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Background: As a serious challenge for public health, the prognosis of gastric cancer patients 

is still poor. The current study aimed to develop and validate a prognostic signature to predict 

the overall survival of gastric cancer patients.

Patients and methods: The dataset in the present study was obtained from The Cancer 

Genome Atlas database. The present study finally included 343 gastric cancer patients with 

information on long non-coding RNA (lncRNA) expression and overall survival.

Results: A prognostic model named Eleven-lncRNA signature was constructed according to 

the expression values of eleven prognostic lncRNA predictors identified by univariate and mul-

tivariate Cox regression model. According to time-dependent receiver operating characteristic 

curves, the Harrell’s concordance indexes of Eleven-lncRNA signature were 0.764 (95% CI 

0.720–0.808), 0.776 (95% CI 0.732–0.820), and 0.807 (95% CI 0.763–0.851) for 1-year overall 

survival, 3-year overall survival, and 5-year overall survival respectively in the model group. 

In the validation group, the Harrell’s concordance indexes of Eleven-lncRNA signature were 

0.748 (95% CI 0.704–0.792), 0.794 (95% CI 0.750–0.838), and 0.798 (95% CI 0.754–0.842) 

for 1-year overall survival, 3-year overall survival, and 5-year overall survival respectively. 

The gastric cancer patients (n=343) in the model group could be stratified into low-risk group 

(n=171) and high-risk group (n=172) according to the median of Eleven-lncRNA signature 

score. Kaplan–Meier survival curves showed that the mortality rate in the high-risk group was 

significantly poorer than that in the low-risk group (P,0.001).

Conclusion: The present study constructed and validated a prognostic model named Eleven-

lncRNA signature for preoperative individual mortality risk prediction in gastric cancer patients. 

This Eleven-lncRNA signature can predict the individual mortality risk of gastric cancer patients 

and is helpful in improving clinical decision making regarding individualized treatment.
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Background
Gastric cancer (GC) is still a serious challenge for public health, as the fourth most 

common malignant tumor and the second leading cause of cancer-related death 

worldwide.1 Despite the advances in early diagnosis and clinical treatment, the prog-

nosis of GC patients is still poor.2,3 In clinical practice, most GC patients are diagnosed 

at advanced stage accompanied with distant metastasis or tumor invasion, and sub-

sequently have a poor overall survival.4,5 The TNM staging system has been used to 

predict the prognosis of GC patients, but is limited by inadequate prognostic informa-

tion and predictive ability for clinical management.6,7 Therefore, a reliable prognostic 
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signature is needed to discriminate the high-risk patients 

from the low-risk patients and optimize personalized treat-

ment decision making.

Long non-coding RNAs (lncRNAs) are a class of RNAs 

with a length of .200 nucleotides and no protein-coding 

function.8 It has been reported that lncRNAs are related 

to prognosis of GC patients and might serve as prognostic 

biomarkers for GC patients.9,10 Recently, several prognostic 

signatures have been constructed for prediction of overall sur-

vival in GC patients based on lncRNA expression values.11–14 

However, these prognostic signatures have limitations due 

to the following reasons. First, these signatures were too 

complicated to calculate, for clinicians and patients. Second, 

the original lncRNA expression values in these signatures 

were generated on special gene detection platforms and sub-

sequently reduced the repeatability of prognostic signatures 

on other detection platforms. Third, the original lncRNA 

expression values in these signatures were further standard-

ized by different standardization methods. For example, the 

lncRNA expression values were standardized by Robust 

Multichip Average algorithm in studies performed by Song 

et al and Fan et al.12,13 The special transformation methods 

used on original lncRNA expression values further reduced 

the clinical application of these prognostic signatures, 

because these special standardization methods used in previ-

ous studies might not be available to clinicians and patients. 

Therefore, there is a strong need for prognostic signatures 

which are more efficient, more accurate, and easier to cal-

culate for clinicians and patients.

Nomogram has been recommended for predicting the 

prognosis in various cancers.10,15 Nomogram is easier to 

calculate and transform to a normalized individual mortality 

probability, thus, the individual mortality risk is easy to 

understand for patients without professional medical knowl-

edge. The critical goal of the present study was to develop 

and validate a prognostic signature for overall survival of 

GC patients. We performed the current study according to 

the guidelines of Transparent Reporting of a multivariable 

prediction model for Individual Prognosis Or Diagnosis 

(TRIPOD).16

Methods
Protocol approval
The original dataset in the present study was downloaded 

from The Cancer Genome Atlas (TCGA) database. We down-

loaded and analyzed the study data in accordance with the 

relevant data policies of TCGA database and therefore no 

additional ethics approval was needed.

