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Abstract

Introduction

Bladder cancer (BC) is one of the most common urologic malignancies and it is urgently

needed to identify novel potential prognostic biomarkers for predicting prognosis and pro-

gression of patients with BC in clinical practice. Previous research has revealed that long

noncoding RNAs (lncRNAs) played critical roles in BC, and may serve as novel potential

prognostic biomarkers in patients with BC. Therefore, we conducted this meta-analysis to

clarify the prognostic potential of lncRNAs in BC patients.

Methods

A comprehensive search was performed in PubMed, Web of Science, and China National

Knowledge Infrastructure (CNKI). According to the predefined exclusion and inclusion crite-

ria, a total of 9 recently published articles comprising 13 lncRNAs and 666 BC patients were

included into this meta-analysis. We analyzed the hazard ratios (HRs) and 95% confidence

intervals (CIs) to determine the relationship between lncRNAs expression and survival out-

comes. We also analyzed the odds ratio (ORs) and 95% confidence intervals (CIs) to

assess the association between lncRNAs expression and clinicopathological characteris-

tics, including histological grade, gender, multifocality, tumor size, and tumor stage.

Results

Our results revealed that high lncRNAs expression was associated with shorter overall sur-

vival in Asian BC patients (pooled HR = 2.32, 95% CI: 1.35–4.00, P = 0.002, random-effect).

High lncRNAs expression levels were significantly associated with histological grade (G2-

G3 vs. G1: OR = 3.857, 95%CI: 1.293–11.502, P = 0.015, random-effect).

Conclusions

In summary, this meta-analysis has demonstrated that lncRNAs could be used as potential

prognostic markers for BC and high lncRNAs expression could predict poor prognosis

among Asian BC patients.
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Introduction

Bladder cancer (BC) is one of the most common urologic malignancies, with nearly 430, 000

new cases diagnosed in 2012 worldwide [1]. Overall, 75% of the patients with BC are catego-

rized as non-muscle-invasive bladder cancer (NMIBC) [2], which is associated with a high risk

of recurrence and may progress to muscle invasive bladder cancer (MIBC) [3]. MIBC is associ-

ated with poor prognosis and the estimated 5-year survival rate remains at only 50% [4]. As a

consequence, it’s crucial to identify novel potential prognostic biomarkers for predicting prog-

nosis and progression of patients with BC in clinical practice.

Long non-coding RNAs (lncRNAs) are a class of non-protein-coding RNA molecules with

more than 200 nucleotides [5]. It is reported that lncRNAs play critical roles in various cell bio-

logical processes, such as cellular differentiation, gene expression, protein localization, and

DNA damage response [6]. An increasing number of studies have revealed that lncRNAs

played tremendous roles in various human diseases, including cancer [7, 8]. More importantly,

aberrant expression of multiple lncRNAs were found to be involved in the tumorigenesis and

many of them were correlated with cancer prognosis [9–11]. Multiple lncRNAs have been

reported to be promising prognostic indicators for cancers, such as hepatocellular carcinoma

[12], non small cell lung cancer [13, 14], osteosarcoma [15], ovarian carcinoma [16], and renal

cell carcinoma [17]. So far, many studies have shown that lncRNAs also played critical roles in

BC [18], these findings support that lncRNAs can be developed as novel potential prognostic

biomarkers in patients with BC.

However, owing to the limitations in sample size, single study may be inaccurate and insuf-

ficient. Thus, studies should be analyzed systematically to uncover the potential prognostic

value of lncRNAs in patients with BC. Nevertheless, no meta-analysis has been carried out to

provide a precise estimation. As a consequence, we conducted this meta-analysis to explore

the prognostic value of lncRNAs and the association between lncRNAs and clinicopathological

characteristics by combined analysis of data from the published articles.

Materials and methods

Search strategies

The contents of this review are in accordance with the standard guidelines of Preferred Report-

ing Items for Systematic Reviews and Meta-analysis (PRISMA) (S1 Checklist) [19]. We

searched the databases PubMed, Web of Science, and China National Knowledge Infrastruc-

ture (CNKI) for relevant literatures about the prognostic value of lncRNA in BC. The search

was performed by both text word and MeSH terms to increase the sensitivity. The following

search terms were used: (“RNA, Long Noncoding”, “lncRNA”, “long noncoding RNA”, “Long

intergenic non-coding RNA”) AND (“Urinary Bladder Neoplasms”, “Bladder Neoplasm”,

