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Abstract
Background: Recently, serum exosomal circular RNAs (circRNAs) were applied 
to discriminate cancer patients from healthy individuals, indicating that exosomal 
circRNAs have the potential to be novel biomarkers for cancer diagnosis. This 
study aims to summarize the role of exosomal circRNAs in cancer diagnosis by a 
meta-analysis.
Methods: A comprehensive literature search was conducted up to July 2021 in 
PubMed, Web of Science, EMBASE, and Cochrane Database. To evaluate the 
diagnostic value, the sensitivity, specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NLR), diagnostic odds ratio (DOR), and area under the curve (AUC) 
were pooled. Threshold effect followed by subgroup analysis and meta-regression 
were performed to explore the source of heterogeneity. Sensitivity analysis was 
performed to assess the stability of this meta-analysis model. Fagan plots and 
likelihood ratio scattergrams were used to explore the potential clinical significance.
Results: Ten eligible studies with 514 controls and 557 patients were included in 
this diagnostic meta-analysis. The pooled sensitivity, specificity, PLR, NLR, and 
DOR were 0.75 (95% CI: 0.65–0.83), 0.84 (95% CI, 0.78–0.89), 5.87 (95% CI, 3.67–
9.38), 0.28 (95% CI, 0.19–0.40), and 21.15 (95% CI, 10.25–43.68), respectively. The 
AUC was 0.89 (95% CI, 0.86–0.91). Sensitivity analysis showed that four studies 
had an impact on the pooled results and mainly contributed to the heterogeneity. 
Fagan's nomogram revealed that the prior probability of 20%, the post probability 
positive, the post probability negative were 59% and 6%, respectively.
Conclusion: Our results suggested that exosomal circRNAs might serve as powerful 
biomarkers in detecting cancers with high sensitivity and specificity. However, more 
well-designed and multicenter diagnostic tests are needed to validate our results.
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1   |   INTRODUCTION

The high mortality of cancer is partly caused by the fact 
that many cancer patients are detected in the advanced 
stage and have lost the chance for radical surgery. If 
detected in the early stage, the prognosis of cancer 
patients will be greatly improved.1 Currently, the di-
agnosis of cancer mainly relies on biopsy. However, a 
biopsy cannot be widely used in early cancer screen-
ing due to its invasiveness and inconvenience. Some 
serum tumor markers, such as carbohydrate antigen 
(CA199), carcinoembryonic antigen (CEA), carbo-
hydrate antigen (CA125), alpha-fetoprotein (AFP), 
and prostate-specific antigen (PSA) have been widely 
used to diagnose and screen cancer.2–4 However, the 
diagnostic sensitivity and specificity of these tumor 
markers are affected by various factors. Therefore, it is 
necessary to explore new markers with high and stable 
sensitivity/specificity for the early diagnosis of cancer.

Exosomes, 40–100 nm in diameter, are nanoscale 
extracellular vesicles, which can be secreted into the 
extracellular environment by most cells.5 Exosomes 
were found in many body fluids such as blood, saliva, 
semen, and breast milk.6 In addition, exosomes encap-
sulate important molecules (microRNAs, lncRNAs, 
circular RNAs, nucleic acids and proteins, etc.), which 
play key roles in plenty of pathological and physiolog-
ical processes including immune response and antigen 
presentation, cell proliferation and aging, intercellu-
lar material transport, and signal transduction, tumor 
cell proliferation, and invasion, etc.7 Circular RNAs 
(circRNAs), a kind of non-coding RNAs with a closed 
cyclic structure, most of which contain 200–1200 nu-
cleotides,8 have been confirmed to exist in exosomes 
and participate in tumor occurrence and progression.9 
The proportion of circRNAs levels in exosomes to mi-
croRNAs or lncRNAs levels was approximately 6-time 
higher than that in producer cells.10 Recently, the ex-
pression levels of serum exosomal circRNAs were 
proven to distinguish cancer patients from healthy 
people, indicating that exosomal circRNAs are likely to 
be new biomarkers for cancer diagnosis.11 Collectively, 
exosomal circRNAs might be promising new molecules 
for the diagnosis of tumors.

To our knowledge, although some systematic reviews 
have reported the diagnostic value of cancer-derived exo-
somal miRNAs and LncRNAs, there is no meta-analysis 
about exosomal circRNAs in cancer diagnosis. Actually, 
the diagnostic value of exosomal circRNAs is still con-
troversial. Therefore, this study aims to conduct the first 
meta-analysis to summarize the role of exosomal cir-
cRNAs in cancer diagnosis.

