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Abstract: Recently, extensive research has identified the non-invasive and cost-effective biomarker microRNA-106
(miR-106) in cancer detection. However, inconsistent results have prevented its usage in clinical. Therefore, we
conducted this meta-analysis aimed to systematically determine diagnostic accuracy of miR-106 in distinguishing
patients with cancer from cancer-free controls and further evaluate its value serving as a biomarker in clinical. We
conducted a systematically literature search in databases (PubMed, web of science, Embase and the Cochrane Li-
brary) collecting relevant articles up to July 22th, 2014. The overall diagnostic accuracy of miR-106 was assessed by
the following indexes: sensitivity, specificity, PLR, NLR and DOR. The SROC curve with AUC value was also generated
for the assessment. Due to the significant heterogeneity, the random effects approach was chosen in our analysis
and meta-regression was performed to explore the potential source of it. We also tested potential presence of publi-
cation bias using Deeks’ funnel plots test. Stata 12.0 statistical software was used for analysis in the present study.
Overall, the 11 studies involving 756 cancer patients and 834 controls were considered eligible in our analysis. The
results in our work showed that sensitivity of 0.57 (95% Cl: 0.44-0.68) and specificity of 0.85 (95% Cl: 0.72-0.92),
with the under area AUC value of 0.75 (95% Cl: 0.71-0.79) for miR-106 assay. Additionally, the combined PLR, NLR
and DOR describing the discriminatory ability were 3.7 (95% Cl: 2.2-6.2), 0.51 (95% CI: 0.42-0.62) and 7 (95% Cl:
4-12) in the present analysis. The results in our meta-analysis showed that miR-106 had moderate accuracy in
identifying cancer patients. Thus, further larger-scale prospective studies are needed to improve the diagnostic ef-
ficiency and explore the combination of miR-106 and other biomarkers with more pronounced accuracy.
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Introduction guish aggressive from indolent tumors in early
stage of cancer [4, 5]. Due to the high mortality
rate, low survival rate and lack of effective bio-
logical markers, more and more efforts have
been made to find new means to supply existing

detection methods.

Cancer, known as one of the major public
health challenge, is the leading cause of death
worldwide, with about 12.7 million cancer new
cases and 7.6 million cancer deaths occurred
in 2008 [1]. Random biopsies are the most

common used as well as the highly reliable
method for diagnosis of cancer patients, but
the potential sampling errors, invasive and
expensive diagnostic procedures limit their
usage in clinical [2, 3]. The development of bio-
markers, such as blood-based protein biomark-
ers (carcinoembryonic antigen CEA, carbohy-
drate antigen CA, or prostate specific antigen
PSA), has enhanced early cancer detection, but
the limited accuracy inhibits their use to distin-

Accumulating evidence has suggested the
microRNAs (miRNAs, miRs) might serve as a
novel and non-invasive biomarkers providing a
natural pathway for controlling gene expression
[6]. MiRNAs was small non-coding RNA mole-
cules firstly founded in 1993 with size ranges
from 19 to 25 [7]. MiRNAs may be involved in
cancer progression as they have an influence
on the degradation of mMRNAs and the transla-
tion of many genes [8-12]. What’s more, num-
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bers of studies have reported the potential
association between abnormally miR-106
expression and the prevalence rate of cancer
[13-186]. Further, the stability of miRNA in plas-
ma, serum, feces and gastric juice is an out-
standing goodness for potential biomarkers in
diagnosis of cancer, which enables them to be
detectable [17, 18].

MicroRNA-106 (miR-106) of miRNA, has been
reported to be abnormally expressed in various
cancers, and thus has oncogenic activity in
humans [19-21]. The diagnostic performance
of miRNA-106 in cancer was first recognized
when Tsujiura et al. demonstrated that the miR-
106 was highly expressed in gastric cancer
plasma with sensitivity of 0.79 and specificity
of 0.63 [15]. Subsequent reports showed that
the overexpression of miR-106 might also pre-
dict tumor stage, size, lymphatic and distant
metastasis of the disease [22, 23]. Additionally,
Zhou et al. found that deregulated expression
of miR-106a was associated significantly with
survival in human colorectal cancer patients
[24]. This evidence indicates that miR-106
might be strongly associated with cancer devel-
opment, prediction and diagnosis, and may
serving as a potential diagnostic tool in early
cancer stage.

