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ABSTRACT

Background: Metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is found to be
overexpressed and associated with clinicopathological
features in patients with cancer.

Objectives: To evaluate the clinical value of MALATT
as a prognostic marker in human cancers by a
comprehensive meta-analysis of published studies.
Data sources: The data on the prognostic impact of
MALAT1 in cancer were collected from 11 September
2003 to 10 July 2015.

Setting and participants: Fourteen eligible studies
with a total of 1373 patients conducted in 3 countries
(9 in China, 3 in Japan and 2 in Germany) were
matched to our inclusion criteria.

Outcome measures: Pooled HRs with 95% Cls were
calculated to estimate the strength of the link between
MALAT1 and clinical prognoses. The combined HRs
heterogeneity was tested using a yx>-based Cochran Q
test and Higgins I? statistic. Publication bias was
evaluated using a funnel plot with Egger’s bias
indicator test.

Results: A significant association between MALAT1
overexpression and poor overall survival (0S) (HR=1.95;
95% CI 1.57 to 2.41) was observed. Residence region
(Germany and China), cancer type (respiratory, digestive
or other system disease), sample size and paper quality
did not alter the predictive value of MALAT1 on OS in
investigated cancers. MALAT1 expression was an
independent prognostic marker for OS in patients with
cancer using univariate and multivariate analyses.
Subgroup analysis showed that the elevated MALAT1
appeared to be a powerful prognostic marker for
patients with respiratory, digestive and other system
cancers. A similar effect was also seen in different
regions. Furthermore, the overexpression of MALAT1
was associated with disease-free, recurrence-free and
progression-free survivals.

Conclusions: MALAT1 may potentially be used as a
new prognostic marker to predict poorer survival of
patients with cancer. More clinical studies on the
different types of human cancer not yet investigated
need to be conducted.

INTRODUCTION
Non-coding RNAs are types of RNA which
are not translated into proteins, usually

Strengths and limitations of this study
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= This is the most up-to-date meta-analysis article
to evaluate the clinical value of MALAT1 as a
prognostic marker in human cancers.

= MALAT1 expression was an independent prog-
nostic marker for poor overall survival in patients
with cancer.

= The overexpression of MALAT1 was found to be
associated with disease-free, recurrence-free and
progression-free survival.

= The major limitation was a relatively small
number of studies in different regions collected,
which might reduce the applicability across dif-
ferent ethnicities.

= More clinical studies need to be conducted to
evaluate the prognostic potential of MALAT1 in
other types of cancer not yet investigated.

including long non-coding RNA (IncRNA),
microRNA (miRNA, miR), small interfering
RNA (short interfering RNA, silencing
RNA, siRNA) and PIWl-interacting RNA
(piRNA) .12 Recent studies have indicated that
at least 75% of the human genome is tran-
scribed into RNAs, which are mostly IncRNAs,
longer than 200 nucleotides (nt) (http://www.
genome.gov/ENCODE). Emerging evidence
suggests that IncRNAs have many biological
actions, such as transcriptional and post-
transcriptional regulation by interfering with
the promoter of gene, the reorganisation of
chromatin, the induction of histone modifica-
tion, the regulation of subcellular localisation
and/or function of proteins and the produc-
tion of endogenous siRNA.” * The dysregula-
tion of IncRNAs has been found in various
human cancers, including colorectal, ovarian,
lung, gastric, liver and breast cancers.”’
Some IncRNAs play a key role in cell prolifer-
ation, invasion and metastasis' 7% and may be
used as potential and new biomarkers for the
diagnosis, treatment and prognosis of
cancer.”” '

The metastasis-associated lung adenocar-
cinoma transcript 1 (MALATT), also known
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as nuclear-enriched transcript 2 (NEAT2) and mascRNA,
is a IncRNA consisting of more than 8700 nt located on
chromosome 11q13 and discovered as a predictive
marker for metastasis in early-stage, non-small cell lung
cancer."” It has been shown that MALAT1 plays an
important role in cancer'® and acts as a transcriptional
regulator for various genes, including those involved in
cell proliferation, migration and metastasis. Several
studies have shown the aberrant expression of MALAT1
in tumour tissues compared with normal tissues and
reported its association with clinical progression in
human cancers.'”* Elevated MALAT1 expression is also
found to be significantly correlated with peritoneal
metastasis in patients with gastric cancer.”’ A high level
of MALAT expression may serve as a negative, unfavour-
able prognostic marker in patients with stage II/III colo-
rectal cancer®® and may be associated with the invasion
and metastasis of colorectal cancer.”” The overexpression
level of MALAT1 in squamous cell carcinoma of the lung
is associated with patient survival.”* More recently, a
study reported that the overexpression of MALATI in
glioma tissues was positively correlated with grade and
tumour size,18 suggesting that MALAT1 may serve as an
authentic prognostic biomarker for patients with glioma.

