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Background: MALAT-1 is a highly conserved nuclear long non-coding RNA (IncRNA). The overexpression of MALAT-1 has been
reported in several types of cancers. This meta-analysis was conducted to further investigate its potential role
as a prognostic indicator in various cancers.

Material/Methods: The meta-analysis was performed by use of systematic search terms in 13 databases for qualified papers on
prognosis in cancer from inception to June 30, 2015. The combined hazard ratios (HRs) with 95% confidence
interval (95% Cl) were computed to demonstrate the effect of MALAT-1 on prognosis of cancers.

Results: A total of 590 papers were initially identified, and 17 studies were finally included in this paper. Meta-analysis
was accomplished with a total of 1626 patients. Combined HRs and 95% Cl were calculated by fixed-effects or
random-effects models. The quality assessment of included studies was performed by the Newcastle-Ottawa
scale (NOS). High expression of MALAT-1 was found to be an indicator of poor prognosis in overall survival
(0S) (HR=1.84, 95% Cl: 1.27-2.67) and disease-free survival (DFS) (HR=2.37, 95% Cl: 1.55-3.62). In subgroups,
the associations between MALAT-1 and survival were also apparent, for instance, in country subgroup: China
(HR=1.85, 95% Cl: 1.14-2.99).

Conclusions: The overexpression of MALAT-1 may be a potential prognostic indicator for various human cancers.
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Background

With incidence of all types of cancers on the rise, cancer is
now the second leading cause of death worldwide [1]. As re-
ported, although incidence rates of all cancers are almost 2
times higher in developed countries than in non-developed
ones, mortality rates in developed countries are only 8% to
15% higher [2]. It is suggested that this difference in cancers
is affected by detection methods and the availability of dis-
tinct therapeutic strategies.

Recent studies have shown that long non-coding RNAs (In-
cRNAs) greater than 200nt play important physiologic roles in
cancers and normal tissue development [3]. Some IncRNAs have
emerged as new members in cancer research and function as
tumor suppressor genes, oncogenes, or both [4]. A nuclear In-
cRNA, metastasis-associated lung adenocarcinoma transcript
1 (MALAT-1), also referred to as nuclear-enriched abundant
transcript 2 (NEAT2), mascRNA, HCN, PRO2853, LINCO0047, or
NCRNA00047, encoded on chromosome 11q13, has recently
emerged as a new focus in cancer research [5,6]. Several stud-
ies have shown that MALAT-1 is involved in cell cycle progres-
sion and tumorigenesis with a pro-proliferative function in reg-
ulating E2R1 and p53 [7,8]. The overexpression of MALAT-1 has
been confirmed in several types of solid tumors, including glio-
ma, lung, colorectal, bladder, laryngeal, pancreatic, gastric can-
cer, hepatocellular carcinoma, and multiple myeloma [9-17].
However, the effect of MALAT-1 on the outcome of cancer pa-
tients has been controversial, and no meta-analysis has been
conducted on the correlation of MALAT-1 with the survival of
cancer patients. Thus, the present meta-analysis is the first
to evaluate the association between MALAT-1 expression and
prognosis of all well-studied cancers.

Material and Methods

Literature search strategy

Studies in English were searched in PubMed, Web of Science,
EMBASE, Science Direct, Wiley Online Library, Ovid, Cochrane
Central Register of Controlled Trials, LILACS, and Google
Scholar. Studies in Chinese were identified through CNKI,
WanFang, ChongQing VIP, and China Biology Medicine disc. The
search strategy was (“MALAT-1” or “MALAT-1” or “Metastasis-
associated lung adenocarcinoma transcript” or “Nuclear-
Enriched Abundant Transcript 2” or “NEAT2” or “mascRNA”
or “HCN” or “PR0O2853” or “LINCO0047” or “NCRNA00047")
and (“prognos*” or “surviv*” or “follow-up” or “mortality” or
“predict” or “outcome”). References of retrieved papers and
reviews, as well as conference reports, were also read to iden-
tify additional relevant studies. The last update of searching
time was June 30, 2015.
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Selection criteria

Titles and abstracts of studies were checked first by 4 authors
(Ruixue Tang, Mengtong Jiang, Lu Liang, and Dandan Xiong), and
a study was extracted if it tested the expression of MALAT-1
in cancer tissues and analyzed the relationship between the
MALAT-1 expression and survival of patients. After the dupli-
cates were removed and the titles and abstracts were checked,
eligible papers were analyzed with full-text if they met the fol-
lowing inclusion criteria: (1) The expression level of MALAT-1
was examined in cancer tissues; (2) MALAT-1 expression lev-
el was comparatively analyzed with patient survival time; (3)
Studies were written in English or Chinese; (4) HR for surviv-
al time was reported or could be calculated from the reported
data; and (5) The detection methods of MALAT-1 were restrict-
ed to reverse transcription quantitative real-time polymerase
chain reaction (RT-gPCR) and fluorescence in-situ hybridization
(FISH). Papers not fitting the above inclusion criteria, reviews,
animal studies, or case report were excluded. If research on
the same cohort was published in more than 1 study, only the
most recent was selected. Differences among authors were re-
solved by deliberation with a fifth investigator (Gang Chen).