2   |   METHODS

2.1  |  Literature search strategy

A systematic search was conducted from the earliest up to 
July 2021 in EMBASE, the Cochrane Database, PubMed, 
and Web of Science to identify all potential literature. In 
addition, references were also retrieved and manually re-
searched to find potential studies. The search strategy was 
performed by two investigators in our team and the rel-
evant literature was independently screened by two inves-
tigators within 2 weeks. The detailed searching strategy 
was shown in Table S1.

2.2  |  Literature selection criteria

The inclusion criteria were: (1) studies were based on di-
agnostic test accuracy; (2) it was not clear whether the 
participants had cancer before diagnosis; (3) The diag-
nosis of cancer was confirmed by pathology; (4) original 
studies could supply sufficient information; (5) circRNAs 
for diagnosis was encapsulated in exosomes.

The exclusion criteria were: (1) repetitive litera-
ture; (2) studies not related to the research topic; (3) 
meeting abstracts, letters, case reports, reviews, and 
editorials; (4) animal experiments; (5) studies without 
complete data or cannot get the full article. Following 
a literature search, the title and abstract were inde-
pendently checked by two of our researchers. Full ar-
ticles were downloaded and reviewed if abstracts met 
the inclusion criteria. Discordant opinions were re-
solved through the consultation of a third investigator 
or group discussion.

2.3  |  Data extraction and 
quality assessment

Two researchers extracted the information and as-
sessed the quality of included studies. Different opin-
ions will be settled through group consultation. The 
following data were collected: author, year of publica-
tion, region, circRNAs profile, expression level, can-
cer type, exosomes source, sample size (case/control), 
control, true-positive (TP), false-positive (FP), false-
negative (FN), true-negative (TN), sensitivity, specific-
ity, and AUC. The quality of the diagnostic studies was 
assessed using the Quality Assessment of Diagnostic 
Accuracy Studies 2 (QUADAS-2).16 A group discussion 
was conducted if there was disagreement during the as-
sessment process.
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2.4  |  Statistical analyses

All analyses were performed with STATA 16.0, RevMan 
5.2, and Meta-Disc 1.4 software.17 Heterogeneity 
was assessed using Higgin's I2 and Cochran's Q tests. 
I2 > 50% were considered a significant heterogeneity.18 
The threshold effect was evaluated using Spearman's 
correlation coefficient. Subgroup analyses and meta-
regression were performed to uncover source of het-
erogeneity. Sensitivity analysis was used to assess the 
stability of model. The pooled sensitivities, specifici-
ties, positive likelihood ratio (PLR), negative likelihood 
ratio (NLR), diagnostic score, and diagnostic odds ratio 
(DOR) for the performance of exosomes-derived cir-
cRNAs were pooled using the bivariate random-effects 
model. In addition, the summary receiver operating 
characteristic (SROC) curve was drawn and the area 
under the SROC curve (AUC) was calculated.19 Deeks' 
funnel plot was conducted to assess publication bias.20 
To explore the potential clinical significance, the Fagan 
plot was drawn to reveal the relevance between pre-test 
probability, post-test probability, and likelihood ratio. 
Moreover, we generated a likelihood ratio scattergram, 
which showed the different diagnostic values of varying 
exosomal circRNAs.

3   |   RESULTS

3.1  |  Literature search

An initial literature search yielded 336 potential articles 
from 4 databases. After excluding duplicate publications, 
173 studies remained. After browsing the titles and ab-
stracts, 79 articles were excluded for reviews and animal 
experiments. 40 articles were excluded for unrelated top-
ics. Then, the 54 remaining studies were further evaluated 
through full-text reading. Forty-four papers were ex-
cluded for lacking diagnostic data (n = 29), circRNAs not 
in exosomes (n = 5), insufficient data (n = 5), patent paper 
(n = 3), prognosis study (n = 1), and full text unavailable 
(n  =  1). Ultimately, 10 eligible studies were enrolled in 
this diagnostic meta-analysis.21–30 The flow chart of the 
literature screening process is shown in Figure 1.

3.2  |  Characteristics and 
quality assessment

The characteristics of these studies are presented in 
Table 1. Ten studies with 557 patients and 514 controls in 
total were included. All the literature was published in the 

last 3 years (from 2018 to 2021). Those studies were con-
ducted in China except one in Italy. All studies referred to 
seven different cancer types: CRC, ESCC, osteosarcoma, 
HCC, ovarian cancer, NSCLC, and glioma. Exosomes 
were derived from plasma or serum. Healthy people were 
used as a control in all the included studies. Relative ex-
pression levels of exosomal circular RNAs were measured 
by quantitative reverse transcription polymerase chain re-
action. In addition, three studies combined more than one 
circRNA to diagnose the specific tumor.

