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A B S T R A C T

Osteosarcoma (OS) is one of the most common primary malignant tumors in adolescents. In recent years,
multiple studies have reported the value of miRNAs in the diagnosis of OS, but the results were very different
from each other. Therefore, we conducted this meta-analysis to determine the accuracy of miRNAs in the di-
agnosis of OS. The meta-analysis searched for relevant researches including PubMed, EMBASE, Web of Science,
Wanfang database and China National Knowledge Infrastructure (CNKI) as of June 1, 2020. We used the quality
assessment of Diagnostic Accuracy Study 2 (QUADAS-2) to score the quality of each study. A random effects
model was used to pool the sensitivity and specificity. We measured the diagnostic value using positive like-
lihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR) and area under the curve (AUC).
Subgroup and meta-regression analysis were used to find potential sources of heterogeneity. The meta-analysis
finally included 31 articles about 2634 OS patients and 1715 healthy controls. The pooled estimations showed
that the circulating miRNAs has a high accuracy in diagnosing OS, with a sensitivity of 0.79, specificity of 0.89,
PLR of 7.3, NLR of 0.23, DOR of 31, and AUC of 0.90. In addition, subgroup and meta-regression analysis showed
that miRNA clusters have higher diagnostic accuracy than single miRNA, and miRNAs in plasma were more
reliable than those in serum. In conclusion, peripheral blood miRNA is a potential noninvasive biomarker to
assist in the early diagnosis of OS, especially young patients with bone pain and/or indeterminate radiology
findings.

1. Introduction

Osteosarcoma (OS) is a highly malignant and aggressive primary
bone tumor, which is common in adolescents between 10 and 20 years
old, and its incidence rate is about 0.04 to 0.05 per million, accounting
for about 20% of bone malignant tumor [1,2]. The most common site is
the long bone, usually the distal femur and proximal tibia, followed by
the proximal humerus. At present, comprehensive treatment methods
such as extensive tumor resection, neo-adjuvant chemotherapy and
radiotherapy have increased the 5-year overall survival rate of osteo-
sarcoma patients to 55%-68% [3,4], However, because of the problems
of chemotherapy resistance, recurrence and early lung metastasis, the
prognosis of patients is still not optimistic [5,6]. The pathogenesis of
osteosarcoma is very complex, and is related to a variety of genetic and
cytogenetic abnormalities, including mutations of oncogenes and tumor
suppressor genes, chromosome additions, deletions, ectopias, dysregu-
lation of major signal transduction pathways, abnormal telomerase
activity, etc. [7–9]. At present, the diagnostic procedure for

osteosarcoma is based on local symptoms, X-ray examination, and in-
vasive biopsy or open biopsy, etc. At this time, the tumor may have
metastasized and spread [10,11]. If osteosarcoma can achieve early
diagnosis and treatment, it will greatly improve the prognosis of pa-
tients.

The development of biotherapy technologies such as gene therapy,
immunotherapy and molecular targeted therapy has opened up a fresh
path for the diagnosis and treatment of osteosarcoma and brought hope
to patients [12,13]. In these respects, microRNA (miRNA) has attracted
attention because of its strong specificity, repeatability and accuracy,
which have become ideal indicators for evaluating osteosarcoma [14].

miRNAs is a group of non-coding small RNA molecules encoded by
the genome, comprising 18 to 22 nucleotides, which is combined with
the 3′-untranslated region (UTR) of the corresponding target mRNA in
the form of base pairing to regulate the gene expression and influence
multiple cell biology processes [15,16]. Several studies have shown that
miRNAs was involved in the development and metastasis of various
cancers, and plays an important role in tumorigenesis and homeostasis
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[17,18]. In recent years, many literatures pointed out that miRNAs can
be used as a biomarker for cancer or tumors in the diagnosis and
prognosis of breast cancer [19], ovarian cancer [20], gastric cancer
[21], and colorectal cancer [22]. Peripheral blood miRNAs may be
derived from the lysis of apoptotic tumor cells, blood cells, macro-
phages, etc [23]. Studies have shown that, whether as an unprotected
ribonucleoprotein complex or as a vesicle in the membrane, the se-
creted miRNAs was stable in the extracellular environment and can be
quantitatively detected in plasma or serum [24]. Quantitative analysis
of miRNAs in peripheral blood can be used as a new type of noninvasive
examination to diagnose and monitor the changes of patients with os-
teosarcoma.

