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Background

Recent studies have highlighted the biomarker role of circulating miRNAs in oral squamous cell carcinoma (OSCC), indicating their potential application as early diagnostic markers for OSCC. However, the diagnostic results have proven inconclusive. This study was conducted to evaluate the diagnostic value of circulating miRNAs for OSCC diagnosis.



Methods

Eligible published studies were identified by a literature search carried out in several databases by using combinations of keywords associated with OSCC, circulating miRNAs, and diagnosis. The bivariate meta-analysis model was adopted to summarize the pooled parameters. Afterwards, we thoroughly explored the sources of heterogeneity after evaluating the risk of bias.



Results

A total of 60 studies focusing on 41 circulating miRNAs were included. The pooled sensitivity, specificity, and AUC were 0.75 (95%CI: 0.69-0.80), 0.76 (0.70-0.81), 0.82 (0.79-0.85), respectively. Subgroup analyses showed that miRNA combinations were more accurate than single miRNAs. Additionally, plasma may be a better matrix for miRNAs assays in OSCC diagnosis as the plasma-based miRNA assay had a higher level of diagnostic accuracy than serum-based miRNA assay. Subgroup analyses also suggested that using circulating miRNAs for OSCC diagnosis is more effective in Caucasians than in Asian ethnic groups. Finally, circulating miRNA assays based on large sample sizes have superior diagnostic accuracy than small sample sizes.



Conclusion

Circulating miRNAs might be applied as effective surrogate biomarkers for early diagnosis of OSCC. Nevertheless, future larger-scale prospective studies should be performed to enhance the diagnostic efficiency and investigate the miRNA combinations with more pronounced accuracy.
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Introduction

Oral squamous cell carcinoma (OSCC), accounting for more than 90% of total oral cancer, is often diagnosed at advanced stages and is characterized by a low survival rate (1). Approximately, 50-70% of OSCC patients died within 5 years after they were diagnosed with OSCC due to frequent metastases to regional lymph nodes (2). Although surgical and medical treatments for OSCC have been rapidly developed, the therapeutic efficacy and the five-year survival rate remain unsatisfactory. Early detection of OSCC is vitally significant to enhance the survival outcome, as rates as high as 80-90% can be achieved in the early stages of OSCC patients (3). Currently, diagnosis of OSCC still remains a challenge as the procedures mainly depend on imaging and histological biopsy, which are invasive and uncomfortable (4). Although noninvasive screening tools have been employed, no alternative predictors have been proved effective (5). To this regard, there is a need to explore novel and effective biomarkers for more advancement to promote early detection of OSCC and improve the treatment options.

Over the last decades, microRNAs (miRNAs) have emerged as a new set of biomarkers which play a vital part in oral carcinogenesis (6). MiRNAs are a class of endogenous, non-coding, 18-25 nucleotide length single-strand RNAs that regulate the gene expression at the post-transcriptional level and are highly vital for cell growth and proliferation, mediating critical pathways involved in cancer initiation and progression (7). A plethora of reports have shown that abnormal expressions of specific miRNAs are associated with numerus human diseases, and miRNAs may function as oncogenes or tumor suppressors in various cancer types (8). So far, a significant number of studies have been performed to explore the biomarker role of miRNAs in different cancer types and evidence gathered has revealed the potential use of miRNAs as biomarkers in cancer detection and prognosis (9). Moreover, miRNAs are highly stable in rough conditions and their isolation and quantification have been found to be easy, convenient, and reproducible (10). Therefore, these unique properties make miRNAs as promising diagnostic and prognostic biomarkers in malignant tumors including OSCC which can start from non-invasive specimen collection avoiding postoperative pain.