“Bladder Tumor”, “Urinary Bladder Cancer”, “Bladder Cancer”) AND (“Prognosis”, “Prog-

nostic”, “outcome”, “survival”, “recurrence”, “recurrence”). Additionally, manual searches

were performed using the reference lists of the relevant articles to identify potentially eligible

literatures. The retrieval time was from inception to May 2017.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) studies evaluated the association between lncRNA(s)

expression and prognosis of bladder cancer; (2) the survival outcomes were measured with

overall survival (OS) or recurrence-free survival (RFS); (3) sufficient data were provided to

estimate hazard ratios (HRs) and their 95% confidence interval (95% CI). The exclusion
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criteria were as follows: (1) insufficient data for HR and 95% CI estimation; (2) reviews, letters,

or laboratory articles; (3) sample cases fewer than 30.

Data extraction

Data was carefully retrieved by two investigators (Yuexin Xia and Zhiyuan Liu) independently.

The following information was extracted from each study: (1) publication information: the

surname of first author and the year of publication; (2) patients’ characteristic information:

study population, sample size, and follow-up duration; (3) lncRNA information: detection

methods, survival results, and cut-off definition; (4) HRs and corresponding 95% CIs for sur-

vival analysis. The study quality was assessed in accordance with the Newcastle-Ottawa Scale

(NOS) [20].

Statistical analysis

For the prognostic meta-analysis, HRs and corresponding 95% CIs were used to assess the

relationship between lncRNAs expression and its prognostic value in BC. HRs and corre-

sponding 95% CIs were extracted directly from data in included studies or calculated with

available data by the method from Parmar. et al [21]. An observed HR>1 implied a poor prog-

nosis. ORs and corresponding 95% CIs were used to evaluate the association between lncRNAs

expression and clinical characteristics. A OR>1 implied that high levels of lncRNA was associ-

ated with parameter.

The statistical significance of the pooled HRs and ORs were determined using Z-test; a P
value < 0.05 was considered statistically significant. Heterogeneity was evaluated by Q and I2

tests. If the heterogeneity was not significant (I2< 50%, P value > 0.05), the fixed-effects

model was used. Otherwise, a random-effects model was used (I2� 50%, P value� 0.05).

Publication bias and sensitivity analysis were performed to test the effect of an individual

study on pooled HR and OR. For publication bias assessing, Begg’s funnel plot and Egger’s

regression test were employed. An asymmetric plot and the P value < 0.05 were considered a

significant publication bias.

All of the statistical analyses were performed by using STATA12.0 software package (Stata

Corporation).

Results

Study selection and characteristics

According to the predefined criteria, a total of 9 eligible studies were acquired from 3 data-

bases, including PubMed, Web of Science, and CNKI [22–30]. Fig 1 shows the literature inclu-

sion procedure. The details of the studies included in the meta-analysis are shown in Table 1.

Association between lncRNAs expression and OS

We conducted meta-analysis to investigate the prognostic value of lncRNAs in OS of 532 BC

patients from the seven studies. Statistical analyses showed no significant association between

the expression of lncRNAs and OS of BC patients (HR = 1.18, 95% CI: 0.86–1.63, P = 0.310,

random-effects; Fig 2), while a significant heterogeneity existed between studies(I2 = 78.4%,

P = 0.000).

Due to the presence of obvious heterogeneity, we performed subgroup analyses based on

the ethnicity, follow-up period, and the expression level of lncRNAs in BC patients. Subgroup

analysis by ethnicity indicated that high lncRNAs expression was associated with shorter over-

all survival in Asian BC patients (HR = 2.32, 95% CI: 1.35–4.00, P = 0.002, Fig 2) but not in
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Caucasians (HR = 0.88; 95% CI: 0.68–1.15, P = 0.358). And the heterogeneity decreased from

78.4% to 57.5% and 61.9%, respectively. When grouped according to the follow-up period, the

association between high lncRNAs expression and poor OS was found only for studies of

shorter follow-up period (�60 months) (HR = 2.29, 95% CI: 1.50–3.51, P<0.001, Table 2).

When grouped according to the expression level of lncRNAs in BC patients, there were no

association between lncRNAs expression and OS (Table 2).

Association between lncRNAs expression and RFS

The prognostic value of lncRNAs in RFS was evaluated in two studies with 134 patients.

lncRNAs expression were not significantly associated with RFS (HR = 1.54, 95%CI: 0.84–2.82,

P = 0.162, random-effects; Fig 3), while a significant heterogeneity existed between studies

Fig 1. Flow chart of literature selection process in the meta-analysis.

https://doi.org/10.1371/journal.pone.0198602.g001
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(I2 = 64.6%, P = 0.037). Meta regression analysis, sensitivity analysis, and assessment of publi-

cation bias were not performed due to the limited number of included articles.