The gene expression dataset
The original study dataset was obtained from TCGA data 

portal (up to April 1, 2018, https://tcga-data.nci.nih.gov/

docs/publications/tcga/). The original RNA expression values 

were generated on the Illumina HiSeq 2000 RNA Sequencing 

platform. There were 14,449 lncRNAs from 375 GC tissues 

and 32 normal tissues in the original study dataset.

Differential expression analyses
The original lncRNA expression counts ,1 were filtered 

out from the current study. The original lncRNA expres-

sion counts were normalized using Trimmed Mean of M 

method with “edgeR” package.17 |log
2
 fold change|.2 and 

P-value ,0.05 were defined as the thresholds for differential 

expression analyses.

clinical dataset
The clinical dataset of 443 GC patients was obtained from 

TCGA data portal (up to April 1, 2018, https://tcga-data.nci.

nih.gov/docs/publications/tcga/). To avert the influences of 

confounding factors, 41 patients were excluded from the current 

study due to inadequate overall survival information (defined 

as overall survival time shorter than 1 month). There were 59 

patients excluded from the clinical dataset due to inadequate 

lncRNA expression information. As shown in Figure 1, there 

were 343 GC patients included in the present study for final 

survival analysis. The maximum survival time was 122.2 

months and the minimum survival time was 1.0 month. The 

study form completion date was from July 22, 2010, to April 

16, 2015. We coded missing data as “NA” (not available) in the 

present study. The mean ± SD age of GC patients in the model 

cohort was 65.5±10.6 years. One hundred and forty-six (42.6%) 

patients out of 343 GC patients died within the follow-up period 

(mean ± SD: 624±537 days).

internal validation
To perform an internal validation, we constructed a validation 

dataset using the bootstrap resampling method, which is recom-

mended for validation of a prognostic model.18,19 The valida-

tion dataset in the current study was built by drawing 343 GC 

patients with replacements from the original model dataset.

statistical analysis
Continuous variables were displayed as mean ± SD. Continuous 

variables were compared by Student’s t-test or Mann–Whitney 

U test as appropriate. Categorical variables were compared 

by using chi-squared test or Fisher’s exact test as appropriate. 

The predictive performance and clinical utility of prognostic 
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signatures were evaluated by using the Harrell’s concordance 

index (C-index) and time-dependent receiver operating char-

acteristic (ROC) curves. The statistical analyses in the present 

study were performed using SPSS 19.0 (IBM Corporation, 

Armonk, NY, USA) and R software (version 3.4.4). The R 

packages, including “pROC”, “plyr”, “rms”, “survival”, “tim-

eROC”, and “glmnet” were used as needed in the current study. 

The criterion for statistical significance was P,0.05.

Results
study cohort
There were 343 GC patients with lncRNA expression infor-

mation and prognosis information in the current study. The 

average age of 343 GC patients was 65.5±10.6 years and the 

average survival time was 20.8±17.9 months in the present 

study. One hundred and forty-six (42.6%) patients out of 

343 patients died within the follow-up period in the present 

study. The basic clinical characteristics of GC patients in the 

model group and validation group were presented in Table 1. 

The differences in clinical characteristics were not significant 

between model group and validation group.

Differential expression analyses
The differential expression analyses were carried out between 

375 cancer tissues and 32 normal tissues. Nine hundred and 

one differential lncRNAs were identified by “edgeR” pack-

age. The heat map (Figure S1) and volcano map (Figure S2) 

are provided in the Supplementary materials.

