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Abstract. Several studies have reported a prognostic role of
the long non-coding RNA (IncRNA) cancer susceptibility
candidate 9 (CASC9) in various cancer types, but its clinical
significance has remained inconclusive. The aim of the present
meta-analysis was to evaluate the impact of CASC9 expression
on the prognosis and clinicopathological features of patients
with cancer patients. The PubMed, Embase, Cochrane Library
and Web of Science databases were searched for relevant
literature and eight studies, including 565 patients with cancer,
were selected. The quality of these studies was appraised
with the Newcastle-Ottawa Scale (NOS) and the association
between CASC9 expression and prognosis or clinicopatholog-
ical features was analyzed. Patients with high expression levels
of CASC9 in their tumor tissues had a lower overall survival
rate compared with those in the low CASC9 expression group
(hazard ratio=2.25, 95% CI: 1.60-3.17, P<0.001). Furthermore,
elevated CASCY expression was significantly associated
with deeper tumor invasion [odds ratio (OR)=2.66, 95% CI:
1.72-4.14, P<0.001], poor tumor differentiation (OR=2.44,
95% CI: 1.24-4.78, P=0.009), lymph node metastasis
(OR=3.42, 95% CI: 1.98-5.92, P<0.001) and advanced clinical
stage (OR=3.21, 95% CI: 2.21-4.66, P<0.001). In conclusion,
CASC9 is a promising biomarker for predicting the prognosis
of cancer patients and should be validated in the clinic.

Introduction

Cancer is one of the leading causes of death worldwide (1).
The outcomes of the current therapeutic modalities, including
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surgery, radiotherapy, chemotherapy, biotherapy and palliative
treatments, are far from satisfactory. Therefore, it is essential
to identify novel markers with high sensitivity and specificity
in order to improve the early diagnosis and prognosis of
patients with cancer. Long non-coding RNAs (IncRNAs) have
gained considerable attention as reliable cancer biomarkers.
LncRNAs are transcripts longer than 200 nucleotides that
lack an open reading frame and protein-coding capacity (2,3).
They constitute >80% of the entire transcriptome and have
long been considered as transcriptional ‘noise’ (4,5). However,
more recent studies have indicated that IncRNAs have signifi-
cant roles in cancer progression (6,7). The gene encoding the
IncRNA cancer susceptibility candidate 9 (CASCY) is located
on the human chromosome 8q21.11 and has four isoforms
(CASC9-001 to -004), of which CASC9-004 is commonly
referred to as CASCO due to its relatively high prevalence (8,9).
CASC9 was initially identified in esophageal squamous cell
carcinoma (ESCC) (10) and has since then been detected at
aberrantly high levels in nasopharyngeal carcinoma (11),
oral squamous cell carcinoma (OSCC) (12), lung squamous
cell carcinoma (13), breast cancer (BC) (14), gastric cancer
(GC) (15), hepatocellular carcinoma (9), pancreatic ductal
adenocarcinoma (16), colorectal cancer (CRC) (17), ovarian
cancer (OC) (18) and cervical cancer (19). Furthermore, high
expression of CASCY is associated with poor prognosis and
unfavorable clinicopathological parameters in cancer patients
(12,15,17,18,20-23). Since individual studies are limited by rela-
tively small sample sizes and discrete outcomes, a systematic
analysis is necessary in order to obtain more insight into the
role of CASC9 in human cancers. To this end, a meta-analysis
was performed in the present study to evaluate the prognostic
and clinicopathological significance of CASC9 in cancer.

Materials and methods

Literature search strategy. Relevant articles published in the
English language till November 30,2019 were retrieved from the
PubMed, Embase, Cochrane Library and Web of Science data-
bases by two independent researchers (HYD and XD). According
to the Cochrane systematic evaluation manual 5.1, the following
MeSH terms and free-text words were combined for the literature
search: ‘long noncoding RNA CASC9’ OR ‘IncRNA CASC9’
OR ‘long non-coding RNA CASC9’ OR ‘cancer susceptibility 9
IncRNA’ OR ‘cancer susceptibility 9 long noncoding RNA” OR
‘CASC9 non-coding long RNA’ and ‘Neoplasia’ OR ‘Neoplasias’
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Figure 1. Flowchart of the study selection procedure.

OR ‘Neoplasm’ OR ‘Neoplasms’ OR ‘Tumors’ OR ‘Tumor’ OR
‘Cancer’ OR ‘Cancers’ OR ‘Malignancy’ OR ‘Malignancies’.
The bibliography of the selected studies was manually examined
to identify any further relevant studies. In the case of insuf-
ficient data, the authors were contacted to request the relevant
information via e-mail. The articles were preliminarily screened
on the basis of their titles and abstracts, and their eligibility
for the meta-analysis was determined by two researchers after
full-text analysis. The meta-analysis was performed according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (24). Any disagreements were
resolved by a third researcher (HSL).