In view of the fact that there is an association between
MAILATT1 expression and the clinicopathological features
of human cancers, most studies reported so far are
limited in their sample size and discrete outcomes.
Therefore, we analyse all previously published data
based on the robust evidence of the expression and
impact of MALATT1 in tumorigenesis, and conduct a sys-
tematic review and quantitative meta-analysis to evaluate
the clinical value of MALAT1 as a prognostic marker in
human cancer.

METHODS

Search strategy

The selected publications were identified by using
up-to-date electronic databases, including PubMed,
Medline, EMBASE, Google Scholar, Web of Science,
Ovid and Cochrane library (see online supplementary
information). Searching of the published data was in
accordance with the systematic reviews and meta-analysis

Figure 1 Workflow of searching
strategy in the meta-analysis.

Searching from
database for
potentially
relevant
publications
(n=166)

guidelines of tumour marker prognostic studies
(REMARK), as described previously.%_2 The literature
covered was restricted to publications in English.

The following key words were used for the search:
“MALAT1 or MALAT-1 or NEAT2 or mascRNA”, “long
non-coding RNA or IncRNA”, “cancer or carcinoma or
tumour or neoplasia or neoplasm or malignancy or
sarcoma”, “prognostic or prognosis’, “outcome”, “mor-

tality”, “survival” and “recurrence”. The literature search
was stopped at 10 July 2015.

Selection criteria and quality assessment
All the included studies were systematically reviewed and
evaluated based on the reporting checklists MOOSE,*®
REMARK®” and PRISMA.* Inclusion criteria were as
follows: (1) information of study population and
regions; (2) information of any type of human cancer;
(8) description of study design; (4) investigation of the
correlation between MALAT1 expression level and sur-
vival outcome; (5) description of MALATI1 measure-
ment, such as quantitative PCR or in situ hybridisation
in human tissue; (6) description of the relationship
between MALAT1 and overall survival (OS), (7) descrip-
tion of the cutoff value of MALAT1; (8) period of
follow-up. The exclusion criteria were as follows: (1)
meta-analysis paper; (2) review paper; (3) non-English
paper; (4) conference abstract; (5) non-human data; (6)
paper lacking all HR, 95% CI and p values and raw data.
For quality control of a paper, all eligible studies were
scored as previously reported.” *' Briefly, the assessment
was performed by two authors, who reached an agree-
ment on all items assessed. The categories of score
assessment included the scientific design (five items:
study objective definition, study design, outcome defin-
ition, statistical consideration, statistical method and test
description), laboratory methodology (seven items:
blinding in the biological assays performance, tested
factor description, tissue sample conservation, descrip-
tion of the relevant test procedure of the biological
factor, description of the negative and positive control
procedures, test reproducibility control, definition of the
level of positivity of the test), generalisability (six items:
patient selection criteria, patients’ characteristics, initial

Pleriialy Potentially Relevant
Eevan relevant studies
studies reviewed : . %
studies reviewed eligible for
based on 5 :
in full text meta-analysis
abstracts (n=26) (n=14)
(n=44) - -

Excluded:

irrelevant papers with not available
studies and inadequate outcome or
duplicated methods or non- data cannot be

papers English articles extracted

(n=122)

Excluded: Excluded:

(n=18) (n=12)
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Table 1 Characteristics of MALAT1 studies included in the meta-analysis

Study No. of Tumour Elevated (%) Cut-off Survival Follow-up Quality
(year) Region  Tumour type patients stage or p value PT SO value analysis p Value (years) score (%)
Ji et al, Germany Non-small cell 70 -l 3 NA OS Median Univariate 0.040 5 81.8
2003'® lung cancer

Schmidt et al, Germany Non-small cell 222 I 35% NA OS Mean Univariate 0.012 11 72.7
20112 lung cancer

Lai et al, China Hepatocellular 112 NA p=0.012 NA RFS Mean Multivariate 0.003 3 86.4
2012% carcinoma 0.013

Cho et al, Japan Multiple myeloma 36 1111 3.01 Yes OS Mean Univariate 0.313 4 86.4
20143 PFS 0.001

Dong et al, China Osteosarcoma 19 el 2 NA OS Mean NA 0.21 5 81.8
2015%*

Fan (iz; al, China Bladder cancer 95 -1V 81% NA OS Median Multivariate 0.008 25 81.8
2014

Liu et al, China Pancreatic cancer 45 -1V p=0.009 NA DSS Mean Multivariate 0.007 5 86.4
2014% Univariate 0.036

Okugawa Japan Gastric cancer 150 H-v p<0.001 NA OS Mean Univariate 0.105 5 81.8
et al, 2014

Pang et al, China Pancreatic cancer 126 -1V p<0.001 No OS Median Multivariate 0.018 5 93.2
2015% Univariate  <0.001

Zhang et al, China Renal cell 106 -1V p<0.05 No OS Mean Univariate 0.008 5 93.2
2015%° carcinoma

