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Background/Aim: Hepatocellular carcinoma (HCC) is associated with poor prognosis, largely 
due to late detection. Highly accurate biomarkers are urgently needed to detect early-stage 
HCC. Our study aims to explore the diagnostic performance of serum exosomal microRNA 
(miR)-720 in HCC.

Methods: Exosomal miRNA was measured via quantitative real-time PCR. A correlation 
analysis of exosomal miR-720 and tumor or clinico-demographic data of patients with HCC was 
performed. The receiver operating characteristic (ROC) curve was used to assess the diagnostic 
capacity of serum exosomal miR-720 for HCC, in comparison with α-fetoprotein (AFP) and 
prothrombin induced by vitamin K absence or antagonist-II (PIVKA-II).

Results: MiR-720 was chosen as a potential HCC marker via miR microarray based on significant 
differential expression between tumor and non-tumor samples. Serum exosomal miR-720 was 
significantly upregulated in patients with HCC (n=114) versus other liver diseases (control, n=30), 
with a higher area under the ROC curve (AUC, 0.931) than the other markers. Particularly, serum 
exosomal miR-720 showed superior performance in diagnosing small HCC (<5 cm; AUC, 0.930) 
compared with AFP (AUC, 0.802) or PIVKA-II (AUC, 0.718). Exosomal miR-720 levels showed 
marginal correlation with tumor size. The proportion of elevated miR-720 also increased with 
intrahepatic tumor stage progression. Unlike AFP or PIVKA-II showing a significant correlation with 
aminotransferase levels, the exosomal miR-720 level was not affected by aminotransferase levels.

Conclusions: Serum exosomal miR-720 is an excellent biomarker for the diagnosis of HCC, with 
better performance than AFP or PIVKA-II. Its diagnostic utility is maintained even in small HCC 
and is unaffected by aminotransferase levels.  (J Liver Cancer 2022;22:30-39)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most com-

mon primary liver cancers worldwide. Despite advances in 

the treatment of HCC, the prognosis of HCC still remains 

dismal, largely due to delayed detection. A number of bio-
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markers have been proposed to  establish HCC diagnosis. 

Among these, α-fetoprotein (AFP) and prothrombin-in-

duced by vitamin K absence or antagonist-II (PIVKA-II) are 

the most frequently used markers for HCC, but have several 

limitations, including false positivity, low sensitivity, and es-

pecially low detectability in early-stage HCC.1,2 Thus, there is 

the need for highly accurate biomarkers for HCC to enable 

prompt and accurate diagnosis, and subsequent improve-

ment in overall survival outcomes. 

MicroRNAs (miRNAs) are endogenous small, single-

stranded non-coding RNA molecules that exert RNA silenc-

ing and regulatory effects on gene expression through base 

pairing with complementary sequences within mRNA mole-

cules. Studies have shown that miRNAs are involved in vari-

ous biological processes, including hepatocarcinogenesis.3,4 

They play a key regulatory role in cell proliferation, apopto-

sis, invasion, metastasis, epithelial-mesenchymal transition, 

angiogenesis, drug resistance and autophagy in HCC.3 

Although a number of studies have compiled miRNAs for 

measurement of varying outcomes in HCC,3 fewer studies 

involved exosomal miRNAs. Exosomes are 30- to 150-nm-

sized extracellular vesicles that are generated in the endo-

somal compartment of cells. They contain unique protein 

and RNA cargo, and are secreted from a wide variety of cells 

into biological fluids, including blood, urine and cerebrospi-

nal fluid.5,6 Unlike conventional circulating miRNAs, exo-

some-encapsulated miRNAs have several advantages as bio-

markers in that they are resistant to RNases, and thus 

represent a highly stable and a rich source of biomarkers in 

biofluids.6 Recently, they have been suggested as better bio-

markers for HCC than their serum-free counterparts.7 Addi-

tionally, given the similarities in miRNA content of exosomes 

and originating cancer cells,8 exosomal miRNA testing is 

highly specific towards the tumor environment than cell-free 

miRNAs directly measured in serum or plasma. Further-

more, cancer cells secrete a substantially higher number of 

exosomes than do normal cells, facilitating the transfer of 

oncogenic signals and tumorigenesis via cell-to-cell commu-

nication.9 Taken together, exosomal miRNAs represent a 

promising biomarker in cancer for further investigation. 

Thus, this study aimed to investigate the role of circulating 

exosomal miRNAs in the diagnosis of HCC. We performed 

miRNA array and identified a candidate serum exosomal 

miRNA as a biomarker for early detection of HCC. The diag-

nostic utility of the exosomal miRNA was tested in compari-

son with AFP and PIVKA-II and correlation with HCC char-

acteristics.