construction of prognostic signature
The univariate and multivariate Cox proportional regression 

analyses were carried out to identify potential lncRNA 

Figure 1 Flowchart of the current study. 
Abbreviations: lncrna, long non-coding rna; Tcga, The cancer genome atlas; sTaD, stomach adenocarcinoma.
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predictors for overall survival. The multivariate Cox regres-

sion analysis finally identified eleven potential lncRNA pre-

dictors for overall survival. The relevant model information 

of eleven lncRNAs in Cox regression analysis was presented 

in Table 2. A prognostic signature (Figure 2) was constructed 

according to the expression values of eleven lncRNA pre-

dictors for overall survival of GC patients: Eleven-lncRNA 

signature score = (0.5648* RP11-61O11.1)+(-0.8865* 

RP11-766N7.3)+(0.6886* AC027119.1)+(-0.6076* RP5-

881L22.5)+ (0 .618* RP11-332J15.4)+ (-0.5248* 

RP11-616M22.7)+(-0.7319* AC002463.3)+(0.6338* 

ERICH3-AS1)+(0.5576* ZFPM2-AS1)+(-0.5482* 

HOXA11-AS)+(-0.5055* RP11-319G6.3).

Prognostic value of eleven-lncrna 
signature
All GC patients (n=343) in the model group (Table S1) 

were stratified into high-risk group (n=172) and low-risk 

group (n=171) according to the median of Eleven-lncRNA 

signature score. The overall survival rate (Figure 3A) in the 

high-risk group was significantly poorer than that in the low-

risk group (P,0.001). The distribution of Eleven-lncRNA 

signature score (Figure 3B), survival status and survival 

time (Figure 3C) in the model group were presented in 

Figure 3. The Harrell’s C-index of Eleven-lncRNA signature 

for overall survival was 0.734 (95% CI: 0.690–0.778) in the 

model group.

clinical utility of eleven-lncrna signature
According to time-dependent ROC curves, the C-indexes 

of Eleven-lncRNA signature were 0.764, 0.776, and 0.807 

for 1-year overall survival, 3-year overall survival, and 

5-year overall survival respectively (Figure 4A). A good 

agreement between predictive mortality probability and 

actual mortality percentage was found through calibra-

tion curves of 1-year overall survival (Figure 4B), 3-year 

Table 1 The clinical features of gastric cancer patients in model group and validation group

 Model group (n=343) Validation group (n=343) P-value

Death, n (%) 146 (42.6) 151 (44.0) 0.70
survival time (mean ± sD, months) 20.8±17.9 21.2±17.6 0.450
age (mean ± sD, years) 65.5±10.6 65.8±10.4 0.561
gender (male/female) 224/119 219/124 0.690
aJcc stage (iV/iii/ii/i/na) 34/140/107/47/15 25/139/109/51/19 0.359
aJcc PT (T4/T3/T2/T1/na) 93/159/73/18/0 80/167/67/29/0 0.261
aJcc Pn (n3/n2/n1/n0/na) 78/69/94/100/2 81/71/84/104/3 0.915
aJcc PM (MX/M1/M0/na) 14/22/307/0 16/14/313/0 0.474
radiation treatment adjuvant (yes/no/na) 0/186/157 0/185/158 0.939
Pharmaceutical adjuvant (yes/no/na) 43/148/152/0 42/147/154/0 0.986
history of other malignance (yes/no/na) 8/336/0 9/335/0 0.806

Note: continuous variables were compared by student’s t-test or Mann–Whitney U test as appropriate; categorical variables were compared by chi-squared test or Fisher’s 
exact test as appropriate.
Abbreviations: aJcc, american Joint committee on cancer; na, not available.

Table 2 The model information of eleven prognostic lncrna predictors in univariate and multivariable cox regression analyses

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value Coefficient HR 95% CI P-value

rP11-61O11.1 (high/low) 1.628 1.172–2.261 0.004 0.5648 1.759 1.243–2.490 0.5648
rP11-766n7.3 (high/low) 0.629 0.453–0.873 0.006 -0.8865 0.412 0.288–0.589 -0.8865
ac027119.1 (high/low) 1.625 1.169–2.258 0.004 0.6886 1.991 1.399–2.833 0.6886
rP5-881l22.5 (high/low) 0.663 0.476–0.923 0.015 -0.6076 0.545 0.381–0.780 -0.6076
rP11-332J15.4 (high/low) 1.565 1.123–2.181 0.008 0.618 1.855 1.305–2.637 0.618
rP11-616M22.7 (high/low) 0.692 0.496–0.965 0.030 -0.5248 0.592 0.421–0.833 -0.5248
ac002463.3 (high/low) 0.690 0.497–0.959 0.027 -0.7319 0.481 0.336–0.688 -0.7319
erich3-as1 (high/low) 1.541 1.108–2.145 0.010 0.6338 1.885 1.319–2.692 0.6338
ZFPM2-as1 (high/low) 1.403 1.012–1.944 0.042 0.5576 1.747 1.238–2.464 0.5576
hOXa11-as (high/low) 0.702 0.506–0.973 0.034 -0.5482 0.578 0.407–0.822 -0.5482
rP11-319g6.3 (high/low) 0.719 0.518–0.998 0.048 -0.5055 0.603 0.430–0.846 -0.5055

