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Introduction

Bladder cancer is a common malignant tumor of the 
genitourinary system, ranking 11th in incidence among 
malignant tumors (1). Worldwide, about 150,000 people 
die from bladder cancer each year (2). The occurrence of 
bladder cancer is multicentric in nature and has a high rate 
of recurrence after surgery, requiring frequent review and 
long-term follow-up of patients, which is a great burden 
for their families and society (3, 4). Therefore, it is of great 
significance to explore the pathological factors affecting 
the invasion and metastasis of bladder cancer.

LncRNAs are a class of RNA molecules greater than 
200 nt in length that do not encode proteins (5) and can re-
gulate gene expression at different levels, including chro-
matin modification, transcriptional level and post-trans-
criptional level, and are closely related to many human 
diseases, especially tumors (6, 7). Metastasis-associated 
lung adenocarcinoma transcript 1 (LncRNA MALAT1), 
has received increasing attention as a highly conserved 
LncRNA associated with many diseases, especially cancer 
(8). LncRNA MALAT1 is up-regulated in several tumor 
types and is associated with biological properties such as 
tumor cell proliferation, migration, invasion and apoptosis 
(9). Knockdown of the LncRNA MALAT1 gene in blad-
der cancer cells inhibits cell proliferation, invasion, and 
tumor formation (10). Ren et al. (11) showed that LncRNA 
MALAT1 was up-regulated in human bladder cancer tis-
sues and cell lines, and high LncRNA MALAT1 expres-

sion correlated with high Gleason score, PSA, and tumor 
stage. In AR-negative DU 145 and PC 3 cells, knockout of 
lncRNA MALAT1 inhibited cell proliferation and migra-
tion, and promoted cell apoptosis (12). All of the above 
studies suggest that MALAT1 plays a key role in bladder 
cancer progression, reflecting its potential role as a target 
for tumor-targeted therapy.

At present, the related research results of lncRNA 
MALAT1 prediction of bladder cancer patients are in-
consistent, and the sample size is small. Considering the 
heterogeneity and potential value of LncRNA MALAT1 
detection, this study aims to explore the prognostic value 
of LncRNA MALAT1 in patients with bladder cancer.

Materials and Methods

Search Strategy
The search was conducted in Pubmed, Embase, Co-

chrane Library, CNKI (China National Knowledge In-
frastructure) and Web of Science from inception to Sep 
1, 2021. Search published studies on the relationship 
between LncRNA MALAT1 and the prognosis of blad-
der cancer. And the studies are published in English and 
Chinese. The search terms were "LncRNA MALAT1", 
"MALAT1", "bladder cancer", "bladder tumor", "bladder 
neoplasm", "survival", "outcome" "prognosis" and "recur-
rence". The following keywords for the online search in 
these databases were included: ("LncRNA MALAT1" OR 
"MALAT1") AND ("bladder carcinoma" OR "bladder can-
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cer" OR "bladder tumor" OR "bladder neoplasm") AND 
("prognosis" OR "prognostic" OR "survival" OR "out-
come" OR "recurrence”). Two researchers independently 
searched the literature and finally cross-checked to reach 
an agreement.

Inclusion and Exclusion Criteria 
The inclusion criteria were as follows: (i) The subjects 

were bladder cancer patients. (ii) studies with participants 
divided into two groups of high and low lncRNA MALAT1 
level; (iii) articles that explored the association between 
LncRNA MALAT1 expression and of overall survival 
(OS) of bladder cancer; (iv) studies with the inclusion of 
sufficient data such as hazard ratio (HR) and correspon-
ding 95% confidence interval (CI) for the computation of 
pooled HR and 95% CI. 

Exclusion criteria were as follows: (i) reviews, letters, 
case reports, and non-human subject research; (ii) articles 
with missing and ambiguous data; (iii) Newcastle-Ottawa 
Scale (NOS) score less than six. (iv) the follow up less 
than 50 months.

