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Abstract

Background: MALAT-1 is significantly overexpressed in various cancers, suggesting that it might
be a potential biomarker of cancer.

Methods: A meta-analysis was performed using microarray data obtained via the Affymetrix
Human Genome U133 Plus 2.0 platform found in the Gene Expression Omnibus (GEO) database
and data obtained through a systematic search of PubMed and Web of Science. The pooled odds
ratio (OR) and hazard ratio (HR) with 95% CI (Confidence interval) were used to judge the value
of biomarkers.

Results: A total of 28 studies were included in this meta-analysis, comprising a total of 3573
patients. MALAT-1 was significantly linked with over survival (OS) (HR=1.58, 95%ClI: 1.12-2.23),
recurrence-free survival (RFS) (HR=2.32, 95% CI: 1.68-3.19) and death-free survival (DFS)
(HR=3.28, 95% Cl: 1.52-7.09). We found that MALAT-1 was a risk factor in the prognoses of lung
cancer (HR=1.54, 95%Cl: 1.01-2.34), digestive system cancer (HR=2.16, 95% ClI: 1.34-3.48) and
ovarian cancer (HR=3.98, 95% CI: 1.54-10.25). In contrast, MALAT-1 was a safe factor in the
prognosis of B cell lineage cancer (HR=0.45, 95% CI: 0.33-0.61). MALAT-1 was also a risk factor of
RFS in breast cancer (HR=1.97, 95% CI: 1.25-3.09) and the TNM stage in pancreatic cancer
(OR=3.65, 95% ClI: 1.86-7.18) and glioma (OR=4.30, 95% CI: 1.90-9.73) and was a safe factor in
colorectal cancer (OR=0.17, 95% ClI: 0.08-0.35). MALAT-1 was significantly associated with lymph
node metastasis in clear cell carcinoma (OR=5.04, 95% CI: 2.36-10.78) and distant metastasis in
pancreatic cancer (OR=11.64, 95% Cl: 2.13-63.78).

Conclusions: MALAT-I can serve as a molecular marker in different types of cancers.

Key words: Long noncoding RNA; Cancer; MALAT-1; Meta-analysis; prognosis.

Introduction

Malignant tumors are harmful to human health
and have become a leading cause of mortality
worldwide. According to the "global cancer report
2012" released by the World Health Organization

(WHO), the global incidence of cancer is rapidly
increasing [1]. Early diagnosis and treatment are
critical for the research and clinical treatment of
tumors. Furthermore, tumor molecular markers are of
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great practical value in tumor screening, diagnosis,
prognosis, and evaluation of treatment efficacy, as
well as for the follow-up study of high-risk
populations [2]. Thus, identifying tumor molecular
markers for early diagnosis and prognosis has long
been a topic of research.

Long noncoding RNA (IncRNA) is a type of
noncoding RNA greater than 200 nucleotides in
length [3]. In recent years, IncRNA has been shown to
play an important regulatory role in chromatin
modification, X chromosome inactivation and
transcription, translation, genetic imprinting, dosage
compensation, and the regulation of protein activity
and RNA alternative splicing [4-11]. Furthermore,
IncRNA has important potential applications in the
diagnosis and treatment of malignant tumors [12-16].
Recent studies have shown that a variety of IncRNAs
can be used as tumor markers [8-12].

MALAT-1  (metastasis  associated  lung
adenocarcinoma transcript 1) is significantly
overexpressed in many types of cancer [20-24] and has
been shown to promote tumor cell proliferation,
invasion and metastasis through polycomb 2 (Pc2)
[25], the Wnt pathway [26], the ERK/MAPK pathway
[27] and the SFPQ/PTBP2 complex [28], which is
involved in tumor development. Thus, high levels of
MALAT-1 expression may be related to tumor
prognosis. However, most studies of MALAT-1 are
limited by their small sample size. The GEO database
includes a massive amount of gene chip data that
profiles gene expression in many tumor types; in
these datasets, MALAT-1 gene expression has been
measured. To determine the value of MALAT-1 as a
prognostic molecular marker, we systematically
reviewed expression data and performed a
quantitative meta-analysis using gene chip data from
the GEO database combined with published
literature.

Materials and Methods
Study strategy

To identify relevant studies for this review, we
obtained microarray data based on the Affymetrix
Human Genome U133 Plus 2.0 platform from the
GEO database. We also retrieved all relevant
published literature from Pubmed and Web of
Science. The literature search was limited to the
English language and ended in July, 2015. To increase
the sensitivity of the search, both mesh-terms and free

words were used. The search terms included
"MALAT-1"; "metastasis-associated lung
adenocarcinoma transcript 1"; '"long intergenic

noncoding RNA" or "IncRNA" or "noncoding RNA";
"cancer" or ‘'carcinoma' or ‘"neoplasm"; and

"prognosis" or "survival".

Study selection

All five authors (Zhang, Li, Pan, Kuang and Xue)
independently selected all eligible articles after
reading. The eligible studies met the following
criteria: any type of human cancer was involved;
MALAT 1-expression in human tissue was measured
and analyzed; the relationship between MALAT-1
expression and overall survival (OS), the relationship
between MALAT-1 expression and recurrence free
survival (RFS), or the relationship between MALAT-1
expression and disease-free survival (DFS) was
identified; and the survival curve or sufficient
relevant data were provided to obtain hazard ratios
(HR) for survival rates and their 95% confidence
intervals.

Studies were excluded if they met the following
criteria: they were letters, case reports, reviews, or
conference reports; the required data could not be
extracted or calculated from the original article; the
article was not found in full or had been published
repeatedly. When the same data subsets were
published in more than one article, only the latest
publication was included. Controversies regarding
study selection were resolved via discussion with
another writer (Wang).

