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Abstract: Background: Cancer is a main public health problem all over the world with its high morbidity and mortal-
ity. MicroRNA-16 (miRNA-16, miR-16) family members have been considered as potential biomarkers in cancer diag-
nosis in several previous studies, but their results were inconsistent. Objective: The present meta-analysis was con-
ducted to assess the diagnostic efficacy of miR-16 family for cancer systematically. Methods: Multiple search strat-
egies and random-effects model were used. Pooled sensitivity, specificity and other parameters were calculated. 
Totally, 1,259 cancer patients and 855 controls from 16 articles were enrolled in this meta-analysis. Results: The 
pooled results for sensitivity, specificity, positive likelihood ratios (PLR), negative likelihood ratios (NLR), diagnostic 
odds ratio (DOR) and the area under the curve (AUC) were 0.80 (95% CI: 0.73-0.85), 0.77 (95% CI: 0.70-0.84), 
3.5 (95% CI: 2.5-5.0), 0.26 (95% CI: 0.19-0.36), 14 (95% CI: 8-25) and 0.86 (95% CI: 0.82-0.88), respectively. Our 
subgroup analyses indicated miR-16 family assay was more appropriate in Asian populations. Conclusions: Our find-
ings demonstrated that miR-16 family members have a relatively high value as promising biomarkers in diagnosing 
cancers. Nevertheless, the clinical application of miR-16 family profiling for cancers diagnosis still needs further 
large-scale studies and additional improvements of substantiation.
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Introduction

Cancer is a key health burden problem all over 
the world, which has become the first leading 
cause of death in developed countries and the 
second leading cause of death in developing 
countries [1]. Across the world around 12.7 mil-
lion new cancer cases and 7.6 million new 
deaths were estimated in 2008, 56% of the 
cases and 64% of the deaths were in develop-
ing world recorded in GLOBOCAN 2008 [2]. In 
spite of the high morbidity and mortality and 
low 5-year survival rate among various diseas-
es, the mortality of early stage can be reduced 
to a certain extent compared with those at 
advanced stages. Unfortunately, there are no 
specific clinical detections of cancer in its initial 
stage, which need more complex diagnostic 
process. Thus, the improvement in methods of 
cancer diagnosis at its early stage is urgently 
needed in nowadays.

Currently, imaging techniques and biopsy have 
been introduced to identify cancer [3]. These 

techniques have improved accuracy notably but 
still remain with certain limitations. Most can-
cers are asymptomatic at their early stage, 
therefore imaging techniques, such as CT, MRI 
and PET-CT, which primarily on morphological 
features of tumors, would be failure to achieve 
high accuracy [4]. Although biopsy is the gold 
standard of cancer diagnostic tools, its invasive 
feature made it impossible to apply to all the 
cancer patients, because it could lead to cer-
tain medical complications [5]. As the rapid 
development of several diagnostic techniques, 
various kinds of early detection method have 
been proposed. These methods focus on sev-
eral kinds of biomarkers, including neoplasm-
derived proteins, DNA and RNA markers. Their 
applications are also restricted by their subopti-
mal sensitivity and specificity [6]. Taken togeth-
er, increasing incidence rate, low survival rate 
and less efficient diagnostic tools or biomark-
ers, all made it urgent to identify a precise, reli-
able and noninvasive detection. The novel bio-
markers will increase the probability of earlier 
cancer detection and lower the risk of potential 
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harm to patients. That should make a signifi-
cant improvement in survival rates, and also 
keep the cost and resource utilization in bal-
ance as well. 

Recently, several clinical researches have been 
conducted to evaluate the potential microRNAs 
(miRNAs) as novel diagnostic markers for can-
cer diagnosis [7]. MiRNAs are a family of small 
and non-coding RNA molecules with 18-25 
nucleotides in length [8, 9]. These miRNAs not 
only regulate gene-expression but also control 
a wide array of biological processes such as 
cellular development, apoptosis, proliferation, 
differentiation, and tumorigenesis, some of 
which are associated with carcinogenesis [10]. 
Recently, some clinical studies demonstrated 
significant relationships between miRNAs and 
cancer by putting forward the evidence that the 
expression level of many miRNAs remarkably 
alter the association with the stage of cancer 
[11]. In addition, the expression patterns of 
miRNAs in cancers with tissue-specific and sta-
tus-stability in blood or feces, which makes 
them more promising for the early diagnosis of 
cancer. Accordingly, we can reach the conclu-
sion that miRNAs may serve as ideal biomark-
ers of cancer screening, which deserve more 
attention.

