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Abstract

Objective: MicroRNA-122 (miR-122) has been identified as a biomarker of liver diseases.
However, the miR-122 detection accuracy in patients with hepatocellular carcinoma (HCC)
associated with hepatitis C virus (HCV) is inconclusive.

Methods: We conducted a systematic literature search of Web of Science, Cochrane Library,
PubMed, and Embase to identify studies related to the diagnostic value of miR-122 in HCV-related
HCC. We analyzed the results and validated them using data from the Cancer Genome Atlas
(TCGA).

Results: Six articles were included in this meta-analysis, comprising 354 cases and 420 controls.
The pooled specificity, sensitivity, positive likelihood ratio, negative likelihood ratio, diagnostic
odds ratio, and area under the curve were 0.87, 0.83, 5.1, 0.16, 32, and 0.92, respectively.
Additional sub-group analyses showed that results for plasma were more sensitive than those
for serum. In addition, miR-122 was better at distinguishing between HCV-associated HCC
and healthy people or those with HCV than between those with HCV-associated HCC
and HCV-related cirrhosis. Small samples (<100) had better diagnostic odds ratios than
larger samples (>100). Analysis of data from TCGA confirmed that miRNA-122 had a high
diagnostic value.

Conclusion: This meta-analysis demonstrates that miR-122 may be a useful diagnostic biomark-
er for HCV-associated HCC.
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Background

Hepatocellular carcinoma (HCC) is associ-
ated with poor disease outcomes.! Current
statistics reveal that primary liver cancer
affects 25.7 per 100,000 individuals in
China, second only to lung cancer and gas-
tric carcinoma,”> while HCC accounts for
75% of all cases of liver cancer.

HCC usually occurs in patients suffering
from liver cirrhosis caused by hepatitis B
virus or hepatitis C virus (HCV) infection.’
However, it may also develop as a result of
other health and lifestyle factors e.g., alco-
holism, non-alcoholic liver disease, eating
aflatoxin-contaminated food, and genetics
(e.g., hemochromatosis).* HCC currently
has a poor prognosis, with a 5-year survival
rate of 40% to 80% if diagnosed early, but
only 5% to 15% in patients with a late diag-
nosis.” Current data indicates that about
170 million people worldwide suffer from
HCYV, leading to liver cirrhosis and a high
prevalence of HCC.® This suggests that
screening for HCV should be conducted to
ensure the early diagnosis of and timely
intervention for HCC.”

Existing imaging techniques lack preci-
sion for detecting early HCC. Alpha-
fetoprotein (AFP) is similarly unreliable
for making an early diagnosis,® because
around 40% of HCC cells do not produce
AFP, meaning that a patient with low levels
of AFP may still have HCC.? The lack of
suitable and precise tumor markers for
diagnosing HCC during the early stage
has contributed to a low S-year survival
rate.'®!" It is therefore imperative to find

novel, sensitive, precise, and less-invasive
markers of the disease.

MicroRNAs (miRNAs) are non-coding
RNAs comprising around 22 nucleotides,
which have been shown to modulate post-
transcriptional gene expression in nearly all
cell types.'”> Dysregulation of miRNA
expression has been related to certain liver
diseases, such as hepatitis, cirrhosis, and
liver cancers. Some miRNAs have also
been shown to have inverse regulatory
effects on gene expression, and to act as
either oncogenes or tumor inhibitors."?
MiR-122 is a major liver miRNA, account-
ing for about 70% of all miRNAs in the
liver. Furthermore, studies have shown that
miR-122 is dysregulated during HCV infec-
tion.®'* MiR-122 has been shown to act as a
tumor suppressor gene, and its expression is
usually downregulated in HCC cells, thereby
facilitating the progression of HCC."

Recent studies®'* suggested that miR-122
could have a potential diagnostic value in
HCV-related HCC; however its diagnostic
value in this context is still unclear, and stud-
ies have reported conflicting results, possibly
attributed to variations among study designs
and specimen types. Herein, we systematical-
ly reviewed the literature and performed a
meta-analysis to confirm the diagnostic
value of miR-122 in HCV-related HCC.

Materials and methods

Search strategy

We systematically searched Web of Science,
the Cochrane Library, Embase, and
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PubMed, without language restrictions, to
retrieve all articles that investigated the
diagnostic value of miR-122 in HCV-
related HCC (up to May 2020). The
search was based on subject headings and
random words, using the following search
terms: (“miRNA-122” OR “microRNA-
122” OR “miR-122” OR “has-miR-122")
AND (“HCV” OR “hepatitis C virus” OR
“CHC”) AND (“Liver Cancer” OR
“Hepatic carcinoma” OR “Hepatocellular
carcinoma”) AND (“diagnose*” OR
“ROC curve” OR “sensitivity” OR
“specificity”).