Data extraction

Data extraction was repeated independently by
each of the six investigators, and a consensus was
reached for each data set. For the 18 Affymetrix
Human Genome U133 Plus 2.0 platform microarray
datasets available in the GEO database that included
MALAT-1 expression and related survival data,
patient data such as OS, RFS, lymph node metastasis,
TNM stage, survival outcome, and MALAT-1
expression value were extracted. For each article
obtained from Pubmed and Web of Science, the
following items were extracted: author; publication
date; tumor type; country of the study population;
sample size;, MALAT-1 expression; cut-off value;
length of follow-up; survival analysis methodology;
OS, DFS, RFS, HR values and confidence intervals;
and patient data such as lymphatic metastasis, TNM
staging and distant metastasis. According to the
requirements of our meta-analysis, a database was
established after the selected data were arranged and
verified, and the InHR and SelnHR were presented as
combined indexes. If the articles only provided
survival curves without offering HR and Se (Standard
Error) directly, appropriate data were extracted from
the survival curves using Engauge Digitizer 4.1
software and the InHR and SelnHR were calculated
according to Tierney et al [29].
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Table 1. Characteristics of articles included in the meta-analysis

Study Year Region  Tumor type Sample Clinical stage of Test methods Elevated Outcome Survival analysis Method* Quality
size tumor of MALAT-1 MALAT-1 measures score
expression
Jietal 2003 Germany LungCancer 225 Stage I, Il and qRT-PCR Significantly higher =~ OS No 1 25.0
A (P=0.03)
Schmidtet 2011 Germany LungCancer 352 Stage I-11I qRT-PCR Significantly higher (P OS Univariate analysis and 2 28.5
al. <0.05) multivariate analysis
Laietal. 2012  China Hepatocellular 164 None qRT-PCR Up-regulation of RFS Univariate analysis and 2 345
Carcinoma MALAT-1 was multivariate analysis
observed in 38 (73.1%)
cases (P =0.012)
Choetal. 2014 China Multiple 144 International qRT-PCR Significantly os No 1 33.5
Myeloma staging system higher(p<0.001)
stage 1-3
Zhengetal. 2014 China Colorectal 169 Stage II-1II, qRT-PCR 2.26 times higher OSDFS  Univariate analysis and 2 33.5
Cancer NO0-N2, T2-T4 multivariate analysis
Liuetal. 2014 China Pancreatic 70 TNM: T1-T4 qRT-PCR Significantly higher ~ OS Univariate analysis and 2 36.0
Cancer (P=0.009) multivariate analysis
Zhang etal. 2014 China Clear Cell 212 Stage I-IV, TNM: qRT-PCR Significantly higher ~ OS Univariate analysis and 2 36.5
Carcinoma T1-T4 (P <0.05) multivariate analysis
Pangetal. 2015 China Pancreatic 141 Early stagesand qRT-PCR Significantly higher ~ OS Univariate analysis and 2 32.0
Cancer advanced stages (P<0.001) multivariate analysis
Ma et al. 2015 China Glioma 118 Stage I-IV qRT-PCR Significantly higher ~ OS Univariate analysis and 2 32
(P<0.001) multivariate analysis

*1 denoted as extracting HRs from Kaplan-Meier curves; 2 denoted as obtaining HRs directly from publications

OS: overall survival. DFS: death free survival. RFS: recurrence free survival

Quality assessment of the primary studies

A quality assessment of all included articles was
performed independently by four authors (Wang, Li,
Xue, Pan), according to the method of Steels et al
[30,31]. The final scores are expressed as a percentage,
with a higher percentage denoting a better
methodological quality. The final scores are shown in
Table 1.

Statistical analysis

(1) We calculated HR values and their 95% CI OS
and RFS using univariate cox analysis, then drew
Kaplan-Merier curves for MALAT-1 expression and
the survival data using GraphPad Prism 5. The cut-off
value for differentially expressed IncRNA was set to
be a >1.5-fold difference, and the false discovery ratio
(FDR) was <0.05. (2) We analyzed the obtained data
for OS, DFS, RFS, clinical diagnostic criteria and other
factors using Review Manager 5.3. For OS, RFS and
DFS, we merged the HR values and performed
heterogeneity tests. I2 > 50% was defined as significant
heterogeneity [32]. If significant heterogeneity existed
between studies, we used a random effects model and
performed subgroup analyses, or used the fixed
effects model to combined HR values and 95%
confidence intervals (95% CI). All graphical
representations were generated as forest plots. HR is
the ratio of the prognosis in the case of high MALAT-1
expression to the prognosis in the case of low
MALAT-1 expression. An HR > 1 indicates that the
patients with high MALAT-1 expression have a good
prognosis and the patients with low MALAT-1

expression have a poor prognosis. (3) For the studies
from which we could obtain OS and DFS data, we
made a funnel plot to describe publication bias using
SelnHR as the abscissa and InHR as the ordinate. We
then tested the funnel plot and evaluated publication
bias via a linear regression model using Stata software
statistical software version 12.0 (Begg's test and
Egger’s test). Sensitivity analyses were conducted for
the HR values and OS values of MALAT-1 extracted
from the individual studies using Stata12.0. (4) For the
studies  from  which we  could obtain
clinicopathological characteristics, we combined the
OR values and performed heterogeneity tests to
analyze the relationship between high MALAT-1
expression and lymph node metastasis, TNM stage,
and distant metastasis in different types of cancers. P
<0.05 was considered statistically significant.

Result

Included studies and characteristics

As shown in Fig. 1, we downloaded 19 studies
based on Affymetrix Human Genome U133 Plus 2.0
data. We also identified 125 relevant articles,
including 77 that were excluded by abstract reading.
After a careful full-text reading, a total of 19 articles
were reviewed in detail. Ten of these articles were
excluded due to insufficient data. After this review
process, 28 studies were included in the
meta-analysis.

Among these 28 studies, a total of 3573 patients
were represented, with a maximum sample size of 414
and a minimum sample size of 28. The mean sample
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size was 128. The most recent publication date was
July 2015. The regions represented in the studies
include America (9), China (8), Canada (6), Germany
(4), Sweden (3), Japan (1), and Denmark (1). A total of
15 types of cancer were included in the meta-analysis
(6 lung cancer, 4 breast cancer, 3 ovarian cancer, 3
DLBCL, 1 hepatocellular carcinoma, 1 multiple
myeloma, 1 colorectal cancer, 2 pancreatic cancer, 1
clear cell carcinoma, 1 glioma, 1 meningioma, 1
melanoma, 1 lymphocytic leukemia, 1 colon cancer,
and 1 CN-AML).