Materials and methods

Search strategy

Comprehensive databases have been used to 
identify the relevant studies published up to 
19th July, 2014. Databases include PubMed, 
Web of Science, the Cochrane Library, Embase 
and Chinese National Knowledge Infrastructure 
(CNKI). The following medical subject headings 
(MeSH) and keywords were adopted: (“microR-
NA-16 family” or “miRNA-16 family” or “miR-16 
family”) and (“cancer” or “tumor”) and (“diagno-
sis” or “ROC curve” or “sensitivity” or “specific-
ity”). For further relevant studies, the referenc-
es of selected articles were also identified 
through manual search.

Eligible criteria

All studies included in this meta-analysis were 
confirmed by miR-16 cancer detection. 
Sufficient data to support sensitivity and speci-
ficity or true-positive (TP), false-positive (FP), 
true-negative (TN) and false-negative (FN) was 
another inclusion criteria. Apart from that, 
included studies should based on humans. 
There are some exclusion criteria. Studies were 
published in following formats, editorials, let-
ters, case reports or reviews, were excluded. 

Figure 1. Flow diagram of eligible studies selection process.

MicroRNA-16 (miRNA-16, 
miR-16) family was a repre-
sentative miRNA since it has 
been widely studied in differ-
ent types of cancers. MiR-16 
family is a big family, includ-
ing miR-15a/b, miR-16, miR-
103, miR-107 and miR-195. 
Many studies identified miR-
16 family members could 
distinguish cancer patients 
from non-cancer people. 
However, the results of diag-
nostic accuracy and overall 
risk for prognosis with 
miRNA-16 family were incon-
sistent. Considering the lim-
its of the single study, we 
conduct this systematic 
review and meta-analysis to 
evaluate the diagnostic effi-
cacy of miR-16 family with 
various kinds of cancers.
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Table 1. Main characteristics of 16 articles included in meta-analysis

Study ID Country Ethnicity
Sample size Mean age

MiR-16 Cancer Control Specimen
Diagnostic power

QUADAS
Case Control Case Control TP FP FN TN

Ichimi T, 2009 Japan Asian 104 31 76 70 miR-195 Breast cancer Healthy control Serum 95 6 9 25 3 
Heneghan HM, 2010 Ireland Caucasian 83 63 55.1 52.1 miR-195 Breast cancer Healthy control Blood 73 6 10 57 5 
Baraniskin A, 2011 Germany Caucasian 23 30 64 N.A. miR-15b PCNSL Neurologic disorder CSF 21 7 2 23 4 
Mahn R, 2011 Germany Caucasian 37 38 N.A. N.A. miR-16 Prostate cancer HBV, Healthy control Serum 20 12 17 26 

37 38 N.A. N.A. miR-195 Prostate cancer BPH Serum 28 16 9 22 
Qu KZ, 2011 USA Caucasian 105 107 55 51 miR-16 Liver cancer Chronic liver disease Serum 76 12 29 95 5 
Bryant RJ, 2012 UK Caucasian 78 28 70 63 miR-107 Prostate cancer Healthy control Plasma 52 16 26 12 4 
Fang C, 2012 China Asian 75 77 55.36 54 miR-15a DLBCL Healthy control Serum 60 18 15 59 3 

75 77 55.36 54 miR-16 DLBCL Healthy control Serum 71 37 4 40 
Maclellan SA, 2012 Canada Caucasian 33 26 63 62 miR-16 Oral cancer Healthy control Serum 20 2 13 24 4 
Miah S, 2012 UK Caucasian 68 53 71 58 miR-15a Bladder cancer Benign urinary disease Urine 35 15 33 38 5 

