
284

Hepatology Communications, VOL. 4, NO. 2, 2020� ﻿

Highly Sensitive Circulating MicroRNA 
Panel for Accurate Detection of 
Hepatocellular Carcinoma in Patients 
With Liver Disease
Yusuke Yamamoto,1* Shunsuke Kondo,2* Juntaro Matsuzaki,1* Minoru Esaki,3 Takuji Okusaka,2 Kazuaki Shimada,3 
Yoshiki Murakami,4,5 Masaru Enomoto,4 Akihiro Tamori,4 Ken Kato,6 Yoshiaki Aoki,7 Satoko Takizawa,1,8 Hiromi Sakamoto,9 
Shumpei Niida,10 Fumitaka Takeshita,11 and Takahiro Ochiya1,12

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer deaths worldwide. The high mortality rate in 
HCC is largely due to the difficulty of early detection. In this study, to improve patient outcomes, serum samples 
from 345 patients with HCC, 46 patients with chronic hepatitis (CH), 93 patients with liver cirrhosis (LC), and 1,033 
healthy individuals were analyzed with microRNA (miRNA) microarrays. We investigated the diagnostic potential of 
circulating miRNAs in serum and developed a detection model of HCC, including early stage. A diagnostic model was 
constructed based on the expression levels of a combination of miRNAs in a discovery set. We selected 52 miRNAs 
that had altered expressions according to disease progression status, established the diagnostic model with a combina-
tion of eight miRNAs in the discovery set, and tested the model in a validation set. The diagnostic values for dis-
criminating cancer from HCC at-risk control samples were as follows: area under the curve, 0.99; sensitivity, 97.7%; 
specificity, 94.7%. With this model, 98% of stage I HCC cases were detected; these results were much better than 
those observed from conventional methods. Conclusion: Circulating miRNAs could serve as biomarkers for the accurate 
detection of HCC. Because the diagnostic accuracy was maintained even in stage I, this may represent an accurate 
detection method even for early stage HCC. (Hepatology Communications 2020;4:284-297).

Hepatocellular carcinoma (HCC) is a primary 
malignancy of the liver and is frequently 
developed in patients with hepatitis B and 

hepatitis C infection and advanced liver fibrosis.(1) 
The number of cases of HCC is expected to increase 
worldwide in the coming years, although the incident 
percentage is higher in Asia and Africa because of 
the high prevalence of hepatitis B and hepatitis C. 

According to a previous meta-analysis, HCC sur-
veillance is associated with curative treatment rates 
(odds ratio [OR], 2.24; 95% confidence interval [CI], 
1.99-2.52) and prolonged survival (OR, 1.90; 95% CI, 
1.67-2.17).(2) For the diagnosis and surveillance of 
HCC, radiologic approaches, such as ultrasonography 
and computed tomography, are generally used; how-
ever, it is hard to detect a small lesion in the liver.(3) 
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Additionally, another method for HCC screening is the 
serologic test of tumor markers, such as α-fetoprotein  
(AFP) and protein induced by des-γ-carboxy pro-
thrombin (DCP). The problem with these methods is 
that the sensitivity and specificity of elevated levels of 
serum AFP and DCP are insufficient for the accurate 
detection of HCC.(4-6) Therefore, a new diagnostic 
system could further promote the accuracy of early 
detection for HCC.

MicroRNAs (miRNAs) are small noncoding RNA 
products that posttranscriptionally modulate gene 
expression by decreasing target messenger RNA 
(mRNA) stability or repressing translational effi-
ciency, thus associating with various biological pro-
cesses, such as development, differentiation, apoptosis, 
and proliferation. The abnormal expression of miR-
NAs has been reported in a wide variety of cancers 
and results in tumor initiation and progression.(7-10) 
It was recently reported that miRNAs are stably 
detectable in body fluids, including blood saliva and 
urine; furthermore, at least some miRNAs are pack-
aged into extracellular vesicles and play crucial roles 
in intercellular communication.(11) Serum biomarkers 
are attractive targets for disease screening because less 
invasive procedures are used; findings have indicated 
that there are new methods for measuring miRNA 
levels in patient blood samples that could serve as a 
new diagnostic tool for cancer detection.(12-15)

