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Background: Circular RNAs (circRNAs) play pivotal roles in proliferation, apoptosis,

tematically summarize the current evidence regarding the clinical implications of cir-
cRNAs in RCC patients.

Methods: A systematic search in PubMed, Embase, and Web of Science was per-
formed until January 1, 2022. The correlation between the expression of circRNAs
and clinicopathological, prognostic, and diagnostic features of RCC was evaluated
using the meta-analysis.

Results: Ultimately, 41 studies with 3485 RCC patients were included in this study:
26 studies for clinicopathological features, 31 studies for prognosis, and eight stud-
ies for diagnosis. Altered expression of circRNAs was significantly associated with
clinicopathological characteristics of RCC, including tumor size, tumor stage, lymph
node metastasis, distant metastasis, and TNM stage. The tumor promoter circRNAs
were associated with reduced overall survival (OS) (Hazard Ratio (HR) = 1.98, 95%
confidence interval [Cl] 1.68-2.34) and disease/progression/recurrence-free sur-
vival (DFS/PFS/RFS) (HR = 2.34, 95% Cl 1.85-2.97). Contrarily, the tumor suppressor
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for RCC.

KEYWORDS

1 | INTRODUCTION

In adults, renal cell carcinoma (RCC) is the most prevalent type of
kidney cancer, which leads to more than 175,000 deaths annually
in the world, with an age-standardized global incidence of 4.5 per
100,000 persons. ™ Partial and radical nephrectomy is the standard
of care for patients with localized clear cell RCC. However, 30% of
patients have metastatic lesions at initial diagnosis, and more than
25% eventually develop metastasis after the operation.4 In patients
with metastatic RCC, available therapies often fail to inhibit the
tumor growth or achieve complete remission effectively, with es-
timated patients' overall survival (OS) remaining less than 1year.’
Therefore, precise estimation of recurrence risk after nephrectomy
is essential for personalized follow-up and finding patients who ben-
efit from specific targeted therapies.6 Unfortunately, biomarkers for
early diagnosis and monitoring of RCC are not available thus far, and
current prognostic evaluations are based on conventional proper-
ties such as tumor stage, size, and grade, offering restricted predic-
tive accuracy for clinical outcomes.” A better understanding of the
molecular mechanisms involved in RCC could lead to finding novel
molecular biomarkers for both diagnosis and prognosis assessment.

Renal cell carcinoma tumorigenesis is a highly complex process
involving various dysregulations in genetic and epigenetic path-
ways.%? Non-coding RNAs (ncRNAs) are a part of epigenetic alter-
nations investigated in the last decade. It has been revealed that
numerous ncRNAs are involved in cancer development and progres-
sion.’°12 Because of high specificity and easy detection in the tis-
sues, serum, and body fluids, exploring the potential application of
ncRNAs as diagnostic, prognostic, and novel therapeutic targets in
cancer is currently an emerging area of interest.'>'* CircRNAs are
single-stranded, closed-loop RNAs widely expressed in the human
genome and are distributed in several malignancies.'> Formerly,
circRNAs were categorized as ncRNAs because of their conserved
structure; however, recent investigations have revealed the trans-
lation of some circRNAs.2 CircRNAs regularly function through in-
teracting with microRNAs (miRNAs), a type of ncRNAs that regulate
gene expression post-transcriptionally.}” CircRNAs also play pivotal
roles in modulating transcription and splicing and are highly stable
and evolutionary conserved with tissue-specific expression pat-
terns, making them valid biomarkers for diagnostic and prognostic

evaluations.!8?

circRNAs were linked with better OS (HR = 0.49, 95% Cl 0.40-0.60) and DFS/PFS/
RFS (HR =0.40, 95% Cl 0.28-0.59). The pooled sensitivity and specificity of circRNAs
for RCC diagnosis in tissue samples were both 0.84. These results in fluid samples
(serum and urine) were 0.78 and 0.69, respectively.

Conclusion: CircRNAs can serve as promising diagnostic and prognostic biomarkers

circular RNA, diagnosis, meta-analysis, prognosis, renal cell carcinoma

Although circRNAs have been demonstrated to be involved in
various malignancies, including breast cancer, lung adenocarcinoma,
colon cancer, and hepatocellular carcinoma, their overall pathophys-
iological contribution to RCC is still largely unknown.?°?? Increasing
evidence has demonstrated that circRNAs play critical roles in RCC
cell proliferation, apoptosis, migration, and invasion.?>2 A compre-
hensive understanding of circRNAs may contribute to developing
new diagnostic and prognostic biomarkers and novel therapeutic
targets for RCC in the future. The present study is aimed to system-
atically summarize the current evidence regarding the clinical impli-
cations of circRNAs in RCC patients.

2 | MATERIALS AND METHODS

This systematic review and meta-analysis was conducted and
reported in compliance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement and a
registered protocol.??” The ethical and Institutional Review Board
(IRB) approvals were obtained for each of the included studies;

therefore, no additional approvals were required for this study.

2.1 | Search strategy

A systematic search in PubMed, Embase, and Web of Science was
performed using the keywords [“Renal Carcinoma” OR “Kidney neo-
plasm” OR “Renal cancer”] AND [“RNA, Circular”] until January 1,
2022, without any language or study type restrictions. Furthermore,
the references within the included studies and review articles were
manually evaluated to find additional results. The detailed search
strategy in each electronic database is described in Supporting

information.

2.2 | Study selection

After removing duplicate results, two experienced investigators in
the fields of cancer biology and circRNAs independently reviewed
the titles and abstracts of the remaining articles to choose those
studies addressing the significance of circRNAs in RCC. The studies
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without a clear description of circRNAs in RCC, alongside the re-
tracted articles, were excluded. At this point, the full texts of the
selected studies were independently assessed for inclusion by two
investigators based on the following eligibility criteria. The discrep-
ancies were resolved by discussion with a third author.

