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Abstract
Background: Clear cell renal cell carcinoma (ccRCC) is the most common form of kidney cancer in adults, and patients with
advanced ccRCC have a 5-year survival rate of <30%. The poor prognosis of ccRCC is closely related to its lacking of potential
therapeutic and prognostic biomarkers. This meta-analysis aimed to elucidate the precise prognostic value of long non-coding RNAs
(lncRNAs) in patients with ccRCC.

Methods:A literature search was performed in related databases up to January 31, 2019. Hazard ratios (HRs) and corresponding
95% confidence intervals (CIs) were calculated to explore the relationship between special lncRNAs expression and survival in
patients with ccRCC.

Results: After literature researching, a total of 16 studies, including 13 lncRNAs were identified. The data from studies that
investigated the association between lncRNA expression and survival outcomes in patients with ccRCC were extracted. Results
revealed that lncRNAs expression was significantly associated with poor overall survival (OS) outcome in patients with ccRCC (HR=
1.71, 95%CI=1.40–2.01 in up-regulated subgroup; HR=0.53, 95% CI=0.25–0.80 in down-regulated subgroup). The
overexpression of PVT1 was significantly associated with poor OS in ccRCC (HR=1.51, 95% CI=1.02–2.00). Meanwhile, up-
regulation of LUCAT1 was significantly related to worse OS in ccRCC patients (HR=1.51, 95% CI=1.01–2.00).

Conclusions: These results suggest that lncRNAs could be used to predict unfavorable prognosis and function as potential
prognostic biomarkers in ccRCC.

Abbreviations: ccRCC = clear cell renal cell carcinoma, CI = confidence interval, DFS = disease-free survival, HR =Hazard ratio,
lncRNA = long non-coding RNA, OS = over survival, PFS = progression free survival, RCC = renal cell carcinoma, RR = relative risk.
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1. Introduction diagnostic markers and the strong resistance of ccRCC to
Renal cell carcinoma (RCC) is one of the most common
malignant tumors in urinary system, accounting for about 5% of
adult malignant tumors.[1] Clear cell renal cell carcinoma
(ccRCC) is the commonest subtype of RCC, which makes up
approximately 3-fourths of RCC.[2] Due to lacking of early
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radiotherapy and chemotherapy, the overall prognosis of patients
with ccRCC is still poor.[3] In order to improve the prognosis,
new markers need to be found for early diagnosis and decision-
making related to the selection of appropriate treatment.
Long non-coding RNA (lncRNA) is a newly discovered class of

non-coding RNA with >200 nucleotides in length. Accumulating
studies have shown that lncRNAs are involved in many physiologi-
cal and pathological processes, such as cell growth, apoptosis, stem
cell pluripotency and development, by acting as transcriptional,
post-transcriptionalor epigenetic regulators.[4,5]Recently,mounting
evidences reveal that lncRNAs play important roles in human
diseases, especially in tumorigenesis and tumor prognosis, which
may be potential biomarkers and therapeutic targets.[6,7]

Currently, the special expression profiles of lncRNAs have
been observed in ccRCC and dysregulated lncRNAs regulate
oncogenesis and metastasis-associated genes.[8,9] Therefore,
lncRNAs might be feasible as diagnostic biomarkers and
prognostic factors. In order to explore the correlation between
dysregulated lncRNAs and prognosis of patients with ccRCC, we
conducted this quantitative meta-analysis.

2. Methods

2.1. Trial selection

All published controlled clinical trials involving the relationship
between lncRNAs and clinical values in ccRCC patients were
collected. The analyzed data were clinicopathology and prognosis
of ccRCC patients during the follow-up. Studies without original
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data related to survival outcome were excluded. All analyses were
performed based on previously published studies. Thus, no ethic
approval and informed consent were required in this study.
2.2. Search strategy

A literature search was performed in Pubmed andWeb of Science
(up to January 31, 2019), EMBASE (up to 2018), and Cochrane
Controlled Trials Register (up to 2018) to identify relevant
clinical controlled trials in English, which was conducted with the
terms “lncRNA” and “renal cancer”. The detail searching
strategy in Pubmed was ((long non conding RNA) OR lncRNA)
AND (cancerOR tumorOR carcinoma) AND (renalOR kidney
OR (renal cancer) OR (renal cell cancer) OR (renal cell
carcinoma)). The studies involving the prognosis of patients
with ccRCC were adopted for further screening. And studies
from the bibliographies of retrieved trials were also scanned.
The inclusion criteria were formulated as follows:
(1)
 English literature;