All studies were comprised of a high MALAT-1
expression group and a low MALAT-1 expression
group. Nine studies [17, 19, 20, 23, 24, 33-36] analyzed
the expression level of MALAT-1 by RT-PCR, while 19
utilized gene chips. OS, RFS and DFS were estimated
as a survival outcome in 83% (24), 21% (6) and 3% (1)
of the studies, respectively. 10, 7 and 3 studies
estimated the association between MALAT-1 and
clinicopathological characteristics of cancers (TNM
stage, lymph node metastasis and distant metastasis,
respectively).

GEO data analysis

We analyzed the relationship between MALAT-1
and survival (OS/RFS). The Kaplan-Meier curve
(Supplemental Fig. S1), HR and 95%CI (Table 1)

were derived. The cut-off value for differentially
expressed IncRNA was set at 21.5-fold change, and
the false discovery ratio (FDR) was < 0.05. We then
calculated the OR between MALAT-1 and the
clinicopathological characteristics of cancers (i.e.,
TNM stage, lymph node metastasis and distant
metastasis) (Table 2).

Records identified through
databases Pubmed and Web of
science (n=125)

Studies based on Affymetrix
Human Genome U133 Plus 2.0
though GEO database (n=19)

Excluded by abstract reading
(n=77)

Articles reviewed based on
abstract (n= 48)

—’\ Exclude by full text reading (n=29)

Potential articles based on full
text reading (n=19)

Articles without available outcome
(n=10)

Studies included in Meta analysis
(n=28) )

Fig. 1. The workflow of the meta-analysis. We identified 19 RNA
microarray data sets in the GEO database. Among 125 published studies, we
selected 9 by reading abstracts and full texts and by extracting data. A total of 28
studies were included in this meta-analysis.

Table 2. Survival characteristics of studies based on Affymetrix Human Genome U133 Plus 2.0

Type of cancer GEO number Region No. of patients Outcome Cut off value HR 95%CI
measure
Lung Cancer GSE31210 Japan 226 os 43503 3.009 1.165-7.767
DLBCL GSE11318 USA 200 oS 13.856 0.465 0.189-1.141
Glioblastoma GSE7696 Canada 80 oS 12.948 2.032 1.105-3.734
DLBCL GSE10846 USA 414 oS 13.986 0.461 0.333-0.637
Meningioma GSE16581 USA 67 oS 12919 0.274 0.057-1.331
Opvarian Cancer GSE18520 USA 53 (OX) 845.01 4.763 0.645-35.152
Melanoma GSE19234 USA 44 oS 6532.4 0.348 0.044-2.729
Ovarian Cancer GSE19829 USA 28 oS 15.339 3.153 0.876-11.348
Breast Cancer GSE20711 Canada 88 oS 12.25 7.208 0.972-53.462
Lymphocytic Leukemia GSE22762 Germany 107 oS 12.185 2.781 1.648-4.692
DLBCL GSE23501 USA 69 oS 15.193 0.223 0.049-1.009
Opvarian Cancer GSE30161 USA 58 (OX) 10.475 5.847 0.794-43.074
CN-AML GSE12417 Germany 79 oS 14.045 3.488 1.45-8.386
Lung Cancer GSE37745 Sweden 196 oS 11.812 0.9057 0.6503-1.261
Lung Cancer GSE29013 USA 55 oS 14.90 0.455 0.1592-1.299
Lung Cancer GSE50081 Canada 181 oS 10.39 1.964 1.084-3.560
Breast Cancer GSE6532 Canada 87 RFS 9.4118 1.892 0.896-3.997
Breast Cancer GSE9195 Canada 77 RFS -0.25977 2491 0.8347-7.437
Breast Cancer GSE20711 Canada 88 RFS 12.564 1.866 0.9671-3.601
Colon Cancer GSE31595 Denmark 33 RFS 11.754 4.822 1.010-23.02
Lung Cancer GSE37745 Sweden 96 RFS 9.6769 1.947 0.759-4.995
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Hazard Ratio Hazard Ratio

_Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV. R 95% Cl
Cho et al. 2014 Multiple Myeloma -08 071 3.2% 0.45[0.11, 1.81] _— 1
GSE10846 DLBCL -0.77 017 6.2% 0.46 [0.33, 0.65] s
GSE11318 DLBCL -0.77 046 45% 0.46 [0.19, 1.14] = o ||
GSE12417 CN-AML 125 045 4.6% 3.49[1.44,843)] A
GSE16581 Meningioma -129 08 2.8% 0.28 [0.06, 1.32] I
GSE18520 Ovarian Cancer 156 102 20% 4.76 [0.64, 35.13] ]
GSE19234 Melanoma -1.06 105 2.0% 0.35[0.04, 2.71]
GSE19829 Ovarian Cancer 115 065 34% 3.16[0.88, 11.29] 1
GSE20711 Breast Cancer 198 1.02 2.0% 7.24[0.98, 53.47]
GSE22762 Lymphocytic Leukemia 1.02 027 5.7% 277[1.63,4.71) N
GSE23501 DLBCL -1.5 0.77 2.9% 0.22 [0.05, 1.01]
GSE29013 Lung Cancer 017 05 43% 1.19 [0.44, 3.16] N L
‘GSE30161 Ovarian Cancer 1.77 1.02 2.0% 5.87 [0.80, 43.34] =
GSE31210 Lung Cancer 11 048 44% 3.00[1.17,7.70] =
GSE37745 Lung Cancer -0.1 017 6.2% 0.90 [0.65, 1.26] N
GSES50081 Lung Cancer 067 03 55% 1.95[1.09, 3.52] -
GSET7696 Glioblastoma 071 031 5.4% 2.03[1.11,3.73] -
Ji et al. 2003 Lung Cancer 091 123 16% 248 [0.22, 27.68]
Liu et al. 2014 Pancreatic Cancer 0.58 048 4.4% 1.79[0.70, 4.58] O e T
Ma et al. 2015 Glioma 083 026 57% 2.29[1.38, 3.82] T T
Pang et al. 2015 Pancreatic Cancer 057 0.24 5.8% 1.77[1.10, 2.83] TR
Schmidt et al.2011 Lung Cancer 0.58 0.25 5.8% 1.79[1.09, 2.92] o
Zhang et al. 2015 Clear Cell Carcinoma 113 035 52% 3.10[1.56, 6.15] T———
Zheng et al. 2014 Colorectal Cancer 1.38 044 4.6% 3.97 [1.68, 9.42] oo
Total (95% CI) 100.0% 1.58 [1.12, 2.23] >
Heterogeneity: Tau® = 0.47; Chi® = 108.66, df = 23 (P < 0.00001); P = 79% 0.02 01 1 1‘0 5‘0

Test for overall effect: Z = 2.60 (P = 0.009)

Favours High expression Favours Low expression

Fig. 2. Meta-analysis of the independent role of MALAT-1 in the OS of different cancers. Twenty-two studies were used in the meta-analysis to obtain

a pooled HR of OS (pooled HR: 1.57, 95%Cl: 1.07-2.29).

