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Today, cancer has become one of the major public health concerns globally and the
leading cause of death.1 Recent statistics indicate an anticipated 1,688,780 new cases of
cancer and approximately 600,920 deaths resulting from cancer in 2017 in the United
States. In China, approximately 4,292,000 new cancer cases were estimated to occur
along with an estimated 2,814,000 deaths in 2015.2,3 Until now, scientific advancements have allowed us to better understand the molecular mechanism of oncogenesis,
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Background: Long intergenic non-protein coding RNA, a regulator of reprogramming (ROR),
has been found to play an oncogene role in various human malignant tumors. This meta-analysis
aimed to synthesize available data to verify the association between clinical prognosis value
and ROR expression level.
Materials and methods: We performed a systematic search by using PubMed (Medline),
Embase, Cochrane Library, ScienceDirect, Springer, and ISI Web of Knowledge from inception
to November 15, 2017. Eleven studies with 903 patients were included in this meta-analysis
according to the exclusion and inclusion criteria, and the quality of the publications was assessed
by using the Newcastle-Ottawa Scale. Pooled odds ratios (OR) and hazard ratios (HR) with
95% CI were used to describe the effect.
Results: The results showed that overexpression of ROR is positively associated with lymph
node metastasis (OR=4.472, 95% CI: 3.212–6.225, Z=8.87, P=0.000), tumor invasion depth
(OR=9.93, 95% CI: 5.33–18.47, Z=7.24, P<0.001), TNM stage (III/IV vs I/II, OR=2.96, 95%
CI: 2.18–4.02, Z=6.95, P<0.001), distant metastasis (OR=3.142, 95% CI: 2.187–4.513, Z=6.20,
P<0.001) respectively. Additionally, high expression of ROR was significantly correlated with
unfavorable disease-free survival (DFS) (HR=2.74, 95% CI: 1.65–3.82, Z=4.93, P=0.000) and
overall survival (OS) (HR=2.09, 95% CI: 1.64–2.54, Z=9.07, P<0.001). Subgroup analysis
demonstrated that neither cancer type (digestive or respiratory system) nor sample size (more
or less than 100) did not alter the prognostic value of ROR. Furthermore, we performed publication bias and sensitivity analysis in order to examine the stability of meta-analysis of ROR
along with OS, which showed that the shape of the funnel plot was nearly symmetrical and
the resulting pattern was not significantly influenced while disconnecting each suitable study.
Conclusion: In accordance with these results, we suggested that the overexpression of long
noncoding RNA ROR could act as a novel biomarker for predicting poor prognosis in different
human cancers.
Keywords: long noncoding RNA, regulator of reprogramming, ROR, prognosis, cancers,
meta-analysis
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progression, and resistance of cancer. However, the evaluation
of tumor prognostics, as well as the predictive factors, are still
limited to traditional classifications such as anatomic staging,
histological typing, and grading. It is widely considered that
the new molecular classification algorithm and personalized,
accurate medicine are the complements of time-honored
classification, primarily as reflected in the eighth edition of
AJCC Cancer Staging Manual.4 Therefore, recent studies
are devoted to establishing new potential biomarkers for
improving the survival of cancer patients.
The human genome is knowingly made up of a vast majority of non-coding RNAs and only approximately 2% proteincoding genes.5 The long non-coding RNAs (lncRNAs) include a
group of transcripts in excess of 200 nucleotides with a limited
number of protein-coding prospects. They are also deficient
in a palpable open reading frame (ORF). Many recent studies
have exhibited that lncRNAs might significantly contribute
to biological processes such as cellular development and differentiation and to a variety of disease states.6,7 In addition,
the deregulation expression of lncRNAs has been shown in
multiple types of cancers.8,9 Mechanistic investigation indicated
that lncRNAs regulating gene expression through binding to a
transcription factor,10 chromatin modifying factors11,12 or heterogeneous nuclear ribonucleoproteins (hnRNPs)13,14 in the cellular
nucleus while acting as an endogenous microRNA “sponge”
to take part in the target gene’s post-transcriptional regulation
processing in the cytoplasm. In addition, some lncRNAs exhibit
distinct developmental, tissue-specific expression patterns and
the ability to transduce higher-order spatial information.15–17 All
these characteristics made lncRNAs potential for application
of cancer patient diagnosis and prognosis, along with serving
as a possible therapeutic target.
Long noncoding RNA, regulator of reprogramming
(ROR) is 2,591 nts long and is situated at 18q21.31. It also
comprises four exons and was first known to promote reprogramming of lineage-committed cells to induced pluripotent
stem cells (iPSCs) and maintaining the embryonic stem cells
(ESCs) and iPSCs.18 Consequently, Wang et al19 demonstrated
that ROR contributes heavily to self-renewal and in the
differentiation of human embryonic stem cells (hEScs) as
a sponge to miR-145 at the post-transcriptional level. It is
also critical in regulating the core transcription factors Oct4,
Sox2 and Nanog expression. Further, dysregulation of ROR
has been revealed in a variety of cancers20 and primarily
implicated in stem-like properties such as EMT21,22 together
with chemo-resistance.23 Moreover, observations denote
that ROR was substantially overexpressed in cancer tissues
compared with adjacent non-tumor tissues.24 It was also
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associated with lymph node metastasis (LNM), histological
grade, tumor invasion depth, TNM Stage, overall survival
(OS), and disease-free survival (DFS).
However, most articles evaluating the aberrant levels of
ROR in cancer are limited in regard to sample sizes and the
contentious outcomes. Thus, we performed this meta-analysis
to study the overall cancer patient outcome together with the
clinical prognostic role of ROR in human cancers.