68 53 71 58 miR-15b Bladder cancer Benign urinary disease Urine 46 10 22 43 
Wang X, 2012 China Asian 50 50 49.86 48.55 miR-103 Breast cancer Healthy control Serum 42 15 8 35 3 
Liu X, 2013 China Asian 217 73 45.93 40.08 miR-16 Nasopharyngeal cancer Nasopharyngitis Plasma 149 36 68 37 3 
Ng EK, 2013 Hong Kong Asian 185 145 59 58 miR-16 Breast cancer Healthy control Plasma 161 16 24 129 4 
Yang C, 2013 China Asian 133 80 N.A. 46.8 miR-15b Astrocytoma Healthy control Serum 113 16 20 64 4 
Tsukamoto O, 2014 Japan Asian 28 14 N.A. N.A. miR-195 Endometrial cancer Healthy control Tissue 25 2 3 12 5 
Zhu C, 2014 China Asian 40 40 53.83 53.55 miR-16 Gastric cancer Healthy control Plasma 36 2 4 38 3 
N.A., not available; PCNSL, primary central nervous system lymphoma; DLBCL, diffuse large B cell lymphoma; BPH, benign prostate hyperplasia; UCC, urothelial cell carcinoma; CSF, cerebrospinal fluid; QUADAS, 
quality assessment of diagnostic accuracy studies.
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Studies with duplicate data were not consid-
ered. Some studies without a control group or 
enough samples sizes or qualified data were 
excluded as well.

Data extraction

All the included studies were carefully reviewed, 
then the details of each articles, such as 
author; publication year; country of study; eth-
nicity of patients; numbers, mean age of 
patients and controls; source of control; type of 
specimen; test method of miR-16 family expres-
sion; miRNAs expression change; sensitivity 
and specificity data were extracted. Specific 
data of sensitivity and specificity were not pre-
sented in these articles directly, we have esti-
mated these values from the receiver operator 
characteristic (ROC) curves manually.

Quality assessment

We systematically evaluated each study’s qual-
ity according to the critical review checklist of 
the QUADAS-2, which is demonstrated to be an 

efficient method to assess the quality of diag-
nostic accuracy studies [12]. For each of these 
seven yes-or-no questions, “yes” get score 1, 
while others get 0, the highest score is seven.

Statistical methods

We used statistical software, STATA 12.0 
(Stata-Corp LP, College Station, TX, USA) to per-
form all statistical analyses [13]. The following 
measures with their 95% confidence interval 
for each study: sensitivity, specificity, the posi-
tive likelihood ratio (PLR), negative likelihood 
ratio (NLR), and diagnostic odds ratio (DOR) 
[14, 15]. The sensitivity and specificity of each 
included study were used to plot the summary 
receiver operator characteristic (SROC) curve 
and the area under the SROC curve (AUC) was 
also calculated to evaluate perfect discrimina-
tory ability to differentiate patients from normal 
controls [17, 18]. The pooled PLR is defined as 
the ratio of positive outcome in cases with can-
cer while the pooled NLR indicates the ratio of 
positive outcome in those without cancer. 
Simultaneously, DOR, the odds of PLR to NLR, 

Figure 2. Forest plot of mean sensitivity (A) and specificity (B) for miR-16 family assay in cancer detection of each 
study included.
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Table 2. Overall and stratified analyses of miR-16 family for cancer detection
Subtype SEN [95% CI] SPE [95% CI] PLR [95% CI] NLR [95% CI] DOR [95% CI] AUC [95% CI]
Ethnicity
    Asian 0.86 [0.81-0.90] 0.78 [0.66-0.86] 3.9 [2.4-6.2] 0.18 [0.12-0.27] 22 [10-48] 0.90 [0.87-0.92]
    Caucasian 0.71 [0.61-0.78] 0.77 [0.66-0.86] 3.1 [1.9-5.0] 0.38 [0.27-0.54] 8 [4-18] 0.80 [0.76-0.83]
Specimen Types
    Unhealthy control 0.68 [0.60-0.76] 0.73 [0.61-0.81] 2.5 [1.7-3.7] 0.44 [0.33-0.59] 6 [3-11] 0.75 [0.71-0.79]
    Healthy control 0.85 [0.79-0.89] 0.81 [0.70-0.88] 4.4 [2.7-7.0] 0.19 [0.13-0.27] 24 [11-49] 0.90 [0.87-0.92]
    Overall studies 0.80 [0.73-0.85] 0.77 [0.70-0.84] 3.5 [2.5-5.0] 0.26 [0.19-0.36] 14 [8-25] 0.86 [0.82-0.88]
SEN, sensitivity; SEP, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratios; DOR, diagnostic odds ratio; AUC, area under the 
curve; CI, confidence interval.