Though many studies showed that the miR-106
test could enhance the present cancer screen-
ing methods, disagreements still exist in identi-
fying it as new biomarker of cancer as inconsis-
tent diagnostic accuracy yielded by different
single study. Considering the limits of the single
study, different researchers adopted different
study design, ascertained miR-106 expression
using different specimen and explored the
association of miR-106 with various cancers,
we conduct this meta-analysis to evaluate the
diagnostic efficacy of miR-106 and further dis-
cuss the possibility of it serving as diagnostic
biomarker in clinical practice. As far as we
know, there is no such work focusing on asso-
ciations between miR-106 expression and can-
cers before.

Methods
Study selection
To identify relevant literature, we search sever-

al databases including PubMed, Web of sci-
ence, Embase, and the Cochrane Library using
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the search strategy “microRNA-106" or “miR-
106" or “miR-106a” or “miR-106b” and “can-
cer” or “tumor” or “carcinoma” or “neoplasms”
and “sensitivity” or “specificity” or” accuracy”
or “SROC curve” up to July 22th, 2014. Studies
included should meet the criteria as follows: (1)
evaluation of the miR-106 expression in diag-
nosing cancer patients; (2) case-control design
with control group of benign disease patients
or healthy people; (3) studies presenting suffi-
cient data of sensitivity, specificity or enough
information to calculate them. Additionally,
studies were excluded if they were duplicate
publications or conference report, editorials,
letters or reviews or without sufficient data.

Data extraction and quality assessment

Two reviewers independently retrieved data
from included studies. Data extracted includ-
ing: study details (first author, published year
and ethnicity), description of case and control
group (sample size mean age and male ratio)
and data for the final analysis [sensitivity, spec-
ificity, true positives (TP), false positives (FP),
true negatives (TN) and false negatives (FN)].

The QUADAS-2, which is the standard in quality
assessment for diagnostic accuracy studies,
was used in the present meta-analysis to score
the final quality of included studies [25].

Statistical analysis

Stata 12.0 statistical software was chosen for
the analysis in present work [26]. The bivariate
meta-analysis model was employed to summa-
rize the sensitivity and specificity, so as to the
parameters positive likelihood ratio (PLR), neg-
ative likelihood ratio (NLR) and diagnostic odds
ratio (DOR) [27]. The bivariate summary receiv-
er operator characteristic (SROC) curve was
also generated for the assessment. The AUC
(area under the curve) of 1.0 indicates was rec-
ognized as a perfect performance indicating
the discriminatory ability [28]. Sensitivity and
specificity of miR-106 were presented as forest
plots using the random effects approach. Due
to the significant heterogeneity, meta-regres-
sion was performed to explore the potential
source of it [29]. Sensitivity analysis was also
performed to confirm the stability of the study.
We also tested potential presence of publica-
tion bias using Deeks’ funnel plots test [30].
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Figure 1. Flow chart of study selection.

Results
Selection and characteristics of studies

Totally, 63 articles including 57 retrieved from
the databases and 6 identified from a manual
research were included based on the searching
criteria, of which 13 articles duplication were
excluded. After screening the titles, abstracts
and key data for the rest 50 articles, 23 were
excluded for 9 of them were reviews, 5 were not
human studies and 9 were not relevant to can-
cer. The remaining 27 articles were for further
full-text assessment, among which, 17 studies
were excluded, including 7 studies not relevant
to diagnosis, 4 not relevant to miRNAs and 5
without sufficient data. Finally, 10 articles
including 11 studies were available in this
meta-analysis [2, 3, 15, 16, 31-36]. The flow
diagram of selection is shown in Figure 1.