Data extraction

Data extraction from eligible studies was performed indepen-
dently by 4 authors (Ruixue Tang, Mengtong Jiang, Lu Liang,
and Dandan Xiong). The following data were extracted from
eligible studies: first author’s name; study publication year;
regions of study; language of study; sample size; cancer type;
follow-up time; method of MALAT-1 testing; percentage of
MALAT-1-positive cases; survival results (overall survival [0S],
disease-free survival [DFS], progression-free survival [PFS]),
cut-off value, HR, and 95% Cl. The cut-off value depended on
MALAT-1/GAPDH ratio or median/mean value of MALAT-1 lev-
els, which was determined by authors of the original study.
Differences of opinion were discussed with a fifth investiga-
tor (Gang Chen) in conference.

Quality assessment

The quality of eligible papers was assessed by Newcastle—
Ottawa quality assessment scale (NOS). Assessed items includ-
ed selection, outcome and comparability, with a score range
of 0-9. Four reviewers (Ruixue Tang, Mengtong Jiang, Lu Liang,
and Dandan Xiong) evaluated each paper independently and
then compared the results. Disagreements about quality were
resolved with a fifth investigator (Yiwu Dang) via discussion.

Statistical analysis

HR and its 95% Cl were used to indicate the effect of MALAT-1
expression on the survival of cancer patients. HR and its 95%
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Figure 1. The flow diagram of the meta-analysis.

181 articles in English identified through
Pubmed, Web of science, EMBASE,

Science Direct, Wiley Online Library,
Cochrane Central Register of Controlled Trials.
408 articles in Chinese identified through
CNKI, VIP, WanFang and China Biology
Medicine disc

2 unpublished
articles data from
our group

Articles after duplicates removed Duplicated articles
(385 in Chinese, 168 in English, 2 from our group) (n=6)

|

Articles screened by titles and abstracts Not relevant articles
(5in Chinese, 15 in English, 2 from our group) (n=534)

Articles assessed by full-text for eligible Unavailable
(11in Chinese, 14 in English, 2 from our group) (n=534)

)

Eligible articles for meta-analysis
(11in Chinese, 14 in English, 2 from our group)

Cl were extracted directly if they were reported in a study, and
if not, they were calculated with available data, such as the
exact patient numbers and Kaplan-Meier (K-M) curve by the
method from Parmar et al. [18]. An HR>1 implied that MALAT-1
had a negative effect on survival outcome and a 95% Cl of
HR not overlapping 1 was considered statistically significant.

Statistical heterogeneity among the studies was tested by in-
consistency (1?) and Q test (chi-squared test; x?). If heteroge-
neity was significant (Q test p<0.05, 1>50%), the random-ef-
fects model was used to estimate the pooled HR, and if not,
the fixed-effects model was used.

Publication bias was tested with Begg’s and Egger’s tests [19,20].
STATA 12.0 (STATA Corp., College Station, TX) was used to per-
form statistical analysis. All p values were 2-sided, and p<0.05
was considered as statistically significant.

Results

Characteristics of Included Studies

As shown in the flow diagram (Figure 1), 590 studies were
found in 13 databases, including PubMed, Web of Science,
EMBASE, Science Direct, Wiley Online Library, Ovid, Cochrane
Central Register of Controlled Trials, LILACS and Google Scholar,
CNKI, WanFang, ChongQing VIP, and China Biology Medicine
disc. Thirty-six duplicated papers were removed. After the ti-
tles and abstracts were reviewed, 534 irrelevant articles were
excluded. Then, after a more cautious consideration with full

texts, 5 ineligible papers were eliminated due to the differ-
ent methods of expression detection (only RT-qPCR and FISH
were allowed), insufficient survival data, or language other
than English and Chinese. Thus, 15 eligible studies remained.
Additionally, 2 qualified research datasets from our own group
were accepted into the analysis, which were named as Al and
A2. Finally, 17 studies [9,10,14-17,21-29] were included in the
present meta-analysis. The principle characteristics of included
studies are displayed in Table 1 and details about NOS score
of eligible studies are shown in Table 2.