Eligibility criteria:

I. The study consisted of adult (above 18years of age) patients
with diagnosed RCC based on the histopathological investigation;

AND

Il. The correlation between the expression of at least one cir-
cRNA and clinicopathological, prognostic, or diagnostic features of
RCC was evaluated;

AND

I1l. Adequate data were reported for extraction or calculation of
odds ratios (ORs) and their corresponding 95% confidence intervals
(Cls) for clinicopathological features, hazard ratios (HRs) and 95% Cls
for prognostic endpoints, and sensitivity and specificity for the diag-
nostic outcomes.

The non-original studies (reviews, letters, and commentaries),
conference abstracts, and studies without available data for pre-

defined outcomes were excluded.

2.3 | Data extraction and outcome definition

The following data were extracted from all the included studies: the
first author name, publication year, country, sample size, circRNAs
and their expression profile, detection sample, method of detec-
tion, and cutoff points (and the number of patients with high-level
and low-level expression). The circRNAs were categorized into two
groups based on their expression profile and overall impact on RCC
progression: (1) Tumor promoter (upregulated), and (2) Tumor sup-
pressor (downregulated).28 The data extraction process was inde-
pendently performed by two authors and double-checked by a third
investigator to ensure accuracy.

The clinicopathological features were defined as: (1) Age (older
vs. younger); (2) Gender (male vs. female); (3) Estimated glomeru-
lar filtration rate (eGFR) (<60 vs. 260ml/min/1.73m?); (4) Tumor
size (larger vs. smaller); (5) Tumor grade (1 +1V vs. I +11); (6) T stage
(H+1V vs. I+11); (7) Lymph node metastasis (yes vs. no); (8) Distant
metastasis (yes vs. no); and (9) TNM stage (11 +1V vs. | +1l). The cut-
off values for age ranged from 50 to 70years among the included
(the majority of which used the cutoff value of 60years). Regarding
tumor size, the cutoff values ranged from 3 to 7 cm (most of the
included studies used the cutoff value of 5 cm to classify the tu-
mors based on their size). In line with previous meta-analyses, we
defined older and younger groups for age and smaller and larger
groups for tumor size according to the categories of the included
studies.?®?’ The number of patients in high-and low-expression
groups of the circRNAs for these endpoints, and p-values for the
chi-squared test comparing the high- and low-expression groups

were gathered.
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Two endpoints were assumed for the prognosis of RCC: 1. OS,
and 2. Disease-free survival (DFS), or Progression-free survival
(PFS), or Recurrence-free survival (RFS). As DFS, PFS, and RFS ad-
dress similar outcomes, they were considered one endpoint, DFS/
PFS/RFS.2% The follow-up duration, analysis method (univariate or
multivariate), and effect sizes (HRs and 95% Cls) were extracted.
According to the previous methods, the HRs and 95% Cls were esti-
mated based on provided data and Kaplan-Meier survival curves if
they were not reported directly.31

The sensitivity, specificity, and area under the receiver operat-
ing characteristic (ROC) curve (AUC) of the circRNAs for detecting
RCC were regarded as diagnostic endpoints. According to the ROC
curves of various circRNAs, the number of true-positive, false-

positive, true-negative, and false-negative cases were calculated.

2.4 | Quality assessment

The methodological quality of studies included in the prognos-
tic analysis was investigated using the Newcastle-Ottawa scale
(NOS), which consists of three main domains (population selec-
tion, comparability, and outcome assessment) with a total score
of nine.®? The risk of bias within the diagnostic studies was evalu-
ated with the Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) tool, comprising four categories (patient selec-
tion, index test, reference standard, and flow and timing) and a
maximum score of seven.’® Two investigators independently
completed this process, and a meeting was arranged in case of
inconsistency.

2.5 | Statistical analysis

All the analyses were conducted in Stata (version 14.2; Stata Corp)
with p-value <0.05 indicating statistical significance. For clinico-
pathological features, pooled ORs and 95% Cls were calculated for
the tumor promoter and tumor suppressor circRNAs. Concerning
the prognostic endpoints, pooled HRs and 95% Cls were used to ex-
plore the association between the expression of tumor promoter and
tumor suppressor circRNAs and the survival of patients with RCC. In
this regard, separate analyses were performed to pool HRs obtained
from univariate and multivariate analyses. In multivariate analy-

sis, the results were adjusted for age,34'39 gender,34'3("38’39 tumor

grade,34'3‘3'42 tumor/clinical stage,34'37'39'44 tumor size, 36404344

34,35:41-43 gnd surgical margin.40 Sensitivity analysis was

metastasis,
also performed to evaluate each study's impact on the pooled HRs
by omitting one study at a time from the meta-analysis. Regarding
RCC diagnosis, pooled sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio
(DOR), and AUC of the circRNAs were calculated. Separate analyses
were performed to ascertain the diagnostic accuracy of circRNAs

detected in tissue samples and body-fluid (serum and urine) samples.
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The statistical heterogeneity was evaluated by Cochrane's Q test
(p-value <0.05 indicating heterogeneity) and the Higgins' I-squared
test (> >50% signifying heterogeneity).45 Random-effect models
were implemented to pool effect sizes if the statistical heterogene-
ity was high (12 > 50%); otherwise, fixed-effect models were utilized.
Publication bias was investigated by visual assessment of funnel
plots and Egger's test for prognostic meta-analysis, and Deeks' fun-
nel plot asymmetry test for diagnostic meta-analysis with p-values

<0.05 demonstrating the presence of publication bias.

3 | RESULTS

3.1 | Search results and study selection

After duplicate removal, the systematic search within the data-
bases yielded 233 results, and the manual search added one record
(Figure 1). Based on the title and abstract review, 138 articles were
excluded, and 95 studies were recruited for the full-text review.
Among these, 54 studies were excluded due to the following rea-
sons: non-original articles (n = 19), conference abstracts (n = 3),
and studies without available data for any of the defined outcomes
(n = 32). Ultimately, 41 studies consisting of 3485 patients with
RCC were included in this study, among which 26 studies inves-

tigated clinicopathological features,3*37-3742-4446-64 31 stydies

23,25,34-44,46,48,50,51,53-57,63-71 and

C.34'40_42’48'58'72'73 The

evaluated prognostic outcomes,
eight studies assessed the diagnosis of RC
studies were published between 2017 and 2022 and were con-
ducted in China (n = 38), Germany (n = 2), and Canada (n = 1). The
majority of studies utilized quantitative real-time polymerase chain
reaction (qRT-PCR) on RCC tissue samples for their investigation

58,72

(two studies evaluated serum samples, and one study evalu-

ated urine samples’®).