Zheng etal,  China Colorectal cancer 146 - p<0.001 NA OS Median Multivariate ~ 0.002 5 86.4
2014% DFS Median Multivariate  <0.001

Hirata et al, Japan Renal cell 50 -1V 7.93 NA OS Median Univariate 0.01 5 81.8
2015%° carcinoma

Ma et al, China Glioma 118 -1V p<0.001 No OS Median Multivariate 0.002 5 93.2
2015'® Univariate  <0.001

Shenset al, China Lung cancer 78 NA p<0.001 NA DFS Mean Univariate 0.015 5 81.8
2015%

MALAT1 expression was examined using gRT-PCR, except for the Schmidt (2014) study, which used in situ hybridisation.
DFS, disease-free survival; DSS, disease-specific survival; M=method (1=HRs obtained directly from publications, 2=HRs calculated from the total number of events and its p value, 3=HRs
extracted from Kaplan—Meier curves); NA, not available; OS, overall survival; PFS, progression-free survival; PT, preoperative treatment; RFS, recurrence-free survival; SO, survival outcome.
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investigation, treatment description, source of samples,
number of unassessable samples with exclusion causes)
and results analysis (four items: follow-up description,
survival analysis according to the biological marker, uni-
variate analysis of the prognostic factors for survival,
multivariate analysis of the prognostic factors for sur-
vival).”® Each item was scored as follows: 2 points if it
was clearly defined in the article, 1 point if its descrip-
tion was incomplete or unclear and 0 point if it was not
defined or was inadequate. The maximum theoretical
score was 44 points. The final quality score was pre-
sented as percentage, which was calculated using the
formula (the sum of the total points divided by 44 and
multiplied by 100) (see online supplementary informa-
tion). An optimal threshold was yet to be defined, which
the cutoff point of 85% of the quality scores repre-
sented half of the investigated studies. Higher percen-
tages reflected better reporting quality of the paper.

Data extraction

The extracted data included author name, journal
name, year of publication, country in which study parti-
cipants were enrolled, ethnicity, the number of patients,
study design, the expression level of MALAT1, detection
method, the clinical stage of the tumour, follow-up,
treatment data, cut-off values, OS, HRs of elevated
MALAT1 for OS, disease-free survival (DFES),
progression-free survival (PFS) and recurrence-free sur-
vival (RFS), as well as their 95% CIs and p value. The
HRs were obtained by three methods. In method 1, the
HRs were obtained directly from publications. In
method 2, the HRs were calculated from the total
number of events and its p value with the formula: HR=
[PO/(1-P0O)]/[P1/(1-P1)], where PO represents a
b-year survival rate in the group with low expression of
MALATT1 and P1 represents a 5-year survival rate in the

group with high expression of MALAT1.*? The formula

of 95% CI was exp(InHR+1.96xSE), where exp=expo-
nential, InHR=the natural logarithm HR and SE of HR.
In method 3, the HRs were extracted from Kaplan—
Meier curves (see online supplementary information).
The HR estimate was reconstructed by extracting several
survival rates at specified times from the survival curves
using the Engauge Digitizer (V.4.1, http://digitizer.
sourceforge.net).

Statistical analysis

The extracted data were analysed using STATA software
V.10.0 (STATA Corporation, College Station, Texas,
USA). The HRs with the corresponding 95% Cls were
used to estimate the strength of the link between
MALATI1 and clinical prognoses. The HRs with their
95% CIs and p values were collected from the original
articles. However, if not available, we calculated the HRs
and their 95% CIs wusing previously reported
methods,*? #* as indicated above. A random-effect model
(DerSimonian-Laird method) was applied if heterogen-
eity was observed, whereas a fixed-effect model was used
in the absence of between-study heterogeneity. The
factors contributing to heterogeneity were analysed by
subgroup analysis, meta-regression or sensitivity analysis
by a sequential omission of each individual study. The
test for heterogeneity of combined HRs was carried out
using a yx*based Cochran Q test and Higgins I” statistic.
A p value of <0.05 or an I” value of >50% was considered
statistically significant. Publication bias was evaluated
using a funnel plot with Egger’s bias indicator test.”*

RESULTS

Data selection and characteristics of eligible studies

Based on the study design, our search with key terms dis-
closed 166 articles by 10 July 2015. The titles and

Table 2 Subgroup analysis of the pooled HRs of overall survival with overexpressed MALAT1 in patients with cancer

Heterogeneity
No.of  No. of Pooled HR (95% ClI) Meta-regression (random)

