoff dividing patients into low-risk and high-risk groups. B: The expression heatmap
of the 14 prognostic lncRNAs. C: Kaplan-Meier curves of overall survival between low-risk and high-risk groups. D: ROC curve for survival
prediction by 14-lncRNA signature showing an AUC of 0.701.

risk groups according to the median risk score. Chi-
square (χ2) test was used to determine the differences
of clinical characters between the low- and high-risk
groups. Kaplan-Meier survival curves with log-rank test
for difference and univariate Cox’s regression model
were used to determine survival differences between
low-risk and high-risk groups. A P value of less than
0.05 was considered statistically significant.

3. Results

3.1. Differential lncRNAs

Using RNA-seq data of NSCLC and combined nor-
mal samples, we identified the differentially expressed
lncRNAs. Under the cut-off values of P < 0.01 and
|log2fold change| > 2, a total of 1346 lncRNAs were
observed to be differentially expressed between NSCLC

and normal samples, including 714 up-regulated lncR-
NAs and 632 down-regulated lncRNAs. Hierarchical
clustering analysis showed that these differentially ex-
pressed lncRNAs could clearly separate tumor tissues
from normal tissues, as shown in Fig. S2.

3.2. The risk score based on the 14-lncRNA signature
showed a prediction value for the overall survival
of NSCLC patients

To identify survival-associated lncRNAs, univariate
Cox’s regression analysis was performed. Under the
cut-off threshold of Cox P < 0.01, a set of 55 predic-
tive lncRNAs were identified as candidates. Then these
predictive lncRNAs underwent a stepwise multivari-
ate Cox’s regression analysis, and 14 lncRNAs were
constructed for clinical prognostic prediction, including
C20orf197, LINC00319, AC090286.1, AC004485.1,
AL355916.1, LINC00941, AC119150.1, AC025419.1,
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Fig. 4. Correlation between the 14-lncRNA signature and overall survival of patients in the entire cohort. A: The distribution of risk scores. The
black dotted line represents the median risk score cutoff dividing patients into low-risk and high-risk groups. B: The expression heatmap of the 14
prognostic lncRNAs. C: Kaplan-Meier curves of overall survival between low-risk and high-risk groups. D: ROC curve for survival prediction by
14-lncRNA signature showing an AUC of 0.705.

AC034223.2, AC073651.1, AC007406.4, LINC02320,
AC097504.2, and AL161431.1. The general informa-
tion of 14 lncRNAs was listed in Table 1.

The risk score for each patient was calculated based
on the expression values and regression coefficients of
14 lncRNAs. In the training cohort, 491 NSCLC pa-
tients were classified into low-risk and high-risk groups
according to the median risk score value. Figure 2A and
B showed the distribution of risk scores, and lncRNA
expression of NSCLC patients ranked according to the
risk score values. The survival differences were deter-
mined by the log-rank test. Kaplan-Meier curves indi-
cated that patients in high-risk group had a poorer prog-
nosis, relative to low-risk group (Fig. 2C, Log Rank
P = 1.31e-11, Cox P = 1.47e-10). A high-risk score
was considered as an adverse prognostic factor (HR =

3.33, 95% CI = 2.3–4.81). The ROC curve for the risk
score achieved an AUC of 0.785 in the training cohort
(Fig. 2D).

To validate the prognostic value of the risk score,
survival analysis was further performed in the valida-
tion cohort and the entire cohort. Using the median
risk score value in the training cohort, patients in the
validation cohort and the entire cohort were classified
into low-risk and high-risk groups, respectively. The
risk score distribution and the lncRNA expression of
NSCLC patients in the validation cohort and the entire
cohort were shown in Figs 3A and B and 4A and B
respectively. The survival status of NSCLC patients in
the training cohort, the validation cohort, and the en-
tire cohort were shown in Fig. S1. Patients in high-risk
group showed a poorer prognosis compared with those
in low-risk group in both validating cohort (Fig. 3C,
Log Rank P = 1.41e-08, Cox P = 4.55e-08) and en-
tire cohort (Fig. 4C, Log Rank P = 1.51e-09, Cox P =
3.44e-09). High risk score was an adverse prognostic
factor in both validating cohort (HR = 2.63, 95% CI
= 1.86–3.73, Fig. 3C) and entire cohort (HR = 2.09,
95% CI = 1.64–2.67, Fig. 4C). The prognostic power
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Fig. 5. Box plots visualize the expression levels of the 14-lncRNA signature in (A) tumor vs normal tissues; and (B) low-risk vs high-risk groups.