Association between MALAT-1 and survival in
14 types of cancers

In total, 24 studies used Cox analysis to obtain
the HR of OS. A significant association was founded
between MALAT-1 and OS in cancer patients (pooled
HR: 1.58, 95% CI: 1.12-2.23, Fig. 2). Significant
heterogeneity existed between studies (Tau? = 0.47;
Chi?=108.66, df=23, P<0.00001; I’=79%), and there was
no significant publication bias (Egg's test:
P>|t|=0.059>0.05, Begg's test: Pr>|z|=0.728)
(Supplemental Fig. S2A). We used both the fixed
effect model and random effect model and found that
the result did not differ.

Due to the presence of heterogeneity, subgroups
were analyzed for data resource and region.
MALAT-1 was found to be significantly associated
with the OS of cancer patients in data from published
articles (pooled HR: 1.39, 95% CI: 0.87-2.21), but the
association was not significant for data from the GEO
database (Fig. 3A). We found a significant association
between MALAT-1 and the OS of cancer patients in
Asian countries (pooled HR: 2.06, 95% CI: 1.62-2.61).
However, the association was not significant in
western regions (pooled HR: 1.36, 95% CI: 0.88-2.11)
(Fig. 3B). There was no significant heterogeneity
across studies in the Asian subgroup [Chi?=9.23, df=6
(P=0.16); I’=35%] and the source of the published
articles [Chi?=9.20, df=7 (P=0.24); I1>=24%]. More
heterogeneity  existed in western subgroup
[Tau?=0.52; Chi?>=80.21, df=16 (P<0.00001); 1?=80%]

and GEO source [Tau?=0.59; Chi?=80.30, df=15
(P<0.00001); I2=81%].

To maximize clinical relevance, subgroups were
analyzed based on tumor types (Table 3). We found
that MALAT-1 was a risk factor in the prognosis of
lung cancer (pooled HR: 1.54, 95%CIL: 1.01-2.34),
digestive system cancer (pooled HR: 2.16, 95%CI:
1.34-3.48) and ovarian cancer (pooled HR: 3.98, 95%
CI: 1.54-10.25). In contrast, MALAT-1 was a safe factor
in the prognosis of B cell cancer (pooled HR: 0.45,
95%ClI: 0.33-0.61). However, there was no significant
association between MALAT-1 and OS for
neurotumors. This result was strengthened by the low
heterogeneity between the studies (Fig. 4).

The prognostic value of MALAT-1 in RFS was
evaluated for 6 studies. MALAT-1 was significantly
associated with RFS (pooled HR: 232, 95% CI:
1.68-3.19) (Fig. 5A). There was no significant
heterogeneity = across the studies [Chi?=2.23,
df=5(P=0.82); I’=0%], nor was there significant
publication bias (Begg's test:Pr>|z|=0.260, Egg’s
test:P>|t|=0.656>0.05)(Supplemental Fig. S2B).
Three studies focused on breast cancer, and a
subgroup analysis found that MALAT-1 was
significantly associated with RFS in breast cancer
(pooled HR=1.97, 95%CI: 1.25-3.09; heterogeneity:
Chi2 = 0.21, df =2 (P = 0.90); I> = 0%) (Fig. 5B). We
used both a fixed effect model and random effect
model to calculate the effect and found that the results
were not markedly different.
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A

B

_Study or
1.1.1 Published articles
Cho et al. 2014 Multiple Myeloma 0.8 071 3.2%
Ji et al. 2003 Lung Cancer 091 123 1.6%
Liu et al. 2014 Pancreatic Cancer 058 048 44%
Ma et al. 2015 Glioma 083 026 57%
Pang et al. 2015 Pancreatic Cancer 057 024 5.8%
Schmidt et al.2011 Lung Cancer 0.58 025 58%
Zhang et al. 2015 Clear Cell Carcinoma 1.13 035 5.2%
2Zheng et al. 2014 Colorectal Cancer 138 044 46%
Subtotal (95% CI) 36.2%
Heterogeneity: Tau® = 0.04; Chi? =9.20, df = 7 (P = 0.24); I* = 24%
Test for overall effect: Z = 4.93 (P < 0.00001)
1.1.2 GEO database
GSE10846 DLBCL -077 017  6.2%
GSE11318 DLBCL -0.77 046 4.5%
GSE12417 CN-AML 125 045 46%
GSE16581 Meningioma -129 08 28%
GSE18520 Ovarian Cancer 156 1.02 2.0%
GSE19234 Melanoma -1.06 1.05 2.0%
GSE19829 Ovarian Cancer 1.15 065 34%
GSE20711 Breast Cancer 198 1.02 20%
GSE22762 Lymphocytic Leukemia 1.02 027 5.7%
GSE23501 DLBCL 1.5 077 29%
GSE29013 Lung Cancer 017 05 4.3%
GSE30161 Ovarian Cancer 177 102  20%
GSE31210 Lung Cancer 1.1 048 4.4%
GSE37745 Lung Cancer 01 017  62%
GSES0081 Lung Cancer 067 03 55%
GSE7696 Glioblastoma 0.71 031 5.4%
Subtotal (95% CI) 63.8%

Heterogeneity: Tau® = 0.59; Chi* = 80.30, df = 15 (P < 0.00001); I = 81%
Test for overall effect: Z = 1.37 (P = 0.17)