Subgroup analysis  studies patients Fixed Random (p value) I? (%) p Value
Region

China 9 845 2.03 (1.61to 2.56) 2.03 (1.22 to 2.56) 0.442* 0.00 0.452

Japan 3 236 1.88 (1.20t0 2.96) 2.62 (0.72t0 2.38) 0.517* 70.20 0.035

Germany 2 292 1.62 (1.06 to 2.47) 1.62 (1.06 to 2.47) 0.00 0.476
Sample size

>100 7 980 2.04 (1.64 to 2.55) 2.04 (1.64to 2.55) 0.349 0.00 0.444

<100 7 393 1.63 (1.15,2.31) 1.78 (1.12 to 2.80) 32.40 0.181
Type of cancer

Urinary system 3 251 1.87 (1.19t02.92) 2.68 (0.95to 7.57) 0.8541 75.60 0.017

Digestive system 5 579 2.01 (1.51t02.67) 2.08 (1.481t02.92) 0.895t 24.40 0.259

Respiratory system 3 370 1.61(1.10t0 2.37) 1.61 (1.10t02.37) 0.473% 0.00 0.774

Other system 3 173 2.22 (1.40t0 3.58) 2.22 (1.40 to 3.53) 0.00 0.747
Quality score (%)

>85 7 641 224 (1.72t02.91) 2.24 (1.72t02.91) 0.144 0.00 0.652

<85 7 732 1.64 (1.26 t0 2.13) 1.70 (1.20 to 2.42) 33.30 0.174

*Versus Germany; tversus other system.
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abstracts were reviewed, and 122 irrelevant studies and
duplicates were excluded. Eighteen studies were elimi-
nated from the remaining 44 because different statistics
methods had been used or the articles were not in
English. After data extraction, 14 studies with a total of
1373 patients, conducted in three countries (nine in

A Study %

China, three in Japan and two in Germany), were
matched to our inclusion criteria and were eligible for
the meta-analysis (figure 1). The maximum and
minimum sample sizes of patients were 222 and 19,
respectively. The accrual period of these studies ranged

from June 2003 to March 2015.
B Study %

D HR (95% CI) Weight D HR (95% CI) Weight
T
- - -
Germany ! r?splratory system carcinoma !

52008 Al 126 (0.56,2.82) 599 Ji (2003) — 126 (056, 2.82) 5.99
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Figure 2 Forest plot showing the subgroup analyses of the pooled HRs with elevated MALAT1 expression in the different types
of cancer. Values of p and I? and the HRs with their 95% CI of overall survival (OS) were analysed by the factors of country (A),
cancer type (B), sample size (C), quality score (D), univariate analysis (E) and multivariate analysis (F). Each study is
represented by a triangle; the centre of which denotes the HR with the horizontal lines showing the 95% Cls. The diamond gives
the overall HR for combined results of subgroup studies; the centre denotes the HR and the extremities the 95% Cls. Weights are

from random-effect (A—D) and fixed-effect (E and F) analyses.
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The main characteristics of the included studies are
shown in table 1. Among these 14 studies, a total of 10
different types of cancer were evaluated by this
meta-analysis, including respiratory system carcinoma
(three lung cancers),'” #* ¥ digestive system carcinoma
(one hepatocellular carcinoma (HCC), one gastric
one colorectal cancer and two pancreatic
cancers),?! 22 3638 urinary system carcinoma (two renal
cell carcinomas and one bladder cancer),”™*' and
other system carcinoma (one glioma, one osteosarcoma
and one multiple myeloma).18 1243 A specimens
examined were tissues. The cut-off values of the high
and low expression of MALAT1 in these studies were
found to be inconsistent owing to different detection
methods, such as quantitative PCR and in situ
hybridisation.

cancer,

Association of MALAT1 expression with 0S in

human cancer

We obtained the HRs directly from eight studies and
indirectly from six studies by calculation using methods

2 and 3 as described (also see online supplementary
information). A significant association was found
between elevated MALAT1 expression and poor OS in
10 types of cancer (pooled HR=1.95; 95% CI 1.57 to
2.41). There was no evidence of statistically significant
heterogeneity across the studies (x°=6.70, df=13,
p=0.257; I’=18.0%).

Subsequent analyses of subgroups were performed
based on country, the type of cancer, sample size, the
quality of the paper and the method of analysis (table 2;
figure 2; see online supplementary information). We
detected a significant correlation between overexpressed
MALATTI and poor OS in patients with cancer in China
(HR=2.03; 95% CI 1.61 to 2.56) and Germany
(HR=1.62; 95% CI 1.06 to 2.47), but not in Japan
(HR=2.62; 95% CI 0.87 to 7.92) (figure 2A). There was
no evidence of statistically significant heterogeneity
across the studies within the subgroups of China
(p=0.452) and Germany (p=0.476). However, significant
heterogeneity existed across the studies within the sub-

group of Japan (p=0.035).