Materials and methods
Literature search and selection
We carried out the potential eligible literature search in several databases up to November 15, 2017, including PubMed,
Embase, Cochrane Library, ScienceDirect, Springer, and ISI
Web of Knowledge. The searched keywords were listed as
follows: (“LINC-ROR” or “lincRNA-RoR” or “ROR” or “lincRNA-ST8SIA3” or “ST8SIA3” or “regulator of reprogramming”) and (“cancer” or “carcinoma” or “tumor” or “tumour”
or “neoplasm” or “adenoma” or “sarcoma” or “melanoma”).
We also searched the primary literature reference lists and
reviews manually to find supplementary pertinent literature.
We restricted our literature to English publications.

Inclusion and exclusion criteria
We projected, carried out, and reported this current study in
accordance with the PRISMA statement. First, duplicated
articles and repetitive data were excluded. The remaining
articles were all scanned with titles and abstracts. Excluding tactics were conducted as follows: 1) unrelated to long
noncoding RNA ROR, such as retinoic acid receptor-related
orphan receptor (ROR), risk of relapse (ROR), radius of rotation (ROR), and reporting odds ratio (ROR); 2) the studies
that were only focused on examining the ROR’s structure and
functions; 3) non-human investigation, evaluations, letters,
case reports, editorials along with specialist opinions; 4) lack
of usable clinical data. By contrast, the inclusion criteria were
based on: 1) articles examining the clinical functions of long
noncoding RNA ROR in different cancers; 2) the patients had
been grouped as per the ROR’s expression levels; 3) associated clinic-pathologic factors were defined; 4) description of
clinical data, such as LNM, distant metastasis (DM), overall
survival (OS), and disease-free survival (DFS); 5) studies
with adequate data for the measurement of ORs along with
resultant 95% CI or P-value.

Data extraction and quality assessment
Two researchers (SQY and JC) assessed and obtained all the
necessary data from ascertained literature autonomously. As
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per the criteria of inclusion and exclusion, this information
was documented: 1) authors, year of publication, and country of origin; 2) cancer type, specimens, and the size of the
sample; 3) the technique of ROR assessment; 4) cutoff values
and follow-up time; 5) ORs of ROR for the anatomic stage,
including LNM, DM, histological grade, tumor invasion
depth, TNM stage; and 6) HRs and their corresponding 95%
CI of ROR value for OS, DFS. In the case where crucial data
were unobtainable from the original literature, efforts were
made to get in touch with the consequent author to acquire
the raw data. In the case where just the Kaplan–Meier
curves had been provided in particular investigations, we
extracted the survival rates from the survival plot graphs
and the computed HR, 95% CI had been established as the
published techniques.25,26 The quality of included publications
was evaluated according to the critical checklist of the Dutch
Cochrane Center suggested by the Newcastle-Ottawa Scale
(NOS). We extracted nine items with each of them scoring
1. The overall scores are in the range of 0–9. A score of ≥7
indicates high-quality study outcome.

Data synthesis and statistical analysis
We collected the pooled HRs and its 95% CI from the
included studies depending on which ones were documented
in the literature. We used both the log HR along with the
standard error (SE) for aggregation of the survival outcome.
To assess the heterogeneity of the suitable studies, pooled
HRs had been executed by use of I2 statistics in this metaanalysis.27 Then, the random-effects model had been adopted
in case of substantial statistical heterogeneity among the
studies (chi-squared test, P<0.1) in analyzing the results.
Where not applicable, we used the fixed-effects model (chisquared test, P>0.1). We applied forest plots to display the
meta-analysis outcomes. We further assessed any prospective bias in the publication by use of the Egger’s test. We
conducted all the statistical analyses by use of the stata12.0
(StataCorp, USA). Additionally, we regarded P<0.05 to be
statistically significant.