In recent years, many scholars have tested the accuracy of periph-
eral blood miRNAs for the early diagnosis of osteosarcoma. The results
are gratifying but inconsistent [25–27], which may be caused by the
small clinical samples, the lack of multi-center data demonstration, and
the failure to formulate detection method standards. Therefore, we
conducted this meta-analysis to assess the value of peripheral blood
miRNAs in the diagnosis and prognosis of osteosarcoma.

2. Materials and methods

2.1. Search strategy and literature selection

This meta-analysis was based on diagnostic meta-analysis guide-
lines. We systematically searched the literature in PubMed, EMBASE,
Web of Science, Wanfang database and China National Knowledge
Infrastructure (CNKI) without language restrictions and used the fol-
lowing search terms: “osteosarcoma” or “osteosarcoma tumor” and
“microRNA” or “miRNA”. The searches were limited to publications
with human subjects, without language restrictions. The last search was
conducted on 01/06/2020. The retrieved articles were independently
screened and carefully evaluated by two investigators (SSG and GXZ),
and the third investigator (WTZ) resolved any disagreements in the
search process. We extract the required data from the selected studies
and record them in sequence.

2.2. Inclusion and exclusion criteria

Publications that were included in our meta-analysis met the fol-
lowing criteria: (1) all of the studies involved both patients with OS and
healthy control groups; (2) the microRNAs for diagnosis of OS patients
were detected from serum or plasma; (3) included the use of relevant
data, such as specificity, specificity, and AUC values. On the other side,
exclusion standards were: (1) literatures were case reports, reviews,
letters or comments; (2) duplicated information; (3) the obtained
microRNAs were from tumor tissues, cell lines or animal experiments;
(4) studies with insufficient data.

2.3. Data collection and study assessment

Two investigators selected and screened the relevant studies in-
dependently based on the title and abstract, and the full text, which was
reviewed for further assessment if the study was collected by either of
the investigators. We obtained the following dates from each eligible
study: the first author's name, publication year, country, miRNA type,
regulation mode (up or downregulated), sample size (number of OS
patients/healthy controls), specimen type (serum o plasma), as well as
data from two-by-two tables, sensitivity, specificity, AUC, and metho-
dological quality (patient selection, index test, reference standard, flow
and timing, patient selection for the applicable concerns, index text for
applicable concern, and reference standard for applicable concerns).
The quality of included studies were assessed independently by two
investigators using diagnostic accuracy studies-2 (QUADAS-2) [28]
criteria, and the third investigator resolved any disagreements, and
reached a consensus.

2.4. Statistical analysis

The number of true positives, false positives, false negatives, true
negatives in patients from each study were extracted. The heterogeneity
was evaluated by I2 statistic. The random effects model was conducted
if the I2 value was over 50%. The potential sources of heterogeneity
were explored through threshold effect analysis, regression analysis,
and additional subgroup analysis. Then we calculated sensitivity (SE),
specificity (SP), positive likelihood ratios (PLR), negative likelihood
ratios (NLR), and diagnostic odds ratio (DOR). In addition, we gener-
ated the summary receiver-operating characteristics (SROC) curve and
calculated the area under the SROC curve (AUC) for both overall and
the subgroup analysis. Assessment criteria for diagnostic efficacy:
AUC = 1.00 is perfect, AUC greater than 0.90 is excellent, AUC greater
than 0.80 is good, AUC < 0.80 is medium. Finally, a Deeks funnel plot
was constructed to detect publication bias, with P < 0.05 indicating
publication bias. All this were done by version 13.0 of STATA.