Overall, the 11 studies published from 2010 to
2014 containing 756 cancer patients and 834
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got relativity high quality,
which enhance the reliability
of our analysis. The character-
istics of and QUADAS-2 scores
of each included study are
listed in Table 1.

Diagnostic accuracy of miR-
106

Sensitivity and specificity of 11 included stud-
ies presented in forests in Figure 2 indicated
significant heterogeneity (I? = 91.07% for sensi-
tivity and 12 = 93.30% for specificity). Therefore,
the random effects model was chosen in our
analysis. Overall, the pooled sensitivity and
specificity were 0.57 (95% Cl: 0.44-0.68) and
0.85 (95% Cl: 0.72-0.92) in our analysis. The
SROC curve was shown in Figure 3A, with the
AUC value of 0.75 (95% Cl: 0.71-0.79), suggest-
ing a moderate diagnostic accuracy of miR-106
in cancer detection. Additionally, the combined
PLR was 3.7 (95% CI: 2.2-6.2), the NLR was
0.51 (95% CI: 0.42-0.62) and DOR was 7 (95%
Cl: 4-12) in the present analysis, suggesting
that both the capacities of miR-106 differenti-
ating patients with cancer from non-cancer
individual were moderate. Since likelihood
ratios are more valuable in clinical than sensi-
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Table 1. Characteristics of the included studies

. o Sample size Male . Diagnostic power
No. First author Year Country Ethnicity Cancer Specimen QUADAS
Case Control Case Control TP FP FN TN

01 Tsujiura et al [15] 2010 Japan Asian 69 30 n.a. n.a. Gastric cancer Plasma 55 11 14 19
02 Zhou et al [31] 2010 China Asian 90 27 62.3 n.a. Gastric cancer Serum 43 3 47 24
03 Baraniskinetal [2] 2011 Germany Caucasian 23 30 n.a. n.a. Lymphoma CSF 16 12 7 18
04 Kuriyamaetal [32] 2012 Japan Asian 69 126 n.a. n.a. Colorectal cancer Feces 26 1 43 125
05 Caietal [3] 2013 China Asian 90 90 46.2 46.1 Gastric cancer Plasma 59 18 31 72

06 Cui et al [33] 2013 China Asian 42 99 64.2 53.2 Gastric cancer  Gastric juice 31 11 11 88
07 Koga et al [34] 2013 Japan Asian 117 107 65 60 Colorectal cancer Feces 40 3 77 104
08 Luo et al [35] 2013 Germany Caucasian 80 144 68 62.5 Colorectal cancer Plasma 15 7 65 137
09 Shiotanietal [16] 2013 Japan Asian 64 64 67.9 68.4 Gastric cancer Serum 36 19 28 45

62 70 67.8 66.7 Gastric cancer Serum 47 34 15 36
10 Zhangetal [36] 2014 China Asian 50 47 59 60 Colorectal cancer Plasma 31 15 19 32 4
n.a.: Not available; QUADAS: Quality assessment of diagnostic accuracy studies; CSF: Cerebrospinal Fluid.
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Figure 2. Forest plots of sensitivities and specificities from test accuracy studies of miR-106 in the diagnosis of

cancer.

tivity or specificity, and PLR > 10 or NLR < 0.1
is considered to be meaningful in clinical use,
the results in our study indicated that miR-106
test have moderate ability to exclude or identify
cancer but not powerful enough now in clinical
use.

Meta-regression and sensitivity analysis

The heterogeneity is significant in our study. We
considered 5 covariates (humber of case, num-
ber of control, ethnicities, cancer types and
specimen) may contribute to the heterogeneity
and we performed meta-regression to assess
their impact on sensitivity or specificity. The
results in Figure 4 showed that neither number
of case and control, nor ethnicities was the
source of heterogeneity, but the cancer type
and specimen have influence in specificity (P <
0.05). Sensitivity analysis (Figure 5) was con-
ducted to find the impact of single individual to
overall meta-analysis result if the data of outlin-
ers were removed. After two outliners [32, 35]
excluded from the test, the sensitivity increased
from 0.57 to 0.63, specificity decreased from
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0.85 to 0.79, PLR decreased from 3.7 to 3.1,
NLR decreased from 0.51 to 0.47, DOR dropped
from 7 to 6, and AUC had minimal change from
0.75t0 0.74 (Figure 3B). Although the exclusion
changed sensitivity and specificity, the com-
bined parameters remained stable, supporting
the robustness of our work.

