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Abstract
Background: Although the prognostic value of microRNA-122 (miR-122) for hepatocellular carcinoma (HCC) patients have been
evaluated by numerous studies, the results of them were not completely consistent. The present study aims to comprehensively
evaluate the predicting value of miR-122 on the prognosis of patients with HCC based on all eligible literatures.

Methods:Numerous electronic databases (MEDLINE, Embase, Pubmed, Google Scholar, and China Biology Medicine disc) were
applied to retrieve relevant studies. Overall survival (OS) and progression-free survival (PFS) were used as primary endpoints. All
statistical analyses were performed by RevMan software version 5.3.5 and STATA software version 14.1. In addition, the results of
this meta-analysis were validated by an independent dataset from the Cancer Genome Atlas (TCGA).

Results: A total of 11 studies containing 1124 patients were included in this meta-analysis. The pooled results showed that low
miR-122 expression in HCC tissues significantly associated with unfavorable OS (hazard ratio [HR]=1.48, 95% confidence interval
[CI] 1.22–1.80, P< .001) and PFS (HR=1.54, 95% CI 1.28–1.85, P< .001) in patients with HCC. However, the expression level of
miR-122 in blood did not have the ability in predicting OS (HR=0.75, 95% CI 0.44–1.28, P= .29) and PFS (HR=0.84, 95% CI 0.58–
1.20, P= .33) of HCC. Subgroup analysis further indicated that low expression of miR-122 in tumor tissues predicted poor OS in HCC
patients who received curative liver resection (HR=2.00, 95% CI 1.08–3.70, P= .03). Analysis using TCGA dataset suggested that
lowmiR-122 expression in HCC tissues was significantly associated with OS (HR=1.61, 95%CI 1.13–2.27, P= .008) other than PFS
(HR=1.30, 95% CI 0.96–1.75, P= .09).

Conclusion: Low miR-122 expression in HCC tissues was a reliable indicator for predicting the OS of HCC patients who
underwent curative resection. Owing to the disagreement between this meta-analysis and the TCGA dataset, the predictive value of
miR-122 in tissues for PFS needs to be verified by future well-designed studies with large sample size.

Abbreviations: HCC = hepatocellular carcinoma, LT = liver transplantation, miRNA = microRNA, NOS = Newcastle–Ottawa
scale, OS = overall survival, PFS = progression-free survival, RFA = radiofrequency ablation, TACE = transarterial
chemoembolization, TCGA = the Cancer Genome Atlas.
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1. Introduction

Hepatocellular carcinoma (HCC) is the main type of liver cancer
and a serious health problem worldwide.[1,2] Approximately
750,000 new cases are identified and account for half a million
deaths are caused by HCC each year.[3] Nowadays, multiple
modalities such as hepatectomy, liver transplantation (LT),
radiofrequency ablation (RFA), transarterial chemoembolization
(TACE), and sorafenib can be used to treat HCC patients
distributed in different stages.[1,4] However, the long term
prognosis of HCC is still unsatisfactory. In spite of numerous
potential etiologies of HCC carcinogenesis including hepatitis
virus infection (HBVandHCV), alcohol abuse, cirrhosis caused by
inflammation or chronic liver damage, intake of aflatoxin B1, and
metabolic syndrome have been identified by previous epidemio-
logical studies,[5–7] the molecular mechanisms involved in the
initiation and progression of HCC remain far from being fully
understood.[8,9] Therefore, elucidating the precise mechanisms of
HCC and identifying some essential molecules are helpful to
predict the prognosis early and develop new therapeutic strategies.
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MicroRNA (miRNA) is a major type of endogenous noncod-
ing RNA with 19 to 25 nucleotides in length. They negatively
regulate genes at posttranscriptional level and participated in
almost all biological processes.[10,11] In addition, miRNAs are
highly stable and are reliably detected in various clinical samples
such as tissue, blood, body fluid and even excreta, and are
therefore considered to be ideal biomarker candidates.[12]

microRNA-122 (miR-122), a mammalian liver-specific miRNA,
has been reported to play crucial roles in the control of diverse
aspects of hepatic function and dysfunction, including lipid
metabolism,[13,14] injury caused by drug or alcohol,[15,16] viral
infection,[17–19] and hepatocarcinogenesis.[20–22]