A quality assessment of the eligible studies was per-
formed using the QUADAS-2 tool, which was shown in 
Figure S1. The results demonstrated the relatively moder-
ate/high quality of the 10 studies, and low or unclear risks 
of bias found in most studies.

3.3  |  Pooled diagnostic accuracy

Cochran Q and I2 tests were conducted to assess het-
erogeneity, which indicated significant heterogeneity 
(I2 = 79.88%, 95% CI: 76.90%–93.18%, p < 0.001) and speci-
ficity (I2  =  72.41%, 95% CI: 54.79%–90.02%, p < 0.001). 
Thus, we chose a random effects model to measure the ac-
curacy of the combined diagnosis. The pooled sensitivity, 
specificity, PLR, NLR, and DOR were 0.75 (95% CI: 0.65–
0.83), 0.84 (95% CI: 0.78–0.89), 5.87 (95% CI: 3.67–9.38), 
0.28 (95% CI: 0.19–0.40), and 21.15 (95% CI: 10.25–43.68), 
respectively. The AUC was 0.89 (95% CI: 0.86–0.91), 
which demonstrated that exosomal circRNAs had diag-
nostic value. The above results were shown in Figure 2.

3.4  |  Source of heterogeneity

The Spearman correlation coefficient was −0.118 
(p =  0.567), which indicated that heterogeneity was not 
caused by the threshold effect. Therefore, further sub-
group analyses and meta-regression were conducted to 
explore potential causes of heterogeneity. As depicted 
in Table  2, subgroup analysis and meta-regression were 
performed according to circRNAs number, tumor species, 
exosomes source, and sample size. By comparing studies 
with single circRNA or multiple circRNAs, multiple cir-
cRNAs obtained higher sensitivity, DOR, and AUC than 
single circRNA (0.81 vs. 0.72, 27.25 vs. 16.89, and 0.89 vs. 
0.88, respectively). For the subgroup based on tumor spe-
cies, tumors from the digestive system yielded a higher 
specificity (0.89 vs. 0.74), and DOR (26.78 vs. 17.85), but 
a lower sensitivity (0.75 vs. 0.77), AUC (0.86 vs. 0.88) 
than tumors from the non-digestive system. Interestingly, 
plasma-derived exosomes revealed a higher sensitivity 
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(0.78 vs. 0.74), specificity (0.88 vs. 0.86), and DOR(30.73 
vs. 16.40), while the AUC was equivalent between the two 
subgroups. In addition, studies with ≥100 subjects dem-
onstrated a higher specificity (0.88 vs. 0.83), and DOR 

(24.19 vs. 17.11), but a lower sensitivity (0.75 vs. 0.79) than 
studies with <100 subjects. The meta-regression results 
showed that heterogeneity was not caused by the above 
factors.

F I G U R E  1   Flow chart of literature screening
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3.5  |  Sensitivity analysis

A sensitivity analysis showed that two included stud-
ies had a great impact on the pooled results (Figure 3). 
As shown in Table 2, the pooled sensitivity, specificity, 
PLR, NLR, DOR, and AUC were 0.81 (95% CI: 0.76–
0.85), 0.86 (95% CI: 0.80–0.93), 5.63 (95% CI: 3.75–8.45), 
0.23 (95% CI: 0.17–0.31), 24.86 (95% CI: 12.96–47.70), 
0.89 (95% CI: 0.86–0.92), respectively. Then, we fur-
ther excluded another two studies (NO. 2 and NO. 10 
in panel d) which may also cause heterogeneity. No sig-
nificant heterogeneity was observed among the other six 
studies (I2  =  18.22%, 95% CI: 0.00%–83.11%, p  =  0.30) 
and specificity (I2  = 12.47%, 95% CI: 0.00%–100.00%, 

p < 0.34). The pooled sensitivity, specificity, PLR, NLR, 
DOR, and AUC were 0.83 (95% CI: 0.78–0.87), 0.85 (95% 
CI: 0.80–0.89), 5.44 (95% CI: 4.03–7.34), 0.20 (95% CI: 
0.15–0.26), 27.32 (95% CI: 17.01–43.88), and 0.88 (95% 
CI: 0.84–0.90), respectively.