Figure 3. The SROC of the miR-16 family assay for cancer diagnosis (A: SROC for Asian population; B: SROC for Cau-
casian population; C: SROC for healthy controls; D: SROC for controls with other disease).
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ranges from zero to infinity, which reflects the 
performance of discriminatory [16]. In addition, 
Q test and I2 values estimate the between-
study heterogeneity. A P value less than 0.05 of 
Q test or I2 indicate substantial heterogeneity 
[19, 20]. Furthermore, subgroup and meta-
regression analyses were carried out to detect 
the between-study heterogeneity. Publication 
bias was assessed with Deeks’ funnel plots as 
a concern for meta-analyses of diagnostic stud-
ies [21]. Finally, the Fagan’s nomogram was 
graphed to calculate post-test probabilities.

Results

Included studies

The selection flowchart of the literature 
research is presented in Figure 1. The initial 
search returned a total of 301 articles (298 
from database searches and 3 from other 
sources), of which 30 duplicate publications 

healthy individuals and 301 patients with other 
benign diseases) were available for analysis. Of 
the 18 diagnostic studies, 9 were conducted in 
Asian populations and 9 in Caucasian popula-
tions. All of the included studies used the quan-
titative real-time reverse transcription-PCR 
(qRT-PCR) method to detect the expression 
level of miR-16 family members, while 14 of 
them tested it in blood samples (9 in serum, 4 
in plasma, 1 in blood) and 4 in other samples (2 
in urine, 1 in tissue, 1 in cerebrospinal fluid-
CSF). Overall, the qualified studies were of 
moderate-high quality with QUADAS-2 scores 
higher than 3 indicated in a bar graph in Table 
1.

Diagnostic accuracy of miRNA-16 family detec-
tion

Forest plots of data from the 18 studies on the 
sensitivity and specificity of miR-16 family 

Figure 4. Univariate meta-regression and subgroup analyses for sensitivity and 
specificity.

were excluded. The remain-
ing 271 articles were sub-
jected to the following step 
of valuation. After titles, 
abstracts and key words 
were reviewed, 227 were 
excluded: 128 were reviews 
or letters or meta-analysis 
and 99 were not related to 
our subjects of research, 
leaving 44 articles available 
for further full text review. 
According to exclusion crite-
ria, 28 records were exclud-
ed: 13 were not relevant to 
diagnosis and 15 lack suffi-
cient data for miR-16 family. 
Finally, the remaining 16 
articles were appropriate for 
our meta-analysis [22-37].

Baseline characteristics

The major characteristics of 
the included articles are 
shown in Table 1 by order of 
publication year, ranging 
from 2009 to 2014. In the 
present meta-analysis, 18 
studies from 16 articles cov-
ering 11 types of cancers 
and containing 2,114 par-
ticipants (1,259 cancer 
patients and 855 controls 
comprised of 554 matched 
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assay in diagnosing cancer are shown in Figure 
2. Since there appeared to be significant het-
erogeneity between studies in sensitivity and 
specificity data (I2 = 86.60% and I2 = 86.17%, 
respectively), the random effects model was 
adopted for this meta-analysis. The pooled 
results with their 95% CIs were listed in Table 2. 
The overall sensitivity and specificity were 0.80 
(95% CI: 0.73-0.85) and 0.77 (95% CI: 0.70-
0.84), respectively. Other overall parameters 
were also calculated and displayed in the table: 
pooled PLR was 3.5 (95% CI: 2.5-5.0), NLR was 
0.26 (95% CI: 0.19-0.36), and DOR was 14 
(95% CI: 8-25). Furthermore, we generated the 
SROC curve while the value of AUC was 0.86 
and its 95% CI was 0.82-0.88. The results 
implied that miR-16 family members had a 
good level of overall correctness.

Subgroup analyses and meta-regression

In order to access the between-study heteroge-
neity, subgroup analyses based on ethnicity 
(Asian or Caucasian) and control (healthy con-
trol or unhealthy control) were conducted. The 