As we all know, the initiation of OSCC may originate from a multistep accumulation of heterogeneous genetic alterations (11, 12). In the past decades, the expression patterns of miRNAs in OSCC have been recognized as new directions in the exploration of oral carcinogenesis (13). Recent reports have also shown a good association between specific miRNA expression and clinical parameters including tumor metastasis, relapse, and survival in OSCC patients (14, 15). Moreover, a number of studies have demonstrated that miRNAs play an important part during the initiation and progression of OSCC (16, 17). Prominently, miR-21 stands out to be frequently associated with OSCC and may serve as a potential biomarker for diagnosis, prognosis or therapeutic target. Therefore, circulating miRNAs may serve as useful biomarkers for early detection of OSCC (18). However, the diagnostic accuracy of miRNA profiles for OSCC was still inconsistent or even contradictory across different studies, which may be caused by different study designs, different sample sources, different sample sizes and different races.

In this study, we performed a comprehensive meta-analysis of previously published miRNA expression profiling studies to evaluate and summarize the clinical results in the literatures, regarding the potential application of circulating miRNAs in plasma or serum as biomarkers for OSCC diagnosis.



Materials and method


Guidelines and searches

This study was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines. We have developed a comprehensive search strategy to retrieve all available studies from PubMed, Embase, and Web of Science by using different combinations of keywords including oral, tumor, carcinoma, cancer, squamous cell carcinoma, OSCC, microRNAs, miRNAs, miR-, diagnosis, diagnostic, detect, detection, screen, screening, sensitivity, specificity, and ROC curve. The database was searched from its inception up to April 25, 2022. In addition, the reference lists of relevant reviews were independently scanned to avoid missing any potential studies.



Eligibility criteria

To be eligible for enrollment in the analysis, the studies had to comply with the following inclusion criteria: (1) original studies focused on the diagnostic value of circulating miRNAs in OSCC; (2) the OSCC diagnosis was achieved based on histopathology as the reference test; (3) studies detected the expression of miRNAs in whole blood, plasma, or serum; (4) the studies provided sufficient data for further calculation, including parameters including specificity, sensitivity, and area under the receiver operating characteristic (ROC) curve. Studies were excluded according to these exclusion criteria as follows: (1) studies were published as review articles, meta-analysis, letters, commentaries, or abstracts; (2) studies failed to provide sufficient information to allow construction of two-by-two table; (3) studies were performed on species other than humans; (4) the language was non-English.



Data extraction and quality assessment

Two investigators (H.G. and Y.S.) independently reviewed the full texts of included studies and gathered baseline characteristic and clinical diagnostic data including (1) study characteristics: first author, year of study, and country; (2) patients’ demographic characteristics: ethnicity, number, mean age, and TNM stage; (3) miRNA features: miRNA signatures, detection methods, and sample types; (4) data used for further analyses: sensitivity and specificity or true positives (TP), true negatives (TN), false positives (FP), false negatives (FN), and area under the curve (AUC) values. In the present study, the qualities of studies were assessed independently by two reviewers using the revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) criteria (19). If disagreements between the two reviewers occur, they will discuss together to achieve a consensus or consult with the third reviewer (Q.P.).



Statistical analysis

The bivariate meta-analysis model was adopted to summarize the sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR), respectively, together with their 95% confidence intervals (95% CIs) (20). Forest plots of summary statistics were constructed using the data from the enrolled studies. Afterwards, the Summary ROC (SROC) curves, which summarize the sensitivity and specificity of each enrolled study for the assessment of the overall diagnostic performance, were also established, while the AUC values were achieved from the constructed SROC curves (21). The Cochrane’s Q test and I2 statistic were applied to judge the presence of statistical heterogeneity across studies (22). P-value less than 0.05 and I2 value more than 50% indicated an obvious heterogeneity existing in the current study. When statistical heterogeneity existed between studies, subgroup analysis, meta-regression analysis and sensitivity analysis were adopted to seek the possible sources of heterogeneity (23). Moreover, the risk of publication bias of all the included diagnostic accuracy studies was measured by the Deeks’ funnel-plot asymmetry test (24). In our study, statistical analysis was undertaken using Stata 14.0 software. A p-value of <0.05 was considered statistically significant.




