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Abstract

Background: HOTAIR, a newly discovered long intergenic noncoding RNA (lincRNA), has been reported to be aberrantly
expressed in many types of cancers. This meta-analysis summarizes its potential role as a biomarker in malignancy.

Methods: A quantitative meta-analysis was performed through a systematic search in Pubmed, Medline and Web of Science
for eligible papers on the prognostic impact of HOTAIR in cancer from inception to Feb. 28, 2014. Pooled hazard ratios (HRs)
with 95% confidence interval (95% Cl) were calculated to summarize the effect.

Results: Nineteen studies were included in the study, with a total of 2033 patients. A significant association was observed
between high HOTAIR expression and poor overall survival (OS) in patients with cancer (pooled HR 2.22, 95% Cl: 1.68-2.93).
Place of residence (Asian or Western countries), type of cancer (digestive or non-digestive disease), sample size (more or less
than 100), and paper quality (score more or less than 85%) did not alter the significant predictive value of HOTAIR in OS from
various kinds of cancer but preoperative status did. By combining HRs from Cox multivariate analyses, we found that
HOTAIR expression was an independent prognostic factor for cancer patients (pooled HR 2.26, 95% Cl: 1.62-3.15). Subgroup
analysis showed that HOTAIR abundance was an independent prognostic factor for cancer metastasis (HR 3.90, 95% Cl: 2.25—
6.74). For esophageal carcinoma, high HOTAIR expression was significantly associated with TNM stage (lll/IV vs. I/1l: OR 6.90,
95% Cl: 2.81-16.9) without heterogeneity. In gastric cancer, HOTAIR expression was found to be significantly associated with
lymph node metastases (present vs. absent: OR 4.47, 95% Cl: 1.88-10.63) and vessel invasion (positive vs. negative: OR 2.88,
95% Cl: 1.38-6.04) without obvious heterogeneity.

Conclusions: HOTAIR abundance may serve as a novel predictive factor for poor prognosis in different types of cancers in
both Asian and Western countries.
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Introduction

GLOBOCAN 2012 reports that an estimated 14.1 million new
cancer cases and 8.2 million cancer deaths occurred in 2012, and
most of them occurred in less developed countries [1]. Cancer has
now become a major cause of morbidity and mortality in most
regions worldwide [2]. The 5-year survival rate remains low in
many types of cancers, and numerous investigators are searching
for biomarkers that may help with diagnosis or prognosis of cancer
[3].

Recently, genome-wide transcriptome studies have confirmed
that there are a large number of long intergenic noncoding RNAs
(lincRNAs), which in the past had been dismissed as simply
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transcriptional “noise” [4]. LincRNAs are non-protein coding
RNA molecules greater than 200 nucleotides in length. Diverse
biological functions, including cell differentiation, development
and many disease processes, have been attributed to lincRNAs.
HOTAIR is a lincRNA that is crucial for cell growth and viability
[5,6]. It is transcribed from the antisense strand of the HOXC gene
on chromosome 12q13.13 [5]. HOTAIR has been implicated in
cancer invasion and metastasis through its role in chromatin
remodeling. By targeting polycomb repressive complex 2 (PRC2)
and LSDI1 complexes to chromatin for coupled histone methyl-
ation and demethylation processes, HOTAIR silences various
target genes, including the HOXD cluster [5].

August 2014 | Volume 9 | Issue 8 | 105538

CrossMark

click for updates


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0105538&domain=pdf

HOTAIR is aberrantly expressed in a variety of human cancers,
including breast cancer, colorectal cancer, laryngeal squamous cell
carcinoma, and liver cancer [6-9]. It has been suggested that
HOTAIR expression may play a useful prognostic role in some
tumors. However, most studies examining the implications of
HOTAIR expression are limited by small sample size. Therefore,
we conducted a systematic review and quantitative meta-analysis
to clarify the prognostic value of HOTAIR expression in human
cancers.

Materials and Methods

Study strategy

The present review was performed in accordance with the
standard guidelines for meta-analyses and systematic reviews of
tumor marker prognostic studies [10,11]. To obtain relevant
articles for this review, two authors (SH Zhang and SL Chen)
independently used the following research tools: Medline,
Pubmed, and Web of Science to identify all relevant articles
about HOTAIR as a prognostic factor for survival of patients with
any cancer. The literature search ended on Feb 28, 2014. The
search strategy used both MeSH terms and free-text words to
increase the sensitivity of the search. The following search terms

HOTAIR in Cancer Prognosis

were used: “HOTAIR”, “long intergenic noncoding RNA”,
“lincRNA”, “IncRNA”, “noncoding RNA”, “cancer”, “carcino-
bl bl bl bl
» o« y » » o »

ma”, “neoplasm”, “prognosis”, “prognostic”’, “outcome”,

tality”, “survival”, and “recurrence”.