Previous studies have reported that miR-122 was commonly
downexpressed in HCC tissues when compared with adjacent
paired nontumorous tissues and functioned as a tumor suppres-
sor.[23–25] Multiple mechanistic researches have revealed that
artificially upregulated miR-122 obviously suppressed the prolif-
eration, metastasis, and drug resistance of HCC tumor cells via
targeting GALNT10,[23] PKM2,[24] Snail1/2,[25] and so on.[26,27]

In addition, many clinical studies suggested aberrantly
expressed miR-122 in HCC tissues was associated with various
clinical features such as tumor size, disease stage, venous
invasion, and pathological differentiation,[23–25] and the different
miR-122 expression in peripheral blood of HCC patients was
also correlated with the platelet count, albumin level, alanine
transaminase level and disease stage.[28,29] For the relationship
between the miR-122 expression and prognostic outcomes of
patients with HCC, the results from previous studies were not
completely consistent. Jin[25] and Xu et al,[24] respectively
reported that downregulation of miR-122 in HCC tissues was
an independent risk factor for the prognosis of HCC patients who
received curative resection, together with other well-demonstrat-
ed risk factors such as tumor size, vascular invasion, and disease
stage. While Gyongyosi et al[30] found that there was no
significant association between the expression level of miR-122 in
fine-needle aspiration biopsy tissues and the prognosis of patients
with advanced HCC. Compared with tissues, the correlations
between the prognosis of patients with HCC and the miR-122
expression levels in blood were more controversial. Although
Cho et al[28] identified that high blood miR-122 levels
significantly predicted poor overall survival (OS) of patients
who underwent RFA, and the combination of miR-122 and
tumor stage resulted in a larger area under the receiver operating
characteristic (ROC) curve for predicting 1-year OS in patients
who accepted RFA than these 2 parameters alone. However,
other negative or opposite results were also reported by previous
studies.[29,31–33] Therefore, the clinical significance of miR-122 in
predicting the prognosis of patients with HCC is still unclear. In
present study, we collected all eligible evidence and conducted a
comprehensive meta-analysis to evaluate the relationship
between the prognosis of patients with HCC and the miR-122
expression levels in tissue and blood, respectively. Furthermore,
the tissue results of this meta-analysis were validated by
an independent microarray dataset from The Cancer Genome
Atlas (TCGA).
2. Materials and methods

2.1. Ethics statement

Owing to all data in this meta-analysis were extracted from
previously published studies, special ethical approval and patient
consent were unnecessary.
2

2.2. Search strategy

Multiple electronic databases including Cochrane Library,
MEDLINE, Embase, Pubmed, BioMed Central, Google Scholar,
and China Biology Medicine disc were used to retrieve relevant
studies which investigated the value of miR-122 on predicting the
prognostic outcomes of HCC patients. The literature searching
was censored on February 28, 2018. Following keywords were
used during the literature searching process: (microRNA-,
miRNA-, miR-122) and (hepatic or liver) and (carcinoma or
tumor or neoplasm or cancer or malignancy) and (prognostic or
prognosis or survival or recurrence or relapse or progression or
metastasis). And the reference lists of relevant reviews, meta-
analyses, and original studies were manually screened to acquire
additional studies.
2.3. Inclusion and exclusion criteria

Inclusion criteria:
(1)
(2)
only included the patients suffered from HCC;
the miR-122 expression in tissues or blood were measured;
(3)
 the relationship between themiR-122 expression and survival

outcomes was investigated;
the hazard ratio (HR) and 95% confidence interval (CI) were
(4)

reported directly or sufficient information was supplied for
calculating HR and 95% CI.