In this meta-analysis, all essential data were collected from
the 17 studies, including a total sample of 1626 patients
from China (13), Germany (2), and Japan (2). Thirteen studies
were published in English, and 1 was in Chinese. The 2 da-
tasets (A1 and A2) were on file from our research group. All
of the studies involved the prognostic value of MALAT-1 on
survival with 10 classes of cancer: non-small cell lung can-
cer (NSCLC) (5) [10,25,27,28], clear cell renal cell carcinoma
(CCRCQ) (2) [14,22], hepatocellular carcinoma (HCC) (2) [16],
pancreatic cancer (PC) (2) [9,23], gastric cancer (GC) (1) [15],
colorectal cancer (CC) (1) [26], bladder cancer (BC) (1) [21], mul-
tiple myeloma (MM) (1) [17], glioma (1) [24], and osteosarco-
ma (1) [29]. RT-qPCR or FISH was applied for MALAT-1 level
evaluation in various tissue samples. Among the 17 studies,
9 directly reported HRs, 5 showed the survival curves, and 3
(Dong et al. [29] and A1 and A2) were calculated from original
data. For prognostic indicators (OS, DFS, PFS), 1 [26] provided
0S and DFS, and 1 [17] had OS and PFS. The other 15 studies
only showed single indicators (OS or DFS or PFS).
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Table 1. Characteristics of patients in different studies.

META-ANALYSIS

Sample Cancer TNM stage Follow-up  Cutoff Variance HR Quality
Author Year Country . . A Outcomes R
size type (I/tvs. M/IV)  (mon)  (high/low) Analysis statistics score
. 47 - .
Hirata 2015 Japan 50 CCRCC NR (total) NR RT-gPCR  Multivariate 0sS Survival curve 6
Zhang 2014  China 106 CCRCC 62/55 NR 46/60 RT-gPCR Univariate oS Reported 6
Shen 2014 China 78 NSCLC NR NR 24/54 RT-gPCR Univariate DFS Survival curve 6
Ji 2003 Germany 70 NSCLC NR NR 28/22 RT-gPCR Univariate oS Survival curve 6
. 56 -
Schmidt 2011 Germany 222 NSCLC 184/38 (total) 83/139  RT-gPCR Univariate oS Reported 6
ota
. 80 Multivariate
Mu 2013  China 76 NSCLC 29/15 32/44 RT-PCR . oS Reported 5
(total) analysis
, 60 _
Pang 2014  China 126 PC 41/85 (total) 63/63 RT-gPCR Univariate oS Reported 7
ota
. . 47 -
Liu 2014  China 45 PC 24/21 (total) 26/19 RT-gPCR  Multivariate DFS Reported 7
ota
. X 18.6 L.
Lai 2012  China 60 HCC NR . 33/27 RT-gPCR  Multivariate 0sS Reported 6
(median)
Fan 2014  China 95 BC NR NR 45/50 RT-gPCR  Multivariate oS Survival curve 6
79 -
Okugawa 2014 Japan 150 GC 48/102 (total 88/62 RT-gPCR Univariate 0S Reported 6
. 56.2 o
Zheng 2014 China 146 cc 23/91 . 73/73 RT-gPCR  Multivariate  OS DFS Reported 6
(median)
Ma 2014  China 118 Glioma NR NR NR RT-gPCR Univariate oS Reported 6
. 48 - .
Cho 2014  China 45 MM 17/19 (total) 20/16 RT-gPCR  Multivariate ~ OS PFS  Survival curve 7
i Osteosar- 60 A .
Dong 2014 China 19 NR 14/5 RT-gPCR Univariate oS Data in paper 6
coma (total)
) 13 o -
Al 2015  China 125 NSCLC 54/71 Rk 66/59 RT-gPCR Univariate 0s Original data
(median)
i 32.8 L. .
A2 2015 China 95 HCC 22/73 . 52/43 RT-gPCR Univariate PFS Original data
(median)

Meta-analysis between MALAT-1 and survival in 10
malignancies

Based on different prognostic indicators, all the studies were
divided into 3 groups to avoid data reuse: OS (14) [9,10,15-17,
21,22,24,26-29], DFS (3) [23,25,26], and PFS group (2) [17].