Several research groups have performed circulat-
ing miRNA profiling to detect HCC.(16-19) However, 
these molecules are considered insufficient for clinical 

applications, primarily due to the lack of large-scale 
validation and inconsistencies among detection 
devices. To standardize platforms for the collection 
and detection of serum miRNAs, we launched a 
national project in Japan in 2014 titled “Development 
and Diagnostic Technology for Detection of miRNA 
in Body Fluids”. This project includes the comprehen-
sive characterization of serum miRNA profiles of 13 
types of human cancers, including HCC, in more than 
40,000 patients, using the same platform and tech-
nology.(14,20,21) In this study, we performed miRNA 
microarrays for serum samples from 345 patients 
with HCC, 46 patients with chronic hepatitis (CH),  
93 patients with liver cirrhosis (LC), and 1,033 healthy 
individuals. In the discovery set, we identified 52 
miRNA candidates that were associated with the pro-
gression of HCC. In the combination of mathematical 
approaches, we determined the optimal combination 
of miRNAs and established an eight-miRNA panel 
that enables the detection of HCC with high accuracy.

Materials and Methods
CLINICAL SAMPLES OF HCC 
CASES

A total of 353 serum samples were obtained from 
patients who were referred to the National Cancer 
Center Hospital (NCCH) between 2008 and 2016; 
histologically diagnosed as having HCC, based on 
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the  Barcelona Clinic Liver Cancer staging  system; 
and were registered in the National Cancer Center 
(NCC) Biobank. Serum samples were stored at 4°C 
for 1 week and then stored at –20°C until further use. 
Patients with HCC who underwent surgical opera-
tion, chemotherapy, or radiotherapy before serum 
collection were excluded. Clinical information of all 
samples was obtained by reference to the cancer regis-
try of the NCC and medical records.

CLINICAL SAMPLES OF CH AND 
LC CASES

A total of 46 serum samples of CH and 93 serum 
samples of LC were obtained from patients who were 
referred to Osaka City University between 2015 and 
2016. Serum samples were stored at –80°C for 24 weeks 
and then stored at –80°C until further use. Clinical infor-
mation of all samples was obtained by reference to the 
registry of Osaka City University and medical records.

CLINICAL SAMPLES OF 
NONCANCER CONTROLS

Noncancer controls were from the same biobank of 
HCC cases. A total of 343 serum samples were obtained 
from patients who were referred to the NCCH between 
2008 and 2016, were diagnosed with no malignant dis-
eases, and were registered in the NCC Biobank. Serum 
samples were stored at –20°C. These patients were 
enrolled as noncancer control 1. In addition, noncan-
cer control samples were obtained from the National 
Center for Geriatrics and Gerontology (NCGG) 
Biobank (noncancer control 2) and the Yokohama 
Minoru Clinic (noncancer control 3). The inclusion 
criteria for these sample sets were no history of cancer 
and no hospitalization during the previous 3 months. 
Noncancer control 2 included 345 individuals whose 
serum samples were collected between 2012 and 2017 
and stored in the NCGG Biobank at –80°C. The third 
set (noncancer control 3) included 345 patients from a 
clinical health check-up and were stored at –80°C.

ETHICS APPROVAL AND CONSENT 
TO PARTICIPATE

The study was approved by the NCCH 
Institutional Review Board (2015-376, 2016-249), 
Osaka City University Institutional Review Board 

(No.1358), and the Research Ethics Committee of 
Medical Corporation Shintokai Yokohama Minoru 
Clinic (6019-18-3772). Written informed consent 
was obtained from each participant.

miRNA EXPRESSION ARRAYS OF 
CLINICAL SAMPLES

Total RNA was extracted from 300 µL of 
serum, using the 3D-Gene RNA extraction reagent 
(Toray Industries, Inc., Kanagawa, Japan) and puri-
fied with RNeasy 96 QIAcube HT Kit (Qiagen). 
Comprehensive miRNA expression analysis was 
performed using the 3D-Gene miRNA Labeling 
kit and the 3D-Gene Human miRNA Oligo Chip 
(Toray Industries, Inc.), which was designed to 
detect 2,588 miRNA sequences registered in miR-
Base, release 21 (http://www.mirba​se.org/).(22) For 
quality control of the microarray data, criteria for 
low-quality results were coefficient of variation 
for negative control probes >0.15 and the number 
of flagged probes, identified by 3D-Gene Scanner, 
>10. Samples meeting these criteria were excluded 
from further analyses. The presence of miRNA was 
determined based on a corresponding microarray 
signal of greater than the mean  +  2  ×  SD of the 
negative control signals, from which the most and 
least intense signals were removed. After an miRNA 
was considered present, the mean signal of the neg-
ative controls (from which the top and bottom 5%, 
ranked by signal intensity, were removed) was sub-
tracted from the miRNA signal. To normalize the 
signals among the microarrays tested, three prese-
lected internal control miRNAs (miR-149-3p, miR-
2861, and miR-4463) were used as described.(14) 
When the signal value was negative (or undetected) 
after normalization, the value was replaced by 0.1 
on a base-2 logarithmic scale. All microarray data in 
the present study were obtained in accordance with 
the Minimum Information About a Microarray 
Experiment guidelines. Data sets analyzed in 
this study were submitted to the National Center 
for Biotechnology Information Gene Expression 
Omnibus database (accession number GSE11​3740).