3. Results

3.1. Study selection and literature characteristics

As shown in Fig. 1, the flow chart of the article selection process.
According to the literature retrieval strategy, a total of 4459 articles
were acquired, of which, 1290 were from PubMed, 1784 were from
Embase, 1128 were from Web of Science, 3 were from Cochrane, 83
were from Chinese National Knowledge Infrastructure and 171 were
from Wan-fang databases. 2256 articles were left for detection after
2203 duplicates were removed. After that, 1538 irrelevant studies, 569
not human studies, and 63 reviews, letters, case report were removed.
Subsequently, the full texts of the remaining 86 articles were read to
assess eligibility and 55 articles were excluded. Eventually, 107 studies
from 31 articles were included in the current meta-analysis.

The characteristics of the 34 articles included are summarized in

Fig. 1. The flow chart of this meta-analysis to identify inclusion studies.
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Table 1, divided into two parts: single miRNA and miRNA clusters,
ranging from 2013 to 2020. All together a total of 2634 osteosarcoma
patients and 1715 healthy controls were included. In all, 30 miRNAs
studies concerned a single miRNA, and 4 studies focused on multiple
miRNAs. Apart from that, quantitative real-time reverse transcription-
PCR (qRT-PCR) was used to measure the expression of miRNAs from 28
serum specimens and 6 plasmas specimens. Most of the studies come
from China, and the dominant ethnicity of the study subjects was Asian.
The methodological quality assessments of the included articles ac-
cording to the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) were shown in a bar graph (Fig. 2).

3.2. Diagnostic accuracy of miRNAs in distinguishing OS from healthy
controls

A total of 34 studies involving 4349 participants (2634 OS and 1715
healthy controls) were included in the pooled analysis. The sensitivities
and specificities in the peripheral blood circulation of osteosarcoma
patients were analyzed by using forest plots. The estimations of sensi-
tivity and specificity (I2 = 76.61% and I2 = 73.55%, respectively,
Fig. 3A and B) indicated that there was heterogeneity between the
studies’ results. Therefore, the random-effects model was used in our
meta-analysis. The pooled results were displayed as follows: sensitivity,
0.79 (95% CI: 0.76–0.82), specificity, 0.89 (95% CI: 0.85–0.92), AUC,
0.90 (95% CI: 0.87–0.93), NLR, 0.23 (95% CI: 0.20–0.27), PLR, 7.3

(95% CI: 5.4–9.7) and DOR, 31 (95% CI: 22–45). (Fig. 3)

3.3. Diagnostic value of miRNA cluster in OS patients

MiRNA cluster were reported in 4 studies of collected studies. The
pooled sensitivity was 0.91 (95% CI: 0.86–0.94), specificity was 0.92
(95% CI: 0.76–0.97), AUC was 0.93 (95% CI: 0.90–0.95), the pooled
NLR was 0.10 (95% CI: 0.06–0.16), PLR was 10.9 (95% CI: 3.5–34.2)
and the pooled DOR was 109(95% CI: 26–465). (Fig. 4)

3.4. Meta-regression analysis

A meta-regression analysis was used to explore possible sources of
between-study heterogeneity in sensitivity and specificity. Several
confounding covariates were pre-identified, including miRNAs pro-
filing, regulation mode, sample size and specimen types. The meta-re-
gression analysis suggested that regulation mode, sample size and
specimen types (P < 0.001) might be potential sources of hetero-
geneity in sensitivity, and regulation mode, sample size (P < 0.001)
might also explain heterogeneity in specificity. The outcomes of the
meta-regression are shown in Fig. 5.

3.5. Subgroup analysis

Subgroup analyzes were conducted according to miRNAs profiling,

Table 1
Characteristics of the included studies.