In the OS group, 14 studies including 1378 cases assessed the
effect of up-expression of MALAT-1 on OS (HR=1.84, 95% Cl:
1.27-2.67; random-effects model), suggesting that high ex-
pression of MALAT-1 was a predicator of poor prognosis among
the included cancers. Due to the existence of heterogeneity
(12=80.3%, p<0.001), subgroups were analyzed based on coun-
try, type of cancer, sample number, and analysis methods with
the random-effects model. A significant relationship was ob-
served between overexpressed MALAT-1 and poor OS in the

studies in Germany (HR=1.75, 95% Cl: 1.08-2.82) and China
(HR=1.85, 95% Cl: 1.14-2.99), but not in Japan (HR=2.34, 95%
Cl: 0.49-11.22). In addition, the heterogeneity only presented
in the subgroup of China (12=85%, p<0.001). In various types
of cancers, the relevance between MALAT-1 and poor OS was
only found in CCRCC (HR=3.76, 95% Cl: 1.84-7.67), and there
was no heterogeneity (12=0%, p=0.466). With 100 patients
as a threshold, the sample size was divided into 2 catego-
ries. The negative effect of overexpressed MALAT-1 in predict-
ing poor prognosis was shown in studies with larger patient
sample sizes (HR=2.38, 95% Cl: 1.81-3.13) with no heteroge-
neity (?=31.4%, p=0.200). In different analysis methods, the
association of MALAT-1 with OS was found in univariate anal-
ysis (HR=1.78, 95% Cl: 1.16-2.73), and heterogeneity existed
(12=83.6%, p<0.001) (Table 3).
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Table 2. Details about NOS score of eligible studies.

NOS
author

Hirata Zhang Shen

Schmidt Mu Pang liu Lai Fan Okugawa Zheng Ma Cho

Is the case definition

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
adequate?
Representativeness 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
of the cases
Selection of controls 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Definition of controls 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Comparability of
cases and controls

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
on the basis of the
design or analysis
Ascertainment of 1 1 1 1 1 _ 5 5 1 1 1 1 1 ) 1
exposure
Non-response rate - - - - - - - - - - - - - - -
Total score 6 6 6 6 6 5 7 7 6 6 6 6 6 7 6

Table 3. Meta-analysis results of subgroups in the OS group.

Heterogeneity

Subgroup

No. of study

Multivariate 6

2.13 (0.83-5.44)

CCRCC - clear cell renal cell carcinoma; NSCLC — non-small cell lung cancer.

In the other 2 groups with DFS or PFS information, high level of
MALAT-1 was observed to be a negative factor for DFS (HR=2.37,
95% Cl: 1.55-3.62) with no heterogeneity (12=0%, p=0.552, fixed-
effects model) (Figure 2A), but not for PFS (HR=1.09, 95% Cl:
0.57-2.06, fixed-effects model) (Figure 2B). Due to the limit-
ed number of studies, subgroup analysis for DFS and PFS were
not performed.

Sensitivity analysis

Sensitivity analyses demonstrated that the studies by Mu et
al. [28] and Al were the top 2 with heterogeneity in the 0S

group, and their removal changed the results into more sig-
nificant ones with no heterogeneity, such as for OS (HR=2.33,
95% Cl: 1.79-3.04; 12=27.1%, p=0.178), country subgroup (China)
(HR=2.73,95% Cl: 2.01-3.69; 1>=18.3%, p=0.285), cancer sub-
group (NSCLC) (HR=1.75, 95% Cl: 1.08-2.82; 1>=0%, p=0.779),
smaller patient sample size (HR=1.88, 95% Cl: 0.85-4.14;
12=35.4%, p=0.171), and analysis method subgroup (multivar-
iate) (HR=3.34, 95% Cl: 2.01-5.55; 12=0%, p=0.787).
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A Study of DFS D HROS% Q) %weight Figure 2. Meta-analy5|s of comblned.HRs with
- increased MALAT-1 expression. (A) The
i combined HRs by factor of DFS. (B)
Shenetal. (2014) T 1.73(0.65,4.66)  18.79 The combined HRs by factor of PFS.
Liuetal. (2014) —'—i_ 1.80(1.18,7.75)  20.41
Zhang etal. (2014) —— 2.86(1.86,4.94)  60.80

Overall (I-squared=0.0%, p=0.552) <> 2.37(1.56,3.62) 100.00

T T
129 1.75

Study of PPSID HR (95% () % weight

Choetal. (2014)