(2)
 follow-up completed in ccRCC patients after surgery;

(3)
 studies that detected the expression level of lncRNA in tissue

and presented the clinicopathological features, such as age,
tumor diameter, tumor stage and so on;
(4)
 studies that investigated the association between the expres-
sion level of lncRNA and survival outcome;
(5)
 studies that provided a Hazard ratio (HR) or relative risk
(RR), 95% confidence interval (CI) and P value, and Kaplan–
Meier curves or required data obtained by contacting
corresponding authors.
This meta-analysis adopted the following criteria to exclude
irrelevant studies:
(1)
 non-human trials;

(2)
 non-English literature;

(3)
 studies performed only in cellular level;

(4)
 ccRCC patients � 40 cases;

(5)
 studies included other type RCC patients, for example

papillary renal cell carcinoma and chromophobic renal cell
carcinoma;
(6)
 studies without follow-up information;

(7)
 studies focusing on lncRNA genetic alterations, including

methylation patterns or polymorphisms;

(8)
 the analysis of HRs based on multiple lncRNAs;

(9)
 the duplicate data from The Cancer Genome Atlas; and
(10)
 studies that could not obtained original and sufficient data
for HR and 95% CI estimation.
2.3. Data extraction

Two investigators (Wang Yan and Li Zhan) were blinded to each
other when reviewing the trials and independently selected
studies using the following steps:
(1)
 examining titles and abstracts to remove obviously irrelevant
reports;
(2)
 retrieving the full text of potentially relevant reports;

(3)
 examining full-text reports for compliance of studies with

eligibility criteria;

(4)
 making final decisions on study inclusion.
Any discrepancies were resolved by consensus. The quality
assessment of these included studies was performed in accor-
2

dance with the Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) criteria. If a consensus could not be
reached, the senior author (Li Wei) made the final decision for
trial eligibility and data extraction. For each study, the following
information was recorded: first author’s name, year of publica-
tion, country, number of patients, median or mean age of
patients, sample size and type, detection method, cutoff
definition, follow-up time, and HRs associated with dysregulated
lncRNAs expression for over survival (OS), disease-free survival
(DFS) or progression free survival (PFS), along with their 95%
CIs and P values.
2.4. Statistical analysis

The HRs and 95% CI of survival outcome were calculated for
each study. In lncRNAs up-regulated group, HR > 1 implied a
worse survival. Conversely, an observed HR < 1 suggested
poor survival for lncRNA down-regulated group. A pooled
effect was calculated using a random effect model to
take into account within-study and between-study variance.
Heterogeneity was assessed with the Q statistic (the result
of a statistical test based on the Q statistic (P)) and the I2

statistic. For the Q test, a P value less than .05 indicated
significant heterogeneity; for the I2 statistics, an I2 value
greater than 50%was considered significant heterogeneity. If I2

value less than 50%, a fixed effect model was performed;
otherwise, a random effect model was applied for the meta-
analysis. While statistically significant heterogeneity was
found, the source would be explored by subgroup analysis
and/or meta-regression.
The sensitivity analysis was performed to examine the

consistency of the overall effect estimate respectively and
publication bias was examined using funnel plot. All statistical
procedures in this meta-analysis were performed using STATA
14.0 and Revman 5.2. The P< .05 was considered as statistically
significant.
3. Results

3.1. Search result

As shown in Figure 1, 338 records relating to lncRNA expression
and ccRCC were identified in PubMed, Embase, Web of Science,
and Cochrane databases. After screening titles, 233 records
were excluded. After the abstracts were reviewed, 39 full-text
articles were assessed for eligibility. Finally, after excluding 23
articles, a total of 16 articles were included in the current meta-
analysis.