Results
Characteristics of the included studies
The flow diagram in Figure 1 illustrates a total of 760 published records that were carried out in the preliminary search
and another 273 duplicate articles that were disregarded.
Subsequent to careful inspection of the title and abstract,
a total of 426 inappropriate articles were omitted while 61
prospective and suitable studies were selected. Following a
further review of these articles, 15 had been excluded for
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lacking clinical information, whereas 10 others had been
considered not dissenting into the high and low ROR expression groups. Additionally, 16 of the articles did not have data
on the OS or DFS outcomes, while nine were found to lack
sufficient information needed for calculation of OR and 95%
CI or P-value. Ultimately, as per the selection criteria, a total
of 11 articles were found suitable for further research.28–38
These studies were mainly published from 2016–2017. Ten
of the studies included were obtained from China, whereas
one was from India. Out of the 11 studies, two emphasized
non-small-cell lung cancer (NSCLC), while two others were
based on pancreatic cancer (PC). Additionally, one of them
focused on gastric cancer (GC), with another one focusing on
esophageal squamous cell carcinoma (ESCC). There was also
one based on hepatocellular carcinoma (HCC), another one
taking into account colon cancer (CC), one on gallbladder cancer (GAC), another on bladder cancer (BLC), and the last one
emphasized oral cancer. We detected the expression of ROR
and normalized qRT-PCR to GAPDH or β-actin. For all of the
investigations, we put the patients into two distinct groups:
high and low expression of ROR. We also extracted HR and
its 95% CI directly from the original information reported in
the literature. We based all the diagnoses on pathology. Table
1 summarizes the main features of the suitable studies. The
NOS affirmed that all of these studies were of the required
high quality as shown in Table 2.

Meta-analysis
ROR and tumor histological grade
We included a total of five studies that reported an overall
tumor histological grade on the basis of varied ROR expression levels. We further used the random-effects model as
the significant heterogeneity (I2=84.5%, P<0.001). Analysis
exhibited that pooled OR was 1.445 with 95% CI: 0.473–
4.409 (Z=0.65, P=0.518) (Figure 2). The result indicated
that 95% CI crossed 1, meaning that there was no significant
differentiation. Owing to heterogeneity, we carried out a
sensitivity analysis to ascertain the potential source of heterogeneity. After disregarding the Zou,31 the heterogeneity
was observed to apparently decline (I2=28%, P=0.25) and
OR=0.82 with 95% CI: 0.45–1.49 (Z=0.66, P=0.51) (data
not shown). There was also no significant difference in the
tumor histological grade between these two groups.

ROR and tumor LNM
We included an aggregate of patients in eight studies to distinguish the connection between ROR expression levels and
the tumor lymph node metastasis. We observed a substantial
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Records after duplicates removed
(n=487)

50 excluded due to the following criteria:
1. Lack of usable clinical data (n=15)
2. Not dividing patients into the high and low
ROR expression groups (n=10)
3. Articles do not have overall survival or
disease-free survival (n=16)
4. Do not have sufficient data for the
computation of OR and 95 % CI or a P
value (n=9)

Articles included in present metaanalysis (n=11)
Figure 1 The flow diagram of this meta-analysis.

relationship between LNM and ROR expression (OR=4.472,
95% CI: 3.212–6.225, Z=8.87, P=0.000) (Figure 3). Then,
we applied the fixed-effects Mantel–Haenszel model for
the heterogeneity test (I2=41.2%, P=0.104). The outcomes
confirmed a significant difference in the LNM incidence
between the two groups while demonstrating that high ROR
expression may significantly perceive a higher tendency of
developing LNM in cancer patients.

ROR and tumor invasion depth
Four studies reported the depth of tumor invasion on the
basis of the various ROR levels of expression. The investigation demonstrated a significant association between
tumor invasion depth and ROR expression with a pooled
OR=5.77 (95% CI: 1.58–21.07, Z=2.65, P=0.008) in a
random-effects model (Figure 4A). Due to the presence of
heterogeneity (I2=83.2%, P<0.001), we conducted a sensitivity analysis to simplify the probable source of heterogeneity.
We found that the heterogeneity visibly dropped (I2=39.4%,
P=0.176) without a change in the result (OR=9.93, 95% CI:
5.33–18.47, Z=7.24, P<0.001) following exclusion of the Liu
study36 (Figure 4B). The result also confirmed a significant
difference in the tumor invasion depth in the two groupings.
Thus, the results showed that high ROR expression might
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426 excluded by screening titles and abstracts
due to the follow criteria:
1. Unrelated to long non-coding RNA
ROR (n=368)
2. Nonhuman studies (n=11)
3. Reviews, letters, case reports, editorials and
expert opinions (n=37)
4. Not cancer related (n=10)
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significantly perceive a higher depth of tumor invasion in
cancer patients.

