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ABSTRACT
Promoter of CDKN1A antisense DNA damage activated RNA (PANDAR) has been 

demonstrated to be aberrantly expressed in various types of cancer and might be 
serve as a potential biomarker for human cancers. The present study conducted 
a meta-analysis to investigate whether the expression of lncRNA PANDAR was 
associated with prognosis and clinicopathological features in relevant cancers. 10 
eligible studies with a total of 1211 patients were collected by searching the electronic 
bibliographic databases, the results show that high expression level of PANDAR could 
significantly predict shorter OS in cancer patients (HR = 2.08, 95% CI: 1.55-2.80, P 
< 0.001) except in patients with non-small cell lung cancer (NSCLC). There was also 
a significant association between high level of PANDAR and advanced TNM stage (OR 
= 2.80, 95% CI = 1.57-4.99, P < 0.001), positive lymph node metastasis (OR = 2.92, 
95% CI = 1.92-4.45, P < 0.001), larger tumor size (OR = 1.41, 95% CI = 1.04-1.89, 
P = 0.03) and poor tumor differentiation (OR = 1.53, 95% CI = 1.09–2.15, P = 0.01). 
In conclusion, the meta-analysis results indicate that increased expression level of 
PANDAR was associated with unfavorable prognosis and might serve as a predictive 
factor for advanced clinicopathological features in various cancers.

INTRODUCTION

Cancer is a major public health problem and the 
second leading cause of death in the United States, besides, 
it is estimated that 1,688,780 new cancer cases and 600,920 
cancer deaths are projected to occur in 2017 [1]. Furthermore, 
it is set to become a major cause of morbidity and mortality 
in the coming decades worldwide [2]. However, until now 
the mechanisms of oncogenesis have not been fully clarified 
due to its complex and elusive process. Tumor markers 
gradually sparked considerable attention for their striking 
role in identifying the tumor at an early stage when it is still 
localized or even before clinical symptoms appear [3]. Apart 
from diagnosis, biomarkers can offer physicians actionable 
information leading to optimal therapy and prognostication 
of disease progression [4]. Thus, it is urgent to seek out more 
markers to have a better control of cancer.

Long noncoding RNAs are non-coding RNAs 
more than 200bp in length with limited protein-coding 

capacity [5]. Mounting evidence indicate that lncRNAs 
play essential roles in diverse biological processes 
including tumorigenesis [6, 7]. With regard to the role in 
cancer, lncRNAs can not only regulate the expression of 
distinct gene which transforms the phenotype of cancer 
cells in transcriptional processes, moreover, some of them 
might function as a mediator of ubiquitination of anti-
metastasis protein in post-transcriptional processes [8–11]. 
Meanwhile, key tumor suppressors or oncogenes such as 
p53 and Myc can in turn regulate lncRNAs transcriptionally 
[9, 12]. Recently, it has been demonstrated that lncRNAs 
can act as competing endogenous RNA(ceRNA) by 
competitively binding to a miRNA response element(MRE) 
and protect target mRNAs from repression [13, 14]. Such 
model has been shown to be critical in tumorigenesis. 
Moreover, a novel lncRNA, lnc-EGFR has been recognized 
to be involved in immunosuppression in human HCC 
by promoting Treg cell differentiation through being a 
potential enhancer of EGFR and its downstream [15]. 
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Indeed, the role of lncRNAs in cancer development 
has been revealed in numerous studies. For example, 
lncRNA, highly up-regulated in liver cancer(HULC) 
is found to regulate the interaction of YB-1 with certain 
oncogenic mRNAs including cyclin D1, cyclin E1, and 
matrix metalloproteinase 3, consequently accelerates the 
translation of these mRNAs in the process of tumorigenesis 
[16]. Besides, lncRNA prognosis-associated gallbladder 
cancer (PAGBC) acts as an “sponge” to competitively binds 
to the tumor suppressive microRNAs miR-133b and miR-
511 to promote tumor growth and metastasis [17]. Hence, 
lncRNAs have been implicated as promising markers for 
cancer diagnosis, prognosis and therapeutics [18].

