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ABSTRACT. The aim of this meta-analysis was to systematically 
evaluate the diagnostic accuracy of microRNAs (miRNAs) in 
distinguishing malignant thyroid lesions from benign ones and to 
determine the potential of miRNAs as diagnostic biomarkers for thyroid 
cancer. The random-effect model was used to summarize the pooled 
estimates of diagnostic accuracy, including sensitivity, specificity, 
positive likelihood ratio (PLR), negative likelihood ratio (NLR), 
and diagnostic odds ratio (DOR). The summary receiver-operating 
characteristic curve (SROC) and area under the SROC curve (AUC) 
were used to further evaluate the overall diagnostic value. Overall, 20 
studies from 7 articles, including 266 thyroid cancer patients and 277 
controls with benign thyroid disease, were available for analysis. The 
pooled sensitivity, specificity, PLR, NLR, and DOR were: 0.78 (95%CI 
= 0.74-0.81), 0.73 (95%CI = 0.69-0.77), 3.17 (95%CI = 2.28-4.40), 
0.30 (95%CI = 0.23-0.39), and 12.6 (95%CI = 8.26-19.4), respectively, 
and the AUC value was 0.85. The multiple miRNA assay yielded better 
diagnostic performance than the single miRNA assay, with sensitivity 
of 0.90 versus 0.75, specificity of 0.86 versus 0.71, PLR of 6.14 versus 
2.71, NLR of 0.13 versus 0.36, DOR of 44.5 versus 8.81, and AUC of 
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0.95 versus 0.82, suggesting that the multiple miRNA assay is a more 
credible method for thyroid cancer detection. In summary, miRNA 
assays, especially multiple miRNA assays, may play an important role 
as a second-line diagnostic tool to improve the diagnostic accuracy of 
fine needle aspiration biopsy in indeterminate lesions. However, further 
studies are warranted to confirm our findings.
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INTRODUCTION

Thyroid cancer, which typically presents in the form of a thyroid nodule, is the most 
common endocrine malignancy. In the past decade, the incidence of thyroid cancer has in-
creased by 2.3-fold with annual rates of 5.4% in men and 6.5% in women (Siegel et al., 2014). 
Most thyroid cancers are derived from follicular cells, and consist of conventional papillary 
thyroid carcinoma (PTC), follicular variant of PTC (FPTC), follicular thyroid carcinoma 
(FTC), Hürthle cell thyroid carcinomas, and anaplastic thyroid carcinoma (ATC) (Shibru et 
al., 2008; Vriens et al., 2009; Pallante et al., 2010). The diagnostic rate of thyroid nodules is 
over 7% in the adult population; however, most thyroid nodules are benign, and only 5% of 
thyroid nodules are proven to be malignant (Dean and Gharib, 2008). For benign lesions, life-
long thyroid hormone replacement therapy can take the place of total thyroidectomy to reduce 
physical injury and to avoid surgical morbidity of patients (Mazeh et al., 2013). Therefore, 
although the 5- and 10-year survival rates of total thyroidectomy are excellent, diagnostic 
accuracy for distinguishing benign nodules from malignant ones may help with reducing un-
necessary thyroid resections and improving clinical outcomes.

Currently, fine needle aspiration biopsy (FNAB) is the recommended approach for 
evaluating patients with thyroid nodules (Gharib et al., 2006). Based on different malignancy 
risks diagnosed by FNAB, 6 classification categories were identified: benign (0-3% malig-
nancy risk), follicular lesion of undetermined significance (5-15%), follicular neoplasm or 
suspicious for a follicular neoplasm (15-30%), suspicious for malignancy (60-75%), malig-
nant (97-99%), and undetermined (Layfield et al., 2010). With a relatively high diagnostic 
accuracy (65-98% sensitivity and 72-100% specificity) (Gharib et al., 2006), approximately 
70-80% of patients can be definitively categorized as having benign or malignant nodules by 
FNAB results, whereas the remaining 20-30% of lesions are interpreted to be indeterminate as 
the cytological features are inconclusive (Kato and Fahey, 2009; Lewis et al., 2009; Wang et 
al., 2011). When lesion results are interpreted as indeterminate, thyroidectomy is commonly 
recommended as a second surgical procedure, because indeterminate may be consistent with 
malignancy (Faquin and Baloch, 2010; Layfield et al., 2010). However, only 20-30% of the 
indeterminate lesions have a malignancy risk because up to 80% of indeterminate lesions are 
benign, making a significant number of surgeries potentially avoidable (Khan et al., 2013; Lee 
et al., 2013). A combination of other diagnostic procedures have been used to solve the prob-
lem, such as the safe, sensitive, and straightforward ultrasonography method; however, this 
method is only effective with suspicious thyroid nodules, and is ineffective with improving the 
accuracy of FNAB cytology in indeterminate lesions (Banks et al., 2008; Dean and Gharib, 
2008). Furthermore, no efficient immunohistochemical and molecular markers can reliably 
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determine which of these patients can avoid unnecessary thyroidectomy, although great efforts 
have been made in recent years toward this end (Shibru et al., 2008; Stang and Carty, 2009; 
Vriens et al., 2009; Chudova et al., 2010; Kouniavsky and Zeiger, 2010; Adeniran et al., 2011). 
Thus, safe and accurate novel biomarkers are still urgently needed as a second-line diagnostic 
tool to determine malignancy with a high accuracy level for patients with indeterminate le-
sions.