Study %
ID HR (95% CI) Weight
0S i
Ji (2003) —_— 126 (0.56,2.82) 529
Schmidt (2011) — 1.78 (1.08,2.92)  11.15
Cho (2014) — 1.54(0.44,5.46) 240
Dong (2014) —— 3.75(0.47,29.62)  0.93
Fan (2014) —r— 1.26 (0.68,2.13)  9.18
Okugawa (2014) - , 1.54(0.92,2.58)  10.61
Pang (2014) 176 (1.10,2.81)  12.03
Zhang (2014) —:é— 235(1.02,543)  4.99
Zheng (2014) —_— 3.97(1.66,9.46)  4.68
Hirata (2015) | - 11.29 (2.70,47.25) 1.88
Ma (2015) — 229(137,3.81)  10.74
Subtotal (I-squared = 27.3%, p = 0.184) <> 1.92(1.50,2.46)  73.88
|
RFS and PFS i
Lai (2012) —_—_— 328(1.52,7.09) 572
Cho (2014) — 3.57(1.04,1225) 249
Subtotal (I-squared = 0.0%, p = 0.909) :<> 3.36(1.75,6.46) 821
. |
DFS |
Liu (2014) —_— 1.80(1.18,7.75)  4.06
Zheng (2014) e 286(1.66,494) 979
Shen (2015) —_— 1.58 (0.62,4.07)  4.07
Subtotal (I-squared = 0.0%, p = 0.474) lO 2.31(1.52,3.53) 17.92
- |
Overall (I-squared = 19.2%, p = 0.235) <> 2.06 (1.68,2.52) 100.00
|
1
| |

.1 1

60

Figure 3 Forest plot showing meta-analysis of the independent role of MALAT1 on overall survival (OS), recurrence-free
survival (RFS)/progression-free survival (PFS) and disease-free survival (DFS) in the different types of cancer. Each study is
represented by a triangle; the centre of which denotes the HR with the horizontal lines showing the 95% Cls. The diamond gives
the overall HR for combined results of subgroup studies; the centre denotes the HR and the extremities the 95% Cls. Weights are

from random-effect analyses.
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The elevated expression of MALAT1 was found to be
significantly associated with poor OS in patients with
digestive system malignancies (HR=2.08; 95% CI 1.48 to
2.92), respiratory system carcinoma (HR=1.61; 95% CI
1.10 to 2.37) and other system malignancies (HR=2.22;
95% CI 1.40 to 3.53) and not associated with urinary
system carcinoma (HR=2.68; 95% CI 0.95 to 7.57)
(figure 2B). There was no evidence of statistically signifi-
cant heterogeneity within the subgroups of patients with
digestive system malignancy (p=0.259), respiratory
system carcinoma (p=0.774) and other system malignan-
cies (p=0.747). However, a significant heterogeneity was
found among the studies of urinary system carcinoma
(p=0.017).

It is important to note that the sample size did not
alter the predictive value of MALAT1 on the OS for all
investigated cancers since the association of MALAT1
with the OS of patients was found to be similar for
sample sizes greater than or less than 100 subjects
(HR=2.04; 95% CI 1.64 to 2.55 and HR=1.78; 95% CI
1.12 to 2.80, respectively) and no evidence of statistically
significant heterogeneity was found among those studies
(p=0.444 and p=0.181, respectively) (figure 2C).

Next, we examined the quality of the published paper
in the studies and found that the scores (more or less
than 85%) did not change the result of the estimated
HR (HR=2.24; 95% CI 1.72 to 2.91 and HR=1.70; 95%
CI 1.20 to 2.42, respectively) and that there was no evi-
dence of statistically significant heterogeneity across the
studies within the subgroups with scores of more or
less than 85% (p=0.652 and p=0.174, respectively)
(figure 2D).

Using different methods of analysis, we obtained
similar results for the association of MALAT1 expression
with OS with univariate analysis (HR=1.90; 95% CI 1.60
to 2.25) (figure 2E) and multivariate analysis (HR=1.98;
95% CI 1.60 to 2.46) (figure 2F). No evidence of statis-
tically significant heterogeneity was found across the
studies (p=0.123 by univariate analysis and p=0.078 by
multivariate analyses).

Subsequently, we investigated whether MALAT1 was
predictive for the survival (OS, DFS, RFS and PFS) of
patients with cancer. Overall analyses of these combined
HRs suggested that MALAT1 expression may be an inde-
pendent prognostic factor for patients with cancer
(HR=2.06; 95% CI 1.68 to 2.52), and no evidence of stat-
istically significant heterogeneity was detected across the

studies (1°=19.2%; p=0.235) (figure 3).

Analysis of sensitivity and publication bias

A meta-regression was applied to quantify the heterogen-
eity among the covariates, including region, sample size,
the type of cancer and paper quality (table 2). We found
that there was no specific factor accounting for the inter-
study heterogeneity which was consistent with the results
of the subgroup analysis. Moreover, the sensitivity ana-
lyses showed that the pooled HRs of OS were reliable
(figure 4). The exclusion of any individual study did not

change the significance of the HRs. The results of sensi-
tivity analyses were similar between those included data
and excluded data obtained from Kaplan—Meier curves
(see online supplementary information).