Quality Assessment
The quality of the included study was evaluated accor-

ding to the NOS (13). The study was scored from object 
selection, comparability, outcome and exposure with a 
maximum score of nine points. A score of ≥6 points can 
be regarded as high-quality literature. If there is any di-
sagreement, two researchers would discuss it together, and 
a third researcher would be invited to participate in the 
discussion and achieve the consistency of the result.

Data Extraction 
Two researchers extracted data and evaluated study 

quality independently. The study was strictly screened 
according to inclusion and exclusion criteria. We extracted 
the following information from the original literature: (1) 
basic characteristics: First author, country, year, sample 
size, pathology, follow-up time; (2) the outcome of clini-
copathologic parameters: Number of bladder cancer cases 
in high and low LNCRNA MALAT1 level group based 
on age, lymph node metastasis (LNM), Tumor node me-
tastasis (TNM) stage, and tumor size; (3) the outcome of 
prognosis: HR and its 95%CI. The basic research informa-
tion to be collected directly includes author, country and 
publication time, sample size, cut-of-value and original 
data (hazards ratio and 95% confidence interval). If only 
Kaplan-Meier survival curve data were available for eli-
gible studies, data such as HR and 95% CI were extracted 
from the graphs using the Enguage digitizer software (ver-
sion 4.1) (14).

Statistical Analysis
For the meta-analysis, the pooled HR and OR were 

conducted by software programs Review Manager 5.3 
software (The Cochrane Collaboration, Copenhagen, 
Denmark) and Software for Statistics and Data Science 
(STATA, version 12.0; College Station, TX, USA). If the 
eligible study only provides Kaplan-Meier survival curve 
data, the Enguage digitizer software was used to extract 
survival information such as HR and 95% CI from the 
graph. Heterogeneity among studies was assessed accor-
ding to the size of statistic I2. If I2 ≥ 50%, or P ≤ 0.05, there 
was significant heterogeneity among the included studies, 

and then a random-effects model was used. If I2 < 50%, 

or P ≤0.05, there was no significant heterogeneity existed 
among the pooled data, and a fixed-effects model will be 
selected. When there was significant heterogeneity, we 
performed subgroup analysis to explore the source of hete-
rogeneity. Subgroup analyses of primary outcomes were 
performed according to cut-off value (mean vs. median), 
follow-up time (≥ 80 vs. < 80 mouths) and sample size 
(n ≥ 120 vs. < 120). Pooled odds ratio (OR) and 95% CI 
were used to evaluate the relationship between LNCRNA 
MALAT1 and LNM, TNM stage, and distant metastasis. 
Publication bias was assessed by examining the funnel 
plot of each outcome. Then Egger’s test was used to fur-
ther examine the results, in which the natural logarithmic 
relative risk was plotted with SE. To evaluate the effect of 
individual studies on the estimated hazard ratio, sensitivity 
analysis was performed to re-evaluate the pooled hazard 
ratio by omitting one study at a time. P < 0.05 was consi-
dered statistically significant.

Results

Characteristics of Eligible Studies
A flow diagram of the literature selection was perfor-

med for this study (Figure 1). A total of 112 literatures were 
retrieved according to the retrieval strategy, and 72 litera-
tures were excluded from repeated publications, reviews, 
abstracts, case reports, and non-prognostic and non-mali-
gnant tumor-related literatures. After reading the full text, 
8 articles without relevant indicators of survival outcome 
were excluded, and finally, 7 articles were included (15-
21). The characteristics of the 7 included studies are sum-
marized in Table 1. These included studies were published 
from 2014 to 2020 with the sample size ranging from 60 
to 188. Multivariate analysis was adopted in 6 studies res-
pectively (15-20). The follow-up months ranged from 60 
to 90 months. NOS scores range from a low of 6 to a high 
of 8 (Table 2). 