MicroRNAs (miRNAs), which are a family of recently discovered noncoding RNAs 
of 18-24 nucleotides in length, function primarily to modulate the translation of various 
protein-coding genes (Engels and Hutvagner, 2006; Visone et al., 2007). A single protein-
coding gene can be potentially targeted by multiple different miRNAs, and a single miRNA 
can also potentially target hundreds of protein-coding genes (Wiemer, 2007; Reddy et 
al., 2010). Recent studies have demonstrated that dysregulation of miRNAs is commonly 
found in malignancies, and there is substantial evidence that miRNAs may be involved 
in tumorigenesis (Martinez and Dimaio, 2011; Subramanyam and Blelloch, 2011; Wilmott 
et al., 2011). Furthermore, miRNA signatures have been investigated in thyroid cancer, 
and researchers have found that miRNA expression profiles were able to differentiate 
benign from malignant thyroid lesions, suggesting that miRNAs might serve as diagnostic 
biomarkers for thyroid cancer (Keutgen et al., 2012; Kitano et al., 2011, 2012; Shen et al., 
2012; Vriens et al., 2012; Mazeh et al., 2011, 2013). Through investigating the expression of 
34 miRNAs in benign and malignant thyroid neoplasms, Kitano et al. (2011) demonstrated 
that miR-7 and miR-126 could significantly differentiate malignant thyroid tumors from 
benign ones with high diagnostic accuracy [area under the receiver operating characteristic 
curve (AUC) = 0.81 and 0.77, respectively]. Similarly, Keutgen et al. (2012) showed that a 
panel of 4 miRNAs (miR-328, miR-222, miR-21, and miR-197) could distinguish malignant 
from benign indeterminate FNAB thyroid lesions with sensitivity of 100% and specificity 
of 86%.

Although a number of studies have explored the expression of miRNAs in FNAB 
lesions and have determined the potential use of miRNAs for differentiating malignant from 
benign indeterminate FNAB lesions, varied accuracy rates were obtained without consensus 
(Keutgen et al., 2012; Kitano et al., 2011, 2012; Shen et al., 2012; Vriens et al., 2012; Mazeh 
et al., 2011, 2013). Therefore, we conducted this meta-analysis to assess the diagnostic accu-
racy of miRNAs for differentiating benign from malignant nodules on FNAB samples, and to 
determine the potential value of miRNAs to serve as a second-line diagnostic tool in thyroid 
cancer detection.

MATERIAL AND METHODS

Search strategy

Search terms including (“thyroid cancer” or “thyroid carcinoma”) and (“microRNAs” 
or “miRNA” or “miRs”) and (“diagnosis” or “ROC curve” or “sensitivity” or “specificity”) 
were used in the systematic literature research. Eligible studies were searched in the PubMed, 
Cochrane Library, EMBASE, and Chinese National Knowledge Infrastructure databases up to 
March 26, 2014 without language restriction. We also manually searched other resources for 
any relevant records potentially missed.
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Selection criteria

Eligible studies were required to meet the following criteria: 1) studies on miRNA ex-
pression in differentiating malignant from benign thyroid lesions; 2) provides sensitivity and 
specificity or can calculate them from the literature; 3) used FNAB results as the gold standard 
for the diagnosis of thyroid lesions; 4) not reviews, editorials, or case reports; 5) the control 
groups were diagnosed with benign thyroid disease.