Total (95% Cl) 100.0%
Heterogeneity: Tau? = 0.47; Chi? = 108.66, df = 23 (P < 0.00001); P = 79%
Test for overall effect: Z = 2.60 (P = 0.009)

Test for subaroun differences: Chi* = 2.03. df = 1 (P = 0.15). I* = 50.8%

Hazard Ratio

0.45 [0.11, 1.81]
2.48(0.22, 27.68)
1.79[0.70, 4.58]
2.29[1.38, 3.82)
1.77[1.10, 2.83]
1.791.09, 2.92)
3.10 [1.56, 6.15]
3.97 [1.68,9.42]
2.07 [1.55, 2.76]

0.46 [0.33, 0.65]
0.46 [0.19, 1.14]
3.49[1.44,8.43]
0.28 [0.06, 1.32]
4.76 [0.64, 35.13]
0.35[0.04, 2.71]
3.16 [0.88, 11.29]
7.24[0.98, 53.47)
2.77[1.63,4.71]
0.22[0.05, 1.01]
1.19[0.44, 3.16]
5.87 [0.80, 43.34]
3.00[1.17,7.70]
0.90 [0.65, 1.26]
1.95[1.09, 3.52)
2.03[1.11,3.73]
1.39 [0.87, 2.21]

1.58 [1.12, 2.23]

Hazard Ratio

_StudyorSubgroup ~ log[Hazard Ratio] SE Weight IV, Random. 95% CI

2.1.1 Asian

Cho et al. 2014 Multiple Myeloma -0.8 0.7 3.2%
GSE31210 Lung Cancer 11 048 44%
Liu et al. 2014 Pancreatic Cancer 0.58 048 4.4%
Ma et al. 2015 Glioma 083 026 57%
Pang et al. 2015 Pancreatic Cancer 0.57 0.24 5.8%
Zhang et al. 2015 Clear Cell Carcinoma 1.13 035 5.2%
Zheng et al. 2014 Colorectal Cancer 138 044 46%
Subtotal (95% CI) 33.3%
Heterogeneity: Tau® = 0.07; Chi” = 9.23, df = 6 (P = 0.16); I = 35%

Test for overall effect: Z = 4.49 (P < 0.00001)

2.1.2 Western

GSE10846 DLBCL -0.77 017 6.2%
GSE11318 DLBCL -0.77 0486 45%
GSE12417 CN-AML 125 045 46%
GSE16581 Meningioma -129 08 28%
GSE18520 Ovarian Cancer 1566 1.02 20%
GSE19234 Melanoma -1.06 105 2.0%
GSE19829 Ovarian Cancer 115 065 34%
GSE20711 Breast Cancer 198 1.02 20%
GSE22762 Lymphocytic Leukemia 102 027 57%
GSE23501 DLBCL 15 077 29%
GSE29013 Lung Cancer 017 05 43%
GSE30161 Ovarian Cancer 177 102 20%
GSE37745 Lung Cancer 0.1 017 6.2%
GSE50081 Lung Cancer 067 03 55%
GSET7696 Glioblastoma 071 0.31 5.4%
Jietal, 2003 Lung Cancer 081 123 16%
Schmidt et al.2011 Lung Cancer 058 025 5.8%
Subtotal (95% CI) 66.7%

Heterogeneity: Tau? = 0.52; Chi? = 80.21, df = 16 (P < 0.00001); I = 80%
Test for overall effect: Z = 1.38 (P = 0.17)

Total (95% CI) 100.0%
Heterogeneity: Tau® = 0.47; Chi* = 108.66, df = 23 (P < 0.00001); I = 79%
Test for overall effect: Z = 2.60 (P = 0.009)

Test for subaroun differences: Chi? = 2.91. df = 1 (P = 0.09). I? = 65.6%
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Fig. 3. Subgroup analysis of independent regions and sources in OS. (A) MALAT-1 was found to be significantly associated with the OS in cancer patients
based on data from published articles (pooled HR: 3.97, 95%ClI: 1.68-9.42), but not based on data from the GEO database; (B) Subgroups were analyzed based on the
data resource and by considering the presence of heterogeneity. Founding association was significant between MALAT-1 and the OS of cancer patients in Asian
(pooled HR: 2.06, 95%Cl: 1.62-2.61) but not western (pooled HR: 1.02, 95%Cl: 0.86-1.21) populations.
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Table 3. Results of subgroup analysis of pooled hazard ratios of OS and RFS of different types of cancer with increased HOTAIR