STATISTICAL ANALYSIS
Prior to statistical comparisons, samples were 

divided into discovery and validation sets based 

http://www.mirbase.org/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE113740
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on computer-generated random numbers. The 
discovery set was used to select miRNA markers 
and construct discriminant models, and the val-
idation set was used to validate the discriminant 
models. Based on combinatorial optimization for 
multicandidate miRNAs, diagnostic indices were 
generated using Fisher’s linear discriminant analy-
sis (refer to Supporting Material). Using leave-one-
out cross-validation in the discovery set, the best 
diagnostic index was ultimately selected. An index 
score ≥0 indicated the presence of HCC, and an 
index score <0 indicated the absence of HCC. The 
diagnostic sensitivity, specificity, accuracy, and area 
under the receiver operating characteristics (ROC) 
curve (AUC) were calculated for a diagnostic index 
in the validation sets.

Statistical analyses were performed using R ver-
sion 3.1.2 (R Foundation for Statistical Computing,  
http://www.R-proje​ct.org), compute.es package ver-
sion 0.2-4, hash package version 2.2.6, MASS pack-
age version 7.3-45, mutoss package version 0.1-10, 
pROC package version 1.8, and IBM SPSS Statistics 
version 22 (IBM Japan, Tokyo, Japan). Unsupervised 
clustering and heatmap generation with sorted data 
sets, using Pearson’s correlation and Ward’s method 
for linkage analysis, were performed using Partek 
Genomics Suite 6.6. Principal component analysis 
was also performed using Partek Genomics Suite 6.6. 
The limit of statistical significance for all analyses was 
defined as a two-sided P value of 0.05.

Results
STUDY DESIGN

A total of 1,526 serum samples, including 353 
HCC, 46 CH, 93 LC, and 1,033 normal con-
trol samples (noncancer 1, 2, and 3 from different 
hospitals), were collected and analyzed by miRNA 
microarray, yielding comprehensive miRNA expres-
sion profiles. After the exclusion of eight samples 
with low-quality results from HCC samples, 1,518 
samples remained for analysis. These samples were 
randomly separated into the discovery set (759 
serum samples: 172 HCC, 64 CH  +  LC, and 523 
noncancer) and validation set (759 serum sam-
ples: 173 HCC, 75 CH + LC, and 511 noncancer) 
for biomarker discovery. An overview of the study 

design for HCC screening is illustrated in Fig. 1A. 
Clinicopathologic characteristics were analyzed, and 
there was no significant difference between the two 
sets (Table 1).

SELECTION OF SERUM miRNA 
BIOMARKER CANDIDATES FOR 
HCC SCREENING

Using an miRNA microarray, expression levels of 
2,588 miRNAs were comprehensively measured. To 
identify miRNA biomarker candidates, we focused on 
highly detected miRNAs (≥26 of normalized levels in 
signal intensity). The 366 miRNAs that were consid-
ered highly detected (Fig. 1B) were analyzed based 
on clinicopathologic characteristics and classification, 
i.e., sex, hepatitis status, stage, and Child-Pugh score 
(Supporting Fig. S1); there was no clear segregation 
in miRNA expression profiles by these factors. These 
highly expressed miRNAs were applied for further 
selection in the discovery set. To select miRNAs with 
expressions that were associated with disease progres-
sion (i.e., sequentially increased or decreased during 
disease progress), we combined expression data of 
the samples from the same group into one and made 
a heatmap with 366 miRNAs (Fig1C; Supporting 
Table S1). Based on our criteria, we selected miR-
NAs in clusters I, II, III, and IV. For example, expres-
sion levels of miRNAs in clusters I and II gradually 
increased from noncancer samples to HCC samples. 
In this selection, 52 miRNAs passed the criteria (Fig. 
1B,C; Supporting Table S2). With these 52 miRNAs, 
unsupervised hierarchical clustering analysis with a 
heatmap showed the separation of noncancer samples 
and HCC samples but not HCC at-risk samples, such 
as CH and LC samples (Supporting Fig. S2).