3.2. Characteristics and clinicopathological features of
eligible studies

The main features and results of the eligible articles were
summarized in Tables 1 and 2. These studies investigated a total
of 1290 cases. Among these 16 studies, 14 came from China, 1
from Japan, and 1 from Germany. Twelve studies only
focused on OS, while other 4 studies calculated OS and
DFS/PFS. A total of 13 lncRNAs were investigated in these 16
included studies. The lung cancer associated transcript 1
(LUCAT1),[10,11] promoter of CDKN1A antisense DNA damage
activated RNA (PANDAR),[12] plasmacytoma variant transloca-
tion 1 (PVT1),[13,14] metastatic renal cell carcinoma-associated



Figure 1. Flow diagram of study selection process.

Wang et al. Medicine (2019) 98:40 www.md-journal.com
transcript 1 (MRCCAT1),[15] linc00152,[16] lncRNA H19,[17]

metastasis-associated lung adenocarcinoma transcript 1
(MALAT1),[18,19] protein sprouty homolog 4 intronic transcript-1
(SPRY4-IT1)[20] were up-regulated. And ENSG241684,[21] NON-
HSAT123350,[22] lnc-ZNF180-2,[23] neuroblastoma associated
transcript-1 (NBAT1),[24] and cell adhesion molecule 1 anti-sense
transcript-1 (CADM1-AS1)[25] were down-regulated.None of these
studies clarified that these lncRNAswere related togenderandageof
ccRCC patients. Zhang claimed that up-regulated MALAT1 were
significantly correlatedwith tumor size.[18]Twostudies revealed that
clinicopathological characteristics were not significantly associated
with the expression levels of NONHSAT123350 and lnc-ZNF180-
2.[22,23] The other studies reported that lncRNAs were significantly
associated with tumor stage (Table 1).
3

3.3. Correlation between clinicopathological data and
survival

The 16 included studies evaluated the lncRNA expression in
1290 tissue samples of ccRCC patients by quantitative real-time
polymerase chain reaction (qRT-PCR). The clinicopathological
characteristics of these 16 eligible studies were presented in
Table 2. These 13 lncRNAs were all correlated with the
prognosis of ccRCC patients. The overexpression of PANDAR,
lncRNA H19, PVT1, linc00152, LUCAT1, MRCCAT1,
MALAT1, and SPRY4-IT1 were associated with poor prognosis;
meanwhile the low expressions of CADM1-AS1, ENSG241684,
lnc-ZNF180-2, NONHSAT123350, NBAT1 were related to
poor prognosis.

http://www.md-journal.com


Table 1

Summary of the comparison for the P values of the association between lncRNAs and clinicopathological features.

Study lncRNA Population
Case

number Gender Age
Tumor
size(cm)

Histological
grade (I-IV)

Tumor stage
(pT1-pT4)

Lymph node
metastasis

Distant
metastasis Expression

Fuhrman
Grade

Wang2018[10] LUCAT1 Chinese 64 0.082 0.448 0.024 / 0.004 0.003 0.79 Up-regulation /
Zheng2018[11] LUCAT1 Chinese 90 0.309 0.366 0.070 / <0.010 / / Up-regulation /
Xu2017[12] PANDAR Chinese 62 0.619 0.862 / 0.051 0.029 <0.001 <0.001 Up-Regulation /
Yang2017[13] PVT1 Chinese 50 0.190 0.190 / / 0.000 / / Up-regulation 0.000
Bao2017[14] PVT1 Chinese 129 0.0273 0.4847 0.0018 / 0.0064 / / Up-regulation 0.0008
Li2017[15] MRCCAT1 Chinese 68 0.397 0.324 0.007 / / / / Up-regulation 0.001
Wu2016[16] linc00152 Chinese 77 0.537 0.202 0.931 / / / 0.331 Up-regulation 0.075
Wang2015[17] H19 Chinese 92 0.993 0.463 0.087 0.000 0.002 0.001 0.010 Up-regulation /
Zhang2015[18] MALAT1 Chinese 106 0.744 0.495 0.000 0.235 0.006 0.014 0.534 Up-regulation /
Hirata2015[19] MALAT1 Japanese 50 0.967 0.609 / 0.217 0.001 0.003 0.077 Up-regulation /
Zhang2014[20] SPRY4-IT1 Chinese 98 0.888 0.648 0.878 0.002 0.000 0.001 0.003 Up-regulation /
Su2018[21] ENSG241684 Chinese 61 0.334 0.893 / / 0.004 0.238 0.113 Down-regulation 0.249
Liu2016[22] NONHSAT123350 Chinese 90 0.210 0.400 0.300 / / / 0.920 Down-regulation /
Ellinger2015[23] lnc-ZNF180-2 German 91 >0.700 >0.700 >0.700 >0.700 >0.700 >0.700 >0.700 Down-regulation /
Xue2015[24] NBAT-1 Chinese 98 0.685 0.068 0.835 0.006 0.000 0.021 Down-regulation /
Yao2014[25] CADM1-AS1 Chinese 64 0.611 0.606 0.578 0.133 0.039 / / Down-regulation /