3.6  |  Publication bias

As shown in Figure S2, Deeks' funnel plot was conducted 
to evaluate the publication bias. The circles that represent 
these eligible studies were symmetrically distributed on 
both sides of the regression line. This result indicated no 
significant publication bias (p = 0.75).

F I G U R E  2   Pooled diagnostic accuracy of exosomal circRNAs in tumors. (A) forest plots of sensitivity, (B) forest plots of specificity, (C) 
forest plots of diagnostic odds ratio, (D) forest plots of positive likelihood ratio, (E) forest plots of negative likelihood ratio, and (F) summary 
of the receiver operator characteristic curve.
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3.7  |  Clinical diagnostic value

Fagan's nomogram showed a prior probability of 20%. 
The post probability positive and post probability 
negative were 59% and 6%, respectively. Furthermore, the 

likelihood ratio scattergram showed the different clinical 
significances of exosomal circRNAs in tumors. On the 
left upper quadrant (LUQ), PLR was >10 and NLR was 
<0.1, which indicated these markers could be used to 
make an exclusion or confirmation diagnosis. On the right 

F I G U R E  3   Sensitivity analysis results of the included studies. (A) Goodness of fit, (B) bivariate normality, (C) influence analysis, and 
(D) outlier detection.

F I G U R E  4   The diagnostic value of exosomal cirRNAs in tumors. (A) Fagan's nomogram evaluating the clinical diagnostic value of 
exosomal circRNAs in tumors. (B) The likelihood ratio scattergram showing the different clinical significances of exosomal circRNAs in 
tumors.
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upper quadrant (RUQ), PLR was >10 and NLR was >0.1, 
which indicated these markers could be used to make a 
confirmation diagnosis only. On the right lower quadrant 
(RLQ), PLR was <10, and NLR was >0.1, which indicated 
these markers were not able to be used to make an 
exclusion or confirmation diagnosis. Fagan's nomogram 
together with the likelihood ratio scattergram was shown 
in Figure 4.

4   |   DISCUSSION

CircRNAs, initially found as viroids in 1976, were thought 
to be generated by splicing errors.31 In recent years, 
however, circRNAs have been confirmed to be involved 
in life processes, and their functions and mechanisms 
have also been described. Serving as microRNA sponges, 
circRNAs can compete with pre-mRNA splicing. They 
could also interact with specific proteins, and even regulate 
transcription.32 Interestingly, circRNAs were reported to 
be encapsulated in exosomes and widely present in serum 
and urine.33 Meanwhile, many studies demonstrated 
that exosomal circRNAs have the potential to be cancer 
biomarkers.10,34 However, no pooled analysis has been 
conducted to evaluate the diagnostic performance of 
exosomal circRNAs. This study is the first meta-analysis 
to assess the diagnostic value of exosomal circRNAs in 
cancers.

A total of 10 studies with 557 cases and 514 controls 
were included in this study. The pooled sensitivity and 
specificity were 0.75 and 0.84, respectively. Moreover, 
the AUC was 0.89, which indicated a relatively prefer-
able diagnostic value. Compared to traditional serum 
tumor biomarkers, exosomal circRNAs seem to have a 
better performance. A previous meta-analysis reported 
that the pooled sensitivity and specificity of CEA in 
detecting pancreatic cancer were only 0.395 and 0.813, 
respectively.35 Another study revealed that the AUCs of 
AFP, CEA, CA125, and CA199 in detecting gastric can-
cer were 0.519, 0.583, 0.553, and 0.585, respectively.36 
Interestingly, a systematic review demonstrated that 
the CEA levels could predict the recurrence of lung 
cancer but cannot be served as a diagnostic marker.37 
Therefore, exosomal circRNAs might have a better di-
agnostic value than traditional serum tumor markers. 
Other non-coding RNAs, like lncRNAs and microRNAs, 
were reported to be present in exosomes earlier and 
might be served as new biomarkers in cancer diagno-
sis. The sensitivity, specificity, and AUC of exosomal 
lncRNAs for the diagnosis of cancer were 0.83, 0.80, 
and 0.88, respectively.12 A meta-analysis including 1591 
patients revealed that the pooled sensitivity, specificity, 
and AUC of exosomal microRNAs were 0.86, 0.89, and 