Promoter of CDKN1A antisense DNA damage 
activated RNA (PANDAR) is a newly identified lncRNA 
that is localized at chromosome 6 and has a length of 
1506 nucleotides. It is induced during DNA damage in 
a p53-dependent manner and inhibits the expression of 
apoptotic genes [19]. Aberrant PANDAR expression is 
reported in a variety of human cancers, including bladder 
cancer, breast cancer, osteosarcoma etc [20–23]. It 
exerts numerous molecular functions, such as promoting 
cell proliferation, invasion, epithelial–mesenchymal 
transition and metastasis, besides, it can suppress tumor 
cell apoptosis [20–25]. Besides, plentiful studies have 
shown that PANDAR abnormal expression is associated 
with prognosis of human cancers [26–34]. However, 
most individual studies reported are so limited in discrete 
and controversial outcome as well as small sample size. 
To our knowledge, no systematic meta-analysis has 
been conducted to evaluate the relationship between 
lncRNA PANDAR and the relevant clinical outcomes 
of various carcinomas. According to this, we conducted 
a quantitative meta-analysis to elucidate the prognostic 
value of lncRNA PANDAR expression in patients with 
cancer by systematically summarizing all eligible articles.

RESULTS

Eligible literatures 

A total of 288 articles were retrieved from several 
different databases. After excluding 176 duplicate 
publications, 112 papers were further reviewed of titles, 
abstracts and full-texts, finally 10 articles were selected 
in the current meta-analysis due to meeting the inclusion 
criteria mentioned in methods. The selection procedure with 
more details was presented by a flow diagram in Figure 1.

Study characteristics

The main characteristics of 10 eligible articles were 
summarized in Table 1. The studies were published between 
2015 and 2017 and the sample size ranged from 31 to 482. 
The whole patients were divided into high and low lncRNA 
PANDAR group on the basis of qRT-PCR measurement 

results. All of studies were conducted in China and there 
were 9 kinds of carcinomas among them, including non-
small cell lung cancer, colorectal cancer, clear cell renal 
cell carcinoma, cholangio carcinoma, renal cell carcinoma, 
gastric cancer, hepatocellular carcinoma, pancreatic ductal 
adenocarcinoma and bladder cancer. Of note, the median 
and mean values were applied as the cut-off value in articles.

The association between PANDAR expression 
and prognosis of human cancers.

To elucidate the association between the PANDAR 
expression and overall survival of all cancers, a total of 1125 
patients with HRs and 95% CIs were included. The random 
effects model was first chosen due to the existence of obvious 
heterogeneity (I2 = 80%)，and the HR of high PANDAR 
expression group versus the low PANDAR expression group 
was 1.64(95% CI: 0.89–2.89, P = 0.086). After removing each 
study in turn from the pooled analysis, we discovered that only 
by excluding the study from Han et al. 2015, the heterogeneity 
could be significantly reduced to lower than 50%, which 
made the result more stable and convincing. Hence, we 
excluded the mentioned study and a fixed effects model 
was then employed as the absence of obvious heterogeneity 
(I2 = 39.6%). As indicated in Figure 2, enforced PANDAR 
expression was predictive of unfavorable OS in various 
carcinomas (HR = 2.08, 95% CI: 1.55–2.80, P = 0.000). The 
subgroup analysis in a fixed or random effects model was 
conducted by cancer types, sample sizes, study quality and 
follow-up months based on the potential heterogeneity (Figure 
3). For studies evaluating OS in different types of cancer, 
the promoted PANDAR expression could estimate worse 
outcome in digestive system, but not in non-digestive system 
malignancies, with the pooled HR of 2.45(95% CI: 1.77–
3.39, P = 0.000), and 0.99 (95% CI: 0.49–1.99, P = 0.966) 
respectively (Figure 3A). In addition, it revealed a significant 
association between increased PANDAR expression and OS 
in studies with high quality (Figure 3B), sufficient sample size 
(≥ 100) (Figure 3C) and ample follow-up time (≥ 60 months) 
(Figure 3D). No significant heterogeneity was detected across 
studies within the subgroups.