expression
Subgroup analysis No. of studies No. of patients Pooled HR(95%CI) Heterogeneity
Fixed Random 12 P value
(o1} 24 3376 1.34[1.17,1.54] 1.58 [1.12,2.23] 79% < 0.00001
Data source
Published articles 8 1431 2.06 [1.62, 2.61] 2.07 [1.55, 2.76] 24% 0.24
GEO 16 1945 1.07 [0.90, 1.27] 1.39 [0.87,2.21] 81% < 0.00001
Region
Asian countries 7 1080 2.20 [1.69, 2.86] 2.21[1.56, 3.13] 35% 0.16
Western countries 17 2296 1.10 [0.94, 1.30] 1.36 [0.88, 2.11] 80% < 0.00001
Tumor type
Lung Cancer 6 1235 1.31 [1.04, 1.66] 1.54[1.01, 2.34] 56% 0.04
B Cell Source Cancer 4 827 0.45[0.33, 0.61] 0.45[0.33, 0.61] 0% 0.83
Digestive System Cancer 3 380 2.07 [1.42,3.02] 2.16 [1.34, 3.48] 27% 0.26
Opvarian Cancer 3 139 3.98 [1.54,10.25] 3.98 [1.54,10.25] 0% 0.86
Neurotumor 4 309 1.83 [1.26, 2.65] 1.26 [0.56, 2.80] 67% 0.03
Other Cancer 4 486 3.08 [2.13, 4.47] 3.08[2.13,4.47] 0% 0.82
RFS 6 545 2.32[1.68, 3.19] 2.32[1.68, 3.19] 0% 0.82
Tumor type
Breast Cancer 3 252 1.97 [1.25, 3.09] 1.97 [1.25, 3.09] 0% 0.90
Other Cancer 3 293 2.73[1.74, 4.30] 2.73[1.74, 4.30] 0% 0.60
Hazard Ratio Hazard Ratio
—Study or log[Hazard Ratio] SE Weight [V, Random, 95% Cl| 1V, 95% Cl
3.1.1 Lung Cancer
GSE29013 Lung Cancer 017 05 43% 1.19 [0.44, 3.16) 7
GSE31210 Lung Cancer 11 048  4.4% 3.00[1.17,7.70]
GSE37745 Lung Cancer 01 017 62% 0.90 [0.65, 1.26] =
GSE50081 Lung Cancer 067 03 55% 1.95[1.08, 3.52) e
Ji et al. 2003 Lung Cancer 091 123 1.6% 248[0.22, 27.68]
Schmidt et al.2011 Lung Cancer 058 025 58% 1.79[1.08, 2.92) e
Subtotal (95% CI) 27.6%  1.54[1.01,2.34] -
Heterogeneity: Tau? = 0.13; Chi* = 11.35, df = 5 (P = 0.04); I = 56%
Test for overall effect: Z = 2.01 (P = 0.04)
3.1.2 B Cell Source Cancer
Cho et al. 2014 Multiple Myeloma -0.8 0.7 3.2% 0.45[0.11,1.81] -
GSE10846 DLBCL 077 017 62% 0.46 [0.33, 0.65) i
GSE11318 DLBCL 0.77 046 4.5% 0.46 [0.19, 1.14] T
GSE23501 DLBCL 15 077 29% 0.22[0.05, 1.01]
Subtotal (95% CI) 16.7% 0.45 [0.33, 0.61] &>
Heterogeneity: Tau® = 0.00; Chi* = 0.86, df = 3 (P = 0.83); "= 0%
Test for overall effect: Z = 5.25 (P < 0.00001)
3.1.3 Digestive Cancer
Liu et al. 2014 Pancreatic Cancer 0.58 0.48 4.4% 1.79[0.70, 4.58] = =
Pang et al. 2015 Pancreatic Cancer 057 024 58% 1.77 [1.10, 2.83] =T
Zheng et al. 2014 Colorectal Cancer 1.38 0.44 4.6% 3.97 [1.68,9.42]
Subtotal (95% CI) 14.8% 2.16 [1.34, 3.48) -
Heterogeneity: Tau? = 0.05; Chi* = 2.72, df = 2 (P = 0.26); I = 27%
Test for overall effect: Z = 3.15 (P = 0.002)
3.1.4 Ovarian Cancer
GSE 18520 Ovarian Cancer 156 1.02 20%  4.76(0.64,35.13] =
GSE19829 Ovarian Cancer 115 065 34%  3.16(0.88, 11.29] 7
GSE30161 Ovarian Cancer 177 102 20%  5.87[0.80,43.34] .
Subtotal (95% CI) 7.5%  3.98 [1.54, 10.25] ———
Heterogeneity: Tau? = 0.00; Chi* = 0.30, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 2.86 (P = 0.004)
3.1.5 Neurotumor
GSE16581 Meningioma -129 08 28% 0.28 [0.06, 1.32] T
GSE19234 Melanoma -1.06 1.05 2.0% 0.35[0.04, 2.71) —
GSE7696 Glioblastoma 0.71 0.31 5.4% 2.03[1.11,3.73] SR
Ma et al. 2015 Glioma 083 026 57% 2.29[1.38, 3.82] Tl
Subtotal (95% Cl) 15.9% 1.26 [0.56, 2.80) e
Heterogeneity: Tau? = 0.38; Chi* = 8.99, df = 3 (P = 0.03); I = 67%
Test for overall effect: Z = 0.56 (P = 0.58)
3.1.6 Other Cancer
GSE12417 CN-AML 125 045 4.6% 3.49 [1.44, 8.43)
GSE20711 Breast Cancer 198 102 20%  7.24[0.98,53.47]
GSE22762 Lymphocytic Leukemia 102 027 57% 2.77[1.63,4.71] g f
Zhang et al. 2015 Clear Cell Carcinoma 113 035 52% 3.10[1.56, 6.15] =
Subtotal (95% CI) 17.4% 3.08 [2.13, 4.47] -
Heterogeneity: Tau® = 0.00; Chi* = 0.93, df = 3 (P = 0.82); I’ = 0%
Test for overall effect: Z = 5.94 (P < 0.00001)
Total (95% CI) 100.0% 1.58 [1.12, 2.23] >
Heterogeneity: Tau? = 0.47; Chi* = 108.66, df = 23 (P < 0.00001); " = 79% ‘0 re 0’1 4 1#0 100‘

Test for overall effect: Z = 2.60 (P = 0.009)

Test for subarouo differences: Chi? = 79.36. df = 5 (P < 0.00001). I* = 93.7%

Favours High expression

Favours Low expression

Fig. 4. Subgroup analysis by tumor type in OS. MALAT-I was a risk factor for the OS of lung cancer (pooled HR: 1.54, 95%CI: 1.01-2.34), digestive system
cancer (pooled HR: 2.16, 95%ClI: 1.34-3.48) and ovarian cancer (pooled HR: 3.98, 95%Cl: 1.54-10.25). In contrast, MALAT-1 was a safe factor for the OS of B cell
cancer (pooled HR: 0.45, 95%Cl: 0.33-0.61).
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A

Hazard Ratio

Hazard Ratio

_Study or Sub: D log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
GSE20711 Breast Cancer 0.62 034 231% 1.86[0.95,3.62] 1~ =
GSE31595 Colon Cancer 1.57 08 4.2% 4.81[1.00, 23.06]
GSE37745 Lung Cancer 067 048 116% 1.95[0.76,5.01] o
GSEB532 Breast Cancer 0.64 038 18.5% 1.90[0.90, 3.99] i
GSE9195 Breast Cancer 0.91 056 8.5% 248[0.83,7.45) T
Lai et al. 2012 Hepatocellular Carcinoma 1.05 028 34.1% 2.86[1.65, 4.95] —
Total (95% Cl) 100.0% 2.32 [1.68, 3.19) >
Heterogeneity: Chi? = 2.23, df = 5 (P = 0.82); I* = 0% 0.01 04 1 10 100