Literature selection. The inclusion criteria for the studies were
as follows: i) Published clinical research, ii) published in the
English language, iii) including patients with histo-pathologi-
cally confirmed cancer, iv) reporting on the association between
CASC9 expression and clinicopathological features or prog-
nosis of cancer patients. Studies that did not fulfill the inclusion
criteria, literature reviews, editorials, letters and case reports, as
well as studies lacking full text or relevant data, were excluded.

Data extraction. Basic information on the studies, including
the first author's name, year of publication, country, sample
size, tumor type, method of detection, cut-off value, survival
analysis type and Newcastle-Ottawa Scale (NOS) scores, as
well as clinicopathological features of the patients, including
sex, age, tumor size, depth of invasion, tumor differentiation,
lymph node metastasis and clinical stage, and outcome indica-
tors such as overall survival (OS), disease-free survival (DFS)
and progression-free survival (PFS), were extracted. Certain
outcome indicators were directly acquired from the studies and
others were extracted from Kaplan-Meier survival curves using
hazard ratio (HR) digitizer software Engauge Digitizer 4.1 (25).

Quality assessment. The NOS (26) was used for evaluating the
quality of included studies. This quality assessment method

evaluated studies by eight items, which were categorized into
three aspects: Patient selection (4 items), study comparability
(1 item) and study outcome (3 items) (27). An answer of ‘yes’
to each question of the items was counted as the score of 1;
otherwise, a score of 0 was awarded (26). The NOS scores
ranged from O to 9 and studies with scores of =6 were consid-
ered to be of high quality. Any disagreement concerning the
quality assessment of studies was resolved by discussion until
consensus was reached among the researchers.

Statistical analyses. Review Manager 5.2 (The Cochrane
Institute) and Stata 12.0 software (StataCorp.) were used for
statistical analysis. Since the meta-analysis was performed on
previously published studies, no ethical approval was required.
The association between CASC9 expression and OS rates
was evaluated by determining the HR and 95% CI, and that
between CASC9 expression and clinicopathological features
by determining odds ratios (ORs) and 95% CIs. A %>-based
Q-test and I? statistics were used to estimate the heterogeneity
of the included studies. A fixed-effects model was used in case
of insignificant heterogeneity (I°<50%), and otherwise, the
random-effects model was used for meta-analysis. Sensitivity
analysis was performed using Stata 12.0 software to determine
the robustness of the meta-analysis results. The potential
publication bias was assessed using Begg's funnel plot and
Egger's test (28). All P-values were two-tailed and P<0.05 was
considered to indicate statistical significance.

Results

Characteristics and quality of included studies. Based on the
search strategy, 103 papers were initially retrieved, of which 13
full-text articles were evaluated for their eligibility after prelim-
inary screening of titles and abstracts. Finally, eight studies
in including 565 patients were selected (12,15,17,18,20-23).
The screening procedure is outlined in Fig. 1. The included
studies were published between 2016 and 2019, and the most
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Table III. Quality assessment of included studies using the Newcastle-Ottawa Scale.

First author (year) Selection Comparability Outcome Total scores (Refs.)
Yang (2019) 4 1 2 7 (12)
Pan (2016) 4 1 1 6 (20)
Wu (2017) 3 1 3 7 (21)
Liang (2018) 2 1 3 6 22)
Gao (2018) 4 1 3 8 (23)
Fang (2019) 4 2 1 7 (15)
Luo (2019) 4 1 1 6 17)
Hu (2019) 3 2 3 8 (18)
Hazard ratio Hazard ratio

Study or subgroup  Log [Hazard ratio] SE Weight |V, Fixed, 95% ClI IV, Fixed, 95% CI

Wu, 2017 0.68 0.27 42.1% 1.97[1.16, 3.35] —

Liang, 2018 0.87 0.38 21.3% 2.39[1.13, 5.03] -

Gao, 2018 1.16 0.53 10.9% 3.19[1.13,9.01] I

Hu, 2019 0.77 0.98 3.2% 2.16[0.32, 14.74]

Yang, 2019 0.84 0.37 224% 2.32[1.12,4.78] -

Total (95% Cl) 100.0% 2.25[1.60, 3.17] S

Heterogeneity: Chi?=0.70, df=4 (P=0.95); 12=0% U}.OS sz ; E 250

Test for overall effect: Z=4.63 (P<0.00001)

Favours high expression ~ Favours low expression

Figure 2. Forest plot for the association between cancer susceptibility candidate 9 expression and overall survival. I'V, inverse variance; SE, standard error; df,

degrees of freedom.