ROR and tumor TNM stage
We further included the patients in the eight studies to distinguish the association between high and low expression
of ROR. We performed a fixed-effects model to compute
the pooled OR 2.96 and its 95% CI (2.18–4.02) (Z=6.95,
P<0.001) when no observable heterogeneity in studies
(I2=44.1%, P=0.085). Figure 5 indicates that the elevated
ROR expression significantly detected poor TNM stage III/IV.

ROR and tumor DM
A total of five studies reported the tumor DM on the basis
of varied levels of ROR expression. The analysis revealed a
pooled OR=3.142 (95% CI: 2.187–4.513, Z=6.20, P<0.001)
in a fixed-effects model (I2=49.0%, P=0.098) (Figure 6). The
outcome showed that overexpression of ROR was significantly associated with DM.

Association between ROR and DFS
We included patients in five studies to investigate the association between levels of ROR expression and patients’ DFS.
We detected a significant relationship between DFS and ROR
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Abbreviations: BLC, bladder cancer; CC, colon cancer; DFS, disease-free curve; ESCC, esophageal squamous cell carcinoma; GAC, gallbladder cancer; GC, gastric cancer; HC, hepatocellular carcinoma; NSCLC, non-small-cell lung
cancer; OS, overall survival; ORC, oral cancer; NA, not available; RT-qPCR, quantitative real-time; PCR; PC, pancreatic cancer; SC, survival curve.

5.64 (1.92–16.58)
NA
NA
NA
2.926 (1.588–5.144)
2.29 (1.22–4.33)
NA
NA
NA
NA
3.421 (1.774–8.211)
7.22 (2.43–17.43)
2.65 (1.04–6.79)
1.44 (1.21–2.32)
2.10 (1.03–4.30)
3.221 (1.446–6.228)
3.64 (1.84–7.22)
1.69 (1.02–2.80)
1.61 (0.34–7.52)
1.03 (1.0–1.06)
NA
2.983 (1.442–8.792)
Report
SC
Report
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Report
SC, DFSC
SC
SC
DFSC
NA
Report
80 months
40 months
120 months
50 months
60 months
60 months
60 months
60 months
13 months
NA
60 months
CC
GAC
GC
PC
ESCC
HC
PC
NSCLC
ORC
BLC
NSCLC
Zhou 201630
Wang 201629
Zou 201631
Gao 201628
Liu 201736
Li 201735
Fu 201734
Xia 201738
Arunkumar 201732
Chen 201733
Qu 201737

China
China
China
China
China
China
China
China
India
China
China

60
30
137
61
120
20
81
80
23
36
229

RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR
RT-qPCR

Median
Median
Median
Median
Median
Median
Median
Median
Median
Median
Median

Multivariate
Univariable
Multivariate
Univariable
Multivariate
Univariable
Univariable
Univariable
Univariable
Multivariate
Multivariate

OS/DFS
OS
OS
OS
OS/DFS
OS/DFS
OS
OS
DFS
NA
OS/DFS

HR (95% CI)-OS
HR
statistic
Endpoint
Follow-up
Variate
analysis
Cut off
Detection
method
Patients
Cancer
type
Country
First author
(year)

Table 1 Characteristics of the included studies in this meta-analysis
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expression (HR =2.74, 95% CI: 1.65–3.82, Z=4.93, P=0.000)
(Figure 7). Additionally, we did not identify any significant
heterogeneity among the studies (I2=0.0%, P=0.865), demonstrating that high ROR expression might be significantly
related to shorter DFS.

Association between ROR and OS
including subgroup analysis
We also collected pooled HRs data and 95% CI of OS from
the nine suitable studies. The analysis revealed a pooled HR
of 2.09 with 95% CI (1.64–2.54) (Z=9.07, P<0.001), through
a fixed-effects model (I2=0.0%, P=0.736) (Figure 8A).
Further, we performed a subgroup analysis to examine the
sources of heterogeneity. In a subgroup analysis of the sample
size, there was an observable significant association between
high ROR expression levels and OS both fewer than 100
(HR: 2.05, 95% CI: 1.34–2.75, Z=5.70, P<0.001) and more
than 100 (HR: 2.12, 95% CI: 1.53–2.71, Z=7.06, P<0.001).
It was also observable that the relationship between ROR
and OS was significant in studies with digestive system
cancers (HR: 2.07, 95% CI: 1.61–2.53, Z=8.81, P<0.001)
and patients with respiratory system cancer (HR: 2.71, 95%
CI: 0.34–5.071, Z=2.24, P=0.025). However, there was no
significant h eterogeneity in this subgroup analysis (Figure 8B
and C).