Correlation between PANDAR expression and 
clinical characteristics in patients with cancer

We collected all the clinicopathological information 
from the included studies to do a further meta-analysis for 
the association between PANDAR expression level and 
clinicopathological characteristics. As shown in Figure 
4, the increased PANDAR expression was significantly 
associated with advanced TNM stage (OR = 2.80, 95% CI 
= 1.57–4.99, P < 0.001, Figure 4A), positive lymph node 
metastasis (OR = 2.92, 95% CI = 1.92–4.45, P < 0.001, 
Figure 4B), larger tumor size (OR = 1.41, 95% CI = 1.04–
1.89, P = 0.03, Figure 4C), and poor tumor differentiation 
(OR = 1.53, 95% CI = 1.09–2.15, P = 0.01, Figure 4D). 
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Publication bias

The potential publication bias was assessed by 
funnel plot and Begg’s bias test. The funnel plot was 
showed in Figure 5 and the P value of the Begg’s test was 
1.000 for OS of enrolled studies, suggesting that there was 
no significant publication bias in meta-analysis.

Sensitivity analysis 

The stability of conclusion was evaluated by 
sensitivity analysis. The result indicated that the conclusions 
were stable because the pooled HR was not significantly 
affected by the exclusion of any single study (Figure 6).

DISCUSSION

With the rapid development of high-throughput RNA 
sequencing and cancer genomics, numerous studies highlight 
the significance of lncRNAs in various human cancers for 
their imperative roles in many cancer-related processes 
including tumorigenesis, metastasis and angiogenesis [35–
38]. Being one of the promising novel biomarkers with 
prognostic value, LncRNA PANDAR is initially identified 

in human fetal lung fibroblasts and has been demonstrated 
to be involved in diverse cancer cell processes including 
proliferation, apoptosis, invasion and migration. For 
instance, Study from Xu et al find that PANDAR silencing 
can significantly induce cell cycle arrest in the G1 phase 
and promote cell apoptosis, besides, Akt phosphorylation 
and mTOR expression levels are down-regulated after 
transfection with si-PANDAR in clear cell renal cell 
carcinoma [33]. In breast cancer, PANDAR regulate the 
G1/S transition of breast cancer cells by suppressing 
p16(INK4A) expression, which results in the cell growth and 
colony formation [20]. In cholangiocarcinoma, PANDAR 
depletion inhibits the cell proliferation by restraining the 
expression of Bcl-2 and increasing the expression of BAX. 
Besides, cell invasion and migration are impeded along with 
the striking decrease of N-cadherin and Vimentin followed 
by si-PANDAR treatment [32]. In the aspect of prognostic 
role of PANDAR, several studies elucidate that PANDAR 
aberrant expression is prone to be involved in prognosis in 
various types of cancer, including hepatocellular carcinoma, 
gastric cancer, colorectal cancer, non-small cell lung cancer, 
renal cell carcinoma and cholangiocarcinoma. All in all, 
the collective evidence implies the oncogenesis role of 
PANDAR in various carcinomas.

Table 1: Summary of included eligible studies for meta-analysis in the present study

Author Year Region Tumor 
type

Clinical 
stage 

Sample 
size

PANDAR 
assay

Cut-off 
value

Outcome 
mesure

Hazard 
ratios

Follow-
up 
months

Quality 
(estimate 
on the 
REMARK 

guideline)