GENERATION OF DIAGNOSTIC 
MODELS FOR HCC DETECTION

To generate novel diagnostic models for the accu-
rate discrimination between HCC and control sam-
ples in the discovery set, we used Fisher’s linear 
discriminant analysis. We designed comprehensive 
discriminants consisting of one to 10 miRNAs in the 
discovery set. Based on the optimal level of accuracy, 
the analysis identified a combination of eight miRNAs  
(miR-320b, miR-663a, miR-4448, miR-4651, 
miR-4749-5p, miR-6724-5p, miR-6877-5p, and 

http://www.R-project.org
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miR-6885-5p) that provided the best discrimination 
in the discovery set: diagnostic index  =  (0.200683)  ×   
hsa-miR-320b  +  (1.83536)  ×  hsa-miR-6724-5p  +   

(0.917188)  ×  hsa-miR-6877-5p  +  (−0.180267)  ×  hsa-
miR-4448  +  (−1.06578)  ×  hsa-miR-4749-5p  +   
(0.81661) × hsa-miR-663a + (−1.2972) × hsa-miR-4651 +  

A B

C
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(0.400051)  ×  hsa-miR-6885-5p  −  17.7924 (Table 2). 
When we tested the combination for distinguishing 
HCC samples from noncancer controls or HCC at-risk 
controls (Fig. 2A-D), the discriminant showed high 
diagnostic power for noncancer controls (AUC, 1.0; 
Fig. 2B) and for HCC at-risk controls (AUC, 0.97; 
Fig. 2D). Individual miRNA data for the discrimination 
of HCC are also shown (Fig. 2A,C).

EXPRESSION LEVELS OF EIGHT 
miRNAs IN HCC, HCC AT-RISK,  
AND NONCANCER SAMPLES

The analysis of serum levels of the eight miRNAs 
in HCC, HCC at-risk controls, and noncancer controls 
revealed that averages of these miRNA levels were sig-
nificantly higher in HCC cases, except for miR-4448 
and miR-4651 (Fig. 3). The diagnostic performances 
of miR-4448 and miR-4651 were not high in either 
comparison with noncancer and HCC at-risk controls  
(Fig. 2A,C), although most of the other miRNAs were 
individually effective to distinguish HCC cases from 
noncancer controls or HCC at-risk controls (Fig. 2A,C). 
miR-4448 and miR-4651 alone had insufficient diag-
nostic performance; however, in combination with other 
miRNAs, they provided better diagnostic value (Table 2; 
Fig. 2B,D), leading to the best discrimination of HCC 
cases using an eight-miRNA combination.

VERIFYING THE DIAGNOSTIC 
PERFORMANCE OF AN  
EIGHT-miRNA PANEL IN THE 
VALIDATION SET

The diagnostic tool using an eight-miRNA panel 
that was established from the discovery set was used to 
predict the probability of being diagnosed with HCC 
in the validation set (759 serum samples: 173 HCC, 
75 HCC at-risk controls [CH + LC], and 511 non-
cancer controls). Similar to the discovery set analysis, 

the predicted probability was used to construct the 
ROC curve. The AUC of the eight-miRNA panel was 
1.00 (95% CI, 0.99-1.00; sensitivity, 97.7%; specific-
ity, 98.4%; Fig. 4A) for the comparison with noncan-
cer controls and 0.99 (95% CI, 0.98- 1.00; sensitivity, 
97.7%; specificity, 94.7%; Fig. 4B) for the compari-
son with HCC at-risk controls. When examining the 
stage I (HCC [hepatitis C virus positive] vs. CH+LC) 
samples, the conventional cancer marker AFP protein 
(>10  ng/mL) could not accurately distinguish HCC 
cases from HCC at-risk controls (AUC, 0.65; sensi-
tivity, 73.3%; specificity, 51.4%), although the eight-
miRNA panel provided a better result (AUC, 1.00; 
sensitivity, 100%; specificity, 94.7%) (Supporting  
Fig. S3). In addition, the analysis demonstrated that 
the performance of this eight-miRNA panel was 
robustly validated and the specificities were nearly 
identical among the three noncancer control sets (col-
lected from three different hospitals) as well as the 
HCC at-risk controls (Fig. 4C).