Table 2

Summary of lncRNAs used as prognostic biomarkers of ccRCC.

Study lncRNA Region
Study
design

Detected
sample

Tumor
Type

Assay
methods

High
level case

Low
level case

Tumor
stage

Survival
analysis

Follow-up
month

Wang2018[10] LUCAT1 China Retrospective FT ccRCC qRT-PCR 32 32 pT1-pT4 OS 100
Zheng2018]11] LUCAT1 China Retrospective FT ccRCC qRT-PCR / / pT1-pT4 OS 150
Xu2017[12] PANDAR China Retrospective FT ccRCC qRT-PCR 34 28 I-IV OS 40
Yang2017[13] PVT1 China Retrospective FT ccRCC qRT-PCR 26 24 pT1-pT4 OS/DFS 120
Bao2017[14] PVT1 China Retrospective FT ccRCC qRT-PCR 58 71 I-IV OS/DFS 80
Li2017[15] MRCCAT1 China Retrospective FT ccRCC qRT-PCR 34 34 pT1-pT4 OS 52
Wu2016[16] linc00152 China Retrospective FT ccRCC qRT-PCR 38 39 pT1-pT4 OS 80
Wang2015[17] H19 China Retrospective FT ccRCC qRT-PCR 42 50 pT1-pT4 OS 60
Zhang2015[18] MALAT1 China Retrospective FT ccRCC qRT-PCR 46 60 pT1-pT4 OS 60
Hirata2015[19] MALAT1 Japan Retrospective FT ccRCC qRT-PCR 25 25 pT1-pT4 OS 47
Zhang2014[20] SPRY4-IT1 China Retrospective FT ccRCC qRT-PCR 52 46 pT1-pT4 OS 60
Su2018[21] ENSG241684 China Retrospective FT ccRCC qRT-PCR 42 50 pT1-pT4 OS 60
Liu2016[22] NONHSAT123350 China Retrospective FT ccRCC qRT-PCR 32 58 pT1-pT4 OS/DFS 60
Ellinger2015[23] lnc-ZNF180-2 Germany Retrospective FT ccRCC qRT-PCR 46 45 pT1-pT4 OS/PFS/CSS 144
Xue2015[24] NBAT-1 China Retrospective FT ccRCC qRT-PCR 49 49 pT1-pT4 OS 35
Yao2014[25] CADM1-AS1 China Retrospective FT ccRCC qRT-PCR 32 32 pT1-pT4 OS 80

ccRCC= clear cell renal cell carcinoma, CSS= cancer specific survival, DFS=disease free survival, FT= frozen tissue, OS= overall survival, PFS=prognostic free survival, qRT-PCR=quantities reverse
transcription polymerase chain reaction.
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MALAT1, PVT1, and LUCAT1were respectively detected in 2
studies. The characteristics of studies on MALAT1 have been
performed.[26] And the studies on LUCAT1 did not include the
relationship between LUCAT1 expression and clinicopathologi-
cal features in patients with ccRCC. We then combined the 2
studies on PVT1 with 4 groups to clarify the correlation between
clinicopathological data and PVT1 level. After meta-analysis of
these 2 studies, we found that up-regulated PVT1 was
significantly associated with gender (HR=0.39, 95% CI=
0.20–0.76, Fig. 2), Fuhrman grade (HR=5.25, 95% CI=
2.55–10.81, Fig. 2), and TNM stage (HR=5.79, 95%CI=2.81–
11.93, Fig. 2). However, the overexpression of PVT1 was not
correlated with age (HR=0.92, 95% CI=0.50–1.67, Fig. 2).