mor-

Study selection

The same two investigators independently assessed all the
eligible studies and extracted the data. Studies were considered
eligible if they met the following criteria: any type of human cancer
was studied; HOTAIR expression was determined in human tissue
using quantitative PCR or microarray expression analysis; the
relationship between HOTAIR expression and survival was
examined; sufficient data was provided to estimate hazard ratios
(HRs) for survival rates and their 95% confidence intervals. If data
subsets were published in more than one article, only the most
recent one was included. Citations were limited to those published
in the English language. Animal studies [10] and single case
reports were excluded [11]. If the data could not be extracted or
calculated from the original article, the study was excluded.
Disagreements were resolved through discussion with a third
investigator (G Yang).

(n=160)

Citations 1dentified by search strategy

Excluded

Irrelevant or duplicates identified

through title review (n=113)

(n=47)

Articles reviewed based on abstract

Excluded

Iirelevant study or not an orgnal

article (n=26)

review (n=21)

Potentally relevant trials through full paper

Excluded

Articles without available outcome

(n=2)

(n=19)

Studies mcluded m the meta-analysis

Figure 1. The flow diagram of the meta analysis.
doi:10.1371/journal.pone.0105538.g001
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Ct (HOTAIR) - Ct (GAPDH). NA: not available.

*1 denoted as obtaining HRs directly from publications; 2 denoted as calculating HRs from the total number of events and its p-value; 3 denoted as extracting HRs from Kaplan-Meier curves.

doi:10.1371/journal.pone.0105538.t001

El: expression index, it was calculated from the formula 1,000 9 2(-DCt), where DCt
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Data extraction

The two investigators (SH Zhang and SL Chen) extracted data
independently and reached a consensus on all items. For each
study, the following characteristics of the individual research
articles were collected: author, journal name, year of publication,
country of the population enrolled, ethnicity, number of patients,
study design, follow-up, overall survival (OS),methods, cut-off
values, treatment data, disease-free survival (DFS), metastasis-free
survival (MFS), and recurrence-free survival (RFS).

Quality assessment of primary studies

Quality assessment was performed independently by three
mvestigators (SH Zhang, SL Chen, and MH Chen). All eligible
studies were scored as previously reported [12,13]. The final scores
are expressed as percentages, with a higher percentage denoting
better methodological quality.

Statistical analysis

We extracted HRs according to the following three methods
[14]. The first and most accurate method was to obtain the
reported HRs directly from the publication, or to estimate the
HRs from O-E statistic and variance. If that was not possible, we
calculated the HRs from the published data including the number
of patients at risk in each group, the number of events and the log-
rank statistic or its p value. However, there were still some HRs
that could not be retrieved using the above methods, as they were
presented in the form of Kaplan-Meier Curves. Therefore, with
the assumption of a constant rate of the censored patients during
follow-up, we reconstructed the HR estimate by extracting several
survival rates at specified times from the survival curves. Since the
approximation of the survival curves introduces error, we
attempted to minimize this error by using the Engauge Digitizer
version 2.11 to obtain the necessary points. We inputted the
extracted survival rates at specified times into the spreadsheet
developed by Tierney JF et al and estimated censoring using the
minimum and maximum follow-up [14]. Then an approximated
curve was produced; we compared it with published curves to
confirm the accuracy of our data extraction and to assist in data
adjustment [14]. If needed, we sought original data directly from
the authors of the relevant studies.

Pooled hazard ratios or odds ratios (HRs or ORs) and their
associated 95% confidence intervals (CI) were estimated using a
fixed-effect model (Mantel-Haenszel), while the random effects
model was performed when significant heterogeneity was present
[15]. For each study, HR was estimated as previously reported
[16]. The individual HR estimates were pooled into a summary
HR using published methods [17]. Statistical heterogeneity among
studies was assessed by using the I? statistic, with significant
heterogeneity defined as an 1>>50% [18]. Subgroup analysis and
meta regression by factor of region, sample size, type of cancer and
paper quality score were both performed to determine if the
number of included studies was sufficient. Univariate meta-
regression was conducted to explore the potential heterogeneity
in the analysis of the association between HOTAIR and survival.
Furthermore, factors identified as significant by univariate analysis
were further analyzed with multivariate meta-regression if
necessary. We also conducted sensitivity analyses to test the effect
of each study on the overall pooled results. The presence of
publication bias was evaluated by using funnel plots, Begg’s test
and Egger’s test [16]. Statistical analysis was performed using Stata
software statistical software version 12.0 (Stata, College Station,
TX). A p value of less than 0.05 was considered statistically
significant.