Publication bias

Fagan’s nomogram in Figure 6 describes the
possibility miR-106 assay to confirm or exclude
cancer patients. In detail, for any people with a
pre-test probability of 25% to have cancers, if
the miR-106 test in cancer detection was posi-
tive, the post-test probability to have cancer
would rise to 56%; while a negative result of
mMiR-106 assay meaning the post-test probabil-
ity would drop to 16% for the same people.
Hence, miR-106 assay may play an important
role as initial screening method for cancer.
Deeks’ test was used in the meta-analysis to
assess the publication bias. The P value of
0.28 suggested no publication bias exist.

Int J Clin Exp Med 2014;7(10):3746-3756
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miR-106 assay in cancer
detection and further investi-
gating candidate miRNA bio-
markers in human cancers.

MiR-106b is located on chro-
mosome 721  targeting
genes p21 and E2F5, while
miR-106a is a member of the
miR-106a-92 cluster located
at Xg26.2 [21, 40, 41].
Although miR-106 has found
to be associated with cancer,
its mechanism in caner devel-
opment is still unclear. Yao et
al. once explored the role of
miR-106 on gastric cancer
cell growth, proliferation,
migration and invasion and
further explained the possible
effect of miR-106 in cancer
[42]. They used flow cytome-
try analyses to test miR-106
expression on cell cycle and
found that overexpressed
miR-106b accelerated cells
proliferation as a catalyst

. through the way shortened

T T
0.13 0.78 0.60
Specificity (95% Cl)
(*p<0.05, **p<0.01, ***p<0.001)

Sensitivity (95% CI)

Figure 4. Meta-regression to explore the heterogeneity between studies.

Discussion

As cancer is still a major public health chal-
lenge worldwide, nowadays, early detection is
the key point for patients to receive proper ther-
apeutic treatment and thereby improve their
health condition and prolong their life. Hence,
more and more studies focus on novel strate-
gies for early detection and prediction in cancer
[37], and provide evidence that miRNAs may
serve as promising biomarkers in early cancer
diagnosis with high accuracy [37-39]. MiR-106
as a novel biomarker of early diagnosis has
been reported to express abnormally in various
cancers [2, 3, 31, 32, 36], but inconsistent con-
clusions about the diagnostic value of miR-106
for cancer patients exist. Since no such study
systemically searches for the intersections of
miR-106 expression and cancer, we conducted
present meta-analysis collecting the results of
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T

1.00 GO/G1 phase, subsequently
facilitated their entry into the
mitosis proliferation, thereby
speeded up cell cycle progres-
sion. They also used trans
well chamber assay to find the
percentage of cell migration and invasion
between miR-106 over expression group and
the control group, but found the similar amount,
indicating that miR-106 can’t affect migration
and invasion of gastric cancer cell. Therefore,
Yao et al. guessed that the over expression
miR-106 speeded up cell cycle progression,
and promote gastric cancer progress which
may is possible mechanisms of miR-106b for
cancers [42].

Our results showed that, miR-106 as a diagnos-
tic biomarker in cancer detection yielded a
pooled sensitivity of 0.57, specificity of 0.85,
and AUC of 0.75, indicating a moderate overall
accuracy. Ranging from 0O to infinity, DOR of 1
indicates that the assay can't distinguish can-
cer and non-cancer individual. The discrimina-
tion ability of miR-106 assay for cancer diagno-
sis was not high enough as DOR was only 7 in

Int J Clin Exp Med 2014;7(10):3746-3756
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Figure 5. Sensitivity analysis. A: Goodness-of-fit; B: Bivariate normality; C: Influence analysis; D: Outlier detection.
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our study. The PLR was 3.7 in the present meta-
analysis, meaning that the probability of the
patient having cancer is about 56% if the miR-
106 test is positive according to Fagan’s nomo-
gram. Actually, the PLR in our study was not
high enough to confirm cancer patients and so
as to NLR, was not low enough to excluded
health individuals. Thus, there is a long way to
go before the application of miR-106 into
clinical.