Data extraction and quality evaluation

Two reviewers independently extracted data from studies included. Data retrieved 
from these articles included first author, year of publication, type of study, number of patients 
and controls, miRNA expression signature, specimen, test method, and sensitivity and speci-
ficity data. The quality of the studies included was assessed using the revised Quality Assess-
ment of Diagnostic Studies-2 (QUADAS-2) metric (Whiting et al., 2003). The tool is based 
on 7 items concerning patient selection bias, index testing, and reference standards, with each 
item having the responses of ‘yes’, ‘no’, or ‘unclear’ to judge the risk of bias and applicability.

Statistical analysis

All statistical analyses were conducted using the Meta-Disc 1.4 software (Zamora et 
al., 2006). The random-effect model was applied to summarize the pooled estimates of diag-
nostic accuracy for the microRNA assay, including sensitivity, specificity, positive likelihood 
ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR). The chi-square 
test and I2 statistic were used to quantify the degree of between-study heterogeneity (Higgins 
et al., 2003). Summary receiver-operating characteristic curve (SROC) and the AUC were 
used to further evaluate overall diagnostic value (Walter, 2002). The Q* index, which is the 
point closest to the ideal top-left corner of the SROC space, shows the best combination of 
sensitivity and specificity (Walter, 2002).

RESULTS

Characteristics and quality of the studies included

The literature screening process is shown in Figure 1. In total, 93 potentially rel-
evant records were identified through database searching (N = 89) and other sources (N = 4). 
Seventy-five records remained after duplicates were removed. After which, 36 records were 
further removed, among which 22 were abstracts, reviews, or meta-analyses, with the other 
14 not related to this research topic. Through further full-text screening of the remaining 39 
records for eligibility, 32 records were excluded, as 12 of them were prognostic studies and 20 
were without sufficient data. Ultimately, 7 records (Keutgen et al., 2012; Kitano et al., 2011, 
2012; Shen et al., 2012; Vriens et al., 2012; Mazeh et al., 2011, 2013) were available for the 
meta-analysis.

The characteristics of the studies included, along with QUADAS-2 scores, are shown 
in Table 1. Overall, 20 studies from the 7 records (an article may be separated into several 
studies if it investigated more than one miRNAs), including 266 thyroid cancer patients and 
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277 controls with benign thyroid disease, were available for analysis. The studies included 
were published from 2011 to 2013; of these, 5 were conducted in the USA (Keutgen et al., 
2012; Kitano et al., 2011, 2012; Shen et al., 2012; Vriens et al., 2012), and 2 were conducted in 
Israel (Mazeh et al., 2011, 2013), and all the patients and controls were of Caucasian descent. 
All miRNAs involved in the meta-analysis were analyzed using the method of quantitative 
reverse transcription polymerase chain reaction (qRT-PCR), and the category of specimen was 
fine needle aspiration sample. Of the 20 studies, 16 focused on the diagnostic accuracy of a 
single microRNA, while the other 4 studies evaluated the diagnostic value of multiple microR-
NAs as biomarkers in thyroid cancer detection. All the eligible studies were of moderately 
high quality with QUADAS-2 scores above 4 points.

Figure 1. Literature screening process.
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Diagnostic accuracy

Summary results of diagnostic performance for miRNAs assays in thyroid cancer 
detection are presented in Table 2. The pooled sensitivity was 0.78 (95%CI = 0.74-0.81) and 
specificity was 0.73 (95%CI = 0.69-0.77), while the AUC value was 0.85. The pooled PLR 
was 3.17 (95%CI = 2.28-4.40) and the pooled NLR was 0.30 (95%CI = 0.23-0.39). The pooled 
DOR was 12.6 (95%CI = 8.26-19.4). These results indicated a relatively high accuracy of 
miRNA assays in differentiating thyroid cancer from benign thyroid disease. The between-
study heterogeneity was assessed by the I2 index. The I2 results were 71.2% for sensitivity (P 
= 0.001), 79.2% for specificity (P = 0.001), 76.9% for PLR (P = 0.001), 62.6% for NLR (P = 
0.001), and 36.3% for DOR (P = 0.054), indicating significant heterogeneity between studies. 
Thus, the random-effect model was chosen for this meta-analysis.