August 2014 | Volume 9 | Issue 8 | 105538



A

Study or subgroup

China

Chen et al. (2013)
Lietal (2013)

Ge et al. (2013)
Lvetal. (2013)

Xu et al. (2013)
Lietal (2013)

Nie et al. (2013)
Liu et al. (2013)
Zhang et al. (2013)
He et al. (2013)
Subtotal (I-squared = 0.0%, p = 0.93§)

HR (95%Cl) Weight(%)

2.40 (1.35, 4.28) 8.60
1.91 (1.06, 4.00) 7.69
3.16 (153, 6.52) 7.10
1.99 (1.23, 3.29) 9.60
2.13(1.00, 4.51) 6.85
2.86 (1.15, 7.07) 5.58
1.90(1.13,3.19) 9.27
1.65 (0.50, 5.44) 3.89
1.83(1.04,3.23) 8.72
431(1.12, 16.64)3.24
2.15 (1.74, 2.66) 70.56

Japan

Endo et al. (2013)
Gupta et al. (2010)
Luetal. (2012)
Kogo et a. (2011)
Kim et al. (2013)

Niinuma et al. (2012)

Subtotal (l-squared = 81.3%, p = 0. 00&@}—'

Overall (l-squared = 50.8%, p = 0.010)

8.42 (1.44, 4921211
3.31(1.64,6.72) 7.28
0.43 (0.21, 0.89) 7.12
562 (153, 19.57)3.54
229 (1.18,4.43) 7.73
9.00 (1.20, 68.90)1.66
2.79(1.09, 7.14) 29.44

222 (1.68, 2.93) 100.00

B

Study or subgroup

Score285.0%

Chen et al. (2013)
Xu et al. (2013)
Gupta et al. (2010)
Luetal. (2012)
Kogo et a. (2011)
Niinuma et al. (2012)
Liu et al. (2013)
Zhang et al. (2013)
Subtotal (I-squared =71.4%, p = 0.0

S

Score<85.0%
Lietal. (2013)
Ge et al. (2013)
Lvetal. (2013)
Endo et al. (2013)
Kim et al. (2013)

#

HOTAIR i

%

n Cancer Prognosis

HR (95%Cl) Weight(%)

240 (135, 4.28) 8.60
2.13(1.00, 4.51) 6.85
3.31(1.64,6.72) 7.28
0.43 (0.21, 0.89) 7.12
5.62 (1.53, 19.57)3.54
9.00 (1.20, 68.90)1.66
1.65 (0.50, 5.44) 3.89
1.83 (1.04, 3.23) 8.72
2.07 (1.19, 3.59) 47.68

1.91 (1.06, 4.00) 7.69
3.16 (1.53,6.52) 7.10
1.99 (1.23, 3.29) 9.60
8.42(1.44,49.212.11
2.29(1.18,4.43) 7.73

Lietal. (2013)

Nie et al. (2013)

He et al. (2013)

Subtotal (l-squared = 0.0%, p = 0.657

286 (1.15, 7.07) 558
1.90 (1.13,3.19) 9.27
431(1.12, 16.64)3.24
228 (1.78,2.92) 52.32

<;++

Overall (l-squared = 50.8%, p = 0.01 2.22(1.68,2.93) 100.00

W

T
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C

Study or subgroup

Number<100

Chen et al. (2013)
Lvetal. (2013)

Xu et al. (2013)
Endo et al. (2013)
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Lietal. (2013)

Liu et al. (2013)
Zhang et al. (2013)
Subtotal (I-squared = 0.0%, p = 0.62

HR (95%Cl) Weight(%)

2.40 (135, 4.28) 8.60
1.99 (1.23, 3.29) 9.60
2.13(1.00, 4.51) 6.85
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Number2100
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Ge et al. (2013)
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Chen et al. (2013)

Lietal. (2013)
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Non-digestive system carcinoma
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Nie et al. (2013)
Liu et al. (2013)
Zhang et al. (2013)
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Figure 2. Meta analysis of the pooled HRs of OS of different types of cancer with increased HOTAIR expression. (A) Subgroup analysis
of HRs of OS by factor of region. (B) Subgroup analysis of HRs of OS by factor of score. (C) Subgroup analysis of HRs of OS by factor of sample size. (D)

Subgroup analysis of HRs of OS by factor of type of cancer.
doi:10.1371/journal.pone.0105538.9g002

Results

Included studies and characteristics

As shown in the flow diagram (Figure 1), our search terms
revealed 160 articles. After the titles and abstracts were reviewed,
113 irrelevant or duplicate articles were excluded. After a more
careful inspection of the abstracts, a total of 21 articles were
reviewed in detail [6-9,19-35]. Two papers were excluded
because of insufficient data to estimate HR for further analysis
[34,35]. As a result, 19 published articles were included in the
current meta-analysis [6-9,19-33]. Among these 19 studies, a total
of 2033 patients were included, with a maximum sample size of
292 and a minimum sample size of 39 patients (Mean 107.0). Nine
studies enrolled more than 100 participants. The accrual period of
these studies ranged from 2010 to 2014. The studies were
published by groups throughout the world: 11 from China, 4 from
Japan, 3 from the United States and 1 from Denmark. A total of
12 different types of cancer were evaluated in studies in this meta-