3.2 | Clinicopathological features

Among 26 studies with a total of 2048 patients, the expression
of six circRNAs (circ-0001451, circ-RAPGEF5, circcAMOTLIL,
circ-ESRP1, circ-CYP24A1, and circ-DVL1) was downregu-
lated,3443:57:58:62.63 \y hereas 18 circRNAs (circ-001895, circ-001287,
circ-HIPK3, circ-PDK1, circ-MYLK, circ-0085576, circ-PTCH1,
circ-400,068, circ-NUP98, circ-001842, circ-RS-7 (two studies),
circ-AKT1, circ-SDHC (two studies), circ-TLK1, circ-SNXé, circ-
0054537, circ-CHST15, and circ-PPP6R3) were upregulated in the
RCC tissue®/-39:42:44:46-56,59-61,64 (Taple S1). The tumor suppres-
sor (downregulated) circRNAs were associated with smaller tumor
size (OR = 0.71 [95% Cl 0.58-0.87]; p = 0.001), lower T stage
(OR = 0.45 [95% Cl 0.27-0.75]; p = 0.002), less lymph node me-
tastasis (OR = 0.29 [95% CI 0.12-0.72]; p = 0.008), less distant me-
tastasis (OR = 0.24 [95% CI 0.14-0.41]; p <0.001), and lower TNM
stage (OR = 0.36 [95% Cl 0.24-0.56]; p <0.001). The tumor pro-
moter (upregulated) circRNAs were correlated with higher T stage

(OR = 2.29 [95% Cl 1.17-4.49]; p = 0.015), more lymph node me-
tastasis (OR = 1.57 [95% CI 1.00-2.48]; p = 0.050), more distant
metastasis (OR = 1.96 [95% Cl 1.27-3.02]; p = 0.002), and higher
TNM stage (OR = 2.26 [95% Cl 1.55-3.30]; p <0.001). No associa-
tion was observed between the expression of circRNAs and age,
gender, eGFR, or tumor grade (Table 1).

3.3 | Prognosis

In total, 31 studies, including 2906 patients, investigated the prog-
nostic endpoints (two studies reported the results for three circR-
NAs,*** and each of the remaining 29 studies examined only one
CircRNA23:25:34-37,39.42-44,46,48,50,51,53-57.63.6571) These studies evalu-
ated 30 distinct circRNAs (three circRNAs were investigated in more
than one study: 1. Circ-EGLN3,%340416% 2 Circ-HIPK3,*®¢7 and 3.
Circ-RS-74*7%). The maximum follow-up duration was in the range of
40 to 240months (Table 2). Based on NOS, the quality of included
studies ranged from six to nine (from a total score of nine) with a
median score of seven (Figure S1A).

For the OS in univariate analysis, 23 studies with tumor promoter
(upregulated) circRNAs (consisting of 2186 patients) and eight stud-
ies with tumor suppressor (downregulated) circRNAs (including 734
patients) entered the meta-analysis. The tumor promoter circRNAs
(circ-PCNXL2, circ-001895, circ-HIPKS3, circ-MYLK, circ-TLK1, circ-
CSNK1G3, circ-PRRC2A, circ-0085576, circ-PTCH1, circ-NUP98,
circ-101,341, circ-001842, circ-AKT1, circ-SDHC, circ-EHD2,
circ-AGAP1, circ-SNX6, circ-PPP6R3, circ-CHST15, and circ-RS-7)
were associated with reduced OS (HR = 1.98 [95% Cl 1.68-2.34];
p <0.001), while the tumor suppressor circRNAs (circ-HIAT1, circ-
0001451, circ-RHOBTBS, circ-NOX4, circ-0001368, circ-RAPGEF5,
circ-NETO2, circcAMOTLI1L, and circ-CYP24A1) were linked with
better OS (HR = 0.49 [95% CI 0.40-0.60]; p <0.001) (Figure 2A).
The results were consistent in the multivariate analysis both for
tumor promoter (seven studies with 1174 patients; HR = 3.08 [95%
Cl 2.09, 4.52]; p <0.001) and tumor suppressor (five studies with
561 patients; HR = 0.42 [95% CI 0.30-0.60]; p <0.001) circRNAs
(Figure 2B).

Pooling the HRs for the two circRNAs investigated in more than
one study regarding OS in the univariate analysis did not reveal any
significant association: 1. Circ-EGLN3 (four studies with 323 cases;
HR = 1.11 [95% Cl 0.64-1.93]; p = 0.714), and 2. Circ-HIPK3 (two
studies with 98 cases; HR = 1.53 [95% CI 0.80-2.97]; p = 0.201)
(Figure S2).

Regarding DFS/PFS/RFS in univariate analysis, 11 studies were
included in the analysis (seven studies with 658 patients evaluating
the tumor promoter and three studies with 445 patients assessing
the tumor suppressor circRNAs). The expression of tumor promoter
circRNAs was correlated with poor DFS/PFS/RFS (HR = 2.34 [95%
Cl 1.85-2.97]; p <0.001), whereas the tumor suppressor circRNAs
were associated with improved DFS/PFS/RFS (HR = 0.40 [95% ClI
0.28-0.59]; p <0.001) (Figure 2C). Similar findings were obtained
from multivariate analysis for the tumor promoter (three studies
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suppressor (three studies with 445 cases; HR = 0.38 [95% Cl 0.19-
0.79]; p = 0.010) circRNAs (Figure 2D).