Note: The medians of lncrna expression values were used as cutoff values to stratify lncrna expression values into high expression group (as value 1) and low expression 
group (as value 0).
Abbreviation: lncrna, long non-coding rna.
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overall survival (Figure 4C), and 5-year overall survival 

(Figure 4D).

Validation of eleven-lncrna signature
We built an internal validation dataset (Table S2 [n=343]) 

for internal validation by using random drawing with 

replacement method. The Eleven-lncRNA signature scores 

of patients in the validation group were calculated accord-

ing to the original formula of Eleven-lncRNA signature in 

the model group. The GC patients (n=343) in validation 

group were divided into high-risk group and low-risk group 

according to the previous cutoff value in the model group. 

The log-rank test (Figure 5A) demonstrated that the mortal-

ity rate in the high-risk group was significantly poorer than 

that in the low-risk group (P,0.001). The distribution of 

Eleven-lncRNA signature score (Figure 5B), survival status, 

and survival time (Figure 5C) in the validation group were 

presented in Figure 5. The C-index of Eleven-lncRNA sig-

nature in validation group was 0.740 (95% CI: 0.696–0.784) 

for overall survival.

clinical utility of eleven-lncrna signature 
in validation group
In the validation group (Table S2), the C-indexes of 

Eleven-lncRNA signature were 0.748, 0.794, and 0.798 

for 1-year overall survival, 3-year overall survival, and 

5-year overall survival respectively (Figure 6A). A good 

agreement between predictive mortality probability and 

actual mortality percentage was found through calibra-

tion curves of 1-year overall survival (Figure 6B), 3-year 

overall survival (Figure 6C), and 5-year overall survival 

(Figure 6D).

independence assessment of eleven-lncrna signature
The independence of Eleven-lncRNA signature for overall 

survival was further explored by multivariate Cox regression 

analyses. In the present study, the pathological assessment 

was performed according to the criteria suggested by the 

American Joint Committee on Cancer (AJCC). As shown in 

Table 3, multivariate Cox regression analyses demonstrated 

that the prognostic significance of Eleven-lncRNA signature 

was independent to gender, age, AJCC PT, AJCC PN, AJCC 

PM, and AJCC stage.

subgroup analysis
To explore the clinical application of Eleven-lncRNA sig-

nature, we further performed subgroup analysis in different 

AJCC stages (Figure 7). In GC patients with AJCC stage 

1–2, the overall survival rate (Figure 7A) in the high-risk 

group was significantly poorer than that in the low-risk 

Figure 2 The eleven-lncrna signature for prediction of overall survival in gastric cancer patients.
Abbreviation: lncrna, long non-coding rna.
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Figure 3 The survival curves of gastric cancer patients in model group.
Note: The survival curves in high risk group and low risk group (A), the distribution of eleven-lncrna signature scores (B), survival status and survival time (C) in the model group.
Abbreviation: lncrna, long non-coding rna.
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Figure 4 Performance of eleven-lncrna signature in the model group.
Note: Time-dependent receiver operating characteristic curves (A); calibration curve for 1-year overall survival (B); calibration curve for 3-year overall survival (C); 
calibration curve for 5-year overall survival (D).
Abbreviations: aUrOc, area under the receiver operating characteristic curve; lncrna, long non-coding rna.

Figure 5 (Continued)
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group (P,0.001). In GC patients with AJCC stage 1–2, the 

C-indexes of Eleven-lncRNA signature were 0.766, 0.801, 

and 0.851 for 1-year overall survival, 3-year overall survival, 

and 5-year overall survival respectively (Figure 7B).