PLOS ONE | www.plosone.org

analysis, with the greatest number being digestive system
malignancies (4 esophageal carcinoma, 2 gastric cancer, 2
hepatocellular cancer, 1 colorectal cancer, 1 pancreatic cancer
and 1 gastrointestinal stromal tumor); other types of cancer were
also included (3 breast cancer, 2 non-small cell lung cancer, 1
nasopharyngeal carcinoma, 1 laryngeal carcinoma, 1 mesenchy-
mal glioma and 1 endometrial carcinoma). Treatment information
was not available in 4 studies and of the remaining researches, the
participants in two received preoperative treatment.

Table 1 summarizes the main characteristics of the included
studies. A total of 21 HRs were analyzed. HRs from two studies
were calculated by using one of the three methods noted in the
Materials and Methods section. HRs could be obtained directly in
seventeen studies, and HRs were approximated in two studies by
using the total number of events and its p-value. We extrapolated
the remaining HRs from two studies using graphical representa-
tions of the survival distributions.
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Figure 3. Meta analysis of the independent role of HOTAIR in OS/recurrence/metastasis of different types of cancer.

doi:10.1371/journal.pone.0105538.9003

All of the studies were comprised of a high HOTAIR expression
arm and a low HOTAIR expression arm. The average percentage
of tumors with increased HOTAIR expression was 42.0%, with a
maximum of 67.5% in gastric cancer and a minimum of 13.7% in
pancreatic cancer. OS, DFS, RFS and MFS were estimated as
survival outcome measures in 84.2% (16/19), 5.26% (1/19),
15.8% (3/19) and 21.1% (4/19) of the studies, respectively.
Multivariable analyses were performed in 84.2% (16/19) of studies
and HOTAIR expression was found to be an independent
prognostic factor for OS in 91.7% (11/12) of studies, for
recurrence in 1 of 2 of studies, and for metastasis in 2 of 2 of
studies.

Association between HOTAIR and survival in twelve types
of cancers

Sixteen studies reported the overall survival (OS) of twelve types
of cancer based on different HOTAIR expression levels in a total
of 1732 patients. A significant association was observed between
HOTAIR and OS in cancer patients (pooled HR 2.22, 95% CI:
1.68-2.93) (Figure 2). Significant heterogeneity existed between
studies (x° =30.47, df =15, p = 0.010; I” = 50.8%).

Due to the presence of heterogeneity, subgroups were analyzed
based on the region, sample size, type of cancer, preoperative
treatment and paper quality (Table 2) (Figure 2). We detected a
significant association between HOTAIR and OS of cancer
patients in both Asian (HR 2.15, 95%CI: 1.74-2.66) and western
countries (HR 2.79, 95%CI: 1.09-7.14). HOTAIR was found to
be significantly associated with OS of patients with digestive
system malignancies (HR 2.42, 95%CI: 1.89-3.10) and with OS of
patients with non-digestive system malignancies (HR 1.84, 95%CI:
1.07-3.16). The association between HOTAIR and OS of patients

PLOS ONE | www.plosone.org

was present in studies with more than 100 or fewer than 100
subjects. After excluding the four studies without available
treatment information, HOTAIR was found to be significantly
associated with OS in patients without preoperative treatment
(HR 2.34, 95% CI: 1.86-2.96) but not in those who received
preoperative treatment (HR 0.953, 95% CI: 0.199-4.57). Paper
quality did not change the result of the estimated HR (HR 2.07,
95% CI: 1.19-3.59; HR 2.28, 95%CI: 1.78-2.92 respectively), but
in those studies with a paper quality score of less than 85.0, there
was more heterogeneity across studies than in the subgroup with
higher quality. Significant heterogeneity existed across studies in
the subgroup of western countries, in the subgroup of patient
number more than 100 and in the subgroup of patients with non-
digestive system malignancy but there was not significant
heterogeneity in the subgroups of Asian countries, patient number
fewer than 100 and patients with digestive system malignancy.
Thus, the region, type of cancer and sample size did not alter the
significant predictive value of HOTAIR in OS of various kinds of
cancer.