Publication bias and sensitivity analysis
We evaluated the publication bias of this meta-analysis
through the funnel plot and the Egger’s test. It was observable that the shape of the funnel plot was nearly symmetrical,
which did not show any indication of apparent asymmetry
(Figure 9A), Begg’s test P=0.118. The publication bias for
LNM, TNM, DM and DFS groupings was not studied due
to the small number of studies or possible lack of heterogeneity. We further undertook a sensitivity analysis in order
to examine the stability of the meta-analysis of ROR along
with OS by successively disconnecting each suitable study.
Also, the resulting pattern was not significantly influenced
(Figure 9B). In accordance with these results, we realized
that overexpression of ROR could predict poor prognosis in
different cancers (Table 3).

Discussion
The classical central dogma cannot sufficiently elucidate
the underlying genetic complexity associated with higher
eukaryote after many crucial, highly conserved metabolic
and environmental protein-based feedback loops have
been studied. This complexity is most likely derived from
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Study

Selection

Zhou 201630
Wang 201629
Zou 201631
Gao 201628
Liu 201736
Li 201735
Fu 201734
Xia 201738
Arunkumar 201732
Chen 201733
Qu 201737

Comparability

Total

Adequacy
of case
definition

Number
of case

Representativeness of
the cases

Ascertainment of
exposure

Ascertainment of
detection
method

Ascertainment of
cutoff

Assessment
of outcome

Adequate
follow up

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
0
1
1

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

1
1
1
0
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
0
1

1
1
1
1
1
1
1
1
1
0
1

Study
ID

OR (95% CI)

Peng Zhou 2016

8
8
8
7
8
8
8
8
7
6
8

%
Weight

0.70 (0.24–2.04)

19.81

Shou-Hua Wang 2016

2.31 (0.53–10.10)

17.01

Zhenwei Zou 2016

7.27 (3.25–16.30)

21.46

Song Gao 2016

1.14 (0.40–3.25)

19.93

Xingxiang Liu 2016

0.49 (0.23–1.03)

21.79

Overall (I2=84.5%, P=0.000)

1.44 (0.47–4.41)

100.00

Note: Weights are from random effects analysis
0.0614

1

16.3

Figure 2 Forest plot for the association between ROR expression levels with tumor histological grade.

the noncoding RNA (ncRNA), once thought of as “junk
DNA.”39 Research over the last decade revealed a new class
of transcripts, known as long noncoding RNAs (lncRNAs).
Moreover, various lines of proof have continually linked
mutations and dysregulations of lncRNAs to different human
diseases40 such as cancer.9 Many studies demonstrated that
lncRNAs show spatial-, temporal-, and tissue-specific and
cell-state patterns of expression16,17,41 and thus might operate
as an oncogene or tumor suppressor through regulating survival, proliferation, invasion, metastasis and angiogenesis of
cancer cells.8 Additionally, the lncRNAs have been identified
within cells and in biological fluids such as serum, plasma,
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urine, and saliva of cancer patients.8 Collectively suggesting that lncRNA can be used as a diagnostic and prognostic
biomarker.42–44
Long noncoding RNA ROR, one of the reprogrammingstimulated lncRNAs, is precisely targeted by main pluripotency aspects and modulates reprogramming or iPSC
maintenance.18 Knockdown of ROR substantially decreased
the efficiency of reprogramming, while its overexpression
brought about a higher than two-fold upsurge in the formation of iPSC colony. Microarray gene expression profiling
proposed that the knockdown of ROR caused an upregulation of genes implicated in cellular stress pathways and p53
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Study
ID

OR (95% CI)

%
Weight

Peng Zhou 2016

12.18 (3.03–48.89)

3.77

Shou-Hua Wang 2016

15.89 (2.65–95.21)

1.74

Zhenwei Zou 2016

5.65 (2.70–11.84)

17.15

Song Gao 2016

4.11 (1.14–14.72)

7.23

Xingxiang Liu 2017

4.60 (1.98–10.67)

15.48

Yi Chen 2017

26.71 (2.88–248.02)

1.13

Chen Li 2017

4.33 (1.75–10.76)

13.06

Qu CH 2017

2.20 (1.19–4.07)

40.44

4.47 (3.21–6.22)

100.00

2

Overall (I =41.2%, P=0.104)

0.00403

1

248

Figure 3 Forest plot for the association between ROR expression levels with tumor lymph node metastasis incidence.