Author Year Country microRNAs Regulation mode Sample size Speci-men Diagnostic power

OS patients Healthy Sen (%) Spe (%) AUC

Single microRNA
Zhu [29] 2017 China miR-17-5p Upregulated 62 36 Plasma 0.500 0.972 0.793
Fujiwara [30] 2017 Japan miR-17-5p Upregulated 14 22 Serum 0.643 0.846 0.720
Fujiwara [30] 2017 Japan miR-25-3p Upregulated 14 22 Serum 0.714 0.923 0.868
Tang [31] 2015 China miR-27a Upregulated 166 60 Serum 0.700 0.983 0.867
Zhang [32] 2017 China miR-27b Upregulated 51 51 Serum 0.778 0.867 0.863
Zhi [33] 2016 China miR-34a Downregulated 50 50 Serum 0.867 0.686 0.830
Wang [34] 2017 China miR-34a Downregulated 120 87 Serum 0.680 0.920 0.830
Yao [35] 2018 China miR-101 Downregulated 152 70 Serum 0.790 0.829 0.850
Cong [36] 2018 China miR-124 Downregulated 114 50 Serum 0.798 0.860 0.846
Xiao [37] 2016 China miR-125b Downregulated 20 20 Serum 0.900 0.950
Zhou [25] 2018 China miR-139-5p Downregulated 98 50 Serum 0.765 0.800 0.846
Zhang [38] 2020 China miR-144 Downregulated 51 48 Serum 0.738 0.882 0.852
Ma [39] 2014 China miR-148a Downregulated 89 89 Plasma 0.697 0.831 0.783
Wang [40] 2015 China miR-152 Downregulated 80 20 Serum 0.925 0.962 0.956
Wang [41] 2015 China miR-191 Upregulated 100 20 Serum 0.740 1 0.858
Shi [42] 2020 China miR-194 Downregulated 124 60 Serum 0.842 0.791 0.855
Cai [43] 2015 China miR-195 Downregulated 166 60 Serum 0.880 0.833 0.892
Zhou [44] 2015 China miR-199a-5p Upregulated 60 60 Serum 0.883 0.767 0.861
Yang [45] 2015 China miR-211 Upregulated 108 50 Serum 0.657 1 0.844
Zhang [46] 2016 China miR-222 Downregulated 57 57 Serum 0.667 0.842 0.811
Dong [47] 2016 China miR-223 Downregulated 122 50 Serum 0.895 0.972 0.926
Liu [48] 2019 China miR-223 Downregulated 53 30 Serum 0.736 0.600 0.747
Zhang [49] 2019 China miR-223 Downregulated 38 38 Serum 0.763 0.947 0.900
Liu [50] 2016 China miR-300 Upregulated 114 114 Serum 0.842 0.886 0.885
Cao [51] 2016 China miR-326 Downregulated 60 20 Serum 0.837 0.945 0.897
Liu [27] 2018 China miR-375 Downregulated 95 95 Serum 0.840 0.844 0.830
Wang [52] 2017 China miR-491-5p Downregulated 72 40 Serum 0.720 0.860 0.834
Li [53] 2018 China miR-542-3p Upregulated 76 76 Serum 0.778 0.936 0.841
Liu [48] 2019 China miR-586 Upregulated 53 30 Serum 0.642 0.700 0.743
Huang [26] 2019 China miR-663a Upregulated 50 50 Plasma 0.674 0.898 0.860

microRNA clusters
Ouyang [54] 2013 China miRNA clusters

(miR-21, miR-199a-3p, miR-143)
Downregulated 40 40 Plasma 0.905 0.938 0.953

Ren [55] 2014 china miRNA clusters
(miR-199b-5p/miR-124)

Upregulated 22 30 Plasma 0.960 0.970 0.993

Lian [56] 2015 China miRNA clusters
(miR-195-5p, miR-199a-3p, miR-320a, miR-374a-5p)