In order to further explore the sources of heterogeneity, we
performed meta-regression by the covariates including region,
type of cancer, sample size, preoperative treatment and paper
quality to quantify the heterogeneity (Table 2). As was found in
the subgroup analysis, only the factor of preoperative treatment
accounted for the inter-study heterogeneity which was consistent
with the result of subgroup analysis. Moreover, HR did not change
significantly after the exclusion of any of the studies in the
sensitivity analysis (Figure S1A). For meta-analysis of the
association between HOTAIR expression and OS, Begg’s test
(P=0.022) showed significant publication bias across studies; the
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Figure 4. (A) Meta analysis of pooled hazard ratios of RFS of cancer with increased HOTAIR expression. (B) Meta analysis of pooled hazard ratios of

MFS of cancer with increased HOTAIR expression.
doi:10.1371/journal.pone.0105538.9g004

funnel plot was slightly asymmetrical although Egger’s test
(p =0.103) did not show significance (Figure S2A).

HRs from Cox multivariate analyses were recorded in 12
studies to investigate whether HOTAIR was predictive for OS of
cancer. Combining these HRs suggests that HOTAIR expression
might be an independent prognostic factor for cancer patients
(pooled HR 2.26, 95%CI: 1.62-3.15) (Figure 3), but a significant
heterogeneity was detected among studies (x?=27.25, df=11,
p=0.004, I7=59.6%). In addition to the independent role of
HOTAIR in OS, two other studies respectively found that
HOTAIR was an independent factor for cancer metastasis but
not for the recurrence of cancer (pooled HR 3.90, 95%CI: 2.25—
6.74; pooled HR 1.28, 95%CI: 0.18-9.29) (Table 3) (Figure 3).
Heterogeneity was significant in studies examining the association
between HOTAIR and recurrence, whereas no heterogeneity was
found in studies looking at the independent role of HOTAIR in
metastasis.

Subgroup analysis, sensitivity analysis and meta-regression were
performed to illustrate the heterogeneity across studies concerning
the independent role of HOTAIR in OS, but not in the recurrence
or metastasis (Table 3). Subgroup analysis showed that HOTAIR
was an independent prognostic factor for digestive system cancer
patients without preoperative treatment in Asian countries, and
sample size and paper quality did not change the overall result.
However, we found that none of the examined factors, including
region, sample size, type of cancer, preoperative treatment and
manuscript quality, were responsible for heterogeneity across
studies in meta-regression. Sensitivity analysis showed no signif-
icant change after exclusion any of the included studies (Figure
S1B). There was no significant publication bias for studies
concerning an independent prognostic role for HOTAIR in
different types of cancer (Begg’s test: p=0.064, Egger’s test:
p=0.25) (Figure S2B).

The prognostic significance of HOTAIR in recurrence-free
survival (RFS) and metastasis-free survival (MFS) was evaluated in
3 studies with 512 patients and in 4 studies with 593 patients,
respectively (Table 4). HOTAIR was not significantly associated
with RFS (HR 1.40, 95%CI: 0.48-4.05) with obvious heteroge-
neity (x> =18.95, df=2, p=0.00, I’ = 89.4%)(Figure 4A), but a
significant relation was demonstrated in the subgroup of Asian
countries (HR 2.31, 95%CI: 1.13—4.71), the subgroup of sample
size less than 100 (HR 3.56, 95%CI: 1.67-7.63) and the subgroup
of digestive system carcinoma (HR 3.56, 95%CI: 1.67-7.63).
However, it showed that patients with high HOTAIR expression
were more likely to have significantly shorter MFS (HR 2.30,
95%CI: 1.50-3.53) with heterogeneity (Figure 4B). Heterogene-

PLOS ONE | www.plosone.org

ity existed across studies in the subgroup of Asian countries
(> =2.64, df=1, p=0.104; I? = 62.1%) while there was only one
study in the Western subgroup with digestive system carcinoma.
The subgroup of digestive system carcinoma (HR 4.47, 95%CI:
1.99-10.05 vs. HR 1.93, 95%CI: 1.36-2.74) and paper quality less
than 85.0 (HR 4.47, 95%CI: 1.99-10.05 vs. HR 1.93, 95%CI:
1.36-2.74) reported larger HR than did the other two subgroups
without significant heterogeneity. However, patients from Asian
and western countries showed similar HR from HOTAIR in MFS
with heterogeneity. Meta regression analysis showed that no
included stratifying factors contributed to main heterogeneity
across studies. Furthermore, we estimated HRs in 4 studies with
available multivariate data regarding the independent prognostic
role of HOTAIR in recurrence and metastasis (Figure 3). This
analysis showed that HOTAIR was an independent prognostic
factor for cancer metastasis (HR 3.90, 95%CI: 2.25-6.74) without
heterogeneity but not for cancer recurrence (HR 1.28, 95%CI:
0.18-9.29). Sensitivity analysis changed after omitting any of the
included studies in this part (Figure S1C and 1D). Meta-
regression was not applicable in analysis of the association between
HOTAIR and RFS because of the limited number of included
studies. There was no significant publication bias across studies in
analyzing HOTAIR and RFS (p =1.00 in Begg’s test and P=0.74
in Egger’s test) (Figure S2C). Publication bias was significant in
studies regarding the association between HOTAIR and MFS,
with a p value less than 0.05 in Egger’s test and asymmetry of the
funnel plot, although Begg’s test demonstrated a p value larger
than 0.05 (Figure S2D).