For the clinical significance of the eight-miRNA 
panel for early detection of HCC, we compared the 
panel with conventional serologic approaches, i.e., 
serum levels of AFP and DCP (Table 3). In late-stage 
HCC (stages III and IV), conventional AFP and 
DCP tests also showed high sensitivity, but in early 
stage HCC, only the eight-miRNA panel maintained 
high sensitivity (stage I, 98% [63 out of 64] and stage 
II, 98% [58 out of 59]; Table 3; Fig. 4D). Based on the 
Child-Pugh score, the analysis of the AFP test showed 
lower sensitivity in HCC cases with grade A, but the 
eight-miRNA panel showed higher sensitivity in both 
grade A and grade B (Table 3; Fig. 4E). Because infec-
tion by hepatitis B and hepatitis C is one of the major 
causes of HCC, we examined the relationship of virus 
status and diagnostic value of the eight-miRNA panel. 
The analysis clearly indicated that the effectiveness of 
the eight-miRNA panel was not altered based on viral 
status (Table 3). These results suggest that the diag-
nostic model based on this combination of miRNAs 

FIG. 1. Flowchart of the process for the development of biomarkers of HCC. (A) A total of 353 serum samples were collected from 
patients with HCC, and eight samples were excluded due to their poor quality. A total of 1,033 serum samples were collected from the 
NCC, NCGG, and YMC as noncancer control samples. For HCC at-risk controls, 46 CH and 93 LC samples were collected from Osaka 
City University. By randomly separating HCC samples and control samples into two groups, the discovery set and the validation set were 
prepared for the selection of miRNA biomarkers of HCC. (B) The selection process of miRNAs in this study. Based on the signal intensity 
of miRNAs (≥26 of normalized levels), highly expressing miRNAs were selected from 2,588 miRNAs. Among them, 52 miRNAs with 
expression patterns that were associated with disease progression were selected. (C) Heatmap showing average expression levels of each 
sample with 366 miRNAs; 52 miRNAs in clusters I, II, III, and IV were used for further analysis. Abbreviation: YMC, Yokohama Minoru 
Clinic.
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TABLE 1. CLINICOPATHOLOGIC CHARACTERISTICS OF STUDY SUBJECTS

Discovery Validation P Value

Hepatocellular carcinoma (n = 172) (n = 173)

Age, years 67.6 ± 9.7 67.6 ± 8.8 0.97
Sex

Men 141 (82.0%) 127 (73.4%) 0.07
Women 31 (18.0%) 46 (26.6%)

Stage
I 59 (34.3%) 64 (37.0%) 0.38
II 49 (28.5%) 59 (34.1%)
III 43 (25.0%) 37 (21.4%)
IV 13 (7.6%) 6 (3.5%)
X 8 (4.7%) 7 (4.0%)

Child-Pugh
A 152 (88.4%) 151 (87.3%) 0.3
B 18 (10.5%) 22 (12.7%)
Unknown 2 (1.2%) 0 (0%)

Virus
HBsAg+ 27 (15.7%) 30 (17.3%) 0.71
HCV Ab+ 74 (43.0%) 67 (38.7%)
non-B non-C 71 (41.3%) 76 (43.9%)

Tumor marker
AFP (ng/mL) 7,435 ± 39,964 21,150 ± 138,510 0.21
DCP (mAU/mL) 10,162 ± 40,157 8,071 ± 28,113 0.58

Noncancer control 1 (n = 175) (n = 168)
Age 62.9 ± 12.2 64.6 ± 10.0 0.16
Sex

Men 130 (74.3%) 134 (79.8%) 0.25
Women 45 (25.7%) 34 (20.2%)

Noncancer control 2 (n = 172) (n = 173)
Age 67.4 ± 9.9 67.5 ± 9.2 0.96
Sex

Men 126 (73.3%) 139 (80.3%) 0.13
Women 46 (26.7%) 34 (19.7%)

Noncancer control 3 (n = 176) (n = 169)
Age 65.2 ± 7.3 64.3 ± 8.4 0.28
Sex

Men 124 (70.5%) 141 (83.4%) 0.005
Women 52 (29.5%) 28 (16.6%)

Liver disease control (n = 64) (n = 75)
Age 70.1 ± 10.2 70.4 ± 9.0 0.82
Sex

Men 34 (53.1%) 37 (49.3%) 0.73
Women 30 (46.9%) 38 (50.7%)

Chronic hepatitis 20 (31.3%) 26 (34.7%) 0.72
Liver cirrhosis 44 (68.8%) 49 (65.3%)
Virus

HBsAg+ 0 0 NA
HCV Ab+ 64 (100%) 75 (100%)
non-B non-C 0 0

Tumor marker

AFP (ng/mL) 28.5 ± 66.3 28.0 ± 47.4 0.96

n represents total number of patients and respective percentage can be found in the parentheses (%). The values are shown as mean ± 
standard deviation.
Abbreviations: HBsAg+, hepatitis B surface antigen positive; HCV Ab+, hepatitis C virus antibody positive.
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is highly accurate in distinguishing patients with early 
stage HCC from noncancer sample sets.