METHOD

1. Patients and samples

The current study recruited a total of 144 subjects, includ-

ing 114 patients with HCC and 30 without HCC. All of the 

HCC patients had confirmed HCC diagnosis based on typi-

cal imaging findings or pathological examination of tumors.10 

Tumor stage was assessed according to the modified Union 

for International Cancer Control (mUICC) stage, which was 

adopted in the Korean National Cancer Center practice 

guideline.10 Our study also included serum samples from 30 

non-HCC patients as a control group. Each patient provided 

informed consent to participate in the study. This study was 

approved by the Ethics Committees of The Catholic Univer-

sity of Korea (KC16TISI0041) and written informed consent 

was obtained from all the participants. The Strengthening the 

Reporting of Observational studies in Epidemiology 

(STROBE) reporting guidelines were followed (Supplemen-

tary Table 1).

2. miRNA microarray

For the miRNA microarray, we collected blood samples 

from four patients with HCC and four non-HCC patients. 

The total RNA was extracted from serum and the quality 

control of RNA samples was performed to assess quantity, 

quality, and purity. Each sample was labeled with alkaline 

phosphatase and hybridized using an Agilent hybridization 

system with Agilent Mouse miRNA v17.0 array. The miRNA 

expression profiling was analyzed with GeneSpring GX 

v11.5.1 (Agilent Technologies, Santa Clara, CA, USA).

3. Blood samples and exosome isolation

Blood samples were routinely collected from the study 

subjects at the diagnosis of liver disease and were stored at 
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−80°C. Exosome isolation from sera was conducted using 

ExoQuick™ (System Biosciences, Palo Alto, CA, USA). In 

brief, the frozen sera were thawed and then centrifuged at 

3,000 g for 15 minutes at 4°C to remove cellular debris. Exo-

somes were then isolated from sera according to the manu-

facturer’s instructions. Exosome characterization was per-

formed by resuspending the exosome pellet in PBS and 

aliquoted for visualization with transmission electron mi-

croscopy (TEM). Further characterization of exosomes by 

size and physical property as well as exosomal markers was 

described previously.11

4. Quantitative analysis of exosomal miRNA

For quantitative analysis of exosomal miRNA, cDNA syn-

thesis was performed with TaqManTM microRNA reverse 

transcription kit (Applied Biosystems, Foster City, CA, 

USA). The expression of miRNAs was analyzed with quanti-

tative real-time PCR (qPCR) using TaqMan™ Universal 

PCR Master Mix, No AmpErase™ UNG (Applied Biosys-

tems) according to the manufacturer’s instructions. The qPCR 

Table 1. Baseline characteristics of the study population

HCC group (n=114) Control group (n=30)

Sex 

Male 85 (74.6) 17 (56.7)

Female 29 (25.4) 13 (43.3)

Age (years) 58.1±12.2 52.2±12.6

Cause of liver disease 

HBV 87 (76.3) 8 (26.7)

HCV 12 (10.5) 0 (0.0)

Non-viral 15 (13.2) 22 (73.3)*

AST (IU/L) 57 (33-95) 50 (28-83)

ALT (IU/L) 38 (25-65) 45 (20-170)

Child-Pugh class

A 87 (76.3)

B/C 27 (23.7)

Tumor size (cm) 7.7±5.6

Tumor number 

Single 52 (45.6)

Multifocal 62 (54.4)

mUICC stage

I 13 (11.4)

II 24 (21.1)

III 28 (24.6)

IV 49 (43.0)

AFP (ng/mL) 112.5 (7-1,412) 3.8 (2-5)

PIVKA-II (mAU/mL) 159.5 (27-2,431) 18 (12-23)

Exosomal miR-720 52.4 (7.8-457.9) 0.4 (0.2-2.2)

Values are presented as number (%), median (interquartile range), or mean±standard deviation.
HBV, hepatitis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; mUICC, modified Union for 
International Cancer Control; AFP, α-fetoprotein; PIVKA-II, prothrombin-induced by vitamin K absence or antagonist-II. 
*The 22 non-HCC control cases include non-viral liver cirrhosis (n=10), alcoholic liver disease (n=7), autoimmune liver disease (n=3), and others 
(n=2).
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conditions were as follows: 95°C for 10 minutes, followed by 

40 cycles of 95°C for 15 seconds, and 60°C for 1 minute. The 

data were normalized to hsa-miR-16 and calculated via 

2-∆∆CT method. Each sample was analyzed in triplicate.

5. Statistical analysis

Data were presented as mean±standard deviation or medi-

an (interquartile range, IQR). Comparisons between groups 

were appropriately performed using Student’s t -test, Mann-

Whitney U  test, ANOVA test, Kruskal-Wallis test, or chi-

square test, when appropriate. Continuous variables were di-

chotomized based on their median values. The optimal cut-

off level of exosomal miRNA for diagnosis of HCC was 

determined using the Youden index. The sensitivity and 

specificity of the exosomal miRNA were calculated using 

standard formulae. Receiver operating characteristic (ROC) 

curves and area under the ROC curve (AUC) were estab-

lished to distinguish patients with HCC from those without 

HCC. A P-value <0.05 was considered significant. Statistical 

analysis and graphic design were conducted using IBM SPSS 

version 24.0.0.0 (IBM, Armonk, NY, USA) and PRISM 

GraphPad version 5.00 (GraphPad Software, San Diego, CA, 

USA).