Association between HOTAIR and clinicopathological

characteristics of cancer

There were seven studies examining the correlation between
HOTAIR and clinicopathological characteristics of cancer,
including 3 studies regarding esophageal carcinoma, 2 studies
involving hepatocellular cancer and 2 studies of gastric cancer
(Table 5). In esophageal carcinoma, high HOTAIR expression
was significantly associated with TNM stage (III/IV vs. I/II: OR
6.90, 95%CI: 2.81-16.9) and N status (N2/3 vs. NO/1: OR 3.29,
95% CI:1.18-9.16) whereas no significant correlation was found
with T classification (13/4 vs. T1/2: OR 2.15, 95% CI: 0.24—
19.5) or grade of differentiation (G3/4 vs. G1/2: OR 1.14, 95%
CI: 0.10-13.0). The analysis between HOTAIR expression and T
classification, N status and grade of differentiation in esophageal
carcinoma displayed significant heterogeneity across studies except
TNM stage. However, we did not observe a significant correlation

between HOTAIR and TNM stage (III/IV vs. I/1I: OR 0.92,

August 2014 | Volume 9 | Issue 8 | 105538



HOTAIR in Cancer Prognosis

#00¥'8€550L0"duod [euInof/LZgL°0L:I0p

[4k40} %S'SE [bLT-9€'11€6'L [ev'z-€v1198°L 9St € 0'98=

- - LLLO [L'0L-66"L1LYY [L'oL-66"L1LYY LEL L 068>

(%) @103s fy1jend

(440} %S°S€E rLz-9€11e6'L [ev'z-€v'1198°L 9St € BUWOUIDIED WdISAS DAIISIBIP-UON

- — LLLO [L'0L-66LILYY [L'oL-66"LIZYY LEL L ewoudied waisAs aAnsabig

J9dued jo adA L

ocLo %9'8S [rrv-61110€T [0 €-€¥'L160°C 96¢ 4 S9LIUNOD UI1SaM

0£0°0 %L'8L L£8°0 [S9'9-86'01S5T [6£T-1¥'LI86'L 16T 4 S3LIIUNOD Uelsy

uoibay

£90°0 %185 — [es'€-05"LloET [L9't-£5'LI€0C €65 ¥ |BAIAINS d3J)-sisejseld|y

1000 %606 [€S L-€£°0190°L [Lze-9z'0lL6'0 [494 [4 BWIOUIDIED WAlSAS dAISABIP-UON

- — — [€9'£-£9'1195°€ [€9'£-£9'1195°€ 09 L ewouied waishs aAnsabiq

J9dued jo adA L

1000 %606 [€S'L-€£°0190°L [lze-9z0lL6'0 [494 4 00L=

— — — [€9°4-£9'1195°€ [€9'4-£9'1195°€ 09 L 001>

azis s|dwes

- - [98'0-97°01£t°0 [980-97°01£t"0 (44 L S91JUNO0D UIISIM

70L'0 %L'C9 - [Ley-grLlee [60°€-07'1180°C 0ce 4 S9LIUNO0D uelsy

uoibay

0000 %t'68 — [SO'v-8¥°0l0v' L [S8'1-96°0l€€"L [45 € |BAIAINS 334)-3dU34INd8Y
anjead 2l wopuey paxi4

f11vuabolmreH

(enjea-d) uoissaibaa ey

(1D%S6)4H p3jood

sjuaned jo ‘oN

saIpn3s jo "ON

sisAjeue dnoibqgns

‘uoIssaIdxa YJyLOH PISeaJdUl YUM JSDURD JO [BAIAINS 93J4-SISLISLISW PUR [BAIAINS 9344-3D0US1IND3J JO sonel piezey pajood jo sishjeue dnoibgns Jo synsay ‘v ajqeL