3.4. Correlation between lncRNAs expression and
prognosis
3.4.1. Association between lncRNAs and OS. These 16
articles evaluating OS were divided into up-regulated subgroup
and down-regulated subgroup according to the lncRNAs
4

expression level in patients with ccRCC. Significant heterogeneity
between included studies was observed in down-regulated
subgroup data (I2=91.2%). Therefore, the random effect model
was used in the meta-analysis of down-regulated subgroup to
calculate the pooled HR and 95% CI. While the fixed effect
model was used for up-regulated subgroup (I2=6.2%). The
results showed that expression of lncRNAs was significantly
associated with poor OS outcome in patients with ccRCC, with a
pooled HR of 1.71 (95% CI=1.40–2.01; Fig. 3) in up-regulated
subgroup and a pooled HR of 0.53 (95% CI=0.25–0.80; Fig. 3)
in down-regulated subgroup.
The association between the expression level of MALAT1 and

OS has been performed.[26] We then combined the two studies
separately on PVT1 and LUCAT1 to clarify the correlation
between the expression level of lncRNAs and OS. As heteroge-
neity was not apparent in the OS analysis of PVT1 group (I2=
0.0%, P= .366) and LUCAT1 group (I2=0.0%, P= .318), we
used a fixed effect model to pool HRs. After meta-analysis of
these studies, we found that up-regulation of PVT1 was



Figure 2. Forest plots of studies evaluating odds ratios (ORs) of PVT1 expression and the clinicopathology features of patients with ccRCC. ccRCC=clear cell
renal cell carcinoma.
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significantly associated with poor OS in patients with ccRCC
(HR=1.51, 95% CI=1.02–2.00, Fig. 4). Meanwhile, up-
regulation of LUCAT1 was significantly related to worse OS
in ccRCC (HR=1.51, 95% CI=1.01–2.00, Fig. 4).

3.4.2. Association between lncRNAs and DFS/PFS. Among
the 4 articles evaluating DFS/PFS, no statistically significant
heterogeneity was evident (I2=28.1%, P= .238 in up-regulated
subgroup; I2=0.0%, P= .586 in down-regulated subgroup).
Therefore, a fixed effect model was used to calculate the pooled
HR and 95% CI. The overexpression of PVT1 was found to be
not significantly correlated with poor DFS /PFS in patients with
ccRCC, with a pooled HR of 1.54 (95% CI=0.93–2.14; Fig. 5).
Moreover, the low expressions of NONHSAT123350 and lnc-
ZNF180-2 were significantly associated with poor DFS/PFS
outcome in patients with ccRCC, with a pooledHR of 0.79 (95%
CI=0.69–0.88; Fig. 5).

3.5. Heterogeneity analysis and publication bias

Sensitivity analysis was performed by meta-based Influence
Analysis using the fixed effect model in OS analysis of up-
regulated subgroup. This test suggested that the Li2017 study had
influenced the overall result of the OS analysis (Fig. 6A). When
the Galbraith plot was assessed, Li2017 study was identified as an
outlier causing heterogeneity in the OS analysis (Fig. 6B). By
excluding this study, a similar and significant pooled HR was
obtained (HR=1.63, 95% CI=1.30–1.96). Moreover, hetero-
geneity was found to be absent (I2=0.0%, P= .453; Fig. 6C).
Begg’s funnel plots were used to evaluate publication bias
5

(Fig. 6D). For the pooled analyses of OS in up-regulated
subgroup, the Begg test showed a P value of .283 after continuity
corrected. Therefore, this meta-analysis was free of notable
publication bias. No conclusive graph could be generated because
of the small size of down-regulated subgroup and DFS/PFS
analysis. So, the heterogeneity and publication bias analyses were
not evaluated.