To illustrate the heterogeneity across the studies for
the independent role of MALAT1 on OS of patients with
cancer, subgroup analyses of meta-regression were per-
formed. We found that MALAT1 was an independent

A | Lower CI Limit O Estimate | Upper CI Limit

Ji (2003) : L

Schmidt (2011) ! !
Lai (2012) !
Cho (2014)
Dong (2014)
Fan (2014)

Liu (2014)
Okugawa (2014)
Pang (2014)
Zhang (2014)
Zheng (2014)
Hirata (2015)
Ma (2015)
Shen (2015)

1.561 1.57 1.96 241 2.55

B | Lower CI Limit
Ji (2003
Schmidt (2011)
Lai (2012)

Cho (2014)

Fan (2014

Liu (2014
Okugawa (2014)
Pang (2014)
Zhang (2014)
Hirata (2015)
Ma (2015)
Shen (2015

O Estimate | Upper CI Limit

1.451.54 1.92 240 256

C | Lower CI Limit O Estimate | Upper CI Limit

Ji (2003)

Schmidt (2011)

Lai (2012)

Fan (2014)

Liu (2014)

Pang (2014)
Zheng (2014)
Hirata (2015)

Ma (2015)

1.44 1.54 2.08 2.81 3.12

Figure 4 Sensitivity analysis of the effect of the individual
study on the pooled HRs for the correlation between MALAT1
expression and overall survival (OS) in patients with cancer
by univariate and multivariate analyses. (A) Sensitivity
analysis of the effect of the individual study on the pooled
HRs of OS in the different types of cancer with MALAT1
overexpression. (B) Sensitivity analysis of the effect of the
individual study on the independent role of MALAT1 on

OS in the different types of cancer by univariate analysis.

(C) Sensitivity analysis of the effect of the individual study on
the independent role of MALAT-1 on OS in the different types
of cancer by multivariate analysis.
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factor of prognosis among patients with cancer in China
and Germany (table 3). The score of the paper quality
and the sample size did not affect the overall results.
None of the factors examined, including country (except
Japan), sample size, type of cancer (except urinary
carcinomas) and paper quality, were responsible for the
heterogeneity across the studies in meta-regression.

Next, a Begg’s funnel plot and Egger’s linear regres-
sion test were conducted to evaluate publication bias.
The funnel plot showed that there was no significant
asymmetry, such as the association of MALAT1 expres-
sion with OS (figure 5A) and the independent prognos-
tic role of MALAT1 in different types of cancer by
univariate analysis (figure 5B) and by multivariate ana-
lysis (figure 5C). Subsequently, Egger’s linear regression
test also proved that there was no evidence of publica-
tion bias (p=0.1; p=0.4; p=0.1, respectively).

DISCUSSION

This study disclosed the prognostic value of MALAT1, an
important IncRNA involved in cancer metastasis and
progression. This meta-analysis of published clinical
studies, using a detailed search strategy and predeter-
mined selection criteria, provided convincing evidence
that MALAT1 expression is predictive of poor patient
survival in various types of cancer.

It has been shown that IncRNAs play important roles
in pathophysiological processes. An increasing number
of studies showing the involvement of IncRNAs in the
development and the progression of various tumours
have drawn attention towards these RNA species.
MALAT], one of the IncRNAs, has been shown to be

aberrantly expressed in different types of cancer, such as
myeloma, oesophageal squamous cell carcinoma, colo-
rectal and pancreatic cancers, etc,l7 38 43 44 indicating
that MALAT] may play a role in tumorigenesis. Our
meta-analysis summarised the tumour prognostic role of
MALAT1 and provided sufficient evidence for the associ-
ation between MALAT1 expression and clinicopathologi-
cal characteristics of human cancers, suggesting that
MALAT1 may be used as a negative, unfavourable prog-
nostic marker for most cancers.

We examined 14 independent studies comprising data
from 1373 patients with similar HRs among various sub-
groups and using similar analytical methods, and found
a reciprocal relationship between elevated MALATI1
expression and OS. Subgroup analyses, including region
(China and Germany), cancer type (digestive system car-
cinoma, respiratory system carcinoma or other system
carcinoma), sample size (more or less than 100 patients)
and paper quality (with a score of more or less than
85%), showed that these factors did not alter the pre-
dictive value of MALAT1 on OS among the investigated
cancers. Using Cox multivariate analyses, we also found
that MALAT1 was an independent prognostic marker
for these carcinomas and no evidence of statistically
significant heterogeneity existed across the studies.
Furthermore, both Begg’s test and Egger’s test showed
no significant publication bias concerning the independ-
ent prognostic role of MALAT1 in the different types of
cancer. Therefore, this meta-analysis supports the out-
comes of many studies which found that MALAT1 is a
molecular predictor of OS.