Peng et 
al.[31] 2015 China HC I/II, III/IV 482 qRT-PCR mean OS HR/KM 60 65

Han et 
al.[26] 2015 China NSCLC I/II, III/IV 140 qRT-PCR mean OS HR/KM 60 65

Zhan et 
al.[21] 2016 China BC I/II, III/IV 55 qRT-PCR NA NA NA NA 30

Ma et 
al.[30] 2016 China GC I/II, III/IV 100 qRT-PCR NA OS HR/KM 36 70

Jin et al.[27] 2016 China RCC I/II, III/IV 48 qRT-PCR mean OS KM 60 50

Xu1 et 
al.[32] 2017 China CC I/II, III/IV 67 qRT-PCR NA OS HR/KM 60 75

Xu2 et 
al.[33] 2017 China CCRCC I/II, III/IV 62 qRT-PCR median OS HR/KM 50 65

Lu et al.[29] 2017 China CRC I/II, III/IV 124 qRT-PCR median OS HR/KM 60 85

Li et al.[28] 2017 China CRC I/II, III/IV 102 qRT-PCR median OS HR/KM 60 75

Jiang et 
al.[34] 2017 China PDAC NA 31 qRT-PCR NA NA NA NA 40

HR, hazard ratio; OS, overall survival; KM, Kaplan-Meier; qRT-PCR, quantitative real-time PCR; HC, hepatocellular carcinoma; GC, gastric cancer; RCC, 
renal cell carcinoma; CC, cholangio carcinoma; CCRCC, clear cell renal cell carcinoma; CRC, colorectal cancer; NSCLC, non-small cell lung cancer; BC, 
bladder cancer; PDAC, pancreatic ductal adenocarcinoma
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Figure 1: The flow diagram of study search and selection for meta-analysis. 

Figure 2: Forest plot for the association between PANDAR expression with overall survival (OS).
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According to the urgently needed of potential 
prognostic biomarkers for cancer patients, we firstly 
performed the present comprehensive and detailed meta-
analysis to investigate the clinical prognostic role of 
PANDAR in diverse kinds of carcinomas. Ten studies 
including 1125 patients were pooled at first in this study, 
and the results indicate that the promoted expression of 
PANDAR was correlated with poor prognosis and the 
pooled HR was 1.64 (95% CI: 0.89–2.89, P = 0.086). Since 
the significant heterogeneity (I2  = 80%) was observed 
across the studies, subgroup analysis and sensitivity 
analysis were performed to seek the source of heterogeneity. 

We discovered that only by excluding the study (Han et al. 
2015) from the pooled analysis, the heterogeneity could be 
significantly reduced to lower than 50%, which made the 
result more stable and convincing. In addition, we noticed 
that the expression of PANDAR is lower in NSCLC tissues 
compared with normal tissues and promoted PANDAR 
level can estimate better outcome in lung cancer, which 
was not consistent with most of other studies included 
in this meta-analysis [26]. Similarly, down regulation 
of lncRNA SPRY4-IT1 and TUG1 has been found to 
predict shorter OS in patients with NSCLC, which also 
contradicts with main conclusion in most other cancer 
studies [39–42]. The divergence was maybe ascribed to 
disease specific expression pattern of lncRNA instead of 
pute protein-coding genes, and it remains to be explored 
in future studies. Considering of above, we excluded the 
mentioned study to get a more precise inference, and the 

result indicates that enforced PANDAR expression was 
predictive of unfavorable OS in various carcinomas except 
for NSCLC (HR = 2.08, 95% CI: 1.55–2.80, P = 0.000). In 
the following subgroup analysis, a significant association 
between increased PANDAR and shorter OS was found in 
studies with high quality, sufficient sample size (≥ 100) and 
ample follow-up time (≥ 60 months). Notably, the promoted 
PANDAR level was correlated with poor prognosis in 
digestive system but not in non-digestive malignancies. 
Meanwhile, the pooled data of eligible studies also indicated 
that high PANDAR expression was significantly correlated 
with poor grade cancer (pooled OR = 2.80, 95% CI 1.57–
4.99, p < 0.001), positive lymph node metastasis (pooled 
OR = 2.92, 95% CI 1.92– 4.45, p < 0.001), larger tumor size 
(OR = 1.41, 95% CI = 1.04–1.89, P = 0.03), and poor tumor 
differentiation (OR = 1.53, 95% CI = 1.09–2.15, P = 0.01).

Nonetheless, there were still several limitations in 
the meta-analysis. First, the total sample size was relatively 
small and the patients included were all from China, which 
might lead to unavoidable bias. Second, some of the HRs 
were estimated by reconstructing survival curves. In 
addition, the cut off definition was not elucidated in some 
studies, and reported ones were not consistent either, which 
could probably account for some discordance in included 
studies. Finally, publication bias might exist, despite the 
fact that no obvious publication bias was observed revealed 
in sensitivity analysis as well as funnel plot analysis. 

In conclusion, although some limitations mentioned 
existed, it was preliminarily concluded that promoted 

Figure 3: Stratified analyses for the association between PANDAR expression with overall survival (OS). (A) Subg¬roup 
analysis of HRs of OS by cancer type. (B) Subgroup analysis of HRs of OS by study quality. (C) Subgroup analysis of HRs of OS by sample 
size. (D) Subgroup analysis of HRs of OS by follow up months.
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PANDAR may be considered as a credible unfavorable 
prognostic factor in human cancers. In the future, more 
well designed and large-scale studies are required to verify 
and strengthen the findings of the present analysis.