Test for overall effect: Z = 5.14 (P < 0.00001)

B

4.1.1 Breast Cancer

GSE20711 Breast Cancer 062 034 23.1%
GSE6532 Breast Cancer 0.64 038 18.5%
GSE9195 Breast Cancer 091 056 85%
Subtotal (95% CI) 50.1%

Heterogeneity: Chi? = 0.21, df = 2 (P = 0.90); I*= 0%
Test for overall effect: Z = 2.93 (P = 0.003)

4.1.2 Other Cancers

GSE31595 Colon Cancer 1.57 08 4.2%
GSE37745 Lung Cancer 0.67 048 11.6%
Lai et al. 2012 Hepatocellular Carcinoma 1.05 028 34.1%

Subtotal (95% CI)
Heterogeneity: Chi? = 1.01, df = 2 (P = 0.60); I = 0%
Test for overall effect: Z = 4.34 (P < 0.0001)

49.9%
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Heterogeneity: Chi* = 2.23, df =5 (P = 0.82); 1= 0%
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Fig. 5. Meta-analysis of the independent role of MALAT-1 in the RFS of different cancers. (A) 6 studies were used in the meta-analysis to obtain a
pooled HR of RFS (pooled HR: 2.32, 95%Cl: 1.68-3.19); (B) MALAT-1 was a risk factor for the RFS of breast cancer (HR=1.97, 95%Cl: 1.25-3.09).

Association between MALAT-1 and the
clinicopathological characteristics of cancers

As shown in Table 4, 17 studies examined the
association ~ between =~ MALAT-1 and  the
clinicopathological characteristics of 14 types of
cancer. Nine studies examined the association
between TNM stage and MALAT-1 in different
cancers, including pancreatic cancer (2), glioma (1),
lung cancer (2), colorectal cancer (2), clear cell
carcinoma (1) and DLBCL (2). There was a significant
association in pancreatic cancer (pooled OR=3.65, 95%
CI: 1.86-7.18) and glioma (OR=4.30, 95% CI: 1.90-9.73),
and there was no significant association in lung cancer
(OR=1.01, 95% CI: 0.35-2.94), clear cell carcinoma
(OR=0.61, 95% CI: 0.27-1.38) and DLBCL (pooled
OR=1.04, 95% CI: 0.72-1.52). In particular, MALAT-1
is a safe factor in colorectal cancer (pooled OR=0.17,
95% CI: 0.08-0.35). There were 7 studies examining
lymph node metastases from breast cancer (3),
pancreatic cancer (2), clear cell carcinoma (1) and
colorectal cancer (1). We observed a significant
association for clear cell carcinoma (OR=5.04, 95%Cl:
2.36-10.78), but no significant association for breast
cancer (pooled OR=1.32, 95% CI 0.34-5.21), pancreatic
cancer (pooled OR=1.95 95% CI: 0.55-6.92) and
colorectal cancer (OR=0.76, 95% CI: 0.37-1.57). There

were 3 studies that examined distant metastases,
including pancreatic cancer (2) and clear cell
carcinoma (1). MALAT-1 was significantly associated
with distant metastasis in pancreatic cancer (pooled
OR=11.64, 95%CI: 2.13, 63.78) but not in clear cell
carcinoma (OR=0.69, 95%CI: 0.21-2.22). Subgroup
analysis, sensitivity analysis and an appraisal of
publication bias were not performed due to the
limited number and relative homogeneity of the
studies.

Discussion

This meta-analysis used the RNA gene chip data
from the GEO database to evaluate the relationship
between MALAT-1 expression and survival time
grouped by clinical indicators. A total of 28 studies
comprising 3573 samples were included in this
meta-analysis. A total of 19 studies were identified via
the GEO database, representing 2142 samples. At
present, very few clinical studies have focused on
MALAT-1, and the sample size is therefore small.
Furthermore, negative results are generally less likely
to be published [37,38]. Thus, a classical meta-analysis
may overestimate the effect of MALAT-1 in tumors.
The inclusion of GEO data will likely result in a more
extensive data source and more realistic results.
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Table 4. Results of meta-analysis of increased MALAT-1 expression and clinicopathological features in various cancers

Cancer types No. of studies No. of patients Pooled OR Heterogeneity
Fixed Random 12

TNM stage

Pancreatic Cancer 2 97 3.65[1.86, 7.18] 3.78 [1.70, 8.39] 19%

Glioma 1 126 4.30[1.90, 9.73] 4.30[1.90, 9.73] Not applicable

Lung Cancer 2 422 0.89 [0.45, 1.74] 1.01 [0.35, 2.94] 56%

Clear Cell Carcinoma 1 106 0.61[0.27, 1.38] 0.61[0.27,1.38] Not applicable

Colorectal Cancer 2 173 0.29 [0.16, 0.53] 0.50 [0.05, 4.86] 87%

Lymph node metastasis

Breast Cancer 3 252 1.2810.77,2.12] 1.32[0.34, 5.21] 85%

Pancreatic Cancer 2 152 2.06 [0.95, 4.45] 1.95[0.55, 6.92] 60%

Clear Cell Carcinoma 1 126 5.04 [2.36, 10.78] 5.04 [2.36,10.78] Not applicable

Colorectal Cancer 1 146 0.76 [0.37, 1.57] 0.76 [0.37,1.57] Not applicable

Distant metastasis

Pancreatic Cancer 2 171 11.64 [2.13, 63.78] 9.57 [1.66, 55.01] 0%

Clear Cell Carcinoma 1 106 0.69 [0.21, 2.22] 0.69 [0.21, 2.22] Not applicable
In recent years, numerous studies have prognosis of RFS, we found that the effect of

demonstrated that MALAT-1 is an independent
prognostic marker for various tumors, including
glioma, pancreatic cancer and colon cancer. However,
the sample size of these studies is small. This
meta-analysis assesses the value of MALAT-1 as a
marker of tumor prognosis. Through systematic
analysis, we found that MALAT-1 was highly
expressed in many types of tumors. By combining the
HRs from Cox analysis, we found that MALAT-1 was
an independent risk factor for OS in tumor patients
(HR=1.58, 95%CI: 1.12-2.23). In addition, MALAT-1
can be regarded as an independent prognostic risk
factor (HR=2.32, 95%CI: 1.68-3.19) for RFS in patients.
We also performed an analysis of DEFS, which

indicated that MALAT-1 is an independent
prognostic marker for DFS (HR=3.28, 95%CI:
1.52-7.09).