The prognostic significance of MALAT1 in DFS was
evaluated in three studies with 269 patients.” 37

Table 3 Subgroup analysis of the independent role of MALAT1 on OS, DFS, RFS and PFS in the different types of cancer

Heterogeneity

No.of  No. of Pooled HR (95% ClI) Meta-regression (random)

Subgroup analysis  studies patients Fixed Random (p value) 1?(%) p Value
Overall survival 11 1138 1.87 (1.57t02.28) 1.92 (1.50t02.46) - 27.30 0.184
Region

China 6 610 1.97 (1.52t0 2.57) 2.00 (1.49t02.70) 0.513 15.90 0.312

Japan 3 236 1.88 (1.20t0 2.96) 2.62 (0.87 t0 7.92) 0.582 70.20 0.035

Germany 2 292 1.62 (1.06 t0 2.47) 1.62 (1.06 to 2.47) 0.00 0.476
Sample

>100 6 868 1.96 (1.56 t0 2.47) 1.96 (1.56 to 2.47) 0.511 0.00 0.514

<100 5 270 1.61 (1.07 to 2.42) 2.01 (0.99 to 4.08) 54.70 0.066
Type of cancer

Digestive system 3 422 1.87 (1.35t02.58) 1.96 (1.26 to 3.07) 0.895 24.40 0.259

Urinary system 3 251 1.87 (1.19t02.92) 2.68 (0.951t0 7.57) 0.990 75.60 0.017

Respiratory system 2 292 1.62 (1.06 to 2.47) 1.62 (1.06 to 2.47) 0.537 0.00 0.476

Other system 3 173 2.22 (1.40t0 3.53) 2.22 (1.40 to 3.53) 0.00 0.747
Quality score (%)

>85.0 6 563 2.16 (1.61t02.89) 2.16 (1.61102.89) 0.275 0.00 0.562

<85.0 5 575 1.64 (1.251t02.16) 1.75 (1.16 to 2.63) 4440 0.110
DFS 3 148 2.31 (1.521t0 3.53) 2.31(1.52103.53) - 0.00 0.474
RFS and PFS 2 269 3.36 (1.75t0 6.46) 3.36 (1.75t0 6.46) — 0.00 0.909

DFS, disease-free survival; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival.
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Figure 5 Analysis of the correlation between MALAT1
expression and overall survival (OS) in patients with cancer
by univariate and multivariate analyses. (A) Funnel plot of the
publication bias for the analysis of the pooled HRs of OS in
the different types of cancer with MALAT1 overexpression.
(B) Funnel plot of the publication bias for the analysis of the
independent role of MALAT1 on OS in the different types

of cancer by univariate analysis. (C) Funnel plot of the
publication bias for the analysis of the independent role

of MALAT-1 on OS in the different types of cancer by
multivariate analysis.

Subgroup analysis showed that patients with a high level
of MALAT1 were more likely to have significantly shorter
DFS. Additionally, the studies included in our analysis
also showed the prognostic value of MALAT1 in tumour
recurrence and progression. Previous studies have shown
that MALAT1 is an independent prognostic factor
for predicting the recurrence of HCC and the progres-
sion of multiple myeloma,”® ** further supporting our

conclusion that MALAT1 is an independent prognostic
factor for patient survival.

Recently, the function and role of MALAT1 in tumori-
genesis has been extensively investigated. MALAT1 has
been shown to promote malignancy as its knockdown
inhibits the osteosarcoma cell proliferation and invasion
and suppresses metastasis in vivo and in vitro.** Another
study in renal cell carcinoma similarly reported that
silencing of MALAT1 reduces cell proliferation and inva-
sion of renal cell carcinoma and increases apoptosis.”
Furthermore, blocking of MALAT1 with antisense oligo-
nucleotides prevents metastasis after tumour implant-
ation in mice.” Genetic ablation of MALAT1 inhibits
endothelial cell proliferation and reduces neonatal
retina  vascularisation.*® However, MALAT1-knockout
mice are viable and fertile and the genetic loss of
MALAT1 in mice neither altered cell viability, nor
changed apparent phenotypes and/or histology com-
pared with wild-type animals.*” ** MALAT1 is highly evo-
lutionarily conserved in mammals. The upregulation of
MALAT1 was mediated by Spl at transcription.”’ In
human cells, MALAT1 induces cellular proliferation by
regulating the expression and pre-mRNA processing of
cell cyclerelated transcription factors. Silencing of
MALAT1 by miR-101 and miR-217 can inhibit carcinoma
cell proliferation, migration and invasion.”’ Depletion of
MALAT1 leads to the activation of p53 and its down-
stream target genes.”' Furthermore, knockdown of
MAILATT inactivates the ERK/MAPK pathway in gallblad-
der carcinoma cell lines."” Based on these studies and
owing to its functions, MALAT1 may be a consequential
biomarker, and also be one of the causal factors for
tumorigenesis in general.

As with any meta-analysis our analysis has a few limita-
tions due to the discrete data across these clinical
studies. For example, the criteria for calculating the
cut-off value were not the same in different studies. The
inclusion of a relatively small number of studies in differ-
ent regions (China, Japan and Germany) might have
decreased the applicability of our results across different
ethnicities. In this meta-analysis, only summarised data
rather than individual patient data were used.
Furthermore, some of the HRs were calculated by recon-
structing survival curves rather than directly obtained
from the primary studies. The data collection may be
incomplete because data from non-English language
papers were not included. Therefore, it is possible that
our results might overestimate the predictive significance
of MALAT1 in the prognosis of patients with cancer. We
believe that more clinical studies should be conducted
to evaluate the prognostic potential of MALAT1 in other
types of cancer that have not been included.