Association between LncRNA MALAT1 and Prognosis 
of Bladder Cancer Patients

A total of 7 studies with OS as the end-point was in-
cluded, and a total of 822 patients explored the correlation 
between LncRNA MALAT1 level and OS in bladder can-
cer (15-21). Combined HR and 95% of OS compliance 
data were collected from the above-mentioned inclusion 
studies. Using the random-effects model (I2 = 64%, P = 
0.01), the result indicated that high level of LncRNA MA-
LAT1 in bladder cancer patients was related to poor OS 

Figure 1. The flow diagram of this meta-analysis.
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Study Year Country
Cancer 
type

Total
Tumor 
stage

Cut of

MALAT1 expression

Survival 
analysis

Multivariate 
analysis

HR 
statistic

HR 
(95% CI)

Follow-up 
months

NOS
score

High 
expression

High 
with 
LNM

Low
expression

Low 
with 
LNM

Duan 
(15) 

2016 China BC 188 I–IV Median 95 63 93 25 OS rep SC
0.613 (0.284–
1.322)

80 8

Fan 
(16)

2014 China BC 95 I–IV Median 45 20 50 13 OS rep SC
2.99(1.73-
5.16)

90 7

Li 
(17)

2017 China BC 120 I–IV Mean 64 21 56 7 OS rep SC
2.056(1.236-
3.419)

60 7

Liang 
(18)

2021 China BC 90 I–IV Median 79 61 11 2 OS rep SC
3.278 (2.159-
4.976)

60 8

Zhan 
(18)

2018 China BC 60 I–IV Mean 38 19 22 6 OS rep SC
3.627(1.483-
8.872)

80 7

Zhang 
(20)

2016 China BC 120 I–IV Mean 62 22 58 6 OS rep SC
2.342(1.524-
3.601)

60 8

Zhou 
(21)

2020 China BC 149 I–IV Mean 83 72 66 17 OS NA SC
3.317(1.325-
8.313)

80 7

BC: bladder cancer; HR: hazard ratio; LNM: lymph node metastasis; NA: no report; OS: overall survival; Rep: report; RT-qPCR: real-time quantitative polymerase chain reaction; SC: survival curve; NOS: 
Newcastle-Ottawa scale.

Table 1. Characteristics of studies in this meta-analysis.

study

Selection comparability outcome

totalAdequacy of 
case definition

Representativeness 
of the cases

Selection of 
Controls

Definition of 
Controls

Ascertainment of 
exposure

Ascertainment
of detection method

Ascertainment
of cut-off

Assessment
of outcome

Adequate
follow up

Duan 2016 1 1 1 1 1 0 1 1 1 8
Fan 2014 1 1 1 0 0 1 1 1 1 7
Li 2017 1 1 1 0 1 1 1 1 0 7
Liang 2021 1 1 1 1 1 1 1 1 0 8
Zhan 2018 1 1 1 0 1 1 0 1 1 7
Zhang 2016 1 1 1 1 1 1 1 1 0 8
Zhou 2020 1 1 1 1 1 1 0 1 0 7

Table 2. Study quality was assessed according to the Newcastle-Ottawa Scale.
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(Pooled HR = 2.34, 95% CI:1.61-3.38; P<0.001) (Figure 
2). The results showed that LncRNA MALAT1 was rela-
ted to the OS of patients with bladder cancer, and the high 
level of LncRNA MALAT1 was an adverse factor for the 
prognosis of patients with bladder cancer.

Subgroup Analysis
These results confirmed that high expression of LncR-

NA MALAT1 in cancer tissues is a significant biomarker 
of the poor prognosis of patients with bladder cancer. As 
the moderate heterogeneity, we also analyzed the cut-off 
value, follow-up time and sample size by subgroup stra-
tification. After stratification by sample size, we obser-
ved that lncRNA MALAT1 was a prognostic factor in the 
sample size (n < 120) (HR = 3.22, 95% CI: 2.36-4.40, P < 
0.001) with no heterogeneity (I2 = 0.0%, P > 0.1) (Figure 
3A). For the cut-off value to divide the level of LncRNA 
MALAT1, we found that the predictive value was signifi-
cant in the mean groups (HR = 2.44, 95% CI: 1.82-3.26, P 
< 0.001) with no heterogeneity (I2 = 0.0%, P > 0.1) (Figure 
3B). Subsequently, we also found that LncRNA MALAT1 

could act as a prognostic factor in groups with follow-up 
time (< 80 mouths) (HR = 2.57, 95% CI: 1.96-3.37, P < 
0.001) with low heterogeneity (I2 = 10.0%, P > 0.1) (Fi-
gure 3C).