A

B

Study
ID

OR (95% CI)

%
Weight

Study
ID

OR (95% CI)

%
Weight

Peng Zhou 2016

2.64 (0.59–11.73)

18.98

Peng Zhou 2016

2.64 (0.59–11.73)

32.68

Shou-Hua Wang 2016

8.07 (1.54–42.32)

17.92

Shou-Hua Wang 2016

8.07 (1.54–42.32)

14.85

12.76 (5.47–29.74)

22.89

12.76 (5.47–29.74)

46.21

31.50 (5.03–197.44)

16.81

1.15 (0.54–2.42)

23.40

Zhenwei Zou 2016
Yi Chen 2017
Xingxiang Liu 2017

Zhenwei Zou 2016
Yi Chen 2017

31.50 (5.03–197.44)

6.25

5.77 (1.58–21.07)

100.00

2

2

Overall (I =83.2%, P=0.000)

5.77 (1.58–21.07) 100.00

0.00506

1

197

Overall (I =39.4%, P=0.176)

0.00506

1

197

Figure 4 (A,B) Forest plots for the association between ROR expression levels with tumor invasion depth.

Study
ID

OR (95% CI)

%
Weight

Peng Zhou 2016

9.15 (2.78, 30.08)

3.74

Shou-Hua Wang 2016

2.50 (0.55, 11.41)

4.43

Zhenwei Zou 2016

2.58 (1.28, 5.19)

20.30

Song Gao 2016

1.09 (0.36, 3.29)

12.53

Xingxiang Liu 2016

2.83 (1.33, 6.06)

16.61

Yi Chen 2017

9.10 (2.00, 41.45)

2.31

Chen Li 2017

6.50 (2.45, 17.21)

6.80

Qu CH 2017

2.18 (1.23, 3.87)

33.29

Overall (I2=44.1%, P=0.085)

2.96 (2.18, 4.02)

100.00

0.241

1

41.4

Figure 5 Forest plot for the association between ROR expression levels with tumor TNM stage.

Cancer Management and Research 2018:10

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

4647

Dovepress

Cancer Management and Research downloaded from https://www.dovepress.com/ by 54.157.61.68 on 26-May-2019
For personal use only.

Yang et al

Study
ID

OR (95% CI)

%
Weight

Peng Zhou 2016

10.71 (3.23–35.49)

4.85

Zhenwei Zou 2016

2.25 (1.10–4.58)

30.11

Xingxiang Liu 2016

2.50 (1.17–5.34)

25.36

Yi Chen 2017

12.57 (2.19–72.27)

2.31

Qu CH 2017

2.73 (1.48–5.06)

37.37

Overall (I2=49.0%, P=0.098)

3.14 (2.19–4.51)

100.00

0.0138

1

Figure 6 Forest plot for the association between ROR expression levels with tumor DM.
Abbreviation: DM, distant metastasis.

Study
ID

HR (95% CI)

%
Weight

Peng Zhou 2016

5.64 (1.92–16.58)

2.20

Xingxiang Liu 2017

2.93 (1.59–5.14)

37.41

Chen Li 2017

2.29 (1.22–4.33)

48.91

Qu CH 2017

3.42 (1.77–8.21)

11.42

Ganesan AK 2017

10.83 (1.37–85.44)

0.07

Overall (I2=0.0%, P=0.865)

2.74 (1.65–3.82)

100.00

–10

0

10

Figure 7 Forest plot for the association between ROR expression levels with patients’ DFS.
Abbreviation: DFS, disease-free curve.

response, whereas p53 plays an important role in stem cell
and cancer biology. Subsequently, underlying mechanism
studies found that ROR contributes to the oncogenic role
partly through suppressing p53 translation and promoting
the stability of c-Myc mRNA through direct interaction with
the heterogeneous nuclear ribonucleoprotein (hnRNP) I.45,46
In addition, studies demonstrated that ROR also maintain
stem cell pluripotency via sponging miRNAs and promote
tumorigenesis, thereby inducing the epithelial–mesenchymal
transition (EMT) in the cancer cells.21,22,47–49 Additionally,
numerous studies have verified ROR aberrant overexpression
in several types of cancers tissue.21–23,28–38,46,50 However, Feng
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et al51 reported that the expression of ROR was decreased
in 23 glioma specimens and elevated in the other three
specimens compared to matched noncancerous tissue with no
complete clinical data. Subsequently, gain and loss of function studies have shown that overexpressed ROR could inhibit
glioma cell line U87 proliferation, suggesting that ROR may
serve as a novel tumor suppressor gene in glioma. Previous
studies have revealed that ROR maintains cancer stem cell
self-renewal and undifferentiated state,18,45,46,52 this indicated
that ROR expression might be restricted to stem-like properties and a less differentiated population of cancer cells, which
may highlight the explanation of the downregulation result
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A
%
Weight

HR (95% CI)

Peng Zhou (2016)

7.22 (2.43–17.43)

Shou-Hua Wang (2016)