of the risk score was also confirmed by ROC curves
in validating cohort (Fig. 3D, AUC = 0.701) and en-
tire cohort (Fig. 4D, AUC = 0.705), indicating that
the risk score had reliable prognostic value and had a
high specificity and sensitivity for predicting the overall
survival of NSCLC patients.

3.3. LncRNA signature expression

Compared with normal tissues, of these 14 lncR-
NAs, nine (AC034223.2, AC073651.1, AC119150.1,

AL161431.1, AL355916.1, C20orf197, LINC00319,
LINC00941 and LINC02320) were up-regulated in tu-
mor tissues, and the other 5 (AC090286.1, AC004485.1,
AC025419.1, AC007406.4 and AC097504.2,) showed
a lower expression in tumor tissues (P < 0.0001,
Fig. 5A). Of these 14 lncRNAs, nine lncRNAs
(LINC00319, AC090286.1, AL355916.1, LINC00941,
AC025419.1, AC034223.2, LINC02320, AC097504.2,
and AL161431.1) were highly expressed in high-
risk group suggesting a risk role, and five lncRNAs
were highly expressed in low-risk group (C20orf197,
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Table 2
Univariate and multivariate analysis of the predictive values of the clinico-pathological factors and the risk score
for overall survival

Variables Patients (n) Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P

Age
6 65 427 1.311 (1.025–1.677) 0.031 1.470 (1.139–1.897) 0.003
> 65 555

Gender
Female 394 0.995 (0.780–1.270) 0.970 0.946 (0.731–1.225) 0.674
Male 589

Pathologic stage
I–II 775 1.983 (1.533–2.566) 1.92e-07 1.427 (1.000–2.038) 0.050
III–IV 196

Stage M
M0 726 1.049 (0.774–1.420) 0.759 1.158 (0.843–1.592) 0.366
MX 249

Stage N
N0 630 1.728 (1.362–2.192) 0.000 1.523 (1.150–2.016) 0.003
NX 353

Stage T
T1–T2 823 1.753 (1.303–2.358) 2.10e-04 1.364 (0.942–1.977) 0.100
T3–T4 160

Histology type
LUAD 493 1.023 (0.805–1.299) 0.852 0.914 (0.705–1.184) 0.495
LUSC 490

Risk score
Low 492 2.093 (1.638–2.674) 3.44e-09 2.161 (1.684–2.774) 1.44e-09
High 491

AC004485.1, AC007406.4, AC073651.1 and
AC119150.1) suggesting a protective role (P < 0.0001,
Fig. 5B).

3.4. The risk score was an independent prognostic
factor for NSCLC

To evaluate the independent prognostic value of the
risk score, Cox’s regression models were performed in
each clinical parameter, such as age, gender, stage, his-
tology type, and risk score. Univariate regression anal-
ysis showed that age, pathologic stage, stage N, stage T,
and risk score were significantly associated with over-
all survival (P < 0.05), while gender, stage M and
histology type showed no significant association with
overall survival (P > 0.05). Multivariate Cox’s regres-
sion analysis found that age (HR = 1.470, 95% CI =
1.139–1.897), stage N (HR = 1.523, 95% CI = 1.150–
2.016) and risk score (HR = 2.161, 95% CI = 1.684–
2.774) were significantly correlated with overall sur-
vival (P < 0.05), and the risk score was an independent
prognostic factor after adjusting for other clinical vari-
ables. The results were shown in Table 2. Kaplan-Meier
curves of various clinical parameters were illustrated
in Fig. S2.