Results


Search results and characteristics of studies

Through searching the electronic databases with different combinations of the above used keywords, avoiding obviously unrelated titles and abstracts, and after careful consideration of all collected studies, 25 articles involving 60 different miRNAs tests met all inclusion criteria and were included in the final analysis (25–49). A flowchart detailing the selection process was illustrated in Figure 1.




Figure 1 | Flow diagram of the identification and selection of the studies.



All the included studies were performed between 2010 and 2021. Thirty of the selected studies were from China, sixteen from Japan, five from Canada, three from Germany, three from Italy and three from Iran. The number of samples evaluated by each study ranged from 20 to 380. Concerning the type of biological specimen, 32 studies collected from serum, 24 studies from plasma, while 4 studies were collected from whole blood. A total of 55 studies focused on single miRNAs while 5 studies focused on miRNA combinations. All included studies used quantitative real-time reverse transcription-PCR (qRT-PCR) technique to detect the expression of miRNAs. According to the QUADAS-2 assessment tool, the overall analytical quality was acceptable. Details of the enrolled studies in the current study were presented at Table 1.


Table 1 | The main features of the included studies for circulating miRNAs in the diagnosis of OSCC.





Diagnostic accuracy of circulating miRNAs for OSCC

The forest plots describing the pooled sensitivity and specificity for circulating miRNA profiling in distinguishing OSCC patients from normal participants were illustrated at Figure 2. Overall, the circulating miRNAs indicated good performances for the detection of OSCC with the pooled sensitivity of 0.75 (95% CI: 0.69-0.80) and the pooled specificity of 0.76 (0.70-0.81). Moreover, the combined PLR, NLR, and DOR were estimated to be 3.2 (2.5-4.0), 0.33 (0.27-0.41), and 9 (6-14), respectively. In addition, the SROC curve of circulating miRNAs in detecting OSCC was presented at Figure 3A, and the AUC was calculated to be 0.82 (0.79-0.85).




Figure 2 | Forest plots of the pooled sensitivity and specificity for circulating miRNAs in detecting OSCC.






Figure 3 | The SROC curve of the pooled analysis. (A) SROC curve of overall including the outliers for circulating miRNAs; (B) SROC curve of outliers excluded for circulating miRNAs; (C) SROC curve for circulating single miRNAs; (D) SROC curve for circulating combination miRNAs.



Then, the Fagan’s nomogram was utilized to confirm the clinical utility of the circulating miRNAs in OSCC. As illustrated in Figure 4, when the pre-test probability of OSCC was 20%, a positive measurement could improve the post-test probability of suffering cancer to 44%, while the post-test probability will reduce to 8% if a negative measurement happened.




Figure 4 | Fagan’s monogram evaluating the clinical utility of circulating miRNAs for differentiating OSCC patients.



The above parameters revealed moderate discriminative ability of the application of circulating miRNAs as biomarkers for the early diagnosis of OSCC.



Heterogeneity and subgroup analyses

In this study, the heterogeneity analysis using I2 suggested significantly higher heterogeneity in both pooled sensitivity (I2 = 91.49%; P<0.001) and pooled specificity (I2 = 89.17%; P<0.001). We first explored whether the heterogeneity may come from the threshold effect. The Spearman correlation coefficient between the sensitivity logarithm and (1-specificity) logarithm is calculated to be -0.24, and the P-value is 0.06, suggesting no obvious threshold effect.