Next, we investigated whether the eight-miRNA 
panel could distinguish HCC from other solid can-
cers. The diagnostic index included 12 other types of 
solid tumors (n = 25 each) and 173 HCC samples and 
was calculated in the same manner. The eight-miRNA 
panel could distinguish some solid tumors, such 
as breast cancer and prostate cancer, but was not as 
effective in distinguishing other types of cancers from 
HCC (Supporting Fig. S4). Thus, to obtain a bet-
ter result, another discriminant model for separating 
HCC from other types of cancer could be required.

Discussion
Recently, comprehensive and integrative charac-

terizations of HCC were reported and dysregulation 

of some miRNAs, such as miR-122, a liver-specific 
miRNA, were associated with poor survival in patients 
with HCC.(23) In this study, we focused on circulating 
miRNA profiling in HCC and analyzed serum sam-
ples from 345 HCC, 139 HCC at-risk controls, and 
1,033 noncancer controls, using an miRNA microar-
ray on a standardized platform (3D-Gene).(24) Similar 
studies have never performed a comprehensive analysis 
of all collected samples. Although miRNA biomark-
ers for HCC detection have been published using a 
smaller research cohort,(25) we developed a large data-
base of circulating miRNA expression in patients 
with HCC. After the selection of stringent criteria, 
52 miRNAs passed as candidates for HCC screening. 
The diagnostic power of a single miRNA is unsatis-
factory; however, the combination of eight miRNAs 
based on Fisher’s linear discriminant analysis provided 
a robust diagnostic tool. This study demonstrated 
that the eight-miRNA panel comprising miR-320b, 

TABLE 2. COMBINATION OF miRNAs IDENTIFIED IN THE DISCOVERY SET

miR_Number Combination of miRNAs Sensitivity Specificity Accuracy AUC

1 (0.634497) × hsa-miR-320b − 3.67689 0.913 0.821 0.842 0.921

2 (0.498834) × hsa-miR-320b + (1.82171) × hsa-miR-6724-5p − 21.9504 0.971 0.920 0.932 0.975

3 (0.502698) × hsa-miR-320b + (1.93218) × hsa-miR-6724-5p +  
(−0.284752) × hsa-miR-3656 − 19.8097

0.983 0.917 0.932 0.977

4 (0.426568) × hsa-miR-320b + (1.75338) × hsa-miR-6724-5p + (0.68341) ×  
hsa-miR-6877-5p + (−0.161065) × hsa-miR-4448 − 25.068

0.959 0.961 0.961 0.984

5 (0.448161) × hsa-miR-320b + (1.79821) × hsa-miR-6724-5p + (0.627202) ×  
hsa-miR-6877-5p + (−0.116909) × hsa-miR-4448 + (−0.552478) × hsa-miR-
6722-3p − 20.6907

0.965 0.957 0.959 0.987

6 (0.338274) × hsa-miR-320b + (2.12341) × hsa-miR-6724-5p + (0.902937) ×  
hsa-miR-6877-5p + (−0.171105) × hsa-miR-3160-5p + (−0.63432) ×  
hsa-miR-4530 + (−0.644387) × hsa-miR-4749-5p − 18.8571

0.959 0.974 0.971 0.989

7 (0.214291) × hsa-miR-320b + (1.79304) × hsa-miR-6724-5p + (0.961144) ×  
hsa-miR-6877-5p + (−0.205188) × hsa-miR-4448 + (−1.25349) × hsa-miR-
4749-5p + (1.06455) × hsa-miR-663a + (−1.0448) × hsa-miR-4651 − 17.0791

0.983 0.976 0.978 0.995

8 (0.200683) × hsa-miR-320b + (1.83536) × hsa-miR-
6724-5p + (0.917188) × hsa-miR-6877-5p + (−0.180267) ×  
hsa-miR-4448 + (−1.06578) × hsa-miR-4749-5p + (0.81661) ×  
hsa-miR-663a + (−1.2972) × hsa-miR-4651 + (0.400051) ×  
hsa-miR-6885-5p − 17.7924

0.988 0.980 0.982 0.996

9 (0.21609) × hsa-miR-320b + (1.84305) × hsa-miR-6724-5p + (0.938715) ×  
hsa-miR-6877-5p + (−0.187943) × hsa-miR-4448 + (−1.04236) ×  
hsa-miR-4749-5p + (0.788289) × hsa-miR-663a + (−1.30622) ×  
hsa-miR-4651 + (0.430173) × hsa-miR-6885-5p + (−0.0931209) ×  
hsa-miR-4731-5p − 17.3143