Ethical approval and informed consent
requirements were not relevant, because
this was a meta-analysis of previously pub-
lished studies.

Inclusion/exclusion criteria

The inclusion criteria were: (1) studies that
explored the diagnostic value of miR-122 in
patients with HCV-related HCC; (2) cases
and controls not limited by age or race, and
confirmed by clinical gold standards; (3)
data including sensitivity, specificity, and
area under the curve (AUC) for miR-122
for independent diagnosis could be calculat-
ed from the literature or according to the
data in the literature; and (4) studies not
based on animal trials, abstracts, reviews,
and editorial articles.

Data extraction and assessment of trial
quality

The data were extracted from the included
studies independently by two investigators
(Xiao-yu Wei and Jing Ding) following a
standard protocol and using a data-
collection form based on the above inclu-
sion criteria. Any disagreements were
resolved by a third author (Wen-guang
Tian) to reach a consensus. The data
extracted from the selected articles included
the name of the first author, country,

publication year, basic information on the
participants (e.g., age, ethnicity, numbers
of cases and controls), miR-122 testing
methods and sample types, and data. The
risk of bias in the included studies was
assessed using the Quality Assessment of
Diagnostic Accuracy Studies 2
(QUADAS-2) score system, which utilized
the selection index of patients, index test,
reference standard and flow, as well as
timing, to analyze the bias risk and applica-
bility. Seven items (four items on risk of
bias and three items on applicability) were
evaluated for all the included studies. Item
classification was based on the risk of bias
(“yes/no”) or (“unclear”) if there was inad-
equate data to evaluate bias risk. Two
investigators independently verified the
pilot QUADAS-2 items (Xiao-yu Wei and
Yi-Chuan Yu), and inconsistencies were
resolved by a third investigator (Jing Ding).

Statistical analysis

All analyses were conducted using Stata
14.0 software (Stata Corp, College
Station, TX, USA). Values of P<0.05
were considered to be statistically
significant.

The pooled parameters sensitivity, spe-
cificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), diagnostic
odds ratio (DOR), and AUC, and their
95% confidence intervals (Cls) were calcu-
lated to assess the overall diagnostic accu-
racy based on a bivariate random-effects
regression model. The heterogeneity of the
findings among the studies was evaluated
using a y*-based Cochran’s Q test. Results
with P < 0.10 and I* > 50% were considered
heterogeneous, and subgroup analysis was
carried out to scrutinize the heterogeneity
based on the features of the included stud-
ies. We also conducted a sensitivity analysis
to evaluate the robustness of our analysis.
Deeks’ funnel plot asymmetry test was used
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to determine the publication bias of the
included articles.

Bioinformatics analysis

MiRNA data for HCV-associated HCC
associated were downloaded from the
Cancer Genome Atlas (TCGA) according
to the following inclusion criteria: 1) sam-
ples of human HCC associated with HCV,
including uncoded RNA chip data; 2)
normal controls in at least two cases; and
3) chip data could be used for calculation
and comparison. The exclusion criteria
were: 1) no relevant data available for
miRNA-122; 2) sample from a cancer cell
line; and 3) data included samples other
than from humans. The data were analyzed
using R (R3.6.3) and receiver operating
characteristic curves (ROCs) were used to
test the diagnostic value of miRNA-122.

Results

Literature search

A total of 746 potentially relevant studies
that utilized miR-122 for the diagnosis of

patients with HCV-associated HCC were
identified. An additional two eligible studies
were included after scrutinizing the docu-
ments identified in our initial study. A
total of 168 articles were removed as dupli-
cates, an additional 572 studies were
removed after reviewing the titles and
abstracts, and two more studies were
removed because they lacked the necessary
data after checking the full text. Six stud-
ies,”>2 all in English, were finally selected
for data extraction and analysis (Figure 1).

Study characteristics and quality
assessment

The six studies included 774 patients, com-
prising 354 cases and 420 controls. The con-
trols included healthy individuals or
patients with HCV or HCV-related cirrho-
sis. All articles were published between 2014
and 2019 and all were performed in Egypt.
All the selected studies used real-time poly-
merase chain reaction. Five studies detected
miR-122 in serum samples and one in
plasma samples. The main features of the
selected articles are outlined in Table 1. A
summary of QUADAS-2-based evaluation

Literature from database |
(n=746)

Other ways to supplement

the literature (n=2

l

Delete duplicate articles
(n=580)

]

Primary delete by reading
topics, abstracts (n=580) [ ,absiracts (n=572)

Delete by reading topics

Second delete (n=8)

Delete after intensive reading (n=2)

Literature included in quantitative synthesis
[Meta-analysis) (n=6)

papnjoug ‘ Amarsna ‘ | fupnaaidg | ‘ uonunnnm‘

Figure |. Flowchart of selection of studies for inclusion in the meta-analysis.
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Figure 2. Quality of included studies and summary of bias risk. (a) Quality of included studies according to
QUADAS-2 guidelines. (b) Summary of bias risk assessment results for QUADAS-2.

of bias risk and applicability is provided in
Figure 2.