Though difficulty still remains for miR-106 as
biomarkers in cancer diagnosis, there are sev-
eral points we can do to supply the miR-106
assay. Firstly, as our data suggested that with
limited accuracy to confirm cancer patients or
exclude healthy ones miR-106 may not be eli-
gible to undertake early diagnosis. Many stud-
ies demonstrated that miRNA panel assays
yielded higher accuracy than single one. Xavier
et al. once demonstrated four miRNAs (miR-
222, -328, -197, and -21) combined yielded
86% accuracy in differentiating malignant from
benign indeterminate thyroid lesions compared
the 78% accuracy of single miR-21 assay [43].
When tested the diagnostic performance of

Int J Clin Exp Med 2014;7(10):3746-3756
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miR-106b in gastric cancer, Zhou et al. also
investigated the combination of miR-106a and
miR-17 and found that the combined group
made an improvement in sensitivity from 0.48
to 0.63 [31]. As the sensitivity was relativity
moderate in our analysis, the combination of
multiple miRNAs may be the right way to solving
the problem. Moreover, it has been reported
that combination of protein-biomarkers and
miRNAs may be a novel potential tool for can-
cer detection and prediction. MiR-141 and car-
cinoembryonic antigen (CEA) are both widely
used biomarkers for CRC, Cheng et al. found
that a combination of miR-141 and CEA was
more sensitive than either marker used alone
so that reduced the misdiagnosis rate of the
CRC patients [44]. As far as we know, there are
few researches focusing on the combination of
miR-106 and other protein-biomarkers, since it
may be an effective way to improve the diag-
nostic accuracy of miR-106, more attempts are
needed in the further.

There are several drawbacks we should be
mentioned in our study. Firstly, since the pur-
pose of our analysis was to explore the possible
role of miR-106 in cancer, the lack of cancer
type in our analysis restricted the research
extent as we only concluded gastric cancer,
colorectal cancer and primary central nervous
system lymphoma in the study. Future more
fundamental research should investigate the
association between miR-106 and other cancer
types, which could promote the clinical applica-
tion of miR-106. Secondly, as the standard pro-
cess for miRNA detection has not been con-
firmed, different standard references, incon-
sistent cut-off value and different qRT-PCR
methods were selected by our included stud-
ies, which may provide contradictory results.
Thirdly, as the link between cancer and miR-
106 has been noticed for recent year, limited
studies evaluated the diagnostic value of miR-
106 in cancer detection, resulted in sample
size collected in our meta-analysis and the
small-study effects inescapable. So further val-
idate studies of miR-106 in large cohort are
necessary to strengthen our conclusion.

Nevertheless, we also need to stress advan-
tages in our meta-analysis. First, our meta-
analysis is more reliable than single studies to
some extent, as we systematically evaluated
the overall diagnostic performance of miR-106
with cancers, and we performed meta-regres-
sion and sensitivity analysis to confirm the
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comparatively stability of our study. Second,
although the current evidence suggests that
the pooled accuracy of miR-106 was moderate
with good specificity and relatively not so well
sensitivity for cancer detection, we put forward
the supplement using the combination of miR-
106 and other miRNAs or protein-biomarkers
to improve the accuracy of miR-106 detection.
Finally, this is the first available meta-analysis
providing valuable data of association between
miR-106 and various cancers, which will be
helpful in the clinical application of it.

In conclusion, the sensitivity, specificity of miR-
106 in cancer is moderate, larger-scale pro-
spective studies are needed to improve the
diagnostic efficiency and explore the biomark-
ers combination with more pronounced accu-
racy in the further.
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