Because several survival-associated clinical param-
eters were identified, we further performed a strati-

Table 3
Clinical characteristics of the Risk scorelow and Risk scorehigh patients

Variables Risk scorelow

n (%)
Risk scorehigh

n (%) χ2 P

Age
6 65 217 (50.82) 210 (49.18) 0.149 0.699
> 65 274 (49.37) 281 (50.63)

Gender
Female 216 (54.82) 178 (45.18) 5.674 0.017
Male 276 (46.86) 313 (53.14)

Pathologic stage
I–II 398 (51.35) 377 (48.65) 1.981 0.159
III–IV 89 (45.41) 107 (54.59)

Stage T
T1–T2 419 (50.91) 404 (49.09) 1.293 0.255
T3–T4 73 (45.63) 87 (54.38)

Stage N
N0 332 (52.7) 298 (47.3) 4.628 0.031
NX 160 (45.33) 193 (54.67)

Stage M
M0 354 (48.76) 372 (51.24) 1.698 0.193
MX 134 (53.82) 115 (46.18)

Histology type
LUAD 276 (55.98) 217 (44.02) 13.453 < 0.001
LUSC 216 (44.08) 274 (55.92)

Survival status
Alive 390 (55.16) 317 (44.84) 25.596 < 0.001
Dead 102 (36.96) 174 (63.04)

fication analysis for clinical parameters. Patients in
each subgroup were classified into low-risk and high-
risk groups according to the median risk score. χ2 test
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Fig. 6. Kaplan-Meier analysis of overall survival in TCGA-NSCLC patients stratified by different clinical characteristics (age, gender, pathologic
stage, TNM stage, and histological type).

demonstrated that clinical characters of gender, stage N,
histology type, and status had significant differences be-
tween the low-risk group and the high-risk group (P <
0.05, Table 3). The mortality in the high-risk group was
significantly higher than that in the low-risk group (P <
0.05). For all stratified clinical parameter subgroups,

the Kaplan-Meier analysis showed that patients in the
high-risk group had shorter survival time than those
in the low-risk group (P < 0.05, Fig. 6). Specifically,
lncRNA signature-based risk score could be applied for
survival prediction of both patients with LUAD and pa-
tients with LUSC. Taken together, the results indicated
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Fig. 7. Correlation between the 14-lncRNA signature and metastasis-free survival of 141 relapsed patients. A: The risk score distribution. The black
dotted line suggests the median risk score threshold dividing patients into low-risk and high-risk groups. B: Metastasis status of NSCLC patients.
Among the 141 relapsed patients, 53 patients were local recurrences, and the other 88 were metastatic. C: Kaplan-Meier curves of metastasis-free
survival between low-risk and high-risk groups. D: ROC curve for metastasis-free survival prediction by 14-lncRNA signature exhibiting an AUC
of 0.717.

that the prognostic power of the risk score is indepen-
dent of other clinical variables for survival prediction
in NSCLC.

3.5. The risk score showed a prediction value for the
metastasis-free survival of NSCLC patients

Given that some NSCLC patients always develop
metastatic disease, we analyzed the potential role of
the risk score in predicting metastasis-free survival. As
shown in Fig. 7A and B, of the 141 relapsed patients,
53 patients were local recurrences, and the other 88
were metastatic. According to the median risk score,
patients were divided into high- and low-risk groups
and exhibited unfavorable metastasis-free survival in

the high-risk group compared to the low-risk group
(Fig. 7C, Log Rank P = 9.49e-04, Cox P = 1.21e-03).
The ROC curve for the risk score achieved an AUC of
0.717 (Fig. 7D), suggesting a relatively good prediction
performance for metastasis-free survival of NSCLC
patients.