Correlation of lncRNAs with clinicopathological characteristics of BC

We conducted a meta-analysis to evaluate the association between lncRNAs expression and

clinical characteristics in BC patients. High lncRNAs expression levels were significantly asso-

ciated with histological grade (G2-G3 vs. G1: OR = 3.857, 95%CI: 1.293–11.502, P = 0.015, ran-

dom-effect), while a significant heterogeneity existed between studies (I2 = 70.2%, P = 0.035)

(Table 3). Unfortunately, no significant correlation was found with gender (male vs. female:

OR = 1.291, 95%CI: 0.782–2.129, P = 0.318, fixed-effect), multifocality (multifocal vs. unifocal:

OR = 1.109, 95%CI: 0.660–1.861, P = 0.696, fixed-effect), tumor size (>3cm vs.�3cm:

OR = 0.964, 95%CI: 0.519–1.790, P = 0.907, fixed-effect), and tumor stage (Ta,T1 vs. T2-T4:

OR = 0.502, 95%CI: 0.199–1.265, P = 0.144, random-effect).

Publication bias

Egger’s publication bias plot and Bgger’s funnel plot were performed to analyze the publication

bias. Both the two tests indicated there were no publication bias, due to both the values of

P>0.05. And the shape of funnel plots was approximately symmetrical (Fig 4).

Sensitivity analysis

Sensitivity analysis was performed to detect the influence of the individual study on the pooled

results by removing one single study each time from the overall pooled analysis. The results

Table 1. Characteristics of studies included in the meta-analysis.

Study lncRNAs Country Follow-up Cut-off Method Sample Outcome HR(95% CI) HR NOS

(month) size High/Low estimate score

Droop 2017[22] UCA1 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.576(0.367–0.876) Reported 6

Droop 2017[22] Linc-UBC1 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.953(0.619–1.468) Reported 6

Droop 2017[22] TUG1 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.579(0.375–0.895) Reported 6

Droop 2017[22] ncRAN Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.416(0.543–1.287) Reported 6

Droop 2017[22] MALAT1 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.547(0.353–0.848) Reported 6

Droop 2017[22] H19 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.904(0.587–1.390) Reported 6

Droop 2017[22] GAS5 Germany 22.7(0.2–198) Median qRT-PCR 106 OS 0.707(0.459–1.091) Reported 6

Zhang 2016[23] UNMIBC China 36(10–69) FC>1.5 qRT-PCR 75 RFS 2.362(1.504–4.837) Reported 7

Duan 2016[24] MEG3 China 57(4–76) Median qRT-PCR 59 RFS 2.222(1.013–4.878) Reported 6

Duan 2016[24] SNHG16 China 57(4–76) Median qRT-PCR 59 RFS 0.613(0.286–1.312) Reported 6

Duan 2016[24] MALAT1 China 57(4–76) Median qRT-PCR 59 RFS 1.631(0.756–3.521) Reported 6

Iliev 2016[25] TUG1 Czech Republic 30(12–104) ROC qRT-PCR 47 OS 2.54 (1.13–5.74) Reported 8

Zhao 2015[26] SPRY4-IT1 China 60(Total) Median qRT-PCR 68 OS 3.716(2.084–6.719) Reported 7

Martı́nez-Fernández 2015[27] HOTAIR Spain 28(1–36) Median qRT-PCR 64 OS 2.21(1.02–4.81) Survival curve 6

Chen 2015[28] n336928 China 60(Total) Median qRT-PCR 98 OS 2.377(1.007–5.610) Reported 8

Tan 2015[29] TUG1 China 60(Total) NA qRT-PCR 54 OS 2.84(1.21–7.20) Survival curve 6

Fan 2014[30] MALAT1 China 30(Total) Median qRT-PCR 95 OS 1.26(0.68–2.13) Reported 8

FC = fold change; ROC = receiver operating characteristic; OS = overall survival; RFS = recurrence-free survival; HR: hazard ratio; 95% CI: confidence intervals;

UCA1 = urothelial carcinoma associated 1 RNA = ; Linc-UBC1 = Up-regulated in bladder cancer 1; H19 = long noncoding RNA 19; GAS5 = growth arrest-specific 5;

UNMIBC = Up-regulated in MIBC; TUG1 = taurine upregulated gene 1; MEG3 = maternally expressed gene 3; SNHG16 = small nucleolar RNA host gene 16;

Malat1 = metastasis associated lung adenocarcinoma transcript 1; SPRY4-IT1 = SPRY4 intronic transcript 1; HOTAIR = HOX antisense intergenic RNA.

https://doi.org/10.1371/journal.pone.0198602.t001
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verified that no individual study could change the pooled HRs significantly (Fig 5) and demon-

strated that our analysis was relatively stable and credible.