Risk of Bias and Sensitivity Analysis
The result of Egger’ test (Figure 4A) indicated that 

there is no statistical significance in publication bias (P 
= 0.11). With regard to the studies of the relationship 
between LncRNA MALAT1 and OS in bladder cancer 
patients, after excluding all studies, no obvious changes of 
combined HR were found, which indicated that the results 
were relatively stable and reliable. (Figure 4B). 

Association between LncRNA MALAT1 and clinicopa-
thological features in bladder cancer patients

To analyze the association between LncRNA MALAT1 
and clinicopathological characteristics in bladder cancer 
patients, we conducted the pooled results including age, 
lymph node metastasis (LNM), TNM stage, tumor size, 
and distant metastasis (Table 3). The results indicated that 
no significant association was detected between lncRNA 
MALAT1 expression and age (OR = 0.87, 95% CI:0.66-
1.16, P = 0.34) (Figure 5A), gender (OR = 1.00, 95% 
CI:0.75-1.33, P = 0.99) (Figure 5B), TNM stage (OR = 
1.74, 95% CI:0.89-3.40, P = 0.10) (Figure 5D) and tumor 
size (OR = 1.03, 95% CI:0.69-1.55, P = 0.87) (Figure 5E). 
Interestingly, high lncRNA MALAT1 was significantly 
correlated with LNM (OR = 3.49, 95% CI: 2.23–5.48, 
P<0.001) with low heterogeneity (I2 = 5%, P = 0.38 (Fi-
gure 5C).

Figure 2. Meta-analysis of the pooled HRs and OS in bladder cancer 
with the expression level of LncRNA MALAT1.

Figure 3. Subgroup analysis of hazard ratios for the association 
between LncRNA MALAT1 expression and overall survival. (A) 
sample size; (B)cut-off; (C) follow up time.

Figure 4. Risk of bias and sensitivity analysis of the meta-analysis. 
(A)Egger’s test and (B) sensitivity analysis of poor HR for heteroge-
neity analysis.
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Discussion

Recent studies have revealed that lncRNAs are widely 
involved in a variety of biological processes in the human 
body and possess a variety of biological functions, inclu-
ding transcriptional interference, gene splicing, post-trans-
criptional regulation, cell cycle regulation, chromatin mo-
dification, epigenetic modifications and immune response 
(22). Studies have shown that LncRNA MALAT1 plays 
an important role in the occurrence and development of 
tumors (23). In our study, a meta-analysis was performed 
on the relationship between LncRNA MALAT1 and the 

prognosis of patients with bladder cancer.
This meta-analysis synthesized 7 included articles on 

the association between LncRNA MALAT1 and OS of 
bladder cancer patients. The results of our study show that 
bladder cancer patients with high lncRNA MALAT1 have 
a higher proportion of tumor node metastasis, distant me-
tastasis, and lymph node metastasis than those with low 
lncRNA MALAT1 (P < 0.05). The OS of bladder cancer 
patients with high lncRNA MALAT1 was shorter than the 
patients with low lncRNA MALAT1 (HR = 2.34, 95% 
CI:1.61-3.38; P<0.001), which is consistent with previous 
studies (24). Compared with previous meta-analyses, this 
study retrieved more comprehensive literature with a lar-
ger sample size. Publication bias has a great influence on 
the reliability and authenticity of meta-analysis results, 
which often leads to overestimation of the comprehensive 
effect of the analysis. The linear regression model (Egger's 
test) is used to test the symmetry of the inverted funnel 
chart. If the P-value corresponding to the test statistic t 
is greater than 0.1, it can be inferred that the funnel chart 
is symmetrical, otherwise, it is asymmetrical. If the fun-
nel chart is symmetrical, it means that there is no publi-
cation bias in the studies included in the meta-analysis, 
at least the potential bias has no substantial influence on 
the final result. Therefore, according to Egger's test of this 
Meta-analysis (Figure 4), it can be inferred that the result 
of this research is credible and reliable. Obviously, it is 
meaningful to determine the reasons for the inconsisten-
cy of research results. The quality heterogeneity between 
different studies may also be an important reason for the 
heterogeneity.