Next, the subgroup analyses were carried out. As exemplified by Table 2, miRNA combination testing achieved a more overall promising accuracy than single miRNA assay, with a similar sensitivity of 0.75 (0.64-0.84) versus 0.75 (0.68-0.80), a higher specificity of 0.84 (0.75-0.91) versus 0.75 (0.69-0.81), a higher AUC of 0.87 (0.84-0.90) versus 0.82 (0.78-0.85), respectively. The SROC curves of single miRNAs and combination miRNAs were plotted at Figures 3C, D, respectively. Following subgroup analysis depending on sample sources, the plasma-based miRNA assay exhibited a higher level of diagnostic accuracy than serum-based miRNA assay accompanied by a pooled sensitivity of 0.82 (0.73-0.88) versus 0.69 (0.61-0.76), specificity of 0.81 (0.74-0.86) versus 0.72 (0.61-0.80) and AUC of 0.88 (0.85-0.91) versus 0.76 (0.72-0.79). Moreover, the diagnostic accuracy based on ethnicity was also assessed through subgroup analysis. The results indicated that the sensitivity, specificity, and AUC of circulating miRNAs for OSCC detection in the Caucasian group were higher than those in the Asian group due to higher sensitivity: 0.84 (0.74-0.90) versus 0.72 (0.65-0.78), higher specificity: 0.83 (0.77-0.88) versus 0.74 (0.67-0.80), and higher AUC: 0.88 (0.85-0.91) versus 0.79 (0.75-0.83). In addition, we also conducted a subgroup analysis to identify whether sample size had a potential influence on the whole diagnostic value of circulating miRNAs. The stratified analysis by sample size suggested that the diagnostic value of miRNAs based on large sample sizes (N>80) might be more significant than it is for small sample sizes (N ≤ 80), with a pooled sensitivity of 0.78 (0.70-0.84) versus 0.71 (0.63-0.79), specificity of 0.74 (0.66-0.81) versus 0.78 (0.70-0.85) and AUC of 0.83 (0.79-0.86) versus 0.81 (0.78-0.85). The SROC curves of these subgroups were also plotted at Figure 5.


Table 2 | Summary table of the diagnostic accuracy of circulating miRNAs in the diagnosis of OSCC.






Figure 5 | The SROC curve of the pooled analysis by some subgroups. (A) SROC curve for plasma miRNAs; (B) SROC curve for serum miRNAs; (C) SROC curve for circulating miRNAs based on Caucasian population; (D) SROC curve for circulating miRNAs based on Asian population; (E) SROC curve for circulating miRNAs based on large sample sizes; (F) SROC curve for circulating miRNAs based on small sample sizes.





Influence analysis and meta-regression

As heterogeneity observed in the present study, sensitivity analysis was performed (Figure 6). The influence analysis and outlier detection identified several outlier individual studies. After excluding seven outliers (34, 38, 41, 47, 48), the I2 for heterogeneity decreased both in sensitivity (from 91.49% to 84.30%) and specificity (from 89.17% to 84.31%). However, the overall results showed only minimal changes and were similar to the original ones as the pooled specificity of the overall study increased from 0.76 to 0.78, PLR increased from 3.2 to 3.4, DOR decreased from 9 to 10, and AUC increased from 0.82 to 0.83, while sensitivity and NLR had no changes. The SROC curve of outliers excluded for circulating miRNAs was plotted at Figure 3B. The above results suggested that our study was robust.




Figure 6 | Sensitivity analysis results. (A) Goodness of fit; (B) bivariate normality; (C) influence analysis; (D) outlier detection.



Furthermore, a meta-regression analysis was applied to distinguish the potential sources of heterogeneity across studies by exploring research characteristics including specimen type, sample size, and ethnicity. The results suggested that ethnicity may be responsible for the heterogeneity while other factors reveled low likelihood of sources of inter-study heterogeneity.



Publication bias

Deeks’ funnel-plot asymmetry test (Figure 7) was performed to investigate the potential publication bias. The assessment of publication bias indicated that the funnel plots were asymmetric with a slope coefficient P-value calculated to be 0.71 in the overall studies, indicating there was no obvious publication bias in the current study.




Figure 7 | Deeks’ funnel plots for the assessment of potential bias.