Exclusion criteria:

(1) included patients suffered from other types of cancers or

benign diseases;
the study only conducted on animal model or tumor cell lines;
(2)

(3)
 studies lack of control group, no data could be extracted or

the studies published as abstracts, reviews, conference
reports, letters, expert opinions, or editorials.

2.4. Endpoints and quality assessment

OS and progression-free survival (PFS) was used as the primary
endpoints in this study. OS was defined as the time at which the
clinical sample was obtained to the date of death or last follow-
up. PFS was considered as the time between the clinical sample
was captured and documentation of the first tumor recurrence or
deterioration.
The Newcastle–Ottawa scale (NOS)[34] was employed to assess

the quality of each included study. Three main characteristics,
namely selection, comparability, and outcome, were judged and a
possible scoreof 0 to9wasdistributed to each study.The studywith
an NOS score more than 6 was considered to be of high quality.
2.5. Literature selection and data extraction

After removing duplicated studies, 2 reviewers (YZ and WJ)
evaluated the titles and abstracts of identified articles indepen-
dently and excluded the irrelevant ones. Then the full-text of
potentially eligible studies were carefully examined to confirm the
final inclusion. Any disagreements were resolved by discussion
with a third reviewer (YGL).
The useful information from all enrolled studies was extracted

by 2 independent reviewers (WJ andQL). Relevant items including
first author, publication year, ethnicity, sample type, miR-122
assaymethod, cut-off value,HR, and corresponding 95%CIofOS
or PFS. If a study reported the survival results of univariate and
multivariate analyses at the same time, the later one was recorded



[38]

Zhang et al. Medicine (2019) 98:13 www.md-journal.com
since it was more precise due to accounting for confounding
factors. If the authors showed the prognosis results only using
survival curves, theHRand95%CIwere calculated by themethod
recommended by Tierney et al.[35] Finally, extracted data forms
were crosschecked to rule out any discrepancy.
2.6. Statistical analysis

All of the statistical analyses were performed using RevMan
software version5.3.5 (CochraneCollaboration,Oxford, UK) and
STATA software version 14.1 (StataCorp, College Station, TX).
The pooled HR and 95%CI of OS and PFS were employed to test
the prognostic value of miR-122 expression on HCC. Heteroge-
neity of combinedHRs was assessed using the CochranQ test and
Higgins I-square (I2) statistic. If theP valuewas less than .05and/or
I2 greater than 50%, the random-effect model (DerSimonian and
Laird method)[36] was used. Otherwise, the fixed-effect model
(Mante–Haenszel method)[37] was performed. The subgroup
analysis was employed to decrease the heterogeneity among
studies. Publication bias was measured by the funnel plot, Begg,
andEggerbias indicator tests.Moreover, the stability of resultswas
examined using sensitivity analysis. All tests were 2-sided, and
P value less than .05 was considered statistically significant.
2.7. The analysis of TCGA dataset

The miR-122 expression and corresponding survival data for
TCGA HCC were downloaded from the UCSC Xena website
Figure 1. The flow diagram illustrating the process of
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(https://xenabrowser.net/heatmap/). Unpaired Student t test was
used to analyze the difference of miR-122 expression between
tumor and nontumor tissues. In line with most enrolled studies,[23–
25,30,32,39] the miR-122 expression levels in tumor tissues were
dichotomized into high and low expression groups based on the
median value. Survival curves ofOS and PFSwere plotted using the
Kaplan–Meier method and were tested with the log-rank test. P
value less than .05was considered statistically significant. Statistical
analyseswereperformed inPrismversion5.0 (GraphPadSoftware).
3. Results