2.65 (1.04–6.49)

2.46

Zhenwei Zou (2016)

2.02 (1.52–2.75)

53.84

Song Gao (2016)

2.10 (1.03–4.30)

7.62

Chen Li (2017)

3.64 (1.84–7.22)

2.81

Fan Xia (2017)

2.51 (1.34–7.52)

2.13

Xingxiang Liu (2017)

3.22 (1.45–6.23)

3.56

Zhiqiang Fu (2017)

3.69 (1.02–2.80)

25.71

Qu CH 2017

2.98 (1.44–8.79)

1.51

2.09 (1.64–2.54)

100.00

2

Overall (I =0.0%, P=0.736)

–17.4

0

B

0.36

17.4

C

Study
ID

%
HR (95% CI) Weight

<100
Peng Zhou (2016)
Shou-Hua Wang (2016)
Song Gao (2016)
Chen Li (2017)
Fan Xia (2017)
Zhiqiang Fu (2017)
2
Subtotal (I =0.0%, P=0.542)

0.36

2.65 (1.04–6.79)

2.46

2.10 (1.03–4.30)

7.62

3.64 (1.84–7.22)

2.81

2.51 (1.34–7.52)

2.13

2.05 (1.34–2.75) 41.10

2.02 (1.52–2.75)

53.84

3.22 (1.45–6.23)

3.56

2.98 (1.44–8.79)

1.51

2.12 (1.53–2.71)

Heterogeneity between groups: P=0.883
2
Overall (I =0.0%, P=0.736)

–10

7.22 (2.43–17.43)

1.69 (1.02–2.80) 25.71

>100
Zhenwei Zou (2016)
Xingxiang Liu (2017)
Qu CH 2017
2
Subtotal (I =0.0%, P=0.569)

58.90

2.09 (1.64–2.54) 100.00

0

10

Study
ID

%
HR (95% CI) Weight

Digestive system
Peng Zhou (2016)
Shou-Hua Wang (2016)
Zhenwei Zou (2016)
Song Gao (2016)
Chen Li (2017)
Xingxiang Liu (2017)
Zhiqiang Fu (2017)

7.22 (2.43–17.43)

0.36

2.65 (1.04–6.79)

2.46

2.02 (1.52–2.75) 53.64
2.10 (1.03–4.30)

7.62

3.64 (1.84–7.22)

2.81

3.22 (1.45–6.23)

3.56

1.69 (1.02–2.80) 25.71

2

Subtotal (I =0.0%, P=0.558)

2.07 (1.61–2.53) 96.36

Respiratory system
Fan Xia (2017)
Qu CH 2017

2.51 (1.34–7.52)

2.13

2.98 (1.44–8.79)

1.51

Subtotal (I =0.0%, P=0.847)

2.71 (0.34–5.07)

3.64

Heterogeneity between groups: P=0.602
2
Overall (I =0.0%, P=0.736)

2.09 (1.64–2.54) 100.00

2

–10

0

10

Figure 8 (A–C) Forest plots for the association between ROR expression levels with patients overall survival and subgroup analysis.

A

B
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Study
ID

Song Gao (2016)

1

Chen Li (2017)
Fan Xia (2017)
Xingxiang Liu (2017)
Zhiqiang Fu (2017)

0
0

0.2

s.e of LogHR

0.4

0.6

Qu CH 2017
1.831.93

2.35

2.86

3.43

Figure 9 (A) Begg’s funnel plot of the publication bias for the analysis of the independent role of ROR in OS in the different Cancer types. (B) Sensitivity analysis of effect
of individual studies on the pooled ROR and OS of patients.
Abbreviation: OS, overall survival.

occurring in cell lines and tissue specimens. Moreover, we
generally observed the detection of gene expression was varied between the individual samples, calling for a large number
cohort of cancer samples to be analyzed. Nevertheless, all
collections indicated that long noncoding RNA ROR might
exert useful diagnostic and prognostic biomarker.
This meta-analysis aimed at exploring the evidence of
whether high expression of ROR contributes to an induced
poor prognosis in patients with cancer. We consider that
this meta-analysis is the first to provide comprehensive and

Cancer Management and Research 2018:10

detailed discernments into the clinical significance of long
noncoding RNA ROR in carcinomas. In this study, we pooled
eleven studies, including 903 patients, in which the result proposed that elevated ROR expression is observably correlated
to poor prognosis, progression, primarily in LNM, tumor
invasion depth, TNM stage, and DM, together with DFS
and OS. Our analysis illustrated that a pooled HR was 4.47
(95% CI: 3.21–6.22, P<0.001), 9.93 (95% CI: 5.33–18.47,
P<0.001), 2.96 (95% CI: 2.18–4.02, P<0.001), and 3.14 (95%
CI: 2.19–4.51, P<0.001) for LNM, tumor invasion depth,
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Table 3 A summary of the results of this meta-analysis
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Outcome
Grade
LNM
Invasion depth
TNM
DM
DFS
OS
Cancer type
Digestive system
Respiratory system
Sample size
>100
<100