Upregulated 90 90 Plasma 0.911 0.944 0.961

Liu [48] 2019 China miRNA clusters
(miR-586, miR-223)

Upregulated 53 30 Serum 0.887 0.634 0.813
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Fig. 2. Overall methodology quality assessment of included articles using the QUADAS criteria.
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regulation mode, sample size and specimen types. The pooled sensi-
tivity, specificity, PLR, NLR, DOR and AUC for each subgroup analysis
were listed in Table 2. We found that the assay using multiple miRNAs
exhibited a better diagnostic value than single miRNA: sensitivity (0.91
vs. 0.78), specificity (0.92 vs. 0.89), PLR (10.9 vs. 6.8), NLR (0.10 vs.
0.25), DOR (109 vs. 27) and AUC (0.93 vs. 0.89). In addition, plasma
types had also a higher diagnostic value than serum types: sensitivity
(0.81 vs. 0.79), specificity (0.93 vs. 0.88), PLR (11.0 vs. 6.6), NLR (0.21
vs. 0.23), DOR (53 vs. 28) and AUC (0.95 vs. 0.89).

Apart from that, the studies with sample size more than 100 were a
little greater than the studies with sample size< 100 in the diagnosis of
OS patients: sensitivity (0.80 vs. 0.78), specificity (0.89 vs. 0.89), PLR

(7.2 vs. 7.4), NLR (0.23 vs. 0.24), DOR (32 vs. 31) and AUC (0.91 vs.
0.90). The regulation mode had no influence on the diagnosis.

3.6. Publication bias

Deeks’ funnel plot test checked the publication bias of the included
studies. The pooled Deeks’ test result of all studies was P = 0.85
(Fig. 6), which showed no significant publication bias in this analysis.
In additional, the pooled Deeks’ test result of microRNA clusters was
P = 0.96 (Fig. 4D), which indicating no publication bias.

Fig. 3. Forest plots of sensitivity, specificity, area under the curve (AUC) and DOR for diagnosing OS patients from healthy controls among 34 studies. (A) Sensitivity;
(B) Specificity; (C) AUC; (D) DOR.
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4. Discussion

As the most common primary malignant bone tumor in children and
adolescents, osteosarcoma has been the focus of clinicians. Although
the treatment of osteosarcoma has made substantial progress in the past
few decades. However, for its early diagnosis and treatment of early

lung metastasis, we still need a faster and more advanced non-invasive
examination method to increase patient survival rate and improve
prognosis. The latest research of miRNAs showed that it has strong
specificity in the occurrence and metastasis of malignant tumors
[57,58], and has become a new hot spot for many scholars to study
early diagnosis and monitor tumors. Several literatures showed that

Fig. 4. Forest plots of sensitivity, specificity, area under the curve (AUC) and funnel plot for diagnosing OS patients from healthy controls among 34 studies. (A)
Sensitivity; (B) Specificity; (C) AUC; (D) Funnel plot.
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miRNAs in peripheral blood showed a high diagnostic accuracy in
distinguishing OS patients from healthy people, but the results were
inconsistent. For example, Wang NG et al. [40] reported the sensitivity,
and specificity of miR-152 diagnostic accuracy as 92.5, and 96.2%,
respectively, while the study of Wang T et al. [41] noted that miR-191
showed 74.0% sensitivity and 100% specificity. Even for the same
miRNA, the results may be different because of different research pro-
tocols, detection platforms, and sample sizes. Dong J et al. [47] re-
ported that the sensitivity and specificity of the diagnostic accuracy of
miRNA-223 were 89.5% and 97.2%, respectively. However, Zhang J
[49] et al. pointed out that the sensitivity and specificity exhibited by
miR-223 were 76.3% and 94.7%, respectively. Lian F et al. [56] de-
monstrated that the miRNAs clusters (miR-195-5p, miR-199a-3p, miR-
320a, and miR-374a-5p) could provide a high accuracy in separating
OS patients from healthy controls with 91.10% sensitivity and 94.40%