Substantial statistical heterogeneity was detected in all pooled
analyses; therefore, random-effect models were implemented.
However, subgrouping the circRNAs based on their expression
profile (tumor promoters and tumor suppressors) significantly re-
duced the heterogeneity in these analyses. No significant publica-
tion bias was detected according to the funnel plots and Egger's test
(Figure S3). Sensitivity analysis revealed that the pooled results were
stable after omitting each study from the analysis (Figure S4). Similar
findings were obtained by limiting the studies to the Chinese inves-
tigations (Table S2).

Eight studies, consisting of 604 RCC cases and 527 controls, in-
vestigated the diagnostic value of circRNAs for RCC detectio
n3440-4248,587273 (Taple 3). Among these, five studies utilized only

34,40-42:48 e study used both serum and tissue

RCC tissue samples,
samples,’? one study investigated serum samples,®® and one study
evaluated urine samples.”® The methodological quality of included
studies was in the range of five to seven according to the QUADAS-2
(Figure S1B).

The pooled diagnostic performance of circRNAs for RCC based
on tissue samples was as follows: sensitivity 0.84 (95% Cl1 0.74-0.90),

specificity 0.84 (95% C10.77-0.90), PLR 5.4 (95% CI 3.40-8.30), NLR
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TABLE 1 Clinicopathological features of circRNAs in RCC

Tumor suppressor (downregulated)

Tumor promoter (upregulated)

Studies (no.), Cases

(no.)

Studies (no.), Cases

(no.)

Heterogeneity (PQ, )

p-value

95% Cl

OR

Heterogeneity (PQ, )

p-value

95% ClI

OR

45.1%

0.077  P4=0.105, 1

0.71-1.02
0.95-1.21

0.85
1.07

Six studies, n = 569

=0.0%

0.293  P,=0.969,/

0.95-1.20
0.99-1.14

1.06
1.06
1.13
1.09
1.21
2.29
1.57
1.96
2.26

20 studies, n = 1479

Age (older/younger)

RASHEDI ET AL.

Po=0.381, > =5.5%

0.259

Six studies, n = 569

Pq=0.908, I =0.0%

0.109
0.537
0.589
0.083

20 studies, n = 1479
2 studies,n = 174

Gender (male/female)

Pq=0.290, * =10.7%

0.76-1.69

eGFR (<60/260mL/min/1.73m?)

Pq=0.650, I =0.0%

0.001

0.58-0.87
0.46-1.68

0.71

Three studies, n = 406

P <0.001, I* =74.4%

0.79-1.50

13 studies, n = 837

Tumor size (larger/smaller)

Pq=0.073, I =61.7%

0.692

Po=0.001, 1?=61.0% Three studies,n =384 0.88

Pq <0.001, * =76.1%

0.97-1.51

17 studies, n = 1329
8 studies, n = 616

Tumor grade (I1+1V/1+11)
T stage (14 1V/I1+11)

Pq=0.678, 1> =0.0%

0.002
0.008
<0.001
<0.001

0.27-0.75

0.45

0.29
0.24

0.36

Three studies, n = 182

0.015

1.17-4.49

Pq=0.638, 1 =0.0%

0.12-0.72
0.14-0.41

Two studies, n = 103

P <0.001, 1> =76.0%

0.050

1.00-2.48
1.27-3.02
1.55-3.30

12 studies, n = 929

Lymph node metastasis (yes/no)

P, =0.952, 1 =0.0%

Four studies, n = 430

P, <0.001, I* =74.6%

0.002
<0.001

14 studies, n = 1040

Distant metastasis (yes/no)

TNM stage (114 1V/1+11)

0.417, 1> =0.0%

Po=

0.24-0.56

Three studies, n = 379

P <0.001, 1> =77.6%

15 studies, n = 1175

Abbreviations: Cl, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.

Bold format indicate P < 0.05.

0.19 (95% C10.11-0.33), DOR 28 (95% Cl 12-66), and AUC 0.91 (95%
Cl 0.88-0.93) (Figure 3A,B). The pooled performance of circRNAs
for RCC detection using body-fluid (serum and urine) specimens
reached moderate accuracy (inferior to tissue samples): sensitivity
0.78 (95% Cl1 0.59-0.89), specificity 0.69 (95% Cl 0.61-0.76), PLR 2.5
(95% CI 1.90-3.30), NLR 0.33 (95% Cl 0.17-0.64), DOR 8 (95% ClI
3-19), and AUC 0.71 (95% CI 0.67-0.75) (Figure 3C,D). Deeks' fun-
nel plot asymmetry test detected no evidence of publication bias in

these analyses (Figure S5).

4 | DISCUSSION

A growing body of evidence indicated that circRNAs are highly sta-
ble and detectable molecules in body fluids and tissues and may act
as valid biomarkers for cancer diagnosis and prognosis.*® The pre-
sent study is a comprehensive systematic review and meta-analysis
investigating the clinical significance of circRNAs in RCC in terms of
clinicopathological characteristics, diagnosis, and prognosis. Our re-
sultsincluded a total of 41 articles involving 3485 patients (31 studies
for prognosis assessment and 26 and eight studies for clinicopatho-
logical and diagnostic assessments, respectively). According to the
results of this study, the accuracy of circRNAs for RCC diagnosis was
relatively high in tissue samples (sensitivity and specificity of 0.84)
and moderate in fluid specimens (sensitivity of 0.78 and specificity
of 0.69). Furthermore, altered expression of circRNAs was signifi-
cantly associated with tumor characteristics, including tumor size,
tumor stage, lymph node metastasis, distant metastasis, and TNM
stage. Besides, increased expression of tumor promotor circRNAs
and decreased expression of tumor suppressor circRNAs were as-
sociated with poor OS in RCC patients. These findings revealed that
circRNAs could act as potential biomarkers for RCC diagnosis and
prognosis assessment.