Analysis Overall Single miRNA Multiple miRNAs

No. of studies            20            16              4
Sensitivity (95%CI) 0.78 (0.74-0.81) 0.75 (0.71-0.79) 0.90 (0.83-0.95)
   I2 (Ph-value) 71.2 (0.001) 70.3 (0.001)   0.0 (0.815)
Specificity (95%CI) 0.73 (0.69-0.77) 0.71 (0.66-0.75) 0.86 (0.77-0.92)
   I2 (Ph-value) 79.2 (0.001) 81.0 (0.001)   0.0 (0.492)
PLR (95%CI) 3.17 (2.28-4.40) 2.71 (1.98-3.73) 6.14 (3.58-10.5)
   I2 (Ph-value) 76.9 (0.001) 73.6 (0.001)   0.0 (0.639)
NLR (95%CI) 0.30 (0.23-0.39) 0.36 (0.28-0.45) 0.13 (0.07-0.23)
   I2 (Ph-value) 62.6 (0.001) 50.2 (0.012)   0.0 (0.699)
DOR (95%CI) 12.6 (8.26-19.4) 8.81 (6.19-12.5) 44.5 (19.0-104)
   I2 (Ph-value) 36.3 (0.054)   8.3 (0.359)   0.0 (0.556)
AUC           0.85           0.82           0.95

CI = confidence interval, PLR = positive likelihood ratio, NLR = negative likelihood ratio, DOR = diagnostic odds 
ratio, AUC = area under the curve, Ph = P value of heterogeneity.

Table 2. Summary results for diagnostic performance of miRNA assays.

Subgroup analysis

A subgroup analysis was also conducted between the single miRNA and multiple 
miRNA assays. For the single miRNA assay, the pooled sensitivity and specificity were 0.75 
(95%CI = 0.71-0.79) (Figure 2A) and 0.71 (95%CI = 0.00-0.75) (Figure 2B). The pooled 
PLR, NLR, and DOR were 2.71 (95%CI = 1.98-3.73), 0.36 (95%CI = 0.28-0.45), and 8.81 
(95%CI = 6.19-12.5), respectively (Table 2). The I2 results were 70.3% for sensitivity (P = 
0.001), 81.0% for specificity (P = 0.001), 73.6% for PLR (P = 0.001), 50.2% for NLR (P = 
0.012), and 8.3% for DOR (P = 0.359), indicating significant heterogeneity among studies. For 
the multiple miRNA assay, the pooled sensitivity and specificity were 0.90 (95%CI = 0.83-
0.95) (Figure 2C) and 0.86 (95%CI = 0.77-0.92), respectively (Figure 2D). The pooled PLR 
was 6.14 (95%CI = 3.58-10.5), the pooled NLR was 0.13 (95%CI = 0.07-0.23), and the pooled 
DOR was 44.5 (95%CI = 19.0-104) (Table 2). The AUC was 0.82 for a single miRNA (Figure 
3A) and 0.95 for multiple miRNAs (Figure 3B), indicating that multiple miRNAs display 
a relatively good ability to distinguish thyroid cancer patients. Notably, compared with the 
single miRNA assay, the overall outcomes were better with the multiple miRNA assay. Thus, 
multiple miRNAs may be promising biomarkers in clinical practice.
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Figure 2. Forest plot showing study-specific (right-axis) and mean sensitivity and specificity with corresponding 
heterogeneity statistics. A. Sensitivity and B. specificity for single miRNAs. C. Sensitivity and D. specificity for 
multiple miRNAs.

Figure 3. Symmetric receiver operating characteristic (SROC) curves for diagnosis by single (A) and multiple (B) 
miRNAs.

DISCUSSION

The prevalence of thyroid nodules in the population is increasing; nevertheless, only 
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a small fraction of all thyroid nodules harbor malignant disease (Dean and Gharib, 2008). 
Hence, there is a pressing need to correctly identify the nature of such nodules. FNAB, which 
is currently considered as the gold standard for evaluating thyroid nodules, significantly helps 
avoid unnecessary thyroidectomies for patients with benign thyroid lesions and improves the 
diagnostic accuracy of malignancy in the majority of cases (70%) (Hamberger et al., 1982; 
Hadi et al., 1997; Castro and Gharib, 2003; Nayar and Ivanovic, 2009). However, it has limi-
tations for determining malignancy in indeterminate nodules (up to 30% of FNAB results), 
leading to unnecessary surgery for the majority of indeterminate nodules (Nayar and Ivanovic, 
2009). In order to improve the diagnostic accuracy of FNAB cytology in indeterminate le-
sions, miRNA assays have been investigated in recent years and have proven to be a promising 
second-line diagnostic tool in distinguishing malignant from benign thyroid nodules (Keutgen 
et al., 2012; Kitano et al., 2011, 2012; Shen et al., 2012; Vriens et al., 2012; Mazeh et al., 
2011, 2013). However, different accuracies and conflicting results were obtained in different 
research studies. For instance, Keutgen et al. (2012) suggested that the results using a panel 
of 4 miRNAs (miR-328, miR-21, miR-197, and miR-222), which yielded a sensitivity of 86% 
and a specificity of 85% in discriminating malignant from benign nodules, were higher than 
those obtained from a panel of 2 miRNAs (miR-21 and miR-328), which yielded a sensitivity 
of 71% and a specificity of 85%, or than those obtained using the individual miR-21, with a 
sensitivity of 69% and a specificity of 86%, indicating that panels consisting of multiple miR-
NAs possessed higher diagnostic accuracy. In addition, Shen et al. (2012) found that the diag-
nostic utility of miR-221, miR-146b, miR-187, and miR-30d in FPTC, PTC, FTC, and ATC 
could differentiate malignant from benign lesions with a sensitivity of 93.2% and a specificity 
of 93.8%. However, when the 4 miRNAs were used in FPTC, PTC, and FTC without ATC, the 
sensitivity dropped to 88.9% and the specificity dropped to 78.3%, suggesting that the relative 
frequencies of FTCs might have an influence on the results of diagnostic value estimation, and 
also that it may be more difficult to distinguish FTCs from benign lesions. Thus, we conducted 
this meta-analysis to evaluate the diagnostic accuracy of miRNAs in differentiating malignant 
from benign nodules based on FNAB samples.