In summary, this meta-analysis shows that elevated
MALAT1 expression is common to various types of
cancer and that it is significantly associated with the
poor OS. Furthermore, the functional role of MALAT1
in the regulation of cell proliferation, apoptosis and
metastasis suggests that MALAT1 may play a key role in
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tumour progression. Thus, MALAT1 may potentially be
used as a new prognostic marker to predict the OS and
tumour recurrence of patients with cancer. More clinical
studies on the different types of human cancer that have
not yet been investigated need to be conducted.
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Search String and Methods of HRs Calculation

Asin Fig. 1




Scoring Assessment

Example of how quality score was made. Original data were from ref 39, Hirata et al 2015.

Note: Adapted from ref 30
(Steels et al, 2001).

Score 2 if the item is clearly
defined in the article.

Scorel if the item description
IS incomplete or unclear.

Score O if the item is not
defined or is inadequate.

The total score is 44 points
and the quality score was
calculated as the sum of the
total score divided by 44
and multiple by 100.

In this case, the sum of the
total score is 36. Therefore
after calculation, we have
the final quality score of
81.82%, which was showed
in Table 1.

ltem

Scientific design

1. Study objective definition

2. Study design

3. Outcome definition

4. Statistical consideration

5. Statistical method and test description
Laboratory methodology

1. Blinding in the biological assays performance
2. Tested factor description

3. Tissue sample conservation

4. Description of the revelation test procedure of
the biological factor

5. Description of the negative and positive control procedures

6. Test reproducibility control

7. Definition of the level of positivity of the test
Generalizability

1. Patient selection criteria

2. Patients’ characteristics

3. Initial workup

4. Treatment description

5. Source of samples

6. Number of unassessable samples with exclusion causes
Results analysis

1. Follow-up description

2. Survival analysis according to the biological marker

3. Univariate analysis of the prognostic factors for survival
4. Multivariate analysis of the prognostic factors for survival
Total

% (Total/44)

score
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Method 2

HRs and 95%ClIs were calculated from the total number of events and its p-value

For example (original data were from ref 42, Dong et al. 2014, formula is adapted from ref
32, Tierney et al, 2007)
HR= [PO/(1-P0)]/[P1/(1-P1)], where
P0O=5-year survival rate in the group with the low expression of MALAT1
P1=5-year survival rate in the group with the high expression of MALAT1
Calculation: in this case
PO=alive/the total number of events =3/5=0.6
P1=alive/the total number of events=4/14=0.2857
Therefore, HR=[0.6/(1-0.6)]/[0.2857/(1-0.2857)]=3.75, which was showed in Fig. 2
95%Cl=exp(InHR = 1.96 * stderr), where exp=exponential; InHR=the natural logarithm
Hazard Ratio; stderr=standard error of HR
Calculation: in this case
p-value=0.21 (obtained directly from the paper)
NORMSINV (Probability)=NORMSINV[p-value/2]l=NORMSINV[0.21/2]
=NORMSINV[0.105]= -1.25,
where NORMSINV=inverse of the standard normal cumulative distribution function
INHR=In3.75=1.32
stderr = InHR / NORMSINV = 1.32/(-1.25) = -1.05
Therefore, 95%Cl=exp(Inhr+=1.96 * stderr)=exp(1.32+1.96*1.05)
Thus, 95 % CI: lower limit of confidence interval=0.47, upper limit of confidence interval
=29.62, which were showed in Fig. 2
Note: In the usual situation of a 95% CI being presented, the corresponding z-score is 1.96.




Method 3

HRs were extracted from Kaplan-Meier curves

S Reconstructed the HR
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Representative of forest figure produced

Data from HR and 95% Cls to obtain a forest figure

Input the Data of HR and 95% CI into

the STAT10.0 software

B Fle Edit Data Graphics Statistics User
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Example of Figure 2E generated
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Restricted sensitivity test (data without Kaplan-Meier curves)

The results of sensitivity analyses were the similar between those included (Fig. 4A-C in the manuscript)
and excluded (Fig. A’-C’, here) data obtained from Kaplan-Meier curves

A, Lower CI Limit Estimate Upper CI Limit
Schmidt (2011) | f~ |
Lai (2012) 1 |frm o
Dong (2014) | ' ' . )
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L' (2014) ] S— . . . . .
Okugav'vua (2014) | | - similar to Fig. 4A in the main

Pang (2014) : aber
Zheng (2014) ’ pap
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Ma (2015) '|-f L
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Ma (2015)
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C, Lower CI Limit Estimate Upper CI Limit
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