Discussion

Up to now, numerous researches have showed that lncRNAs are involved in various cell bio-

logical processes, including cellular differentiation, gene expression, protein localization, and

DNA damage response. An increasing number of evidence revealed that aberrant expression

of multiple lncRNAs was related to clinical outcomes for cancer patients. In order to find

some prognostic biomarkers for BC, we conducted this comprehensive systematic meta-

Fig 2. Forest plots for the association between lncRNAs expression and OS of BC patients.

https://doi.org/10.1371/journal.pone.0198602.g002

Table 2. Main results of subgroup analyses.

Categories Subgroups n HR (95% CI) P Heterogeneity

I2 (%) Ph
All 13 1.18(0.86–1.63) 0.310 78.40 0.00

Ethnicity Asian 4 2.33(1.35–4.00) 0.002 57.50 0.07

Caucasians 9 0.88(0.68–1.15) 0.358 61.90 0.01

Follow-up � 60 5 2.29(1.50–3.51) <0.001 43.40 0.10

> 60 8 0.81(0.64–1.03) 0.090 51.90 0.06

Expression level Increased in tumors 12 1.26(0.89–1.77) 0.190 78.40 0.00

https://doi.org/10.1371/journal.pone.0198602.t002
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analysis of the current studies. The present meta-analysis is the first to systematically analyze

the association between the expression of lncRNAs and BC prognosis.

In the present meta-analysis, we examined the prognostic role of lncRNAs in BC and the

association between lncRNAs and clinicopathological characteristics. A total of 9 recently pub-

lished articles comprising 13 lncRNAs and 666 BC patients were included into this meta-anal-

ysis. The combined HRs suggested that high lncRNAs transcription levels represent an

independent OS factor among Asian patients with BC and their high expressions were associ-

ated with shorter OS. However, no obvious association was found in Caucasians. Racial classi-

fication and regional factors might be crucial in the prognosis of patients with BC. This might

be related to the variations in life styles, ethnic genetic heterogeneity, etc. When grouped

according to the follow-up period, we found that the association was significant for studies

with follow-up period� 60 months, indicating that the lncRNAs expression might be more

valuable on predicting short-term outcome of BC. In addition, we explored the relation

between lncRNAs expression and clinicopathological characteristics. We found that high

lncRNAs expression was only significantly associated with Histological grade (G2-G3 vs. G1:

OR = 3.857, 95%CI: 1.293–11.502, P = 0.015, random-effect).

Fig 3. Forest plots for the association between lncRNAs expression and RFS of BC patients.

https://doi.org/10.1371/journal.pone.0198602.g003

Table 3. Association between high levels of lncRNAs and clinicopathological characteristics of patients with BC.

Subgroup factor Studies Case number Pooled OR(95% CI) P Heterogeneity References

I2 Ph

Gender

(male vs. female)

4 336 1.291(0.782–2.129) 0.318 24.6 0.264 [23], [26], [28], [30]

Multifocality

(multifocal vs. unifocal)

3 241 1.109(0.660–1.861) 0.696 47.3 0.15 [23], [26], [28]

Tumor size

(>3cm vs. ≦3cm)

2 193 0.964(0.519–1.790) 0.907 0.0 0.494 [28], [30]

Histological grade

(G2-G3 vs. G1)

3 261 3.857(1.293–11.502) 0.015 70.2 0.035 [26], [28], [30]

Tumor stage

(Ta,T1 vs. T2-T4)

2 163 0.502(0.199–1.265) 0.144 50 0.157 [26], [30]

https://doi.org/10.1371/journal.pone.0198602.t003

LncRNAs and prognosis of bladder cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0198602 June 5, 2018 7 / 12

https://doi.org/10.1371/journal.pone.0198602.g003
https://doi.org/10.1371/journal.pone.0198602.t003
https://doi.org/10.1371/journal.pone.0198602


Several researches have showed that the increased expression of 6 lncRNAs (H19[31],