Discussion

Despite great advancement in the treatment modalities, the survival rate of patients with OSCC is still low. Early detection is of great clinical importance for the optimization of treatment strategies and improvement of long-term survival for OSCC patients. Although histopathological investigation is still recognized as the gold standard for clinicians, it is an invasive examination procedure that is temporally and spatially restricted and unable to indicate the whole molecular landscape of OSCC. Thus, it is indispensable to explore less invasive, reliable, and effective detection methods to enhance early OSCC detection. Currently, the miRNA detection in different biofluids has been explored as novel diagnostic biomarkers for OSCC. However, the clinical value of circulating miRNAs for OSCC diagnosis remains unclear. Due to the inconsistencies of previously published studies, we performed this comprehensive study to determine whether circulating miRNAs could be applied as a non-invasive and effective method in the early screening of OSCC.

To our knowledge, this is the most comprehensive study ever conducted on the role of circulating miRNAs in OSCC. A total of sixty studies were identified eligible and enrolled for the assessment of the diagnostic value of circulating miRNAs in OSCC. The overall analysis demonstrates moderate diagnostic accuracy as circulating miRNA profiling harbored a relatively high pooled diagnostic value in detecting OSCC, where the combined sensitivity and specificity were 0.75 and 0.76, respectively, corresponding with an AUC of 0.82. The stratified analysis by sample sources indicated that the plasma-based assay seemed to undergo a higher pooled sensitivity, specificity, and AUC than serum-based assay. Our results provided evidence that plasma may be a better matrix for diagnostic profiling of miRNAs in OSCC, which was also consistent with previous studies (50). Moreover, previous studies have suggested that genetic background may have some effect on the miRNA concentrations in body fluids or tumor lesions and the biomarker value of miRNAs varies among different ethnicities (51). In our pooled results by subgroup analysis, we found that the Caucasian population-based miRNA test harbored an overall higher accuracy compared than that of the Asians, suggesting that biomarker performance for circulating miRNAs in OSCC diagnosis may also be determined by different genetic background. Remarkably, the impact of genetic background on the diagnostic value of circulating miRNAs was also confirmed by a meta-regression analysis. Additionally, our previous study also reported that the diagnostic accuracies of miRNAs in different cancers were affected by sample sizes (52). More importantly, we observed a higher diagnostic accuracy in miRNA detection tests based on large sample size (n>80) than investigations with small sample sizes (n ≤ 80), which may suggest that future translational and clinical investigations concentrating on large-scale prospective studies are worth performing to validate the diagnostic efficacy of circulating miRNAs in OSCC.

Accumulating evidence described that tumorigenesis is a complex cell processes involving multiple miRNAs (53). For OSCC, it is a highly heterogeneous cancer with a complicated etiology and single miRNA is hard to diagnose OSCC with satisfactory performance (11). Combination biomarkers may be more comprehensive than single maker in dictating the complicated cancer evolutionary process and may be more powerful in cancer detection (54–56). There have been promising results yielded from studies that combination miRNAs had a higher level of diagnostic power than single miRNAs. However, since there were only five tests focusing on miRNA combination biomarkers in detecting OSCC, we could not answer the question that which and how many miRNAs should be combined together to enhance the diagnostic accuracy. This indicates that further research should be concentrated on the combined use of miRNA panels to investigate their effect on diagnostic accuracy.