4. Discussion

Non-coding RNAs profiling has been found to be useful in the
prediction of cancer patient’s clinical outcome, metastatic
recurrence and survival time.[27,28] During carcinogenesis,
genetic alterations could drive tumor evolution toward higher
grades of malignancy, however, the extent to how the lncRNAs
alterations influence this process remains incompletely under-
stood. The up-regulation or down-regulation of many lncRNAs,
such as MALAT1 and H19, contributed to oncogenesis by
affecting proliferation, energetic metabolism and other cellular
processes.[29–31] Many long non-coding RNAs have been
identified in various cancer genomes, and can be used as novel
biomarkers for cancer.[32] As multiple reports suggest, lncRNAs
play an important role in urothelial carcinogenesis, such as
bladder cancer.[33] Some lncRNAs, for example, MAGI2-AS3
and ADAMTS9-AS2 may serve as candidate diagnostic bio-
markers or therapeutic targets for bladder cancer.[34]

The pathogenesis and progression of renal cancer involve
multistep changes in the gene profiling, and a variety of
approaches have been used to uncover the molecular profiles

http://www.md-journal.com


Figure 3. Forest plot summarizing the association between lncRNAs expression and overall survival in patients with ccRCC. ccRCC=clear cell renal cell
carcinoma, CI=confidence interval, HR=Hazard ratio.
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that contribute to ccRCC development and tumor progression.
Many metabolic pathways in ccRCC are reprogrammed.[35] The
metabolomic profile demonstrated that mitochondrial dysfunc-
tion and oxidative stress potentially associated with tumorigene-
sis and tumor progression.[36] The specific molecular alterations
occur in ccRCC under metabolic reprogramming, but the role of
lncRNAs is still unclear.[37] The potential value of lncRNAs for
ccRCC remains further investigation. In order to find some
biomarkers for ccRCC, we conducted this meta-analysis to
systematically analyze the association between lncRNA expres-
sion and prognosis of patients with ccRCC.
After literature searching and screening, a total of 16 studies

were included. In the classification of clinicopathological
features, most lncRNAs have little association with the tumor
size. The up-regulated PANDAR, H19, SPRY4-IT1 could be
potentially considered as novel biomarkers to detect distant
metastasis in ccRCC patients in early stages. The dysregulated
PANDAR, NBAT-1, H19, LUCAT1, lnc-ZNF180-2, MALAT1,
SPRY4-IT1 might be used as biomarkers of lymph node
metastasis. Except MALAT1, PVT1, and LUCAT1, the other
lncRNAs were detected by single study. The characteristics of
6

studies onMALAT1 have been performed.[26] And the studies on
LUCAT1 did not included the relationship between LUCAT1
expression and clinicopathological features in patients with
ccRCC. We then combined the 2 studies on PVT1 with 4 groups
to clarify the correlation between clinicopathological data and
PVT1 level. The expression of this lncRNA was related to the
gender of patients with ccRCC but not age. PVT1 was
significantly associated with the Fuhrman grade and TNM stage
of patients with ccRCC after we pooled HR and P value. Because
of the limitations of included studies, further studies should be
conducted to verify these conclusions.
Among these 14 lncRNAs, the overexpression of PANDAR,

lncRNA H19, PVT1, linc00152, LUCAT1, MRCCAT1,
MALAT1, SPRY4-IT1, and lncRNA MIAT were associated
with poor prognosis; meanwhile the low expression of CADM1-
AS1, ENSG241684, lnc-ZNF180-2, NONHSAT123350,
NBAT1 were related to poor prognosis. Although these
dysregulated lncRNAs were associated with the prognosis of
patients with ccRCC, merely MALAT1, PVT1, and LUCAT1
were not reported solely. The association between the expression
level of MALAT1 and OS has been performed.[26] We then



Figure 4. Forest plots representing subgroup analyses of the relationship between overall survival and PVT1/LUCAT1 expression in patients with ccRCC.
ccRCC=clear cell renal cell carcinoma, CI=confidence interval, HR=Hazard ratio.