August 2014 | Volume 9 | Issue 8 | 105538

10

PLOS ONE | www.plosone.org



HOTAIR in Cancer Prognosis

S001'8€55010"du0d [eusnof/L£E1°0L:10p

cleo %0L°C S000 [#0'9-8€1188°C [Lo'€-SE€0]10'L LSl 4 UoIseAUl [9SSOA
€LS0 %000 0/¥°0 [££2=5T9°0]CE'L [SS'¥-109°0]59'L LGL C uoiseaul Jo yideq
7870 %9°€L L000 [o0L-88'L1L¥Y [L£6-66'L10vY 3 [4 sisejsejdw apou ydwiq
9LL'0 %965 8€T0 [$8'S-9¥9'0]v6'L [€8'€-656'0]26'L LSL C abels WNL
19dued dljsen
S9/°0 %000 9190 [8£7-S¥S0]€T’L [8LT-£vS0l€T’L 74} T uiaA [eniod jo uolseAu
L96'0 %000 0v8'0 [c1'T-86€0]£16'0 [cL'z-86€0]26°0 74} [4 abels WNL
ewoumied Jejnjj@303eday
0L00 %1'S8 Sl60 [0€L-LoL0lpL'L [SS°1-99¢€°0]S£°0 0gc 4 uonenuaIaylp jo speis
0200 %EVL €200 [Or6-8L'Ll6T’E [£9v-€£'11¥8°T Sle € snieis N
SL00 %0°€8 L6V°0 [s6l-L€T0]SLT LTE-16£0]09'L 0gc 4 uonesyissed |
£€56'0 %000 0000 [¥6'91-18'2]06'9 [cL1-647]€6'9 LLL C abels WNL
ewoumpJed jeabeydosy

anjea-d 2l wopuey paxi4
AususboisioH anjead 4O pdjood sjuaned jo ‘oN salpnis jo 'ON sainjeaj |ed16ojoyzedodiuld

“195ued Jo sadA) 991y} Jo sainiedy [edibojoyledodiuld pue uoissaIdxa Yy IOH Pasessdul Jo siskjeue-e1aw JO s}NSaY °S djqel

August 2014 | Volume 9 | Issue 8 | 105538

1

PLOS ONE | www.plosone.org



95%CI: 0.40-2.12) and invasion of the portal vein (positive vs.
negative: OR 1.23, 95%CI: 0.55-2.78) in hepatocellular cancer.
This result was strengthened by the low heterogeneity between
studies. In terms of gastric cancer, HOTAIR expression was found
to be significantly associated with lymph node metastasis (present
vs. absent: OR 4.47, 95%CI:1.88-10.63) and vessel invasion
(positive vs. negative: OR 2.88, 95%CI: 1.38-6.04) while TNM
stage (III/IV vs. I/II: OR 1.94, 95%CI:0.65-5.85) and depth of
invasion (T8/4 vs. T1/2: OR 1.32, 95%CI:0.63-2.77) tended to
have relatively weaker correlations with HOTAIR expression.
Except for TNM stage, there was no significant heterogeneity
between studies in lymph node metastasis, vessel invasion and
depth of invasion. Subgroup analysis, sensitivity analysis, meta-
regression analysis and assessment of publication bias was not
performed due to the relatively little heterogeneity across studies
and limited number of included papers.

Discussion

In recent years, numerous studies have demonstrated that
lincRNAs are involved in various biological processes, including
cancer progression and metastasis, via chromosome remodeling,
transcription and post-transcriptional processing [36]. The
lincRNA HOTAIR is aberrantly expressed in different types of
cancer. In this meta-analysis, we have examined the prognostic
role of HOTAIR in cancer and the relation between HOTAIR
and clinicopathological characteristics of cancer. We believe that
this meta-analysis is the first to investigate the relationship between
a lincRNA and cancer prognosis. The fact that we included studies
from both Asian and Western countries may enhance the
generalizability to some extent. Subgroup analysis in a fixed or
random model, meta regression analysis and sensitivity analysis
were all performed in the current study, enhancing the statistical
power to detect a role of HOTAIR in different types of cancer.

A total of 19 papers comprising 2033 patients were included
into this meta-analysis. We found that HOTAIR expression was
associated with a poorer prognosis in patients with different types
of cancer. Since significant heterogeneity existed across these
studies, subgroup analyses were performed. Factors including
region (Asian or western countries), type of cancer (digestive or
non-digestive disease), sample size (more or less than 100), and
paper quality (score more or less than 85%) did not alter the
significant predictive value of HOTAIR expression in OS in
different kinds of cancer. By combining HRs from Cox
multivariate analyses, we found that HOTAIR was an indepen-
dent prognostic factor for cancer patients (pooled HR 2.26, 95%
CI: 1.62-3.15). However, heterogeneity existed. Subgroup analysis
showed that sample size and paper quality did not change the
overall result, but that the type of cancer, preoperative treatment
and region did. In addition to this, biological types of carcinoma
might also be a resource of heterogeneity which was not analyzed
in our study due to limited data. For example, a majority of
participants in the studies on breast cancer were estrogen-receptor
(ER) positive and progesterone receptor (PR) positive, and it is
theoretically possible that the prognostic value of HOTAIR
expression might be different in ER and PR-negative breast
cancer. Of note, the prognostic significance of HOTAIR in OS
was observed in patients without preoperative treatment rather
than those with preoperative treatment which to some extent
showed the true prognostic value of HOTAIR in survival with a
controlled population in which a treatment modality modified the
predictive effect of HOTAIR. HOTAIR could be used as an
independent prognostic factor for digestive system cancer patients
in Asian countries without heterogeneity. Both Begg’s test and
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Egger’s test found no significant publication bias concerning on
independent prognostic role of HOTAIR in different types of
cancer.