Diagnostic accuracy of miR-122 for
HCV-associated HCC

According to heterogeneity analysis, the I
values for sensitivity and specificity were
31.19% (P=0.16) and 45.40% (P =0.00),
respectively, suggesting a certain level of
heterogeneity among the studies. The
random-effects model was applied. The
forest plots for specificity and sensitivity
are shown in Figure 3. The pooled sensitiv-
ity was 0.87 (95%CI: 0.83-0.90), specificity
was 0.83 (95%CI: 0.77-0.88), PLR was 5.1
(95%CI: 3.7-7.0), NLR was 0.16 (95%CI:
0.12-0.21), and DOR was 32 (95%CI: 19—
54) (Table 2). The summary ROC (SROC)
curve with an AUC of 0.92 (95%CI: 0.89—
0.94) for the overall study is shown in
Figure 4.

Threshold effect and subgroup analyses

Spearman’s correlation coefficient was 1,
reflecting a lack of a threshold effect in
our study. Subgroup analyses were per-
formed according to control source,
sample type, and sample size. The pooled
DOR, NLR, PLR, specificity, and

sensitivity for each subgroup are shown in
Table 2. The healthy control group and
HCV group showed higher overall accura-
cies than the HCV-related cirrhosis group,
suggesting that miR-122 had a better ability
to distinguish between HCV-associated
HCC and healthy people or those with
HCV than between patients with HCV-
associated HCC and HCV-related cirrhosis.
Moreover, analysis of miR-122 expression
profiles in plasma and serum revealed that
serum levels were less sensitive than plasma-
based tests. Analysis based on sample size
demonstrated that small samples (<100)
had a better diagnostic odds ratio than
larger samples (>100).

Publication bias and sensitivity analysis

Sensitivity analysis (Figure 5a, b) using
goodness-of-fit and bivariate normality
analysis implied that the random-effects
model was suitable. Influence analysis and
outlier detection (Figure 5c, d) found no
outlier studies. The results of this meta-
analysis were therefore considered to be rel-
atively stable. The results of Deeks’ test
were not significant (bias=1.34) (Figure 6),
indicating the absence of publication bias in
this meta-analysis.
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Figure 3. Forest plots of summary sensitivities and specificity of circulating miR-122 for the diagnosis of

hepatitis C virus-associated hepatocellular carcinoma.

df, degrees of freedom.

Bioinformatics analysis

Based on TCGA data, the AUCs for
miRNA-122-5p and miRNA-122-3p were
0.866 and 0.912, respectively, indicating
that miRNA-122 had a high diagnostic
value (Figure 7).

Discussion

HCV infection causes HCC.?' Although
AFP is used as a biomarker for the early
detection of HCC, it is limited by low sen-
sitivity and specificity.” There is thus an
urgent need to explore and identify new
non-invasive diagnostic biomarkers with
high accuracy and feasibility. MiRNAs
that are differentially expressed between
normal and tumor tissues and which show
stable expression in serum and plasma,
could be useful, non-invasive biomarkers.?
The liver-specific miRNA, miR-122, plays a
vital role in physiological and pathological
mechanisms in the liver,”** and several

studies have examined the use of miR-122
as a biomarker for HCV-associated HCC.
Shehab-Eldeen et al.'® found that miR-122
expression was substantially decreased in
patients with HCC relative to those with
cirrhosis and healthy controls. Other stud-
jes! 1162627 have reported similar results.
These studies thus suggested that miR-122
might be a diagnostic marker for HCV-
associated HCC. However, variations
among study designs and subjects meant
that the results were inconsistent. We there-
fore conducted the present meta-analysis to
explore the diagnostic and clinical values of
miR-122 as a novel biomarker for HCV-
associated HCC.

This meta-analysis included six stud-
ies,’> 2% covering 354 cases and 420 con-
trols. The pooled sensitivity ( 0.87),
specificity (0.83), and DOR (32) indicated
a relatively high level of overall accuracy.
The pooled PLR was 5.1 and the pooled
NLR was 0.16, while the AUC of the
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Table 2. Results of subgroup analyses.