3.1. Process of study selection and characteristics of
eligible studies

A detailed flow diagram about the process of study selection was
displayed in Figure 1. Briefly, 569 studies were yield by
comprehensively searching electronic database and manually
screening reference lists of relevant studies. After carefully
removing duplication, browsing titles and abstracts, and
assessing full-text, 559 studies were excluded and remaining
10 articles[23–25,28–33,39] which met our eligibility criteria were
included. Since Cho et al[28] investigated the prognosis value of
blood miR-122 in patients who underwent RFA and resection
respectively in a single article. So a total of 11 studies were
collected to perform final quantitative analysis.
Among these studies, 9[23–25,28,29,32,33,39] out of 11 were

conducted in Asia and 2[30,31] in Europe. Four studies[23–25,30]
studies selection. CBM=China Biology Medicine.

https://xenabrowser.net/heatmap/
http://www.md-journal.com


Table 1

The main characteristics of included studies.

Study Year Country
Tumor
type

Treatment
method

Detected
sample

Assay
method

Expression
in tumor

Cut-off
value

Clinical
relationship

Sample
number
(low/high)

Follow-
up,
mo

Survival
endpoints

HR
source

Independent
risk
factor

NOS
score

Jin 2017 China HCC Resection Tissue qRT-PCR Decreased Median Size, venous invasion,
AJCC stage

122 (66/56) 55 OS/DFS Reported (m) Yes 9

Kim 2017 South
Korea

HCC TACE plasma qRT-PCR NR ROC NR 161 (NR) 79 OS/PFS Reported (m) No 9

Kevin 2016 China HCC LT Plasma qRT-PCR Decreased Youden index NR 62 (34/28) 135 OS/DFS Reported (m) No 8
Wu 2015 China HCC Resection Tissue ISH Decreased Median HBV infection, size,

venous invasion,
differentiation

142 (70/72) 80 OS SC NR 7

Cho
∗
-1 2015 South

Korea
HCC RFA Plasma qRT-PCR Increased 75th

percentile
PT, ALB, stage 57 (43/14) 96 OS/DFS Reported (m) Yes 9

Cho-2 2015 South
Korea

HCC Resection Plasma qRT-PCR Increased 75th
percentile

NR 63 (38/25) 80 OS/DFS SC No 7

YQ Xu 2015 China HCC Resection Serum qRT-PCR NR Median NR 122 (61/61) 41 OS Reported (u) NR 7
QR Xu 2015 China HCC Resection Tissue qRT-PCR Decreased Median Differentiation,

TNM stage, PVTT
44 (35/9) 32 OS Reported (m) Yes 9

Gyöngyösi 2014 Italy HCC Sorafenib FNAB qRT-PCR NR Median NR 20 (10/10) 40 OS/PFS Reported (u) NR 7
Liu 2014 China HCC TACE Serum qRT-PCR Decreased Median NR 136 (68/68) 49 OS Reported (u) NR 8
Koberle 2013 Germany HCC Resection,

RFA,
Sorafenib, LT

Serum qRT-PCR Comparable 25th
percentile

ALT, AST, GGT,
MELD score

195 (NR) 80 OS Reported (u) No 8

∗
Cho et al investigated the prognostic value of miR-122 in HCC patients underwent radiofrequency ablation (Cho-1) and curative resection (Cho-2).

ALB = albumin, ALT = alanine transaminase, DFS=disease-free survival, FNAB = fine-needle aspiration biopsy, HCC=hepatocellular carcinoma, HR=hazard ratio, ISH= in situ hybridization, LT= liver
transplantation, (m)=multivariate analysis, NOS= the Newcastle–Ottawa scale, NR=not reported, OS= overall survival, PFS=progression-free survival, qRT-PCR=quantitative real-time polymerase chain
reaction, RFA= radiofrequency ablation, ROC= receiver operating characteristic, SC= survival curve, TACE= transarterial chemoembolization, (u)=univariate analysis.
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investigated miR-122 predicted value in HCC tissues while
other 7 studies[28,29,31–33,39] tested in bloods. Almost all studies
measured miR-122 expression using quantitative polymerase
chain reaction (qRT-PCR), except Wu et al employed in situ
hybridization, and their results were consistent with the qRT-
PCR results after verification.[23] Five studies[23–25,28,39]

investigated the miR-122 prognostic value on HCC patients
who accepted curative resection, and remaining 6 studies
focused on the miR-122 prognostic value on LT,[33] RFA,[28]