No. of
patients

HR/OR (95% CI)

5
8
4
8
5
5
9

406
759
261
759
580
520
844

0.77 (0.47, 1.26)
4.47 (3.21, 6.22)
9.93 (5.33, 18.47)
2.96 (2.18, 4.02)
3.14 (2.19, 4.51)
2.74 (1.65, 3.82)
2.09 (1.64, 2.54)

7
2

575
269

3
6

484
360

Heterogeneity

P

I2(%)

P-value

0.294
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

27.5
41.2
39.4
44.1
49.0
0.0
0.0

0.247
0.104
0.176
0.085
0.098
0.865
0.736

2.07 (1.61, 2.53)
2.71 (0.34, 5.07)

<0.001
0.025

0.0
0.0

0.558
0.847

2.12 (1.53, 2.71)
2.05(1.34, 2.75)

<0.001
<0.001

0.0
0.0

0.569
0.542

Abbreviations: OS, overall survival; DFS, disease-free curve; DM, distant metastasis.

TNM stage, and DM correspondingly. However, there is no
significant difference in tumor histological grade and the
pooled HR 0.77 with 95% CI: 0.47–1.26 crossed (P=0.294).
We observed significant heterogeneity between ROR
expression and tumor invasion depth (I2=83.2%, P<0.001).
Thus, heterogeneity can be identified to be a likely problem in
interpreting the outcomes of any meta-analysis. To resolve the
issue, we carried out a sensitivity analysis in which the existent
heterogeneity palpably reduced (I2=39.4%, P=0.176) after
exclusion of the Liu study.36 However, the results did not vary
(OR=9.93, 95% CI: 5.33–18.47, Z=7.24, P<0.001). It means
that Liu’s study might have a substantial impact on the overall
heterogeneity. In our broadened analysis, we assumed the following: First, the prospective sources of heterogeneity for the
result to encompass the sample size and a sample selection of the
study might alter the heterogeneity. Second, the qRT-PCR reaction conditions, along with the reaction systems, were varied in
the involved studies, thus influencing the outcome. Additionally,
the features of various tumor clinical pathological characteristics
may cause possible heterogeneity. This paper considers that the
pathological type of esophageal squamous cell carcinoma might
cause heterogeneity. Lastly, the variable cutoff value for ROR in
this study may be associated with the heterogeneity.
Additionally, through merging HRs from the Cox multivariate studies, we detected that ROR was an independent
prognostic factor of DFS and OS for patients with cancer
(pooled HR 2.74, 95% CI: 1.65–3.82 and 2.09, 95% CI:
1.64–2.54 respectively). In the stratified analysis, the outcomes proposed that elevated levels of ROR could significantly associate with a worse result regardless of being in the
digestive system (HR: 2.09, 95% CI: 1.64–2.54, P<0.001)
or non-digestive system (HR: 2.71, 95% CI: 0.34–5.071,
4650
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P=0.025). The relationship between ROR and OS was found
to be substantial in studies with fewer sample sizes of 100
(HR: 2.05, 95% CI: 1.34–2.75, P<0.001) and greater than
100 (HR: 2.12, 95% CI: 1.53–2.71, P<0.001). Additionally,
we detected a substantial relationship between MFS and
ROR expression (HR: 2.74, 95% CI: 1.65–3.82, P=0.000).

Limitations
However, this study has a number of limitations: 1) all the
articles that were included were conservative, whereas some
of them had small sample sizes; only eleven studies with 9
types of tumors had been incorporated into the meta-analysis;
2) specific HR had been computed through reconstruction
of survival curves instead of precisely obtaining them from
the primary studies; 3) the cutoff values vary among studies
that might have weakened the reliability of the conclusion;
4) the primary patients who were included in the study were
from China, with only one from India. Thus, the findings
might just be representative of Asian patients. Notably, different types of cancer specimen sources may show inherent
molecular differences and increased the heterogeneity. Thus,
it is strongly recommended that a larger-size and better design
study is carried out to substantiate these results.

Conclusion
Notwithstanding the limitations stated earlier, this metaanalysis provides a preliminary indication that higher ROR
expression might be regarded as a reliable uncomplementary
prognostic factor in human cancers. High ROR expression
is associated with increased tumor invasion depth, LNM,
TNM stage, poor DFS and OS. In future clinical studies, it is
relevant to use a better design in verifying and strengthening
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