3.6. The risk score based on 14-lncRNA signature is
applicable for predicting the overall survival of
other types of cancer

The survival prediction value of the risk score based
on the 14-lncRNA signature was further investigated
in other 30 cancer types of TCGA database. As shown
in Fig. 8, the risk score was able to divide the patients
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Fig. 8. Kaplan-Meier curves of overall survival between low-risk and high-risk groups in other 30 cancer types in the TCGA database.
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into low-risk and high-risk groups in all the 30 cancer
types, and the high-risk group showed an unfavorable
overall survival than that of the low-risk group (all P <
0.05), suggesting that the risk score is applicable for
predicting the overall survival of other types of cancer.

4. Discussion

NSCLC is a global health problem with the lead-
ing morbidity and mortality worldwide. Due to the im-
mense heterogeneous features of NSCLC, conventional
clinical and pathological criteria such as TNM stage are
far from satisfactory for individualized clinical outcome
prediction and risk stratification. Therefore, consider-
able efforts have been made to develop novel molecu-
lar prognostic factors that are independent of conven-
tional clinical criteria to promote survival prediction
of NSCLC. Evidence from growing reports suggests
lncRNAs serving as a biomarker for cancer initiation,
diagnosis, prognosis, and metastasis [20–24], represent-
ing a crucial untapped molecular resource for cancer
pathogenesis. LncRNA expression profile analyses have
reported disrupted expression of lncRNAs in various
malignancies, and dysregulated expression of lncRNAs
have been involved in physiologic and pathologic pro-
cesses of lung cancer [25,26]. Currently, targeting onco-
genic lncRNAs has been considered as a novel treat-
ment strategy by inducing the anticancer effect [17].
Moreover, the aberrant expressions of specific lncR-
NAs could be served as diagnostic markers to distin-
guish tumors from normal subjects [27]. In accordance
with previous studies, our study observed extensive dif-
ferential expression of lncRNAs in NSCLC compared
with normal samples, and these differentially expressed
lncRNAs separated patients with NSCLC from normal
subjects accurately. However, systematic identification
of an expression-based lncRNA signature for prognosis
prediction in NSCLC has not been accomplished yet.

When exploring potential lncRNAs as novel signa-
tures formerly, previous efforts of cancer-related lncR-
NAs often focus on single molecules, which has limi-
tations in the prognostic and predictive power. While
multiple factors may function in a cooperative way in
cancer development and metastasis. In our study, the
lncRNAs were combined into a single diagnostic panel
by regression analyses. A risk score based on a 14-
lncRNA signature for prognosis prediction of NSCLC
was developed by comprehensively analyzing RNAseq
and clinical data in a large number of NSCLC patients
from the TCGA cohort, and it was validated in the

validation cohort and entire cohort, suggesting a com-
petitive performance of the risk score for predicting
survival of NSCLC. Univariate regression analysis in-
dicated that age, pathologic stage, stage N, stage T,
and the risk score were significant prognostic factors.
Therefore, it is important to assess the independence of
the 14-lncRNA signature from other clinical features.
Multivariable Cox’s regression analysis and stratifica-
tion analysis, which included other clinicopathological
factors as covariables, demonstrated that the prognostic
value of the risk score was independent of other clin-
ical variables for survival prediction of patients with
NSCLC.

The age at diagnosis exercises a complex influence
on the prognosis of patients with lung cancer. Elderly
age at diagnosis is an independent negative prognos-
tic factor from several large registry studies [28–30].
However, Pallis and Gridelli [31] demonstrated that
age might be not a negative prognostic factor for ad-
vanced/metastatic NSCLC. They also stated that the re-
sult might be likely to suffer from selection bias. In the
stratified analysis, the risk score showed a prognostic
value both in younger and older patients. Currently, the
tumor stage has been widely considered as a powerful
predictor of survival in NSCLC [32]. In general, stage
N0 shows better survival, whereas stage NX is involved
in worse survival in a treatment-independent manner.
As to be expected, stage N was a significant prognostic
factor in our study. Since the study included both LUAD
and LUSC patients, we tested whether the risk score
was able to predict the prognosis of LUAD and LUSC,
respectively. Stratification analysis demonstrated that
the risk score was competent for survival prediction in
both LUAD and LUSC.