2.06(0.22,20.56)  7.92
A2(2015) 1.03(0.53,2.00) 92.06

Overall (I-squared=0.0%, p=0.566) 1.09(1.57,2.06) 100.00

487 20.6

Egger’s test, t=—0.21, p=0.840; Figure 3). Due to the small

4 Begg's funnel plot with pseudo 95% confidence limits number of studies, publication bias was not analyzed in the
DFS and PFS groups.
2 . .
_ . Discussion
- % . MALAT-1 was dysregulated in several tumors. However, to the
07 e best of our knowledge, no meta-analysis has been performed to
° . evaluate MALAT-1 expression level as a prognostic indicator in
published studies. Thus, we performed the first meta-analysis
-2 to explore the prognostic values of MALAT-1 in various tumors.
T T T T
0 5 15

S.e. of: [hr] ! ’ It is well known that invasion/metastasis of solid tumors is
one of main causes of death for patients, which is an extreme-

Figure 3. Begg’s funnel plot for the evaluation of potential
publication bias for OS estimation.

Bias assessment

The Begg’s funnel plot and the Egger’s test were performed to
assess publication bias. In the OS group, neither Begg’s fun-
nel plot nor Egger’s test displayed obvious publication bias
for the HR evaluations of OS (Begg's test, Z=0.31, p=0.760;

This work is licensed under a Creative Commons
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ly complex process. Previously, some studies on aberrant ex-
pression of MALAT-1 of cancers have been published, reveal-
ing that the overexpressed MALAT-1 can promote cancer cell
proliferation and migration, which suggests its important role
in malignant tumor development [30]. Thus, it is important to
find specific and sensitive biomarkers for early tumor prog-
nostic prediction, for example: MALAT-1.
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In hepatocellular carcinoma (HCC) [16] and multiple myelo-
ma [17], MALAT1 is an independent prognostic factor for pre-
dicting disease progression. In CCRCC [22], it was reported
that MALAT1 silencing decreased cell proliferation and inva-
sion, and increased apoptosis of cancer cells. Similarly, cell
proliferation and invasion were inhibited and metastasis was
suppressed when MALAT-1was knocked down in osteosarco-
ma [29]. Based on these studies, MALAT1 may be a predicting
factor for prognosis in general.

In the present meta-analysis, 17 studies comprising 1626 pa-
tients were screened by a series of selection criteria concerned
with survival on the 10 classes of malignancies. The results
demonstrated that overexpression of MALAT-1 was concerned
with poorer survival in reported cancers. As aforementioned,
studies were classified into 3 groups (OS group, DFS group,
and PFS group) to avoid reusing data.

In the OS group, the combined HR was 1.84 (95% Cl: 1.27-2.67).
Among the subgroups, the followed results confirmed the sig-
nificant negative role of overexpressed MALAT-1 on OS: coun-
try (Germany and China), type of cancer (CCRCC), sample size
(>100 cases), and analysis method (univariate). On the con-
trary, there was no significant effect of MALAT-1 on OS in Japan,
smaller sample size (<100 cases), or multivariate analyses. The
statistical results revealed that the outcomes of MALAT-1 on
cancer development might to some extent be influenced by
racial or environmental factors. After the sensitivity analysis, 2
main sources of heterogeneity were found: Mu et al. [28] and
Al. The existing heterogeneity might be related to the sam-
ple size and sample selection of these 2 studies. Additionally,
MALAT-1 showed an obvious impact on poor OS, except in
NSCLC. In 5 NSCLC studies, Mu et al. [28] reported that MALAT-1
was downregulated in tumor cells, and MALAT-1 was consid-
ered as a tumor suppressor. However, the other 4 studies re-
garded MALAT-1 as a tumor-promoting indicator. Due to the
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existence of different conclusions, we analyzed the data as
comprehensively as possible in this meta-analysis.

Moreover, the overexpression of MALAT-1 was also highly as-
sociated with shorter survival in DFS. According to the results,
MALAT1 can affect the progression and prognosis of different
tumors in a variety of subgroups; however, the mechanisms
remain unclear.

As a meta-analysis, the present study was limited in sever-
al aspects that should be further discussed. Firstly, potential
biases might exist if negative results papers were less fre-
quently published. Secondly, as studies included were pub-
lished in Chinese and English only, the bias of selection and
language might exist. Thirdly, the inaccuracy might add the
potential bias when calculating HRs from the survival curves.
Finally, the number of included studies and the total sample
size were relatively small and 10 cancers cannot represent all
types of malignancies. Therefore, our conclusions should be
interpreted with caution.

Conclusions

In summary, despite of the limitations mentioned above, this
meta-analysis for the first time demonstrates that overex-
pression of MALAT-1 is related with poor prognosis in malig-
nant tumors. The expression of MALAT-1 might be a prognos-
tic factor for the aforementioned cancers, especially NSCLC.
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