NLR (95%Cl) DOR (95%Cl)

PLR (95%Cl)

Specificity (95%Cl)

Sensitivity (95%Cl)

Analysis

Control source

51 (21-124)

0.11 (0.07-0.17)
0.17 (0.11-0.26)

0.23 (0.17-0.31)

5.7 3.0-107)
10.31 (1.09-97.52)

3.74 (2.64-5.22)

0.84 (0.72-0.92)
0.87 (0.79-0.92)
0.77 (0.69-0.84)

0.91 (0.86-0.94)
0.86 (0.78-0.92)
0.81 (0.76-0.86)

Healthy

HCV

54.26 (14.59-83.44)
16.83 (9.71-29.19)

HCV-related

cirrhosis

Sample type

34 (19-67)

0.16 (0.12-0.22)
0.11 (0.04-0.33)

0.87 (0.82-0.90) 0.85 (0.77-0.90) 5.60 (3.70-8.60)
0.75 (0.59-0.87) 3.57 (2.08-6.13)

0.93 (0.8-0.98)

Serum

33.7 (8.41-135.08)

Plasma
Sample size

<100

41 (20-85)

0.14 (0.10-0.20)

0.81 (0.09-0.34)
0.16 (0.12-0.21)

5.90 (3.50-9.70)
454 (3.33-6.18)

0.85 (0.76-0.91)
0.81 (0.75-0.87)
0.83 (0.77-0.88)

0.88 (0.83-0.91)
0.85 (0.81-0.89)
0.87 (0.83-0.90)

26.28 (13.96—49.48)

32 (19-54)

>100

Overall

5.1 (3.7-7.0)

Cl, confidence interval; DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio.
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Figure 4. Summary receiver operating character-
istic curves for miR-122 in the diagnosis of hepatitis
C virus-associated hepatocellular carcinoma.
SROC, summary receiver operating characteristic
curve; AUC, area under the curve.

SORC curve was 0.92, indicating good
diagnostic accuracy for miR-122 as a bio-
marker for HCV-associated  HCC.
Sensitivity analysis indicated that the results
of this meta-analysis were relatively stable.
Overall, these findings suggest that miR-122
was a promising novel and valuable
biomarker for the diagnosis of HCV-
associated HCC, with relatively high specif-
icity and sensitivity.

We explored the sources of heterogeneity
among the studies by subgroup analyses
based on control source, sample type, and
sample size. Subgroup analysis according to
control source suggested that miR-122 was
better able to distinguish between patients
with HCV-associated HCC and healthy
people or those with HCV than between
patients with HCV-associated HCC and
those  with  HCV-related  cirrhosis.
Regarding sample type, miRNA expression
profiles are affected by the blood-
coagulation process.”® The current analysis
indicated that plasma was a better matrix
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Figure 7. Receiver operating characteristic curve for data from The Cancer Genome Atlas. (a) MiR-122-

5p; (b) miR-122-3p.
AUC, area under the curve.

than serum for diagnostic profiling of miR-
122 in HCV-related HCC; however, only
one study used plasma, and this conclusion
needs further verification. In terms of
sample size, a small sample (<100) pro-
duced a better diagnostic odds ratio than
a larger sample (>100). We did not conduct
subgroup analyses for other factors, includ-
ing ethnicity and age, because of limited
information.

We verified the results of our meta-
analysis using relevant data from TCGA.
The AUCs for miRNA-122-5p and
miRNA-122-3p were 0.866 and 0.912,
respectively, indicating that miRNA-122
had a high diagnostic value.

The relatively simple procedures mean
that the detection of serum biomarkers is
of great clinical value in the early screening
and diagnosis of HCC. Although AFP is a
common serum marker for clinical use, its
sensitivity and accuracy are not ideal, and
related research'® demonstrated an AUC of
0.68, sensitivity of 70%, and specificity of
70%. Regarding other potential bio-
markers, the sensitivity and specificity of

Golgi glycoprotein 73 for the diagnosis of
HCC were 82% and 80%, respectively,”
and the sensitivity and specificity of des-
y-carboxy prothrombin were 51.7% and
86.7%, respectively.’® The findings of the
current  meta-analysis  showed  that
miRNA-122 had a better diagnostic perfor-
mance than other current biomarkers for
diagnosing HCC.

This study had several limitations. First,
only studies in English were included and
findings reported from non-English speak-
ing regions were therefore excluded.
Second, all the included studies were from
Egypt, which reduced the inclusiveness of
the results. Third, some studies had small
sample sizes, and finally, most studies
involved the use of healthy subjects as
controls.

In conclusion, the present meta-analysis
verified the use of miR-122 as a unique and
valuable marker for the diagnosis of HCV-
related HCC, with high specificity and sen-
sitivity. However, extensive functional
assessments and prospective population-
based studies involving larger sample sizes
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and diverse ethnic groups are needed to val-
idate these results.
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