In our study, the diagnostic accuracy of single miRNAs was lower than that of mul-
tiple miRNAs. Two possible explanations may account for this result. First, the initiation and 
development of a malignancy consists of complex, multi-step molecular events, making a 
multiple miRNA assay a more complete indicator of these processes, and severely limiting the 
sensitivity and specificity of single miRNAs. As shown in our study, when multiple miRNA 
assays were utilized, the sensitivity increased from 0.75 to 0.90, the specificity increased from 
0.71 to 0.86, the PLR increased from 2.71 to 6.14, and the NLR decreased from 0.36 to 0.13. 
Furthermore, the DOR had an improvement from 8.81 to 44.5 and the AUC made progress 
from moderate accuracy (0.82) to relatively high accuracy (0.95), indicating the high diagnos-
tic value of a multiple miRNA panel as a potential screening tool to enhance thyroid cancer 
detection. Second, since the effect of benign disease processes on miRNA expression is not 
fully understood, use of a control group consisting of patients with benign thyroid disease may 
have an impact on the relative performance of single and multiple miRNA assays.

There are several limitations to our study. First, as we had emphasized that FNAB 
failed to identify indeterminate lesions, we made efforts toward improving the accuracy of 
differentiating malignant from benign lesions within the indeterminate group. However, one 
of the records included used only indeterminate FNAB samples for analysis (Keutgen et al., 
2012), and others such as Kitano et al. (2012) used indeterminate FNA samples, among oth-
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er samples, as controls. Therefore, more research conducted with only indeterminate FNAB 
samples as controls is needed. Second, in the study of Shen et al. (2012), we noticed that when 
the relative frequencies of FTCs in the training sample set was lower than those in the valida-
tion sample set, the accuracy increased from 85.3 to 93.3%. For PTC cases, Shen et al. (2012) 
yielded a diagnostic accuracy of 95.8%, and Mazeh et al. (2011) also obtained similar results. 
Meanwhile, Keutgen et al. (2012) reported 4 miRNAs (miR-328, miR-21, miR-197, and miR-
222) in their study that yielded a specificity of 86% in differentiating malignant indetermi-
nate lesions from benign ones based on FNAB samples, which could be improved to 95% if 
Hürthle cell neoplasms were excluded. Thus, different histological subtypes contained in the 
studies without discrimination may have led to different accuracies as the ability of miRNAs 
to identify them were different; therefore, further refinement in subtypes is needed. Third, the 
studies included did not mention whether the FNAB samples were the same samples evaluated 
by the cytologist, except for Mazeh et al. (2013), leading to the possibility that sampling error 
from separate biopsies might have impacted the accuracy of the miRNA assays. Finally, sig-
nificant between-study heterogeneity was reflected by the I2 index, so the random-effect model 
was chosen in our study; however, meta-regression was not conducted to explore the potential 
sources of heterogeneity due to the limitations of the studies included.

In summary, we identified that the use of multiple miRNAs could separate benign 
from malignant lesions in FNAB samples. Furthermore, a multiple miRNA assay with high 
specificity and sensitivity could potentially serve as clinically useful non-invasive biomarkers 
in thyroid cancer. However, further studies are warranted to confirm our findings and to explore 
the diagnostic potential of miRNAs in classifying indeterminate lesions of thyroid cancer.
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