TACE,[29,32] or sorafenib,[30,31] respectively. Nine studies
reported survival results directly,[24,25,29–33,39] and 2 studies
showed survival results using survival curves.[23,28] With regard
to the etiologies of HCC, 8 studies[23–25,28,29,32,33] included
patients suffered from HBV infection, 2[30,39] included patients
suffered from HBV or HCV infection, 1[31] included patients
suffered from HCV or alcoholic hepatitis. The sample size in
each study was ranged from 20 to 195 with median of 122. All
studies were of high quality due to the NOS score being not less
than 7. Other detailed information of included studies were
listed in Table 1.
3.2. Relationship between the expression of miR-122 in
tumor tissues and survival outcomes of HCC

Four studies[23–25,30] included 328 patients evaluated the
predictive value of miR-122 expression in tissues on OS of
HCC. The results of meta-analysis with no obvious heteroge-
neity (I2=34%, P= .21) indicated that the low miR-122
expression in tissues was significantly associated with poor OS
in HCC, with the pooled HR of 1.48 (95% CI 1.22–1.80,
P< .001). With respect to the relationship between miR-122
expression level in tumor tissues and PFS of HCC patients, the
pooled analysis based on 2 studies[25,30] also showed that low
miR-122 expression in tissues was significantly associated with
unfavorable PFS of HCC patients (HR=1.54, 95% CI 1.28–
1.85, P< .001). Similarly, this result has no heterogeneity (I2=
0%, P= .50) (Fig. 2).
4

3.3. Relationship between expression of miR-122 in blood
and survival outcomes of HCC

A total of 7 studies[28,29,31–33,39] including 796 patients
investigated the relationship between blood miR-122 expression
level and OS. As a significant heterogeneity (I2=27%, P= .23)
existed in the result of meta-analysis, a random-effect model was
employed to calculate the relationship between miR-122
expression level in blood and OS of HCC patients. The
synthesized results suggested there was no significant difference
of OS between the high and low blood miR-122 expression
groups (HR=0.75, 95% CI 0.44–1.28, P= .29). For the PFS, the
pooled results from 4 studies[28,29,33] also suggested that miR-122
expression levels in blood have no significant association with the
PFS of HCC (HR=0.84, 95% CI 0.58–1.20, P= .33), this result
was not heterogeneous (I2=0%, P= .41) (Fig. 3).

3.4. Subgroup analysis of OS

In order to decrease the heterogeneity among studies and further
recognize the prognostic value of miR-122 in depth, the subgroup
analyses of OS were performed based on 5 criteria including
treatment method, miR-145 assay method, HR resource, survival
analysis type, and cut-off value (Table 2). For treatment method,
the results showed that the expression level of miR-122 in tumor
tissues instead of in blood was significantly associated with OS of
HCC patients who underwent curative liver resection (Fig. 4).
The expression level of miR-122 in blood was significantly
associated with the OS of patients who received TACE (Fig. 4).
However, these results need to be cautiously interpreted since it
was derived from 2 studies, and 1 of them only provided the
univariate analysis result which was inconsistent with the
multivariate result. For other subgroup analysis, the miR-122
expression level in HCC tissues was still significantly associated
with OS in different subgroups which were stratified based on
miR-145 assay method and HR resource. And there was still no
relationship between the miR-122 expression level in HCC
patients’ blood and OS after dividing patients into different



Figure 2. Frost plot of the association between the miR-122 expression level in tissues and survival outcomes of patients in various tumors. OS=overall survival,
PFS=progression-free survival.
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subgroups based on survival analysis type, cut-off value, and
HR resource.