There were 41 miRNAs utilized as diagnostic biomarkers involved in the present study, which may provide new insight into the early detection of OSCC. However, the exact role of miRNAs in the carcinogenesis of OSCC remains unclear. Recently, several researchers have demonstrated a functional role for miRNAs in the initiation and progression of OSCC, which may help us understand the potential biomarker role of miRNAs in OSCC. For example, Lin et al. reported that miR-31 played a pivotal part during the progression of OSCC through establishing a complicated network with its regulated genes and the signaling cascades such as EGF-AKT signaling axis, Hippo pathway, and Wnt signaling (57). Data from the study by Peng et al. revealed that downregulation of miR-130a could inhibit OSCC proliferation and metastasis by the Hippo-YAP pathway, which may provide potential target for OSCC therapy (58). Previous studies have also demonstrated that miR-133a plays tumor suppressive role in OSCC by inhibiting the Notch signaling pathway via binding to CTBP2 (59). Moreover, mechanism research has suggested that miR-222 affects OSCC cell proliferation, migration, invasion, and apoptosis by targeting CDKN1B (60). In addition, previous evidence has demonstrated that miR-144 inhibits tumorigenesis of OSCC by targeting ERO1L/STAT3 signaling pathway (61). Besides, available data suggest that the expression of miR-196a increased in OSCC cells against normal oral squamous cells and downregulation of miR-196a could inhibit the malignant biological processes of OSCC cells through targeting FOXO1 (62). In a word, the altered expressions of miRNAs and the involved pathways may contribute to the biological behaviors in OSCC, ultimately leading to tumorigenesis. However, as for more detailed mechanisms of miRNAs in OSCC, further studies are needed to make further investigations.

Since circulating miRNAs possess the distinctive advantages of tumor specificity, stable, extracted easily and non-invasive, they may be applied as perfect non-invasive biomarkers for cancer detection. Our study also demonstrated that circulating miRNAs may represent potentially promising biomarkers for the detection of OSCC. However, there is still a long way to go before they can be used in clinical practice in OSCC diagnosis. For example, different studies from different laboratories or testing platforms used diverse cut-off values and different normalization in the detection of miRNAs, which may potentially affect the diagnostic efficacy and generate heterogeneity and uncertainty. Therefore, a consensus in the scientific community should be indispensable to establish the optimum cut-off values and detection methods. Moreover, current studies on miRNAs detection in OSCC were isolated and the future exploration of miRNA biomarker for OSCC should be rooted in systematical and dynamical manner to develop integrative diagnostic models based on specific miRNAs and combinations with more appropriate and better prediction capacity. In addition, studies included in our studies are still far from enough and the size of available samples in the individual studies are still relatively small. Thus, large-scale and well-designed prospective randomized controlled studies are required to confirm the actual diagnostic value of circulating miRNA assays for OSCC and promote the clinical application. Moreover, we believe that large adequately designed prospective studies may help determine a specific miRNA type or specific miRNA combinations that may be more appropriate and better used in clinical decision-making for OSCC patients.

The present study has some limitations that must be acknowledged. First, we did observe significant heterogeneity because of discrepancies among the different studies. Although several common check methods of evaluating the risk of bias assessment including subgroup, meta-regression, and sensitivity analysis were performed, we were still unable to clarify the precise factors contributing to the significant heterogeneity. Second, since some clinical factors such as gender difference, age distribution, and TNM stage were not detailed in some studies, we could not carry out any other subgroup analysis based on them. Third, though we had planned to investigate the impact of cut-off value on heterogeneity by using the meta-regression analyses, this could not be accomplished due to insufficient data and the different standards in different enrolled diagnostic tests. Moreover, as discussed in the subgroup analyses and meta-regression analysis, ethnicity might be considered as a source of heterogeneity among individual studies. However, all the diagnostic miRNA tests were conducted on the basis of Asian and Caucasian population, whereas African population should have been enrolled. Finally, the history of tobacco and alcohol consumption may influence the study results. However, these data have not been provided by some of the included studies and we cannot perform such analysis. Regardless of these limitations, ours is the most comprehensive study that aggregated available data on circulating miRNAs and analyzed their application in the field of OSCC detection.



Conclusions

In conclusion, our results indicated that circulating miRNAs has a relatively high diagnostic accuracy in the detection of OSCC and might be applied in noninvasive screening tests for OSCC. In addition, combination miRNA biomarkers have exhibited a prominent advantage over single miRNAs in improving diagnostic accuracy of OSCC. However, further translational and clinical investigations based on large-scale prospective studies are necessary to validate the diagnostic efficacy of circulating miRNAs and promote their clinical application in OSCC.
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