pooled sensitivity, specificity, PLR, NLR, and 
DOR for each subgroup are displayed in Table 
2. For studies based on ethnicity, the results 
showed that the accuracy of miR-16 family 
detection in Asians (sensitivity, 0.86; specifici-
ty, 0.78; PLR, 3.9; NLR, 0.18; DOR, 22; AUC, 
0.90) was better than in Caucasians (sensitivi-
ty, 0.71; specificity, 0.77; PLR,3.1; NLR, 0.38; 
DOR, 8; AUC, 0.80) (Figure 3A, 3B). In respect 
to the the difference between healthy control 
and controls with other benign diseases, the 
sensitivity, specificity and AUC for healthy con-
trol were 0.85, 0.81 and 0.90, respectively, and 
for controls with other diseases, the corre-
sponding values were 0.68, 0.73 and 0.75. In 
addition, the SROC curve for the two groups is 
shown in Figure 3C, 3D, indicating that healthy 
control may be a better choice than unhealthy 
control in cancer detection. We also conducted 
the meta-regression for confirmation in Figure 
4, indicating that ethnicity and control selection 
had an important influence with a P value < 
0.05. This approved the results of subgroup 
analyses mentioned above.

Figure 5. Graphical depiction of residual-based goodness-of-fit (A), bivariate normality (B), influence (C) and outlier 
detection (D). 
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Sensitivity analysis and publication bias

Goodness of fit and bivariate normality analy-
ses (Figure 5A, 5B) suggested each included 
study had only minimal influence on the overall 
estimates. Influence analysis (Figure 5C) and 
outlier detection (Figure 5D) identified no outli-
er studies. Hence, the random-effect bivariate 
model was robust for the calculation of the 
pooled estimates. Finally, the Deeks’ funnel 
plot asymmetry test was used to evaluate the 
potential publication bias. As shown in Figure 
6, the slope coefficient was associated with a 
P-value of 0.63, and the funnel plots were 
almost symmetric, which suggested no signifi-
cant publication bias.

Fagan’s nomogram and post-test probabilities

Figure 7 depicted the Fagan’s nomogram, 
which describes how to use diagnostic finding 
from miRNA-16 family assay to calculate post-
test probability of cancers. Multiply the pretest 
odds by the likelihood ratio, and we can have a 
rough idea about the post-test odds of having 
cancer for general patients. To be specific, for 
any people with a pre-test probability of 25% to 
have cancers, if a positive result with PLR value 

at 4, the post-test probability to have cancers 
would rise to 54%; by contrast, a negative result 
with NLR value at 0.26 would lower the post-
test probability to 8% in the same condition, 
showing the importance of miR-16 family assay 
as initial screening method for cancers.

Discussion

Cancer remains one of the leading causes of 
disease-related death across the world, for the 
most part, owing to the absence of effective 
approaches for early-stage detection and clas-
sification. Options for using imaging techniques 
and biopsy for the early screening of cancer 
have limitations such as invasive, unpleasant 
procedures and potential sampling errors. 
Conventional cancer-specific biomarkers can 
hardly meet the qualification of sensitivity and 
specificity in cancer diagnosing, which also 
hampers the clinic application. Therefore, ideal 
biomarkers of tumors are widely searched and 
miRNAs attached great attention as a novel 
suitable candidate for its great potential and 
high stability. Recently, the diagnostic value of 
miR-16 family was studied and abnormal 
expression in various cancers was found, which 
may approved the relationship between miR-16 
and cancer. In the meta-analysis of Zhu et al., 
the pooled sensitivity and specificity of miR-16 
in cancer diagnosis were 90% and 79.3% in 
diagnosing gastric cancer, showed that the 
measurement of elevated miR-16 levels in plas-
ma could be a potential marker for gastric can-
cer [22]. Moreover, Ng et al. have also proposed 
the potential of miR-16 as an available diagnos-
tic method that conducted a meta-analysis in 
the diagnosis of breast cancer (87% sensitivity 
and 89% specificity) [25]. However, a study 
published in 2011 by Mahn et al. showed that 
the detection of miR-16 expression only yielded 
54.1% sensitivity and 68.4% specificity in the 
diagnosis of prostate cancer [33]. In this meta-
analysis, therefore, we summarize the recent 
findings discussing the feasibility of measuring 
the aberrant miR-16 expression levels for diag-
nosis of cancers. And to the best of our knowl-
edge, this study is the first evidence-based 
meta-analysis concentrating on the overall 
diagnostic accuracy of miR-16 as diagnostic 
tools in cancers.