Abdominal computed tomography scan is the standard of choice
in RCC diagnosis in patients with signs or symptoms of renal tumors,
for example, unexplained hematuria’*; however, in patients without
any symptoms or patients with early developed tumors that cannot
be recognized in imaging investigations, other diagnostic evaluations
are warranted. Early diagnosis of RCC can effectively guide clinical
treatment and significantly increase the radical nephrectomy rate,
leading to better survival rates.”” In this regard, identifying spe-
cific biomarkers can help in the early detection of RCC patients.
CircRNAs possess outstanding features as potential diagnostic
biomarkers, including being highly stable and enriched in tissue
samples, serum, and other body fluids.” Regarding the diagnostic
significance of circRNAs in RCC tissue samples, our results indicated
a pooled sensitivity, specificity, and AUC of 0.84, 0.84, and 0.91,
respectively, suggesting the potential role of circRNAs in RCC di-
agnosis. Furthermore, in body-fluid (serum and urine) specimens, cir-
cRNAs resulted in moderate accuracy with a sensitivity, specificity,
and AUC of 0.78, 0.69, and 0.71, respectively. Thus, further studies
are required to investigate the diagnostic accuracy of body fluid-
augmented circRNAs (e.g., serum and urine samples) that are more
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n @ - likely to be future specimens of the RCC diagnosis. In this study, we
g § N oo N o :g separately pooled the data of tissue and body-fluid samples to avoid
8 °;" E heterogeneity due to different sample types. Although the diag-
% % N % & é Z nostic performance of circRNAs is still limited for confirmation or
= ‘g ‘g L = 2 § exclusion of RCC, circRNAs may have significant advantages when
QI‘ 2 E 5 '5 E T;‘ :§ §° combined with other biomarkers or clinical examinations, especially
; E g for diagnosing complex cases. Furthermore, combining two or more
s - é t _§ circRNAs might improve overall diagnostic value, which should be
% lg 'FE “; K § investigated in future multicenter and high-quality studies.
§ ,,=9 é 2 § 2 § 'g g’ E Regardingthe clinicopathological significance of circRNAsin RCC,
%o g % our results demonstrated that increased expression of several cir-
8 s 2 £ cRNAs, including circ-001895, circ-001287, circ-HIPK3, circ-PDK1,
§ g E g E circ-MYLK, circ-0085576, circ-PTCH1, circ-400,068, circ-NUP98,
§ ‘K K T 3 E circ-001842, circ-RS-7, circ-AKT1, circ-SDHC, circ-TLK1, circ-SNX6,
; '§ % circ-0054537, circ-CHST15, and circ-PPP6R3, is associated with
23 ;: ﬁ E higher tumor stage, more lymph node metastasis, more distant me-
SZ2 3 5 88 § § g tastasis, and advanced TNM stage. On the other hand, decreased
o § lg § levels of six circRNAs (circ-0001451, circ-RAPGEF5, circ-AMOTLIL,
= = g § circ-ESRP1, circ-CYP24A1, and circ-DVL1) were associated with
% = 2 ° ‘qé' E é smaller tumor size, lower tumor stage, absence of lymph node me-
'g' u% E; E E :‘3" g E :(3: tastasis, less distant metastasis, and lower TNM stage. These re-
'g g E,EJD ‘:% % E’;’D 2 = ‘i:’ sults reveal that these circRNAs, with their differential expression
;'cg. § 2 2 ¢ 2 QZE E -q% _§ patterns in RCC, can play pivotal roles in tumorigenesis and tumor
B - B C % % _§ = progression and significantly correlate with clinicopathological fea-
- z g g § tures. For instance, circ-RAPGEF5 inhibits RCC migration, invasion,
‘% E -F;D Z; % and proliferation by targeting the miR-27a-3p/TXNIP pathway.** On
% 5 % 0?30 _§ the contrary, circ-HIPK3 promotes RCC tumor cell proliferation and
A e g % Z{ % § metastasis through the miR-508-3p/CXCL13 signaling pathway,48
:§ -;5 % -q%; :; % § z § and circ-PDK1 promotes RCC tumor cell migration and invasion by
S =33 ¢& zg g g regulating the miR-377-3P-NOTCH1 axis.*’
§ :"} g g Concerning the prognostic significance of circRNAs in RCC, our
g ® 4 4 oo o 8 8 -% S results revealed that both upregulated and downregulated circRNAs
% g 2 2 2 2 j T>c % g were significantly associated with survival outcomes (OS and DFS/
ad FFFF % ; ;’i g PFS/RFS) in univariate and multivariate analysis, suggesting the sub-
c N_M. ﬁ é % S) stantial value of circRNAs as biomarkers for RCC prognosis. Among
-% 3 O Y Y 9 E ; _QCCJ ) various circRNAs investigated in previous studies, upregulation of
£ S E e b = S § = 2 circ-CHST15 was associated with the worst OS with an HR of 8.23
T % % g 53 5 . (95% CI 2.47-27.43). Circ-CHST15 promotes EIF4EBP1 expression
Sé ;% g E g through sponging miR-125a-5p, subsequently resulting in the prolif-
“d‘hJ_ IE.'IE_ S E) % eration and migration of RCC cells.®? Upregulation of circ-RS-7 and
g .. § é % ‘—3“ _q;, circ-CSNK1G3 were also associated with poor OS with the HR of
3 £ £ £ £ : § b § = 6.43(95% Cl 1.42-29.09) and 4.01 (95% Cl 1.29-12.41), respectively.
N - B I'CIL E % 3 % Circ-RS-7 acts as a competing endogenous RNA for miR-139-3p in-
5 " 9 g % % E § hibiting Transgelin degradation and promoting4zhe proliferation and
g 5 E - § 5 § % %5 z i metastasis of RCC via the PI3BK/AKT pathway.” Circ-CSNK1G3 up-
E E( 5 2’ 5 § § % < 8 £ regulates miR-181b and promotes tumor proliferation and metasta-
g g % g g % :— _g_ ‘g_ § % -§ sis through TIMP3-mediated epithelial to mesenchymal transition.”?
£ % qé § %’ '% g On the other hand, several circRNAs could act as tumor sup-
§ o E % @ é 8 % pressors, and their high expression levels in tumor cells were sig-
: § § § § § é § § % E g nificantly associated with better survival outcomes. CirccRHOBTB3,
i ; j S ; : § :;'_3 g B g g circ-HIAT1, and circ-0001451 were tumor suppressor circRNAs
@ 3 95835 2ECE o8 with the lowest HRs (0.15, 0.27, and 0.28, respectively). There
,f w00 == ét: & ';E '093 l‘: 8 are several other circRNAs involved in RCC tumor progression.
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(A) (B)