Clinical prognostic factors have critical limitations
in survival prediction. The heterogeneity at genetic lev-
els makes patients of the same clinical status having
quite different clinical outcomes. Based on its prog-
nostic and predictive power, the lncRNA signature has
been shown to be complementary to traditional clinical
features [33]. In the stratified analysis, the risk score
showed the prognostic value in each subgroup. The risk
score can classify patients of the same clinical status
into low-risk and high-risk groups with significantly
different prognostic value, implying that the risk score
can improve the survival prediction power. This finding
might help to identify high-risk patients for adjuvant
therapy in addition to the standard regimen.

To date, many lncRNAs have been discovered, but
only a few of them are well characterized in human
cancers. Concerning the biological roles, all the 14
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lncRNAs remain uncharacterized for the public so far,
but several of them have been preliminarily reported
by current literature. A lncRNA-miRNA-mRNA net-
work analysis revealed that C20orf197 was served as
a prognosis-related lncRNA for LUAD [34]. Over-
expression of LINC00319 is related to poor progno-
sis of LUAD [35], and it can promote the proliferation
and invasion of lung cancer cells by down-regulating
the tumor suppressor miR-32 [36]. LncRNA expres-
sion profile analysis found that AL355916.1 was up-
regulated in patients with hypopharyngeal squamous
cell carcinoma [37]. LINC00941 has been observed to
be associated with cancer-related biological processes,
such as cell cycle, cell migration, cell division, and im-
mune system [38], and also displays prognostic val-
ues for LUAD [39,40]. Cai et al. [41] revealed that
AC025419.1 displayed a high diagnostic value for pap-
illary thyroid carcinoma. However, the importance of
the other lncRNAs in NSCLC pathogenesis is still either
poorly investigated or has not been reported.

In this study, we found that the 14-lncRNA risk score
can also predict the overall survival of other types of
cancers. This may be caused by the use of NSCLC tu-
mor samples and a variety of adjacent normal samples
from other cancer types in performing the differential
expression analysis. Although the 14-lncRNA risk score
can be used to predict the survival of multiple tumors,
we cannot simply assume that this biomarker has the
best predictive performance in predicting the prognosis
of other tumors. This only suggests that lncRNA can be
used to predict the prognosis of other tumors. In the fu-
ture, more research should explore the development of
lncRNA-based signatures in different tumors to predict
prognosis.

Knowledge is now rapidly emerging on the associ-
ation between lncRNAs and the prognosis of NSCLC.
In the light of the established molecular aberrations,
recent microarray lncRNA expression profiling analy-
ses are inclined to display inconsistent results due to
small sample sizes and different platforms and lab pro-
tocols [42,43]. Based on RNAseq data, TCGA has ac-
complished a comprehensive genetic and epigenetic in-
vestigation into a large cohort of NSCLC patients. To
our knowledge, the lncRNA expression profiles derived
from TCGA are unprecedented in both comprehensive-
ness and sample size.

5. Conclusions

In this study, we identified a 14-lncRNA signature
for prognosis prediction in NSCLC by conducting a

comprehensive analysis of lncRNA expression profiles
in a large cohort of TCGA patients. The risk score based
on the lncRNA signature separated NSCLC patients
into high-risk and low-risk groups, implying a poor
and good prognosis, respectively. The risk score is an
independent prognostic predictor in multivariate and
stratified analysis, controlling for other clinical prog-
nostic factors. Our study highlighted significant impli-
cations of lncRNAs as prognostic biomarkers for sur-
vival prediction in NSCLC and the other cancer types.
We hope the lncRNA signature could help us to make
personalized therapy decisions in the not-too-distant
future.
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Supplementary data

Fig. S1. Scatterplot of patients’ survival status in the training, validation, and entire cohort. The black dotted line represents the median risk score
cutoff dividing patients into low-risk and high-risk groups.
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Fig. S2. Kaplan-Meier curves analyzed the difference of overall survival when the patients were stratified by different clinical characteristics (age,
gender, pathologic stage, stage T, stage M, stage N, and histological type).