recent publication was from July 2019. The mean sample size
of these studies was 121 (range, 20-128). A total of 3 studies
were on ESCC (21-23), and one study each was on OSCC (12),
GC (15), CRC (17), OC (18) and esophageal cancer (EC) (20).
The expression levels of CASC9 had been detected by reverse
transcription-quantitative PCR (15,17,18,20-23) and in situ
hybridization (12). The internal controls differed across the
studies and included 18S ribosomal RNA (20), f-actin (17),
U6 (18) and GAPDH (12,22,23). Based on the cut-off threshold,
all patients with cancer were divided into the CASC9 high and
CASC9 low groups in each included study. The characteristics
of the studies are summarized in Table I and the functional
roles or molecular mechanisms of CASC9 in Table II. The
survival outcomes of cancer patients were assessed in terms of
0OS (12,18,21-23), DFS (22) and PFS (18) in 5 (62.5%), 1 (12.5%)
and 1 (12.5%) studies, respectively. The quality of all included
studies was good, each with a NOS score =6 (Table III).

Association between CASC9 expression and OS. A total of
5 studies (12,18,21-23) including 461 patients reported on the
association between CASC9 expression and OS rates. Since
there was no obvious heterogeneity in these studies (I*’=0%),
the fixed-effects model was applied. The pooled results
revealed that cancer patients with high CASC9 expression had
a shorter OS compared to those with low levels (HR=2.25,
95% CI: 1.60-3.17, P<0.001; Fig. 2).

Association between CASC9 expression and
clinicopathological features. The association of CASC9
expression with sex (male vs. female), age (<60 vs. =60 years),

tumor size (<4 vs.>4 cm), depth of invasion (T3+T4 vs. T1+T2),
degree of tumor differentiation (poor vs. well/moderate),
lymph node metastasis (presence vs. absence) and clinical
stage (III+IV vs. I+II) were systematically evaluated. The
depth of invasion (OR=2.66, 95% CI: 1.72-4.14, P<0.001),
tumor differentiation (OR=2.44, 95% CI: 1.24-4.78, P=0.009),
lymph node metastasis (OR=3.42, 95% CI: 1.98-5.92, P<0.001)
and clinical stage (OR=3.21, 95% CI: 2.21-4.66, P<0.001)
were significantly associated with high levels of CASCO9,
whereas sex, age and tumor size did not exhibit any significant
association (P>0.05; Fig. 3).

Sensitivity analysis. The sensitivity analysis indicated an
insignificant impact of omitting each study one by one on
the overall results, which validated the credibility of the
meta-analysis (Fig. 4). Due to the small number of studies
reporting on DFS or PFS, sensitivity analysis was not
performed for these variables.

Publication bias. Begg's funnel plot and Egger's tests
revealed no publication bias for OS, sex, age, tumor size,
depth of invasion, lymph node metastasis and clinical stage
(Table IV). However, the asymmetrical funnel plot (Fig. 5A)
and Egger's test (P=0.016; Fig. 5B) suggested a publication
bias in terms of tumor differentiation. Therefore, the ‘trim and
fill’ method (29) was used to trace the possible influencing
factors. As indicated in Fig. 5C, two studies were identified
at the bottom of the adjusted funnel plot. The adjusted overall
effect size (OR=6.208, 95% CI: 3.196-12.056, P<0.001) for
tumor differentiation was not significantly different compared
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Figure 3. Forest plots for the association between cancer susceptibility candidate 9 expression and clinicopathological features, including (A) sex, (B) age,
(C) tumor size, (D) depth of invasion, (E) tumor differentiation, (F) lymph node metastasis and (G) clinical stage. OR, odds ratio.

with that before adjustment (OR, 8.449; 95% CI, 3.861-13.037,
P=0.016), and the funnel plot did not exhibit any evident
asymmetry following correction, indicating robust results.

Discussion

Studies increasingly indicate the involvement of IncRNAs in
biological processes, including the cell cycle, proliferation,
apoptosis and tumorigenesis (30-32). There is also evidence
confirming that IncRNAs are frequently dysregulated in
human cancers and that these abnormally expressed IncRNAs
are prognostically relevant (33-38). Therefore, identifying

novel cancer-associated IncRNAs may provide predictors of
the prognosis of cancer patients.