Study . . %
o OS (univariate) HR (95% CI) Weight

Tumor suppressor (downregulated)
Wang, K. 2017/ circ-HIAT1
Wang, G. 2018/ circ-0001451
Franz, A. 2019/ circ-EGLN3
Franz, A. 2019/ circ-RHOBTB3
Franz, A. 2019/ cire-NOX4
Chen, L. 2020/ ¢irc-0001368
Chen, Q. 2020/ circ-RAPGEF5
Frey, L. 2021/ circ-NETO2
Frey, L. 2021/ circ-EGLN3
Gao, L. 2021/ circ-AMOTLIL

0.27 (0.08, 0.90) 1.77
028 (0.12,0.64)  2.58
049 (0.23,0.95)  2.85
0.15 (0.05, 0.49) 1.92
0.51(0.20,1.30)  2.32
0.53(0.37,0.66)  3.83
045(0.28,0.74)  3.40
032(0.13,0.76) 244
0.81(0.30,2.21)  2.19
0.68 (0.49, 0.94) 377

Wu, X. 2022/ cire-CYP24A1 0.49 (0.29, 0.84) 330 dy . . o
Subtotal (I-squared = 21.3%, p = 0.240) 049 (0.40,0.60)  30.36 »  OS (multivariate) IR (95% CI) Weight
;[umor promoter (upregulated) ) - }
Zhou, B. 2018/ cire-PCNXL2 1.51(1.04,2.18) 3.68 Tumor suppressor (downregulated)
Chen, Z. 2019/ circ-001895 1.96 (1.03, 3.73) 3.01 Wang, G. 2018/ circ-0001451 - 0.38(0.14,0.99)  7.46
%Iin. LB 2;) 01 29(/)/cir_c-EHCi11;§2 . ;gg E i .(1)451, Z ég %8 Franz, A. 2019/ circ-EGLN3 - 0.50(0.24,1.05)  8.12
an, B. circ-) 3 . 15, 4. : .
Lai. . 2020/ cire-HIPK3 119 (100, 1.41) Tol Franz, A. 2019/ cire-RHOBTB3 - 0.17 (0.05,0.56)  6.74
Li, J. 2020, 1/ cire-MYLK 3 2.13 (1.21,3.76) 321 Chen, L. 2020/ circ-0001368 ] 0.52 (0.35, 0.65) 9.03
Li, J. 2020, 2/ cire-TLK1 = 2.55(1.28, 5.06) 291 Chen, Q. 2020/ circ-RAPGEF5 L 0.56 (0.34, 0.92) 8.69
Li, W. 2020/ cire-CSNK1G3 —  401(129,1241)  1.94 . - =
Li, Wei 2020/ cire-PRRC2A 122(101,143) 4.0 Frey. L. 2021/ cire NETO2 0.15(0.05,046) ~ 7.03
Liu, G. 2020/ circ-0085576 1.48 (1.10, 5.89) 254 Subtotal (I-squared =36.5%, p =0.164) 0 0.42(0.30,0.60)  47.07
Liu, H. 2020/ circ-PTCH1 1.89 (1.03,3.47) 3.11 .
Yu, R. 2020/ cire-NUP98 = 2.14 (1.41,3.25) 357 Tumor promoter (upregulated)
Yue, Y. 2020/ cire-101341 2.11 (1.20, 3.69) 322 . . .
Zeng, . 2020/ cire-001842 B 304(164 565 308 Li, Wei 2020/ circ-PRRC2A &  4.10(1.70,630) 834
Zhu, Q. 2020/ circ-AKT1 1.90 (1.07, 337 3.19 Liu, G. 2020/ circ-0085576 B 137(1.08,5.15) 8.00
Q )
;‘en» LL 22%2211// wcshll){%cz _:_ 23% 8;3 gg; ;gg Cen, Z. 2021/ circ-SDHC &+ 292(151,564) 833
rey, L. Cire-. . AV . N
L0, 2021/ cire-AGAPL 168 (123.230) 379 Frey, L. 2021/ cire-EFD2 - 391(1.43,1067) 7.35
Zhang, G. 2021/ circ-EGLN3 1.54 (1.12,2.12) 3.78 Huang, K. 2021/ circ-SNX6 = 2.35(1.28,4.29) 8.47
gﬁaﬂg’sz' gz()f/l/_cirg;%(; :_ %‘EZ 8421‘; gl-ilg ;ég Gui, C. 2021/ ¢ire-CHST15 —m) 8.95(2.62,30.55) 6.67
cn, 2. Cire-. 3 ! L0, D . : 3
Gui, C. 2021/ cire-CHST15 —m— 823(247,2743) 181 Mao, W. 2021/ circ-RS-7 #— 493(1.06,22.88) 577
Mao, W. 2021/ circ-RS-7 —m— 643 (142,29.09) 137 Subtotal (I-squared = 33.8%, p = 0.170) O 3.08(209,452) 5293
0

Subtotal (I-squared = 61.7%, p = 0.000) 1.98 (1.68, 2.34) 69.64

. = = 0, =
Overall (I-squared = $4.3%, p = 0.000) Overall (I-squared = 88.9%, p = 0.000) D 1.16 (0.64,2.12)  100.00