In GC patients with AJCC stage 3–4, the overall survival 

rate (Figure 7C) in the high-risk group was significantly 

poorer than that in the low-risk group (P,0.001). In GC 

patients with AJCC stage 3–4, the C-indexes of Eleven-

lncRNA signature were 0.743, 0.784, and 0.884 for 1-year 

overall survival, 3-year overall survival, and 5-year overall 

survival respectively (Figure 7D).

clinical association between lncrna predictors and 
tumors
Accumulated evidence has demonstrated that lncRNAs are 

involved in the progression of a wide variety of diseases. 

To explore the clinical association between lncRNA pre-

dictors and tumors, we searched the potential associations 

between lncRNA predictors and tumors through MNDR 

version 2.0 database (http://www.rna-society.org/mndr/

index.html). According to the search results, three predic-

tors (HOXA11-AS, ERICH3-AS1, and ZFPM2-AS1) out 

of eleven lncRNA predictors were associated with stomach 

cancer, hepatocellular carcinoma, and colorectal cancer with 

a confidence score of 0.1097.

Discussion
We developed and validated a prognostic signature named 

Eleven-lncRNA signature, which might provide an effective 

individual mortality risk prediction and risk stratification in 

GC patients. The Eleven-lncRNA signature could help GC 

Figure 5 The survival curves of gastric cancer patients in validation group.
Note: The survival curves in high risk group and low risk group (A), the distribution of eleven-lncrna signature scores (B), survival status and survival time (C) in validation group.
Abbreviation: lncrna, long non-coding rna.
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Figure 6 Performance of eleven-lncrna signature in validation group.
Note: Time-dependent receiver operating characteristic curves (A); calibration curve for 1-year overall survival (B); calibration curve for 3-year overall survival (C); 
calibration curve for 5-year overall survival (D).
Abbreviations: aUrOc, area under the receiver operating characteristic; lncrna, long non-coding rna.

Table 3 Univariate and multivariable cox regression analyses for independence assessment of eleven-lncrna signature

N Univariate analysis Multivariate analysis

HR 95% CI P-value Coefficient HR 95% CI P-value

Model group (n=343)
age (high/low) 343 1.504 1.085–2.086 0.014 0.616 1.851 1.310–2.616 ,0.001

gender (male/female) 343 1.370 0.960–1.957 0.083 0.116 1.123 0.775–1.628 0.540

aJcc PT (T4, T3/T2, T1) 343 1.709 1.133–2.577 0.011 0.316 1.372 0.823–2.286 0.225

aJcc Pn (n2, n1/n0) 341 1.820 1.212–2.734 0.004 0.441 1.555 0.893–2.707 0.119

aJcc PM (MX, M1/M0) 343 1.895 1.181–3.039 0.008 0.268 1.308 0.786–2.177 0.302

aJcc stage (iV, iii/ii, i) 328 1.794 1.260–2.555 ,0.001 0.151 1.164 0.683–1.982 0.577

eleven-lncrna signature 
score (high/low)

343 4.253 2.922–6.191 ,0.001 1.493 4.449 2.991–6.619 ,0.001

Validation group (n=343)

age (years) 343 1.340 0.972–1.848 0.074 0.475 1.608 1.144–2.261 0.006

gender (male/female) 343 1.620 1.129–2.325 0.009 0.188 1.207 0.823–1.771 0.335

aJcc PT (T4, T3/T2, T1) 340 1.768 1.195–2.618 0.004 0.337 1.400 0.869–2.255 0.166

aJcc Pn (n2, n1/n0) 337 2.094 1.396–3.140 ,0.001 0.454 1.574 0.906–2.736 0.107

aJcc PM (MX, M1/M0) 340 1.631 0.955–2.786 0.073 0.080 1.084 0.595–1.974 0.793

aJcc stage (iV, iii/ii, i) 321 1.756 1.241–2.485 0.001 0.196 1.216 0.737–2.007 0.444
eleven-lncrna signature 
score (high/low)

343 3.787 2.663–5.384 ,0.001 1.455 4.282 2.913–6.295 ,0.001

Note: The median of eleven-lncrna signature scores was used as the cutoff value to stratify gastric cancer patients into high-risk group and low-risk group.
Abbreviations: aJcc, american Joint committee on cancer; lncrna, long non-coding rna.
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patients to predict their individual mortality risk and subse-

quently optimize their individual therapy decisions.