1.000 0.969 0.976 0.995

10 (0.181663) × hsa-miR-320b + (1.89463) × hsa-miR-6724-5p + (0.907708) ×  
hsa-miR-6877-5p + (−0.202764) × hsa-miR-4448 + (−1.0582) ×  
hsa-miR-4749-5p + (0.751592) × hsa-miR-663a + (−1.25423) ×  
hsa-miR-4651 + (0.382919) × hsa-miR-6885-5p + (−0.174083) ×  
hsa-miR-4530 + (0.0942364) × hsa-miR-4322 − 16.2484

1.000 0.971 0.978 0.996

Bold value indicates the final selection used to for the calculation of diagnostic value within this study.
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FIG. 2. Discovering candidate miRNAs for HCC screening. (A,B) Discrimination of HCC samples from noncancer controls. In the 
discovery set, results of individual miRNAs and the eight-miRNA panel are shown. (C,D) Discrimination of HCC samples from HCC 
at-risk controls (CH and LC samples). In the discovery set, results of individual miRNAs and the eight-miRNA panel are shown. AUC 
values are shown in all ROC curve analyses.
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FIG. 3. Selected eight-miRNA expression patterns among samples. Dot plots for eight miRNAs (miR-320b, miR-663a, miR-4448, 
miR-4651, miR-4749-5p, miR-6724-5p, miR-6877-5p, and miR-6885-5p) in HCC, HCC at-risk controls (CH and LC), and noncancer 
controls. Fold change, two-sided Student t test; *P  <  0.05. In each plot, first horizontal line represents 25th percentile, second line 
represents median and third line represents 75th percentile.
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FIG. 4. Diagnostic performance of the eight-miRNA panel in the validation set. (A) ROC analysis for the discrimination of HCC 
from noncancer controls in the validation set. The AUC and 95% CI are shown in the plot. (B) ROC analysis for the discrimination of 
HCC from HCC at-risk controls in the validation set. The AUC and 95% CI are shown in the plot. (C) Dot plot of diagnostic index of 
HCC, HCC at-risk, and noncancer control samples. Noncancer samples are separately shown in the plot based on the hospitals where 
the samples were collected. (D) Dot plot of diagnostic index in HCC samples based on HCC stages. (E) Dot plot of diagnostic index in 
HCC samples based on Child-Pugh score. 
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miR-663a, miR-4448, miR-4651, miR-4749-5p,  
miR-6724-5p, miR-6877-5p, and miR-6885-5p enabled  
the accurate early stage detection of HCC using 
patient serum samples. ROC analysis for the diagnos-
tic value of the eight-miRNA panel yielded an AUC 
of 0.99 with a sensitivity of 97.7% and specificity 
of 94.7% for discriminating HCC cases from HCC 
at-risk controls in the independent validation set. 
Thus, we clearly showed that the eight-miRNA panel 
is a valuable serum biomarker for HCC screening.

There are currently two major methods widely 
applied for HCC screening, imaging and serologic tests. 
The main issue with HCC screening is that when the 
HCC size is small or at an early stage, the diagnostic 
performance of these methods is insufficient to detect 
HCC. Historically, detection of AFP was clinically 
used as a general screening tool. However, it is well 
known that AFP levels in serum are elevated in CH or 
LC and have poor sensitivity in HCC detection; there-
fore, the diagnostic performance of AFP measurement 
is inadequate for HCC detection (Supporting Fig. S3).  
Compared with the conventional serum AFP and 
DCP tests, the diagnostic power of the eight-miRNA 
panel is much higher, particularly at the early stage  
of HCC. Thus, efforts in our study to establish a 
less-invasive approach with a serum miRNA combina-
tion have met with limited success.

Although it is not clear what type of cells express 
and secrete miRNAs into serum in patients with HCC 
(HCC cells or non-HCC cells within or outside the 
tumor microenvironment) or the secretion and cir-
culation mechanisms of miRNAs into serum, some  
miRNAs in the eight-miRNA panel were shown to be 
deregulated in cancer. For example, miR-663a expres-
sion levels were significantly decreased in HCC tissues 

compared with adjacent nontumor tissue and inhibited 
the proliferation and invasion of HCC cells by target-
ing high-mobility group AT-hook 2 (HMGA2).(26) In 
addition, the expression levels of miR-320b reportedly 
decrease in several types of cancer, such as colon cancer, 
and could act as a tumor suppressor miRNA by target-
ing c-Myc.(27) However, both miR-320b and miR-663a 
were highly detected in serum samples of HCC cases 
in this study. Although unclear, there might be molec-
ular mechanisms through which cancer cells selectively 
secret these miRNAs into the blood. On the other hand, 
miR-320b was reported as a cancer biomarker in the 
blood samples of patients with prostate cancer and lung 
squamous carcinoma(28,29); expression levels were asso-
ciated with clinical parameters and diagnosis.(28) Also, 
serum miR-4651 levels were highly detected in patients 
with aflatoxin B1-positive HCC, and higher levels of 
serum miR-4651 were significantly correlated with 
poor prognosis.(30) Investigating the expression levels 
of the eight-miRNA panel between tissue and serum 
samples in patients with HCC would help to further 
clarify the physiological relevance of these miRNAs.