NOTE: Weights are from random effects analysil

1.32 (1.06, 1.64) 100.00

NOTE: Weights are from random effects anallysis
T

T
0344 1 291 0327 1 306

) (D)
Study %
. . o ¢ .
D" DFS/PFS/RFS (univariate) HRO3% D Weight
Tumor suppressor (downregulated) Study %
Franz, A. 2019/ circ-EGLN3 - 0.53(0.18,1.03) 7.50 L )
g > D HR (95% CI Weight
Franz, A. 2019/ circ-RHOBTB3 . 0.14 (0.04,0.49) 6.14 DFS/PFS/RFS (multivariate) (95% CI) a8
Franz, A. 2019/ cire-NOX4 —a 0.27(0.07,1.09) 5.68 -
Chen, Q. 2020/ circ-RAPGEF5 [ ] 0.48(0.32,0.72) 8.94 Tumor suppressor (downregulated)
Frey, L. 2021/ cire-NETO2 - 0.26 (0.11,0.61)  7.55 Franz, A. 2019/ cire-EGLN3 —. 0.69(022,2.19) 12.92
Frey, L. 2021/ circ-EGLN3 - 0.70 (0.26, 1.92)  7.04 Franz, A. 2019/ circ-RHOBTB3 =— 0.18(0.04,0.75)  11.08
Subtotal (I-squared = 19.0%, p=0.290) { 0.40(0.28,0.59)  42.85 Chen, Q. 2020/ circ-RAPGEF5 = 0.61(0.40,0.93)  16.75
. fer fated) Frey, L. 2021/ cire-NETO2 —-— 0.17 (0.06,0.50)  13.45
umor promoter (upregulate - - o -
Li. 7. 2020, 2/ cire-TLK1 = 2570121548 790 Subtotal (I-squared = 56.9%, p=0.073) <> 0.38(0.19,0.79)  54.20
Liu, G. 2020/ circ-0085576 & 201(1.14,355) 851 :
Yu, R. 2020/ circ-NUP98 [ 1.71(1.01,2.89) 8.64 Tumor promoter (upregulated)
Zhao, Y. 2020/ ¢ir-RS-7 - 257(125,527) 8.03 Frey, L. 2021/ circ-EHD2 = 358(1.37,938) 14.04
Frey, L. 2021/ cire-EHD2 & 3.64(1.38,892) 728 Huang, K. 2021/ cire-SNX6 =  237(144,388) 1649
g“f“‘g 12%2210/2 v C‘ECHS:‘[‘?; _.'_ ;g; SZT 333 2(7]; Gui, C. 2021/ cire-CHST15 = 262(124,551) 1527
ui, C. circ-CHS . 11, 4. . o
- =0. =0. 59(1.77, 3. .
Subtotal (I-squared = 0.0%. p = 0.781) 0 234(185.297) 5715 Subtotal (I-squared = 0.0%, p=0.755) <> 2.59(1.77,3.78)  45.80
Overall (I-squared = 86.0%, p = 0.000) 1.07 (0.64, 1.81)  100.00 Overall (I-squared = 86.9%, p = 0.000) 0.91(0.41,2.03)  100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysjis
T T T T
04 1 25 04 1 25

FIGURE 2 Forest plots for circRNAs addressed in the prognosis of RCC, including OS in univariate/multivariate analysis (A, B), and DFS/
PFS/RFS in univariate/multivariate analysis (C, D). Cl, confidence interval; circRNA, circular RNA; DFS, disease-free survival; HR, hazard
ratio; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival.

To better understand the molecular mechanisms of the circRNAs promoters with the largest HRs for OS (with pooled HR = 5.80 [95%
in RCC progression, we have summarized the identified molecu- Cl 2.81-11.97]; p <0.001) and circ-RHOBTB3, circ-HIAT1, and circ-
lar pathways in Figure 4. Taken together, we suggest that a com- 0001451 as tumor suppressors with the smallest HRs for OS (with
bination of circ-CHST15, circ-RS-7, and circ-CSNK1G3, as tumor pooled HR =0.23 [95% CI 0.13-0.42]; p <0.001) can lead to a better
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(A) StudyId || sexstviTy 5% cp Studyld || sPECIFICITY (95% C) (B) 1.0+ Tissue s ample S
I I @6
I I e SO
Zheng. Z. 2021/ circ-PVT1 # | oo11083-09] Zheng. Z. 2021 cire-PVT1 o | 092085097 | (0) Q
Frey. L. 2021/ circ-EGLN3 :- 0.87[0.79-0.93] Frey. L. 2021/ circ-EGLN3 -: 0.78 [0.67 - 0.86] \ |
| | ) ;0
Frey L2021/ GreNETO2 | 8| 0.39[049-069) Trey. L. 2021/ circ-NETO2 % | oss07-090] ,
\
s
Frey, L. 2021/ cir-EHD2 | ® : 0.52[0.42 - 0.63] Frey. L. 2021/ cire-EHD2 :- 0.85[0.76 - 0.92] S~
Liv. G. 2020/ circ-0085576 ® | 086[0.76-093] Liu. G. 2020/ circ-0085576 ol | o074[062-083] > ® :
| | z
Han, B. 2020/ circ-HIPK3 [0 0.94[0.83 - 0.99] Han, B. 2020/ cire-HIPK3 » 0.92[0.81 - 0.98] E ® N
| | Z 057 g
Franz. A. 2019/ cire-RHOBTB3 o | 07200.62-0380] Franz. A. 2019/ cire-RHOBTB3 ® | o091(0.82-096] g
| | ©n F
Franz. A. 2019/ cire-NOX4 # | oor083-096) Franz, A. 2019/ cire-NOX4 ® | 071[060-030] 1O Observed Data
Tranz. A. 2019/ cire-EGLN3 I. 0.95[0.89 - 0.98] Tranz, A. 2019/ cire-EGLN3 l- 0.95 [0.88 - 0.99] Summary Operating Point
I | @ SENS=0.8410.74 - 0.90]
Wang, G. 2018/ circ-0001451 -: 0.77[0.63 - 0.87] Wang, G. 2018/ circ-0001451 —o': 0.62[047-075] SPEC = 0.84 [0.77 - 0.90]
| | _ SROC Curve
| | AUC = 0.91 [0.88 - 0.93]
— 0,
COMBINED ¢ 0.84[0.74 - 0.90] COMBINED ¢ 0.84[0.77 - 0.90] 95% Confidence Contour
I I ~ 95% Prediction Contour
| | Q-129.10.a£=9.00.p= 0.00 | | Q-59.96.d=9.00.p~ 0.00
| | 0.0 T 1
12 93.03 [89.98 - 96.08] 12-84.99 [76.82 - 93.16]
A L 1.0 0.5 0.0
04 10 05 10 SpelelClty
© (D) Body fluid samples
Studyld | SENSITIVITY (95% CI) Studyld | SPECIFICITY (95% CI) 1.0 P iy ke
| | 7 N
[ I / \
[ [ / |
[ [ ! |
I I ! |
Zheng, 7. 2021/ cire-PVT1 | - 0.93 [0.84 - 0.98] Zheng, 7. 2021/ cire-PVT1 7.‘7 0.68 [0.51 - 0.81] l ,
I [ I |
I I ! |
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FIGURE 3 Diagnostic accuracy of circRNAs in RCC regarding pooled sensitivity and specificity, and summary ROC (SROC) curve in
tissue samples (A, B), and pooled sensitivity and specificity, and SROC curve in body-fluid samples (C, D). AUC, area under the curve; Cl,
confidence interval; circRNA, circular RNA; ROC, receiver operating characteristic.