The Eleven-lncRNA signature was suitable for preopera-

tive prediction of overall survival in GC patients for the fol-

lowing reasons: first, the Eleven-lncRNA signature was built 

based on lncRNA expression values without pathological 

parameters. Therefore the Eleven-lncRNA signature is a 

noninvasive preoperative predictive method. Eleven-lncRNA 

signature could serve as a convenient noninvasive preopera-

tive screening method for GC patients, especially for those 

patients who could not tolerate surgery. Second, the original 

LncRNA expression values were converted to 1 for high 

expression and 0 for low expression according to the medians 

of original lncRNA expression values. The Eleven-lncRNA 

signature was calculated based on the converted dichotomous 

values but not the original lncRNA expression values. This 

conversion of original lncRNA expression values was helpful 

to improve the clinical applicability of Eleven-lncRNA signa-

ture on other platforms. Third, GC patients were stratified into 

high-risk group and low-risk group according to the median 

value of Eleven-lncRNA signature scores. The survival 

curves showed that the mortality rate of high-risk patients 

was significantly poorer than that of low-risk patients. The 

risk stratification method was helpful to monitor the patients 

with high mortality risk and select GC cancer patients who 

should receive active surgical treatment.

Due to the following reasons, the current study did not 

calculate previous prognostic signatures.11–14 First, these 

previous prognostic signatures were calculated based on the 

original gene expression values, which were generated on 

different gene detection platforms. The same sample would 

generate different expression values on different platforms. 

Therefore, the influence of different gene detection plat-

forms should be taken into account during the development 

of prognostic signatures. Second, the lncRNA expression 

values were further standardized by different standardiza-

tion methods, which might be not available for clinicians 

and patients. In order to overcome these two obstacles, we 

developed Eleven-lncRNA signature by using the converted 

dichotomous values but not the original lncRNA expression 

values. This conversion method of original lncRNA expres-

sion values was helpful to eliminate the effects of different 
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Figure 7 subgroup analysis of the clinical application of eleven-lncrna signature in different aJcc stages.
Note: (A) The survival curves of gastric cancer patients with aJcc stage 1–2; (B) time-dependent receiver operating characteristic curves of gastric cancer patients with 
aJcc stage 1–2; (C) the survival curves of gastric cancer patients with aJcc stage 3–4; (D) time-dependent receiver operating characteristic curves of gastric cancer patients 
with aJcc stage 3–4.
Abbreviations: aJcc, american Joint committee on cancer; aUrOc, area under the receiver operating characteristic; lncrna, long non-coding rna.
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Development and validation of a prognostic signature for preoperative

detection platforms and standardization methods. Therefore, 

the Eleven-lncRNA signature was more suitable for clinical 

practice than previous prognostic signatures.

Strengths and limitations
There were several advantages in the present study: first, the 

Eleven-lncRNA signature can predict individual mortality 

probability, which is important in persuading GC patients to 

receive differentiated intensive treatment in time. Second, 

this Eleven-lncRNA signature can be calculated by patients 

without a special calculation tool. Third, the Eleven-lncRNA 

signature provides an alternative non-invasive preoperative 

prediction method for GC patients with an intolerance of 

surgical treatment. Therefore, as a non-invasive, simple, 

and comprehensible scoring model, the Eleven-lncRNA 

signature is suitable for preoperative prediction of overall 

survival of GC patients.

There were two disadvantages which must be taken 

into account in the present study. First, though an internal 

validation was carried out by using the bootstrap resampling 

method, external validation studies are needed to further 

validate the performance of Eleven-lncRNA signature in 

different populations. Second, as a retrospective study, the 

original clinical dataset did not provide additional informa-

tion regarding medication status, postoperative treatment, 

and disease-specific survival. Thus, we could not explore the 

influence of medication status and postoperative treatment 

on overall survival. Meanwhile, the clinical application of 

Eleven-lncRNA signature for disease-specific survival was 

uncertain. Therefore, large prospective studies are needed to 

further elucidate the association between these prognostic 

lncRNA predictors and prognosis of GC patients.

Conclusion
The present study developed and validated a prognostic 

model named Eleven-lncRNA signature for preopera-

tive, individual mortality risk prediction in GC patients. 

This Eleven-lncRNA signature can predict individual 

mortality risk of GC patients and is helpful in improving 

clinical decision making regarding individualized treatment.
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