3.5. The validation of the tissue results by TCGA HCC
dataset

In present study, the miR-122 expression levels in HCC tissues
and the corresponding OS and PFS data extracted from the
TCGA were used to confirm the results of this present meta-
analysis. In this dataset, the miR-122 expression level was tested
in 372 HCC and 50 nontumorous tissues by microarray
IlluminaHiSeq platform, the unpaired t test result showed that
Figure 3. Frost plot of the association between the miR-122 expression level in b
PFS=progression-free survival.
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the miR-122 expression in HCC tissues was significantly lower
than that in adjacent nontumor tissues (P< .001) (Fig. 5A).
Which was consistent with the results reported by relevant
enrolled studies. Subsequently, these patients were allocated into
high and low groups based on the median value of miR-122
expression and a survival analysis was performed. The result
showed the low miR-122 expression in HCC tissues was
significantly predicted poor OS of HCC patients (HR=1.61,
95% CI 1.13–2.27, P= .008) (Fig. 5B), this result was similar
with the pooled results of this meta-analysis. However, although
the patients with low miR-122 expression had worse PFS rate
when compared with the high miR-122 expression patients, the
lood and survival outcomes of patients in various tumors. OS=overall survival,

http://www.md-journal.com


Table 2

Subgroup analysis of overall survival in tissue and blood.

Subgroup
No. of
studies

Total
patients Model HR (95% CI) P-value

HG
I2%

HG
P-value

Tissue
Treatment method
LR 3 308 Random 2.00 (1.08, 3.70) .03 54 .11
Sorafenib 1 20 ND 1.15 (0.41, 3.22) .79 ND ND

Assay method
qRT-PCR 3 186 Fixed 2.20 (1.22, 3.96) .008 23 .27
ISH 1 142 ND 1.41 (1.15, 1.73) .001 ND ND

HR resource
Reported 3 166 Fixed 2.20 (1.22, 3.96) .008 23 .27
SC 1 142 ND 1.41 (1.15, 1.73) .001 ND ND

Blood
Treatment method
LR 2 185 Random 0.46 (0.13, 1.65) .24 77 .04
TACE 2 297 Fixed 1.20 (1.04, 1.40) .01 14 .28
Ohters 3 314 Random 0.62 (0.14, 2.70) .53 84 .002

Analysis type
Univariate 4 516 Random 0.89 (0.40, 2.01) .79 88 <.001
Multivariate 3 280 Random 0.54 (0.22, 1.32) .18 64 .06

Cut-off value
Median 2 258 Random 0.59 (0.13, 2.70) .49 96 <.001
Others 5 538 Random 0.84 (0.44, 1.61) .6 67 .02

HR resource
Reported 6 733 Random 0.72 (0.40, 1.30) .27 86 <.001
SC 1 63 ND 0.96 (0.33, 2.79) .94 ND ND

CI= confidence interval, HG=heterogeneity, HR=hazard ratio, ISH= in situ hybridization, LR= liver resection, ND=no data, qRT-PCR=quantitative real time polymerase chain reaction, SC= survival curve,
TACE= transarterial chemoembolization.

Figure 4. Subgroup analysis of blood overall survival based on treatment method. TACE; others including liver transplantation, radiofrequency ablation and
sorafenib. TACE = transarterial chemoembolization.

Zhang et al. Medicine (2019) 98:13 Medicine
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Figure 5. The tissue miR-122 expression level and corresponding survival outcomes of HCC in TCGA dataset. (A) miR-122 expression level in HCC tissues was
significantly lower than that in adjacent non-tumor tissues. (B) Low miR-122 expression in HCC tissues significantly predicted unfavorable OS of HCC patients. (C)
The relationship between the miR-122 expression and PFS did not achieve the statistical significance. HCC = hepatocellular carcinoma, OS = overall survival, PFS
= progression-free survival, TCGA = transarterial chemoembolization.
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P value did not achieve statistical significance (HR=1.30, 95%
CI 0.96–1.75, P= .09) (Fig. 5C).