Due to the large difference among various types
of tumors, the clinical relevance of our findings for all
tumor types is limited. To explore this point in greater
detail, we analyzed different tumor subgroups. We
found that there was a significant association between
high MALAT-1 expression and poor prognosis in
lung cancer (HR=1.54, 95%CI: 1.01-2.34), digestive
system cancer (HR=2.16, 95%CIl: 1.34-3.48) and
ovarian cancer (HR=3.98, 95%CI: 1.54-10.25).
However, for B cell source cancer (HR=0.45, 95%ClI:
0.33-0.61), high expression of MALAT-1 is related to a
good prognosis. The heterogeneity of each subgroup
was significantly decreased in our subgroup analysis
of different tumor types, thereby strengthening our
results. Subgroup analysis revealed that the
expression of MALAT1 can be used as a prognostic
factor for OS and RFS, but for individual tumor types
such as DLBCL, the high expression of MALAT-1 is a
safety factor. This suggested that the effect of
MALAT-1 in different types of tumors varies. In the

MALAT-1 on the prognosis of breast cancer was very
significant (HR=1.97, 95%Cl: 1.25-3.09) and that
heterogeneity [Chi?=0.21, df=2(P=0.90); I>=0%] was
small, making our conclusion more reliable. Both
Begg’s test and Egg's test failed to identify a
significant ~ publication  bias  regarding the
independent prognostic role of MALAT-1 in OS and
RFS. Through a sensitivity analysis, the results of both
the fixed effect model and random effect model were
found to exhibit no obvious differences, indicating
that our analysis is stable and that the overexpression
of MALAT-1 is associated with poor prognosis.

TNM stage is associated with cancer prognosis.
We found a significant association in pancreatic
cancer (pooled OR=3.65, 95% CI: 1.86-7.18) and
glioma (OR=4.30, 95% CI: 1.90-9.73), but there was no
significant difference in lung cancer (OR=1.01, 95% CI:
0.35-2.94), clear cell carcinoma (OR=0.61, 95%CI:
0.27-1.38) or DLBCL (OR=1.04, 95%CI: 0.72-1.52).
Interestingly, MALAT-1 was a safe factor in colorectal
cancer (OR=0.17, 95% CI: 0.08-0.35). In the case of
Ilymph node metastasis, we observed a significant
association in clear cell carcinoma (OR=5.04, 95%CI:
2.36-10.78) but not breast cancer (OR=1.32, 95%CI:
0.34-5.21), pancreatic cancer (OR=1.95, 95%ClL:
0.55-6.92) or colorectal cancer (OR=0.76, 95%CI:
0.37-1.57). The overexpression of MALAT-1 was
significantly associated with distant metastasis in
pancreatic cancer (OR=11.64, 95%Cl: 2.13-63.78), but
held no significance for clear cell carcinoma (OR=0.69,
95%CIL: 0.21-2.22). The value of MALAT-1 as a
biomarker is therefore different for different types of
cancers.

In recent years, many studies have demonstrated
that IncRNAs can regulate the expression of genes in
and are widely involved in tumor progression and
metastasis. MALAT-1 is highly expressed in different
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types of tumors and can influence the prognosis of
tumor patients by promoting tumor growth, invasion
and metastasis. In addition, MALAT-1 can promote
the proliferation of tumors. MALAT-1 combines with
SFPQ to break the SFPQ/PTBP2 complex [28], thereby
releasing PTBP2. It can also act as a molecular scaffold
in combination with the demethylated polycomb
protein 2 (PC2) to activate growth control genes
regulated by E2F at the transcriptional level [18]. In
parallel, MALAT-1 regulates the expression of Bcl-2 to
inhibit apoptosis [36].

MALAT-1 can also promote the invasion and
metastasis of tumors. Down-regulation of MALAT-1
can arrest the cell cycle in the G2/M phase and G0/ G1
phase, thereby promoting cell apoptosis and
inhibiting tumor invasion and metastasis [39,40]. The
combination of MALAT-1 and Ezh2 up-regulates
[B-catenin, activating the Wnt pathway to promote
tumor invasion and metastasis [26]. It has also been
reported that MALAT-1 can activate the ERK/MAPK
pathway [27].

In addition, MALAT-1 can facilitate epithelial
mesenchymal transition (EMT). MALAT-1 interacts
with suppressor of zeste 12 (Suzl2), thereby
down-regulating the expression of E-cadherin and
up-regulating the expression of N-cadherin and
fibronectin to enhance TGF-p-induced EMT [41]. High
expression MALAT-1 can also up-regulate CCL5
through the MALAT-1/Snail pathway to promote the
EMT, tumor invasion and metastasis [42]. At the same
time, MALAT-1 enhances the stem cell-like biological
activity of tumor cells by up-regulating the expression
of self-renewal related factors through Sox2 [43]

Our study has several limitations: (1) There is a
significant correlation between the length of survival
and the treatment of patients, and these differences
might have a great impact on HR and thus result in
heterogeneity. (2) There are 2 articles whose HRs and
95%CI could not be directly obtained from the
primary studies and which were estimated by
software; this could lead to error in the HR value. (3)
Differences in paper quality across studies could lead
to bias in the meta-analysis. (4) Heterogeneity in the
relationship between MALAT-1 expression and
clinical diagnosis was large. Therefore, the study
conclusions must be confirmed for a larger sample in
a multicenter and randomized controlled prospective
study.

In conclusion, MALAT-1 overexpression was
significantly associated with survival (OS, RFS and
DFS) in cancer patients. The association between
MALAT-1 and clinical indicators such as TNM stage,
lymph node metastasis, and distant metastasis was
different in different types of cancers. Thus,
MALAT-1 is a novel biomarker in various cancers. In

the future, additional studies will be necessary to
explore the role of MALAT-1 in human cancer.
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