TNM stage is associated with cancer prognosis. In this meta-
analysis, only seven studies examined the correlation between
HOTAIR and TNM stage. Among these, 3 studies investigated
esophageal carcinoma. We found that high HOTAIR expression
in esophageal carcinoma was significantly associated with TNM
stage (II/IV wvs. I7II: OR 6.90, 95%CI: 2.81-16.9) without
obvious heterogeneity.

Previous studies have shown that N status, vessel invasion and
depth of invasion were associated with an unfavorable outcome in
cancer patients [37-39]. In our meta-analysis, we found that in
gastric cancer, HOTAIR expression was significantly associated
with lymph node metastasis and vessel invasion without hetero-
geneity. However, no such association was found in liver cancer or
esophageal cancer. One potential explanation for these differences
might be that the number of included studies was small. Therefore,
more studies should be conducted in order to clarify the
relationship between HOTAIR and clinicopathological features
in other types of cancer.

The prognostic significance of HOTAIR in RFS and MFS was
evaluated in 3 studies with 529 patients and in 4 studies with 593
patients, respectively. Subgroup analysis showed that patients with
high HOTAIR expression were more likely to have significantly
shorter MFS albeit with heterogeneity, but HOTAIR expression
was not significantly associated with poorer RFS. Considering the
limited number of studies concerning the relationship between
HOTAIR and RFS or MFS, we cannot draw a definite conclusion
regarding the relationship, as more studies with large sample size
are needed.

Since HOTAIR overexpression in breast cancer cells promoted
cancer cell invasion, and HOTAIR silencing reduced cancer
invasiveness through Matrigel in vitro [6], we estimated HRs in 4
studies with available multivariate data regarding the independent
prognostic role of HOTAIR in recurrence and metastasis. We
show that HOTAIR is an independent prognostic factor for cancer
metastasis (HR 3.90, 95%CI: 2.25-6.74) without heterogeneity.

Through subgroup analysis, we identified for the first time that
HOTAIR was a novel predictive factor for poor prognosis in
different types of cancers for both Western and Asian populations;
however, HOTAIR was an independent prognostic factor for OS
of Asian patients rather than Western ones. Secondly, we found
that the predictive significance of HOTAIR in OS, RFS and MFS
was more significant in patients with digestive system carcinoma
than in those with non-digestive system carcinoma. The above two
findings suggest that HOTAIR expression might be more
meaningful in predicting OS of Asian patients or patients with
digestive system carcinoma than that of Western patients or those
with non-digestive system cancer. Finally, we showed that the
pooled HRs in the studies with poorer quality were larger than
those in the studies with better quality, suggesting that the results
in some individual studies with poor quality might overestimate
the predictive effect of HOTAIR.

It should be emphasized that there are several limitations in our
study. First, the cut-off value of high and low HOTAIR expression
varied in different studies. It was difficult to reach a consensus
value. Second, the treatment protocols after surgery differed in the
various studies, and these differences might have a great impact on
survival and thus result in some heterogeneity. Third, most of the
HRs could not be directly obtained from the primary studies,
requiring us to calculate them ourselves or to reconstruct the
survival curves to extract the HR estimates. Fourth, we only
included English language papers. Fifth, most of the included
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studies reported positive results because those with negative results
are generally less likely to be published. Thus, our results might
overestimate the predictive significance of HOTAIR in prognosis
of cancer to some extent. Sixth, differences of paper quality across
the studies might have led to bias in the meta-analysis although
subgroup analysis and meta regression did not show the paper
quality as the resource of heterogeneity. Seventh, we could not
investigate the role of HOTAIR in different biological subtypes of
a given cancer as this distinction was not available for most studies.

In conclusion, our study found that HOTAIR might be a novel
predictive factor for assessing poor prognosis in different types of
cancer both in Asian and western countries. This is the first
example of a lincRNA being shown to be a biomarker in
predicting cancer prognosis.

Supporting Information

Figure S1 Sensitivity analysis of the association be-
tween HOTAIR expression and OS/RFS/MFS of cancer.
(A) Sensitivity analysis of the pooled HRs of OS of different types
of cancer with increased HOTAIR expression; (B) Sensitivity
analysis of the independent role of HOTAIR in OS/recurrence/
metastasis of different types of cancer; (C) Sensitivity analysis of the
pooled HRs of RFS of cancer with increased HOTAIR expression;
(D) Sensitivity analysis of the pooled HRs of MFS of cancer with
increased HOTAIR expression.

(TIF)
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