3.6. Publication bias analysis

In this study, the potential publication bias was investigated using
Begg and Egger test. Two funnel plots for OS of tissues and blood
did not show obvious visual asymmetry (Fig. 6A and B), and the P
values of the Egger test were also greater than .05 (OS of tissue,
P= .32; OS of blood, P= .17) (Fig. 6C and D). Therefore, there
was no significant publication bias in this meta-analysis.
Figure 6. Begg funnel plot and Egger test were used to evaluate the publication bi
OS of tissue (C) and blood (D), respectively. OS = overall survival.

7

3.7. Sensitivity analysis

Sensitivity analysis of OS in tissues and blood was performed to
investigate the influence of individual study on pooled HRs. The
result of OS in tissues showed that the HR and 95% CI in the
study conducted by Wu et al were obviously different from other
3 studies (Fig. 7A). Then a new meta-analysis was performed
after omitting this study, the result without any heterogeneity
showed that the low tissue miR-122 expression was still
associated with the poor OS of HCC (HR=2.20, 95% CI
1.22–3.96, P= .008). In addition, the sensitivity analysis of OS in
blood did not identify any study which would alter the pooled
as. Begg funnel plot of OS of tissue (A) and blood (B), respectively. Egger test of

http://www.md-journal.com


Figure 7. Sensitivity analysis of the relationship between miR-122 expression and overall survival of tissue (A) and blood (B), respectively.
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results significantly (Fig. 7B). Taken together, the results of this
meta-analysis were robust.

4. Discussion

MiR-122, derived from chromosome 18 with 23 nucleotides in
length, constitutes 70%of all miRNAs inmature hepatocytes and
was considered as a mammalian liver-specific miRNA.[40,41]

During the past several years, the relationships between the miR-
122 expression levels in tumor tissues or peripheral blood of
HCC patients and clinical characteristics as well prognostic
outcomes were investigated by amount of studies.[23–25,28–33,39]

However, the results of prognosis were not completely consistent
among these studies. And to our best knowledge, no relevant
meta-analysis of miR-122 in HCC was published up till now.
Therefore, we aimed to comprehensively evaluate the predicting
value of miR-122 on the survival outcomes of HCC patients in
tissue and blood dimensions, respectively.
In this meta-analysis, a total of 11 studies[23–25,28–33,39]

including 1124 patients were enrolled, the pooled results without
obvious heterogeneity showed that the low miR-122 expression
in tissues significantly predicted the poor OS and PFS of HCC
patients, and the subgroup analysis based on treatment method
further indicated that the low miR-122 expression in tissues
significantly associated with the OS of patients who underwent
curative liver resection rather than sorafenib. This inconsistency
may be arised from the clinical heterogeneity, namely the disease
stages were commonly different among the HCC patients who
received different treatment methods. In these included studies,
Jin et al[25] reported that the aberrantly expressed miR-122 in
HCC tissues were significantly associated with the tumor size,
vascular invasion, and tumor stage, and Xu et al[24] also found
that the expression levels of miR-122 in tumor tissues were
significantly related with tumor differentiation and tumor-node-
metastasis stage, all these parameters were the well-demonstrated
risk factors related to the prognosis of HCC.[42,43] Additionally,
Jin, Xu, and Wu et al, respectively reported that miR-122
involved in the proliferation, apoptosis, and metastasis of HCC
cell lines via regulating the expression of Snail1/2,[25] PKM2,[24]

and GALNT10.[23] Taken together, miR-122 seemly played a
vital role in the tumorigenesis and progression of HCC and
maybe a promising biomarker for predicting the prognosis for
HCC patients who underwent curative resection.
8