0.94, respectively.38 Thus, a conclusion can be drawn 
that the diagnostic efficacy of exosomal circRNAs is 
roughly equivalent to that of exosomal microRNAs and 
lncRNAs. Of 15 exosomal circRNAs involved in these 
studies included, exosomal circ-0001068 showed a bet-
ter diagnostic value, with the highest AUC (0.9697) and 
relatively large sample size (85 patients and 43 controls) 
among all included studies. Circ-0001068 was reported 
to be higher in the serum exosomes in ovarian cancer 
patients. In terms of molecular function, as a competing 
endogenous RNA for microRNA-28-5p, circ-0001068 is 
involved in the process of PD1 expression in T cells.21

It is worth noting that significant heterogeneity existed 
in this study. The Spearman correlation coefficient was 
−0.118 (p  =  0.567), which indicated that heterogeneity 
was not caused by the threshold effect. Subgroup analysis 
and meta-regression were further performed. However, 
heterogeneity was not caused by circRNAs number, tumor 
species, exosomes source, and sample size. No significant 
difference between subgroups might be generated by too 
few studies included in this study. One meta-analysis 
that evaluated the overall diagnostic value of circulating 
exosomes in cancers demonstrated that tumor types and 
exosomes sources could lead to heterogeneity.39 In de-
tail, the sensitivity, specificity, and AUC in hepatocellular 
carcinoma and ovarian cancer are higher than those in 
other cancers. Compared with plasma-derived exosomes, 
serum-derived exosomes had a better diagnostic perfor-
mance. A sensitivity analysis was also performed to fur-
ther explore the causes of heterogeneity. After removing 
four studies (outliers), no significant heterogeneity was 
observed among the left six studies. This suggested that 
heterogeneity was mainly caused by these four studies. 
The pooled sensitivity, specificity, and AUC of the other 
six studies were 0.83, 0.85, and 0.88, respectively, which 
revealed a better diagnostic value.

Currently, biopsy and traditional serum biomarkers 
cannot satisfy the needs of clinical work well. A novel 
biomarker characterized by noninvasiveness, conve-
nience, high sensitivity, and specificity is urgently needed. 
Exosomal circRNAs have shown the potential to be new 
biomarkers for cancer detection. First, compared to bi-
opsy or imaging examination, exosomal circRNAs from 
serum is one convenient, time-saving, and non-invasive 
method. Second, circRNAs are stable in tumor-derived 
exosomes, compared with parent cells.40 The bilayer 
membrane structure of exosomes and the cyclic structure 
of circRNAs could protect exosomal circRNAs from deg-
radation. Incubation of the serum from cancer patients at 
room temperature for 1 day had little impact on circRNA 
levels.10 Third, as previous studies and current meta-
analysis have shown, exosomal circRNAs have higher 
sensitivity and specificity than traditional serum tumor 



1718  |      ZHANG et al.

biomarkers. Fourth, exosomal circRNAs can not only de-
tect specific cancers but also correlate well with the tumor 
stage. Li et.al reported that Exo-FECR1 (a kind of exoso-
mal circRNA) was positively associated with lymph node 
metastasis.41 Collectively, exosomal circRNAs have the 
prospect to be used in clinical diagnosis.

Nevertheless, there are still many unsolved issues. 
Primarily, how to isolate exosomes with both high concen-
tration and purity is an essential issue. In addition, further 
researches are needed to explore a quicker experimental 
approach for detecting circRNAs, particularly those with 
little abundance. Furthermore, whether an immune re-
sponse, stress reaction, infection, or other diseases could 
influence the detection of exosomal circRNAs is still un-
known. Therefore, the clinical application of exosomal 
circRNAs still needs a lot of researches.

Despite our efforts to perform a systematic and com-
prehensive meta-analysis, this study still had the follow-
ing limitations. First, the number of included studies 
is relatively small, which might lead to the occurrence 
of bias. Second, still due to the small number of stud-
ies, individual analysis of more subgroups was limited. 
Third, most (9 of 10) studies were performed in China, 
which may restrict the generalization of these findings. 
Further studies in other countries are needed to prove 
whether these findings could be also in accordance with 
that of other populations. Fourth, different isolation 
methods of exosomes and the instability of instruments 
and experimental operation could also induce the de-
viation of results. Fifth, heterogeneity among included 
studies is still an essential issue of this meta-analysis. 
Thus, the diagnostic performance of exosomal circRNAs 
and their clinical values should be interpreted carefully. 
More well-designed and multicenter diagnostic tests are 
needed to validate our results.

5   |   CONCLUSION

In summary, this meta-analysis suggested that exosomal 
circRNAs might serve as novel powerful biomarkers in 
detecting cancers with high sensitivity and specificity. 
However, more well-designed and multicenter diagnostic 
tests are needed to validate our results.
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