UCA1[32], TUG1 [33], MALAT1 [34], SPRY4-IT1 [35], and HOTAIR [36]) was correlated to

poor prognostic outcome of cancers, those findings in consist with our results. And it has been

Fig 4. Funnel plot of the publication bias. (A) Funnel plot of the publication bias for overall survival. (B) Funnel plot of the publication bias

for recurrence-free survival. (C) Funnel plot of the publication bias for gender. (D) Funnel plot of the publication bias for histological

classifcation; (E) Funnel plot of the publication bias for multifocality.

https://doi.org/10.1371/journal.pone.0198602.g004
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reported that the lncRNAs were aberrantly expressed in a variety of cancers (Table 4), leading

to lack of specific BC-related lncRNA. Therefore, identification of BC related lncRNAs that are

vital in tumorigenesis are promising biomarkers for BC prognosis.

In the present study, lncRNAs(UNMIBC, MEG3, SNHG16, and Malat1) expression were

not significantly associated with RFS. Unexpectedly, previous studies have found that low level

of MEG3 lncRNA expression correlates with poor survival in multiple cancers[37] and patients

with low MEG3 level had shorter recurrence-free survival (RFS) in bladder cancer[24]. Our

meta-analysis has a obvious heterogeneity existed between studies. It is likely that the heteroge-

neity affect the pooled results. The sources of heterogeneity were diverse, such as tumour

stages, molecular subtypes, analysis method and so on. However, due to the limited number of

included articles, meta regression analysis, sensitivity analysis, and assessment of publication

bias were not performed. So the results need to be confirmed by future studies with larger

samples.

It should be stressed that there are several limitations in our meta-analysis. Firstly, we only

included the studies that measured survival outcomes with OS and RFS, and the articles

reporting other prognostic indicators were thus excluded; secondly, the number of studies

Fig 5. Sensitivity analysis of the effect of individual studies on the pooled HRs for lncRNAs expression and OS of

BC patients.

https://doi.org/10.1371/journal.pone.0198602.g005

Table 4. LncRNAs were aberrantly expressed in a variety of cancers.

LncRNAs Cancers

TUG1 NSCLC, BC, ESCC, Osteosarcoma, SCLC, CRC, ccRCC and GC

MEG3 NSCLC, GC, TSCC, NFPAs, HCC, osteosarcoma, PC and GC

MALAT1 NSCLC, HCC, GC, PDAC, CRC, ccRCC, BC, EC, Glioma, GBC, osteosarcoma and breast cancer

SPRY4-IT1 ccRCC, ESCC,BC, GC, glioma melanoma

HOTAIR breast cancer, CRC,laryngeal squamous cell carcinoma, liver cancer, OC

NSCLC = non-small cell lung cancer; HCC = hepatocellular carcinoma; GC = gastric cancer; PDAC = pancreatic

ductal adenocarcinoma; CRC = colorectal cancer; ccRCC = clear cell renal cell carcinoma; ESCC = esophageal

squamous cell carcinoma; EC = esophageal cancer; GBC = gallbladder cancer; BC = bladder cancer; SCLC = small

cell lung cancer; PC = prostate cancer; OC = ovarian cancer; GBC = gallbladder cancer; TSCC = tongue squamous

cell carcinoma; NFPAs = non functioning pituitary adenomas

https://doi.org/10.1371/journal.pone.0198602.t004
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included in our meta-analysis was inadequate and the sample size was limited; thirdly, age is a

very important predictor of OS and RFS in bladder cancer[38]. Because of the included studies

provided insufficient data and grouped according to different criteria, age of the BC patients

could not be considered when evaluating the association of lncRNA expression with overall

survival or clinical characteristics. To reach a definitive conclusion, further well-designed

meta-analysis and high-quality studies are needed to confirm the association between the

expression of lncRNAs and BC prognosis.

Conclusion

In general, our meta-analysis for the first time evaluated the prognostic value of lncRNAs and

the association between lncRNAs and clinical characteristics of patients with BC. Despite the

existence of limitations, the present analysis showed that lncRNAs could be used as potential

prognostic markers for BC and high lncRNAs expression could predict poor prognosis among

Asian BC patients. We also found that lncRNAs could be developed as predictive biomarkers

for Histological grade. However, in view of the limitation of individual studies about lncRNAs,

good quality and large-scale investigations should be still warranted to further validate the clin-

ical utilities of lncRNAs in evaluating BC patients’ prognosis.
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