However, the pooled results from 7 studies showed that miR-
122 expression levels in blood had no relationship with OS and
PFS of patients with HCC, and almost all results of subgroup
analyses were in line with this result except the treatment method.
The subgroup analysis based on treatment method showed that
low miR-122 expression in blood indicated poor OS of HCC
patients who underwent TACE. Although this result had no
obvious heterogeneity, the conclusion need to be cautiously
interpreted. On the one hand, only 2 studies[29,32] with small
sample size investigated the prognosis value of miR-122 in
patients who underwent TACE, this result was not robust
enough. On the other hand, and both of these 2 studies found that
low miR-122 expression in blood was significantly associated
with poor OS of patients received TACE in univariate analysis
but not in multivariate analysis. However, Liu et al[32] only
documented the result of univariate analysis instead of
multivariate analysis. Therefore, we thought that the association
between the blood miR-122 expression levels and the prognosis
of patients who underwent TACE need to be further investigated
in the future.
Compared with the result of OS in tissues, a more serious

heterogeneity was existed in the result of OS in blood. This
probably caused by the demographic and methodological
difference among relevant studies.[28,29,31–33,39] These studies
enrolled patients who distributed in different disease stages and
accepted different treatment therapies including LR, RFA, LT,
TACE, and sorafenib, while a number of published studies have
been demonstrated that the disease stage and treatment method
were the independent risk factors for HCC patients.[1,44] In
addition, the cut-off value was also varied in these studies, 2 used
median value,[32,39] 2 adopted 75th percentile,[28] 1 employed
25th percentile,[31] and remaining 2 determined by ROC
curve.[29,33] Therefore, the prognostic value of miR-122 in blood
also need to be confirmed by future well-designed studies.
Moreover, the results of meta-analysis of tissue were validated

by an independent data downloaded in TCGA database. The
results showed that miR-122 expression in HCC tissues was
significantly higher than that in adjacent nontumor tissues. And
the low miR-122 expression significantly predicted poor OS for
HCC patients, which indicated that the results in our meta-
analysis had capable application value in reality. However, the
relationship between the miR-122 expression level and PFS did
not reach the statistical significance. Meanwhile, considering the



[6] Liu J, Fan D. Hepatitis B in China. Lancet (London, England)

Zhang et al. Medicine (2019) 98:13 www.md-journal.com
pooled PFS results of tissues were derived from 2 studies with
small sample size,[25,30] the effective value of miR-122 expression
in tissues on predicting PFS of HCC patients need to be further
studied by large size and well-designed studies in the future.
Furthermore, we also demonstrated that there were no obvious
publication bias and no potential studies which would influence
the pooled results significantly, and each enrolled study had a
high quality with NOS scores not less 7, all these evidence
indicated that the results of this meta-analysis were stability.
As the first meta-analysis of miR-122, our study provided

robust evidence about the prognostic value of miR-122
expression for patients with HCC, but some limitations need
to be figured out. First, both of the number and sample size of
enrolled studies were small, this would potentially compromise
the robust of the pooled results. Second, this study analyzed the
predicted value of miR-122 on the survival outcomes of HCC
patients who belonged to different stage, the inconsistence among
these patients must amplify the heterogeneity of the pooled
results. Third, the HR and 95% CI of 2 enrolled studies were
calculated using survival curves, which might bring several tiny
statistical errors.
5. Conclusions

In conclusion, based on all eligible evidence published up till now,
our study demonstrated that there was no significant association
between the miR-122 expression levels in blood and the
prognosis of patients with HCC. While low miR-122 expression
in HCC tissues was a reliable indicator on predicting the OS of
patients with HCC who underwent curative liver resection.
Owing to the disagreement between our meta-analysis and
TCGA dataset, the clinical value of tissue miR-122 in predicting
the PFS of patients with HCC needed to be verified by further
well-designed studies with large sample size.
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