Overall, as shown in Table 2, our meta-analysis 
revealed that employing miR-16 family mem-
bers as biomarkers for cancer detection 

Figure 6. Deeks’ funnel plot with superimposed re-
gression line in this meta-analysis.
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achieved a summary sensitivity of 0.80 (95% 
CIs: 0.73-0.85), specificity of 0.77 (95% CI: 
0.70-0.84) and AUC of 0.86 (95% CIs: 0.82-
0.88). These parameters point out that using 
miR-16 family assays may turn out 20% false-
negative and 23% false-positive test results, 
which is not high enough in accuracy but more 
reliable compared with conventional molecule-
based biomarkers such as CEA, CYFRA 21-1 
and TPS [38]. The high AUC of 0.86 shows the 
trade-off between sensitivity and specificity 
and reflects an overall high level of diagnostic 
accuracy. The pooled DOR was 14 (95% CI: 
8-25), implying that miR-16 family members 
can be useful diagnostic biomarkers. A PLR 
value of 3.50 suggests that cancer patients 
have a nearly 3.5-fold higher possibility of being 
tested positive by miR-16 family assays com-
pares with non-cancer patients, however, less 
than the critical value for dependability of 10 
[39]. The NLR was 0.26, meaning the probabil-
ity of being false-negative is 26% in the tests, 
which is not low enough to low out cancer. Plus, 
the Fagan’s nomogram showed the importance 
of miR-16 family assay as initial screening 
method for calculating post-test probabilities of 

with other diseases. A possible explanation for 
the conclusion is the different stability of miR-
16 family members in different controls. 
Correspondingly, we conducted a meta-regres-
sion and found that both of the factors men-
tioned above affected heterogeneity. Other fac-
tors such as different conditions of laboratory, 
different cut-off criteria and individual differ-
ence can also produce influences. In addition 
to the factors mentioned above, the outlier 
studies could also present inter-study hetero-
geneity [41]. As showed in the Figure 5D, there 
is no outlier study in our meta-analysis.

Our meta-analysis includes several advantag-
es. First of all, it is the first meta-analysis to 
demonstrate the overall accuracy of miR-16 
family in detecting human cancers. Secondly, 
we adopted a precise screening process to 
make sure that only high-class literatures were 
involved in present study. Furthermore, com-
prehensive methods were performed such as 
subgroup analyses and meta-regression to 
minimize potential influence of heterogeneity. 
In addition, no outlier studies or significant pub-
lication bias was found in this meta-analysis. It 

Figure 7. Fagan’s nomogram for estimating post-test possibilities.

cancers. All in all, even 
though the PLR and NLR are 
less than ideal, miR-16 fami-
ly members have a compara-
tive correctness. Hence, 
they could be employed as 
invasive and efficient clinical 
biomarkers.

Heterogeneity should be 
noticed since it can be a 
potential problem when 
interpreting the results for 
the meta-analysis and thus 
subgroup analyses basedon 
ethnicity (Asian or Caucasian) 
and control (healthy control 
or unhealthy control) were 
conducted. On the one hand, 
the accuracy was higher in 
Asian populations, showing 
that various genetic back-
ground and environmental 
variations may influence the 
tests [40]. On the other 
hand, the healthy controls 
showed a higher accuracy 
than controls of patients 
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is all these strengths that make the statistical 
power of our study stronger.

Still, several limitations should be noted in our 
study. Firstly, the factor that miR-16 levels pos-
sibly have changed after surgeries are not eval-
uated and may increase the uncertainty of the 
basic characteristic. And a limited number of 
cancer type is contained since there are only 
18 publications included, therefore, further 
validations are needed for an ultimate conclu-
sion. Simultaneously, miR-16 family includes 
several members thus more sufficient evidence 
may needs to be investigated for some mem-
bers. What’ more, language restrictions are not 
employed when searching relevant literatures 
and no studies included statistic concerning 
African populations. Lastly, inconsistent cut-off 
values and limited subjects lead to the contra-
dictory outcomes of different studies as well.

In conclusion, the present meta-analysis 
assessed miR-16 family members as promising 
biomarkers in diagnosing cancers. Although 
the PLR and NLR were not ideal enough, the 
sensitivity and AUC were relatively high, con-
firming a relative high value of miR-16 family 
assay in noninvasive screening test for can-
cers. Besides, our subgroup analysis showed 
miR-16 family assay was more appropriate in 
Asian populations. Nevertheless, the clinical 
application of miR-16 family profiling for can-
cers diagnosis still needs further studies and 
additional improvements for substantiation.
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