specificity.
Therefore, in this meta-analysis, we collected all the literature on

the value of peripheral blood miRNAs in the diagnosis of OS. The
pooled sensitivity was 0.79 (95% CI: 0.76–0.82), and the pooled spe-
cificity was 0.89 (95% CI: 0.85–0.92). We also drew the SROC curve
and obtained the corresponding AUC to assess the overall diagnostic
accuracy, with the ideal result of 0.90 in AUC value, meaning that
miRNAs reached the high level of evaluation criteria in diagnosis [59].
We also used the PLR, NLR and DOR to further test the discrimination
ability of microRNAs, which can provide more meaningful references
for clinical usage. In our meta-analysis, the total DOR, the pooled PLR
and NLR were 31 (95% CI: 22–45), 7.3 (95% CI: 5.4–9.7) and 0.23
(95% CI: 0.20–0.27), respectively, indicating that the chance of a cor-
rect diagnosis of OS individuals was 31 times higher than a false-ne-
gative diagnosis of healthy human. However, the PLR was lower than
10 and the NLR was not< 0.1, which did not reach the general cri-
terion in ruling in or ruling out decision [60]. All of the results proved
that as a diagnostic biomarker, peripheral blood miRNAs obtained re-
latively high overall accuracy in the diagnosis of OS.

In this study, we conducted a meta-regression to detect the effects of
the regulation mode, miRNAs profiling, sample size, specimen types.
The result revealed that regulation mode, sample size and specimen
types (P < 0.001) might be potential sources of heterogeneity in
sensitivity, and regulation mode, sample size (P < 0.001) might also
explain heterogeneity in specificity. Furthermore, we measured a sub-
group analysis and interestingly, we found that the assay using miRNA
cluster exhibited a better diagnostic value than single miRNA:

Fig. 5. Forest plots of multivariable meta-regression for sensitivity and speci-
ficity.

Table 2
Summary estimates of diagnostic power and their 95% confidence intervals.

Subgrupo Se (95% CI) Sp (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI) AUC (95% CI)

miRNAs profiling
Single miRNA 0.78 [0.74–0.81] 0.89 [0.85–0.92] 6.8 [5.1–9.1] 0.25 [0.22–0.29] 27 [19–38] 0.89 [0.86–0.92]
miRNA clusters 0.91 [0.86–0.94] 0.92 [0.76–0.97] 10.9 [3.5–34.2] 0.10 [0.06–0.16] 109 [26–465] 0.93 [0.90–0.95]

Regulation modo
Upregulated 0.77 [0.71–0.83] 0.92 [0.86–0.96] 9.7 [5.6–16.9] 0.25 [0.19–0.32] 39 [21–73] 0.90 [0.88–0.93]
Downregulated 0.81 [0.77–0.84] 0.87 [0.82–0.90] 6.1 [4.4–8.5] 0.22 [0.18–0.27] 28 [17–45] 0.90 [0.87–0.92]

Sample size
≥100 0.80 [0.76–0.83] 0.89 [0.85–0.92] 7.2 [5.3–9.7] 0.23 [0.19–0.27] 32 [22–46] 0.91 [0.88–0.93]
< 100 0.78 [0.70–0.85] 0.89 [0.81–0.94] 7.4 [4.0–13.8] 0.24 [0.17–0.35] 31 [13–71] 0.90 [0.87–0.92]

Specimen types
Serum 0.79 [0.76–0.82] 0.88 [0.84–0.91] 6.6 [4.8–8.9] 0.23 [0.20–0.27] 28 [19–41] 0.89 [0.86–0.91]
Plasma 0.81 [0.64–0.91] 0.93 [0.87–0.96] 11.0 [5.6–21.2] 0.21 [0.10–0.42] 53 [16–180] 0.95 [0.92–0.96]

Se: sensitivity, Sp specificity, PLR: positive likelihood ratios, NLR: negative likelihood ratios, DOR: diagnostic odds ratio, AUC: area under the curve, CI: confidence
interval.