The downregulation of LncRNA MALAT1 resulted 
in decreased levels of epithelial-mesenchymal transition 
(EMT)-associated ZEB1, ZEB2, and Slug (25). Besides, 
lncRNA MALAT1 can promote EMT through the Wnt 
signaling pathway in vitro and enhance the invasion and 
metastasis of bladder cancer cells, therefore, inhibition 
of lncRNA MALAT1 can provide ideas for the treatment 
of bladder cancer. (26). Moreover, LncRNA MALAT1 is 
associated with bladder cancer cell invasion, migration, 
cell cycle, apoptosis and other properties. For example, 
M2 macrophages, as one of the major immune cells in 
the tumor microenvironment, increase the prolifera-
tion, migration, and invasion of bladder cancer cells. M2 
macrophages trigger LncRNA MALAT1 overexpression 

Stratified analysis
No. of 
studies

No. of 
patients

Pooled HR/OR 
(95% CI)

p-value

Heterogeneity

I2, % p-value Model

OS
Overall 7 822 2.34 (1.61, 3.38) <0.001 64 0.01 Random effects
Clinicopathological features
Age(≥60 vs. <60) 7 822 1.15 (0.87, 1.53) 0.33 0 0.71 Fixed effects
Gender(male vs. female) 7 822 1.0 (0.75, 1.33) 0.99 0 0.99 Fixed effects
LNM (Yes vs. No) 5 485 3.49 (2.23, 5.48) <0.001 5 0.38 Fixed effects
TNM stage (III-IV vs. I-II) 5 485 1.74 (0.89, 3.40) 0.10 63 0.03 Random effects
Tumor size (≥3 cm vs. <3 cm) 4 425 1.03 (0.69, 1.55) 0.87 0 0.47 Fixed effects

Table 3. Results of association between LncRNA MALAT1 and characteristics of patients with bladder cancer.

CI: confidence interval; HR: hazard ratio; OR: odds ratio; LNM: lymph node metastasis; OS: overall survival; TNM: tumor node metastasis; vs: 
versus.

Figure 5. Meta-analysis of the clinicopathologic features in bladder 
cancer with the expression level of LncRNA MALAT1. (A) Age (≥ 60 
vs. < 60); (B) Gender; (C) LNM (Yes vs. No); (D) TNM stage (III-IV 
vs. I-II); (E) Tumor size (≥ 3 cm vs.< 3 cm).
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in an IL-8/STAT3-dependent manner, thereby promoting 
the development of bladder cancer (27). Down-regulation 
of LncRNA MALAT1 could inhibit the proliferation and 
invasion of bladder cancer cells by attenuating autopha-
gy via the regulation of the AMPK/mTOR pathway (28). 
Therefore, exploring the effect of LncRNA MALAT1 on 
bladder cancer progression and related mechanisms is 
essential to better understand the pathogenesis of bladder 
cancer and to find new therapeutic targets.

However, the results of this study should be interpre-
ted carefully. In the current research, there are still several 
limiting factors that must be considered. First, the cut-off 
value of LncRNA MALAT1 in this study is inconsistent 
among the studies, which may be the introduction of selec-
tion bias in the meta-analysis. Second, the bladder can-
cer patients involved in the study may receive different 
treatments, which may have an impact on survival rates. 
Third, patients included in the studies received follow-ups 
at different periods, which may have some influence on 
survival data. Finally, an international multicenter study 
with a larger sample size is needed to further confirm this 
in the future.

In conclusion, this study showed that in bladder cancer 
patients, the increase in lncRNA MALAT1 is related to a 
poor prognosis and higher lymph node metastasis. As a 
clinically accessible index, lncRNA MALAT1 should be 
identified as a biomarker with potential prognostic value 
in bladder cancer.
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