MATERIALS AND METHODS

Search strategy and literature selection

Comprehensive literature search was conducted 
in PubMed, Google Scholar, Web of Science, 
Cochrane Library, CNKI (China National Knowledge 
Infrastructure), and Wanfang databases, and the cut-off 
date was defined as September 24, 2017. The searched 

terms in variably combinations were listed as follows: 
(“long noncoding RNA-” OR “lnc RNA-” OR “noncoding 
RNA-” OR “PANDAR”) and (“cancer” OR “carcinoma” 
OR “tumor” OR “neoplasm”) and (“prognosis” OR 
“prognostic” OR “survival” OR “metastasis”). We 
manually searched the references of primary literatures 
for potentially missing articles. 

Inclusion and exclusion criteria

Inclusion criteria for the eligible studies included: 1) 
Definite diagnosis or histopathology confirmed for patients 
with cancer; 2) association of PANDAR expression levels 
with prognosis or clinicopathological features were 

Figure 4: Forest plot for the association between PANDAR expression with TNM stage (A), lymph node metastasis (B), 
tumor size (C), tumor differentiation (D).
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Figure 5: Funnel plot of the publication bias for OS.

Figure 6: Sensitivity of PANDAR expression for OS.
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investigated; 3) patients were categorized into two groups 
according to high and low expression levels of PANDAR; 
4) Sufficient original data for calculating hazard ratios 
(HR) and corresponding 95% confidence intervals (CI). 

Exclusion criteria for the articles included: 1) 
Studies without sufficient or usable data; 2) Studies 
without dichotomous lncRNA PANDAR expression; 3) 
Duplicated studies; 4) Basic research, animal experiments, 
case reports, editorials, expert opinions, letters, reviews 
and conference abstracts.

Data extraction and quality assessment

The data and information from the included studies 
were independently evaluated by two investigators (XY 
and YTZ). The following information were extracted 
from each eligible study:  1) first authors, publication 
year, country, sample size, tumor type, follow-up time; 2) 
criteria for defining high expression level of PANDAR and 
low expression level of PANDAR, method for detecting 
PANDAR expression; 3) HR and its corresponding 
95% CI of lncRNA PANDAR for overall survival, the 
clinicopathological parameters including TNM stage, 
lymph node metastasis, tumor size, local invasion and 
tumor differentiation. If only Kaplan–Meier curves were 
provided in studies, the survival rates were extracted from 
the graphical survival plots and the calculated HR and 95% 
CI was determined following the published methods [43]. 
Multivariate analysis was preferred to extract because of higher 
precision when both univariate and multivariate analysis were 
provided. The quality of included studies was assessed based on 
Reporting Recommendations for Tumor Marker Prognostic 
Studies (REMARK) guideline (Supplementary Figure 1), 
the study scores ranged from 30% to 85%, and studies with 
more than 75% scores could be regarded as high quality. The 
detailed assessment was show in Supplementary Table 1.

Statistical analysis

1) The meta-analysis was performed with Stata 
SE12.0 (Stata Corporation) and RevMan 5.3 software. 2) 
HRs and 95% CIs were utilized to assess the association 
of PANDAR expression with patients prognosis. Odds 
Ratios (ORs) were performed to estimate the association 
of PANDAR expression with TNM stage, lymph 
node metastasis, tumor size, local invasion and tumor 
differentiation. An HR > 1 signifies that patients with high 
PANDAR expression have a poor prognosis. 3) The test 
for heterogeneity was carried out using Chi square-based 
Q test and I2 statistics. A p value of < 0.05 or an I2 value of 
> 50% was considered statistically significant. The fixed 
effects model was applied in the absence of significant 
heterogeneity, otherwise the random effects model was 
used. 4) The publication bias was estimated by the funnel 
plot and Begg’s bias test (P value < 0.05 was considered 
statistically significant) [44]. The sensitivity analysis was 
also carried out to assess the stability of the results. 
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