Fig. 6. Deeks’ linear regression test of funnel plot asymmetry.
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sensitivity (0.91 vs. 0.78), specificity (0.92 vs. 0.89), PLR (10.9 vs. 6.8),
NLR (0.10 vs. 0.25), DOR (109 vs. 27) and AUC (0.93 vs. 0.89). This
was consistent with Lin Y's research results [61]. The changes in the
expression of single miRNA in serum or plasma fluctuate not only in OS,
but also in other tumors, infectious diseases, non-specific inflammation,
and acute injuries. In other words, a single miRNA lacks specificity in
cancer detection. However, for multiple miRNAs with complex mole-
cular mechanisms, such as competing endogenous RNA (ceRNA) net-
works that intersect during tumorigenesis (such as the occurrence and
development of severe tumors), this association may be valuable for
early OS detection. Our results also supported the notion that plasma
was more accurate than serum: sensitivity (0.81 vs. 0.79), specificity
(0.93 vs. 0.88), PLR (11.0 vs. 6.6), NLR (0.21 vs. 0.23), DOR (53 vs. 28)
and AUC (0.95 vs. 0.89). Have study found that the concentration of
miRNAs was higher in plasma than in serum, so the choice of sample
type played an important role in the diagnostic accuracy of peripheral
blood miRNAs as a biomarker of disease [62], this may be because
plasma retains more protein for co-isolation of miRNAs [63]. Apart
from that, the results with sample size more than 100 were a little
greater than the studies with sample size< 100 in the diagnosis of OS
patients: sensitivity (0.80 vs. 0.78), specificity (0.89 vs. 0.89), PLR (7.2
vs. 7.4), NLR (0.23 vs. 0.24), DOR (32 vs. 31) and AUC (0.91 vs. 0.90).
This provides support for a larger sample of research in the future.

Throughout the entire article, we could find that our meta-analysis
has the following advantages. First, compared with the previous meta-
analysis [64], we included the miRNAs detected in the latest study, and
our results improved the accuracy and reliability of the assessment of
the overall diagnostic value of osteosarcoma. Second, we conducted
subgroup and meta-regression analysis to discover potential sources of
heterogeneity. Third, sensitivity analysis was also used to confirm the
reliability of our results. However, we also recognized that this meta-
analysis still has some limitations. First, several valuable studies may be
missed in spite of the comprehensive search strategy during our lit-
erature search. Secondly, due to limited research data and different
standards, we have not extracted cut-off values, different cut-off values
may lead to inconsistent conclusions. Third, all the included studies
were from Asia, mainly from China, the applicability of peripheral
blood miRNAs in the diagnosis of OS is still unknown in other countries
and regions. Therefore, a series of large-scale, prospective, multi-center
and multi-country clinical trials are needed to provide high-quality
evidence. Fourth, peripheral blood miRNAs not only showed high
specificity in OS, but also played a key role in the occurrence and de-
velopment of other malignant tumors. Fifth, in recent years, the profile
of microRNA biomarkers has been widely used in different clinical
environments due to its stability, such as early detection of disease,
prediction of disease, monitoring of disease progression, and response
to treatment [65]. However, it seems very unlikely that microRNA
would become the mainstay of diagnosis in OS patients, but it could be
useful for the preliminary investigation to triage, especially in young
patients with bone pain and/or indeterminate radiology findings.

5. Conclusion

In summary, peripheral blood miRNAs could distinguish OS patients
from healthy controls with high sensitivity and specificity and may
serve as a potential noninvasive biomarker to assist in the early diag-
nosis, especially in young patients with bone pain and/or indeterminate
radiology findings. Selecting a suitable biological specimen (such as
plasma) and using miRNA clusters could improve the diagnostic accu-
racy of OS. Although this seemed to be a boon to OS patients, the actual
application to the clinical process requires more data and experiments.
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