There are a few limitations in our study. First, we 
performed this analysis with retrospectively collected 
samples. Before microarray analysis, there were dif-
ferences in the time interval of sample preparation, 
storage period, and storage temperature, which were 
not rigidly controlled at all institutes (refer to the 
Materials and Methods section). MiRNAs were con-
sidered to be more stable in serum than mRNA; how-
ever, this stability could affect the sample quality and 
miRNA expression levels.(31,32) To reduce sampling 
bias, we collected noncancer sample sets from three 
institutions and confirmed that diagnostic accuracy 
was not altered among the samples from the different 

TABLE 3. SENSITIVITY FOR EACH SUBGROUP OF HCC IN THE VALIDATION SET

Stage Child-Pugh Virus

I II III IV A B HBV HCV nBnC

n = 64 n = 59 n = 37 n = 6 n = 151 n = 22 n = 30 n = 67 n = 76

Eight-miRNA panel 63 58 35 6 147 22 30 65 74

(>0) 98% 98% 95% 100% 97% 100% 100% 97% 97%

AFP 38 38 30 6 99 20 21 53 45

(>10 ng/mL) 59% 64% 81% 100% 66% 91% 70% 79% 59%

DCP 26 39 32 6 98 9 20 38 49

(>40 mAU/mL) 40% 66% 87% 100% 65% 41% 67% 57% 65%

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; nBnC, non-B non-C.
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institutes. When the HCC cohort was compared to 
the sample set of noncancer 1, which was stored under 
the same conditions as the HCC cohort, our diag-
nostic model successfully distinguished HCC sam-
ples from noncancer 1. For these reasons, we thought 
the difference in profiles was not generated from the 
storage condition or difference between facilities but 
from innate features of the samples. Furthermore, 
we have started a clinical prospective validation trial, 
and the prospective analysis with fresh blood samples 
will standardize the eight-miRNA panel for HCC 
screening in the coming years. Second, there was no 
validation of the selected miRNA expression levels 
in the serum RNA samples by quantitative reverse- 
transcription polymerase chain reaction (qRT-PCR) 
or small RNA sequencing. One reason for this relates 
to the technical difficulty in specific primer design for 
all 2,588 miRNAs by qRT-PCR. In addition, based 
on our experience, miRNA expression is not eas-
ily quantified by qRT-PCR because some miRNA 
sequences are truncated in serum.(33) However, con-
sidering the development of clinical applications for 
the eight-miRNA panel based on the same microar-
ray platform, it would not be necessary to verify the 
expression data by another modality. Third, we failed 
to show the physiological relevance of serum miRNAs 
in HCC. Serum miRNA profiling was altered based 
on disease status; however, the types of cells or tissues 
secreting these miRNAs into the blood and the func-
tion of circulating miRNAs remain unclear.

In summary, comprehensive analysis of serum 
miRNA profiles in 345 cases of HCC established a 
diagnosis system with an eight-miRNA panel that is 
useful for early stage and AFP-negative HCC and 
is particularly important for the surveillance of pre-
clinical HCC in at-risk groups. Liquid biopsy has 
recently gained the attention of both clinicians and 
researchers as a potentially powerful tool in a clinical 
setting.(34) Of note, early stage detection of HCC by 
liquid biopsy improves the survival of patients with 
this disease. Liquid biopsy-based miRNA profiling 
could be applicable as a combination with conven-
tional serologic tests, such as AFP levels. In addition, 
serum miRNA profiling might be applicable as a 
future clinical practice for not only the prediction of 
prognosis of patients with HCC after surgical resec-
tion or systemic chemotherapy but also the judgment 
of HCC stage. The techniques for our method with 
the eight-miRNA panel consisted of serum collection, 

RNA extraction, and microarray and are routinely 
used in clinical settings. Furthermore, data interpre-
tation of miRNA expression profiles with algorithms 
is simple. Therefore, evaluation of an eight-miRNA 
panel in clinical practice could be feasible and suitable 
for primary screening and surveillance of HCC.
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