prognostic evaluation in RCC patients. Further, well-designed stud-
ies are demanded to investigate the potential advantages of using
a combination of these circRNAs for the prognosis assessment of
RCC patients.

Although previous studies showed that several circRNAs are as-
sociated with survival outcomes of RCC patients, only circ-EGLN3,
circ-HIPKS, and circ-RS-7 were investigated in more than one study.
Circ-HIPK3 was investigated in two studies by Han et al.*® and Lai

et al.’

Although both investigations indicated that upregulation of
circ-HIPK3 in tumor tissue was significantly associated with poor OS
in RCC patients, the meta-analysis of pooled data revealed no sig-
nificant association between the expression level of circ-HIPK3 and
OS, which may be due to the small sample sizes of these two studies
(only a total of 98 patients). Circ-EGLN3 was evaluated in four previ-

ous studies.Z>4%%1:%? This circRNA was upregulated in tumor tissue

compared to the normal adjacent tissue in all four studies. In two
studies based on the Asian population, Lin et al. and Zhang et al.?>%’
indicated that upregulation of circ-EGLN3 is significantly associated
with poor OS, while two studies based on the German population
indicated different findings; Franz et al.*° indicated that high expres-
sion level of circ-EGLN3 is significantly associated with increased OS

and Frey et al. ¥

showed no significant association between the ex-
pression of circ-EGLN3 and OS. Pooled HR regarding the prognostic
significance of circ-EGLN3 was not statistically significant. Future
large-scale studies consisting of samples from diverse ethnicities are
warranted to shed light on the prognostic significance of circ-EGLN3
and other circRNAs in patients with RCC, considering the potential
differences in circRNAs' expression in different races and ethnici-
ties. Circ-RS-7 was upregulated in RCC tissue samples in two studies

and associated with poor PFS and OS in patients with RCC.*47°
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Our study had several strengths over previous reviews as a wide-
ranging systematic review and meta-analysis regarding the potential
clinical significance of circRNAs in RCC.”” We comprehensively in-
cluded all the previous investigations in various aspects of diagnos-
tic, prognostic, and clinicopathological characteristics of RCC and
pooled the data to provide a better picture regarding the utility of
circRNAs in patients with RCC. However, the following limitations
merit consideration. Firstly, the number of studies and their sample
sizes were less than desirable for diagnostic evaluations; only eight
studies with 11 circRNAs were included in our analysis. Although we
were able to conduct separate meta-analyses to examine the diag-
nostic value of different types of specimens (tissue and body-fluid
samples), in the current literature, most studies used RCC tumor tis-
sue samples to investigate the role of different circRNAs. Although
these tumor tissue samples can provide valuable insights into the
role of circRNAs in RCC, further research regarding circRNAs in
more accessible samples, such as serum and urine, is warranted.
Secondly, most of the study population consisted of Asian (Chinese)
patients, which may have influenced our findings. Future studies
on other races and ethnicities are warranted to assess the role of
circRNAs as novel diagnostic and prognostic biomarkers in patients
with RCC to obtain more definitive results. Thirdly, the HRs from 19
studies could not be directly extracted. For more comprehensive re-
sults, HRs and 95% Cls were estimated from the Kaplan-Meier sur-
vival curves based on the methods previously described by Tierney

et al.’! Fourthly, none of the included studies in the diagnostic

CDKN3, Protein [SLC39 |SOX- | TIMP
E2F1 55 Al4 12 3

15-
L1

YAPl‘ E2F3[ 2

analysis examined the significance of circRNAs in differentiating
metastatic from localized RCC. Future studies addressing the role
of circRNAs in discriminating metastatic RCC from small localized
tumors are needed, as there are substantial differences in disease
profiles and prognosis of early and advanced cases. Fifthly, appar-
ent heterogeneity existed between the included studies. We used
a more conservative random-effect model to pool the effect sizes.
After subgrouping based on the expression level of circRNAs, we
found that altered expression might be the source of heterogeneity.
Furthermore, the data on individual circRNAs appeared only once
between the included studies, and few circRNAs appeared in more
than one study, which could influence the statistical heterogeneity.

In summary, the present meta-analysis revealed that circRNAs
could serve as promising diagnostic biomarkers for RCC, and ab-
errant expression of circRNAs is closely correlated with the clini-
copathological and prognostic outcomes of patients with RCC.
However, future well-designed, large-scale, and high-quality pro-
spective studies, including patients with various ethnicities, are re-

quired to ascertain the clinical value of circRNAs in RCC.
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