The IncRNA CASC9 is aberrantly expressed in various
malignancies and associated with cancer development and
progression, although its exact functional role depends on the
cancer type. For instance, CASC9 is an established oncogene
in ESCC cells, wherein it downregulates the programmed cell
death 4, upregulates recombinant laminin y2 and promotes
epithelial-mesenchymal transition (21-23). Furthermore, CASC9
knockdown inhibited the proliferation, cell cycle, migration and
invasion of ESCC cells. Silencing of CASC9 in GC cells facilitated
the degradation of B lymphoma Moloney murine leukemia virus
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Figure 4. Sensitivity analysis for all of the outcomes. (A) Sex, (B) age, (C) tumor size, (D) depth of invasion, (E) tumor differentiation, (F) lymph node

metastasis, (G) clinical stage and (H) overall survival.

insertion region 1, leading to apoptosis (15). Furthermore, CASC9
promoted the proliferation of CRC cells and inhibited apoptosis
by interacting with cleavage and polyadenylation specificity
factor subunit 3 and activating transforming growth factor-32
signaling (17). Hu ez al (18) indicated that CASC9 increased the
proliferation, invasion and migration of OC cells by upregulating
lin-7 homolog A via microRNA-758-3p. Jiang et al (39)

revealed that CASC9 could promote the growth, metastasis and
chemoresistance of BC cells via binding to enhancer of zeste
homolog 2 and mediating the expression of multidrug resistance
protein 1. Yang et al (12) demonstrated that high expression
of CASC9 in OSCC cells enhanced proliferation and inhibited
apoptosis through the AKT/mTOR pathway. The results of the
present meta-analysis also suggested an oncogenic role of CASC9,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3823-3831, 2020 3829

Table I'V. Publication bias of all outcomes assessed by Begg's test and Egger's test.

Number of Begg's test Egger's test Publication
Outcome studies/patients Estimates (P-value) (P-value) bias
Sex 7/522 OR+95% CI 0.548 0.698 Not significant
Age 4/371 OR+95% CI 0.734 0.620 Not significant
Tumor size 4/306 OR+95% CI 0.734 0.402 Not significant
Depth of invasion 4/371 OR+95% CI 1.000 0.522 Not significant
Tumor differentiation 4/283 OR+95% CI 0.308 0.016 Significant
Lymph node metastasis 7/474 OR+95% CI 0.548 0.152 Not significant
Clinical stage 8/565 OR+95% CI 0.266 0.298 Not significant
(ON) 5/461 HR+95% CI 0.462 0.350 Not significant

HR, hazard ratio; OR, odds ratio; OS, overall survival.

A Begg's funnel plot with pseudo 95% confidence limits

B Egger's publication bias plot
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Figure 5. Funnel plot indicating publication bias for tumor differentiation. (A) Begg's funnel plot. (B) Egger's publication bias plot. (C) Begg's funnel plot
adjusted using the ‘trim and fill' method (indicates observed studies; indicates imputed studies).

since its high expression levels in solid tumors were associated with
pro-oncogenic effects, including like proliferation (12,17,18,21,23),
invasion (18,20,22,23), migration (18,20,22,23) and suppression
of apoptosis (12,15,17), via different targets or signaling pathways
depending on the cancer type.

However, the prognostic significance of CASC9 in human
cancers remains largely inconclusive. According to the present
meta-analysis, increased expression of CASCO9 portends
shorter OS, deeper tumor invasion, poor tumor differentiation,
Ilymph node metastasis and advanced clinical stage. Since
only one study (23) analyzed the impact of increased CASC9
expression on the DFS of ESCC patients and one study (18)

reported the influence of high CASC9 expression on the
PFS of patients with OC, it was not possible to determine
a definite association between CASC9 expression and
DFS/PFS. In addition, a publication bias in terms of tumor
differentiation was observed. Nevertheless, the ‘trim and fill’
method indicated robust results, and the sensitivity analysis
additionally demonstrated the consistency and reliability of
the results.

To the best of our knowledge, the present study was the first
meta-analysis to evaluate the prognostic and clinicopathological
significance of CASC9 in multiple cancer types. The results are
highly relevant from a clinical point of view and suggest that
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CASC9 may be a promising therapeutic target for multiple cancer
types. However, several limitations of the present study should
be taken into consideration. First, since all populations in the
included studies were Chinese, the results should be extrapolated
with caution to populations in other regions. In addition, only
articles published in the English language were included, and
relevant studies in other languages may have been omitted.
Furthermore, the number of included studies and cancer types in
the present meta-analysis was relatively small, which may have
affected the estimated predictive ability of CASC9. Likewise, the
HRs and 95% ClIs from three studies were indirectly extracted
by extrapolating the Kaplan-Meier survival curves, which may
have reduced the accuracy of the results. Finally, there was no
consensus on the cut-off for CASC9 overexpression in tumor
tissues across the different studies, which may have led to
potential heterogeneity among these studies.

To conclude, CASC9 overexpression is predictive of poor
OS in cancer patients and is significantly associated with
deeper tumor invasion, poor tumor differentiation, lymph
node metastasis and advanced clinical stage. It is a promising
prognostic biomarker for cancer and requires to be validated
by multi-center studies with large patient cohorts.
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