Figure 5. Forest plot of studies having assessed the association between lncRNAs expression and disease-/progression-free survival of patients with ccRCC.
ccRCC=clear cell renal cell carcinoma, CI=confidence interval, HR=Hazard ratio.
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conducted meta-analyses to elucidate the relationship between
expression level of the other 2 lncRNAs and the OS of patients
with ccRCC. The results revealed that overexpression of PVT1
predicted poor survival among patients with ccRCC; as well as
patients with up-regulated LUCAT1 exhibited short OS.
However, due to the limited size of related studies, further
research should be performed to confirm this conclusion.
In this study, PVT1 is among those lncRNAs, which is

overexpressed and associated with tumorigenesis and poor
7

prognosis in a range of cancers.[38,39] Chen et al found that
overexpression of PVT1 could promote the proliferation, cell
cycle progression, and migration of melanoma cells.[40] More-
over, Gao et al clarified that after transfected with PVT1 siRNA,
the proliferation, migration, and invasion of cervical cancer cells
were greatly decreased.[41] The overexpressed PVT1 regulated
miR-195 pathway to influence lipid metabolism and the
metabolic reprogrammingwas verified to be potential mechanism
to promote proliferation and invasion of tumor cells.[42] The

http://www.md-journal.com


Figure 6. Sensitivity analysis, Galbraith radial plots and Begg test for heterogeneity conducted in up-regulated subgroup. (A) Sensitivity analysis of studies
measured OS in up-regulated subgroup; (B) Galbraith radial plot of studies measured OS in up-regulated subgroup; (C) Forest plot of studies evaluated the
association between lncRNAs expression and OS of patients with ccRCC, following exclusion of data from Li2017; (D) Begg’s funnel plot relating to analysis of OS in
up-regulated subgroup to assess publication bias. ccRCC=clear cell renal cell carcinoma, CI=confidence interval, DFS=disease-free survival, HR=Hazard ratio,
OS=overall survival, PFS=progression-free survival.
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increased expression of PVT1 was correlated with advanced
TNM stage, histological grade, and poor survival of ccRCC. Wu
et al showed that PVT1 inhibited renal cancer cell apoptosis by
enhancing the stability ofMyeloid cell leukemia-1mRNA.[43] Li et al
revealed that the expression of PVT1 was up-regulated in ccRCC
tissues, and knockdown of PVT1 induced apoptosis by increasing
the expression of poly ADP ribose polymerase and Bcl-2-associated
X protein, and promoted cell cycle arrest at the G1 phase by
decreasing the expression of cyclin D1. This study indicated that
PVT1promoted theprogressionof ccRCCpartly throughactivation
of the epidermal growth factor receptor pathway.[44] These findings
suggest that PVT1may be an oncogenic biomarker for ccRCC, and
thePVT1associatedpathwaymay serveas anovel therapeutic target
for treating ccRCC.
Our study revealed that LUCAT1 was correlated not only with

clinicopathological features but also with prognosis of ccRCC.
Xiao et al revealed that the up-regulated expression of LUCAT1
in ccRCC tissues was associated with tumor grade, clinical
pathological stage and survival time; LUCAT1 could bind to
polycomb PRC2 complex and suppress p57 expression to
promote renal cancer cell proliferation.[45] Zheng et al clarified
that the expression level of LUCAT1 was positively correlated
with malignant stage and poor prognosis of ccRCC, and
8

LUCAT1 promoted proliferation and invasion in ccRCC cells
through AKT/GSK-3b signaling pathway.[11] Wang found that
LUCAT1 was critical for proliferation and invasion of ccRCC
cells by regulating micoRNA-495-3p and special adenine-
thymine-rich DNA-binding protein 1.[10] These findings indicate
that the LUCAT1 related axis is a potential therapeutic target and
molecular biomarker for ccRCC.
This meta-analysis summarized current researches on the

relationship between aberrant lncRNAs expression and prognosis
of patients with ccRCC. However, several limitations should be
considered. First, the number of studies included in our meta-
analysis was insufficient and the sample size was limited. Second,
most included studies were from China, merely one from Japan,
and one from Germany; therefore, our data might not be globally
applicable. Thirdly, the standard for dysregulated expression
differed among these studies, and it was difficult to obtain the same
value.Consequently, further studies andmore rigorous criteriawill
be needed to confirm the function of lncRNAs in ccRCC.
5. Conclusion

In conclusion, our meta-analyses indicate that the expression
levels of some special lncRNAs are correlated with poor survival
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in patients with ccRCC. The expression of lncRNAs could be
used to predict unfavorable prognosis and function as potential
prognostic biomarkers in ccRCC.
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