RESULTS

1. Patient characteristics

Patients with HCC included 85 males (74.6%) and 29 fe-

males (25.4%), and aged 59.7±11.6 years, while the control 

group consisted of 17 males (56.7%) and 13 females (43.3%), 

and aged 51.1±15.6 years. For the HCC group, the mean tumor 

size was 7.7±5.6 cm and 62 patients (54.4%) had multiple tu-

mors. Tumor stage in the 114 HCC patients included I in 13 

(11.4%), II in 24 (21.1%), III in 28 (24.6%), IVa in 17 (14.9%), 

and IVb in 32 patients (28.1%). The majority of patients had 

HBV-associated HCC (n=88; 77.2%) and Child-Turcotte-

Pugh (CTP) class A function (n=87; 76.3%). The baseline 

characteristics of the 144 study subjects (HCC: n=114 and non-

HCC controls: n=30) are shown in Table 1.

2. Identification and characterization of exosomes

Using TEM, we purified round vesicles, each measuring 

30-150 nm in diameter, which suggested that the isolated 

vesicles were likely exosomes (Fig. 1A). In addition, western 

blot analysis showed enrichment of exosomal markers in-

cluding CD63 (Santa Cruz Biotechnology, CA, USA, 

sc15363) and HSP70 (Enzo life sciences, Farmingdale, NY, 

USA; C92F3A-5) (Fig. 1B). These results demonstrated that 

the particles isolated from the sera of the study subjects were 

exosomes.

3.  miRNA profiling and identification of serum 

exosomal miRNA-720 (miR-720) 

We performed miRNA microarray analyses of samples 

from four patients with HCC and from four patients with 

non-HCC chronic liver disease, as previously described.11 

Ten miRNAs including miR-720, miR-1274-b, miR-4286, 

miR-1260, miR-1260b, miR-1274a, miR-25, miR-320a, miR-

501-5p, and miR-130a were differentially expressed between 

HCC and non-HCC samples. Among the miRNAs, miR-720 

that was significantly upregulated (fold change >1.5 and P -

value <0.05) in HCC patients compared with non-HCC pa-

Figure 1. Identification of exosomes. (A) Characterization of exosomes isolated from patient samples by transmission electron microscopy. Scale 
bar, 100 nm. (B) Western blot analysis of exosome markers, CD63 and HSP70, in serum exosomes. HCC, hepatocellular carcinoma.
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tients was finally selected for further analyses. 

4.  Serum exosomal miR-720 levels in HCC and 

non-HCC groups

Overall, the serum levels of exosomal miR-720 were signif-

icantly higher in patients with HCC than those without HCC 

(P <0.0001; Fig. 2A). Based on the analysis of ROC curve, 

exosomal miR-720 levels differed clearly between patients 

with and without HCC, with the AUC of 0.931 (95% confi-

dence interval [CI], 0.881-0.981; P<0.001), which was better 

than that of AFP (AUC, 0.857) or PIVKA-II (AUC, 0.848) 

(Fig. 2B). The sensitivity and specificity of serum exosomal 

miR-720 were 86.0% and 82.4%, respectively, for discrimi-

nating HCC from non-HCC controls, when the cut-off point 

was set at 2.52 (Table 2). Consistently, exosomal miR-720 

showed better performance in discriminating between HCC 

and non-HCC liver diseases compared to AFP or PIVKA-II 

within patients with chronic HBV infection (Supplementary 

Fig. 1).

5.  Discriminative ability of serum exosomal miR-

720 for small HCC

We then investigated whether serum exosomal miR-720 

discriminated small HCC (<5 cm) from larger ones success-

fully. The results showed that serum exosomal miR-720 had 

better discriminative ability with an AUC of 0.930 (95% CI, 

0.868-0.992; P <0.001) between small HCCs (<5 cm) and 

non-HCC liver diseases than AFP (AUC, 0.802) or PIVKA-II 

(AUC, 0.718) (Fig. 2C). When the cut-off was set at 4.30, the 

sensitivity was 80.4% and the specificity was 88.2% in dis-

criminating small HCC from non-tumor liver diseases (Ta-

ble 2). We also found better discriminative ability of exo-

Figure 2. Diagnostic performance of serum Exo miR-720 for HCC. (A) Serum Exo miR-720 levels in HCC and non-HCC patients. Comparison of the 
receiver operating characteristic curve of Exo miR-720, AFP, and PIVKA-II for diagnosis of (B) the overall HCC cases and (C) small HCC cases 
measuring less than 5 cm in diameter. Exo, exosomal; HCC, hepatocellular carcinoma; AUC, area under the receiver operating characteristic curves; 
AFP, α-fetoprotein; PIVKA-II, prothrombin-induced by vitamin K absence or antagonist-II.

A B C

Table 2. Diagnostic performance of serum exosomal miR-720 for HCC

Marker AUC 95% CI P-value Sensitivity (%) Specificity (%) Youden index Cut-off point

Exosomal miR-720

HCC vs. control 0.931 0.881-0.981 <0.001 86.0 82.4 0.684 2.52

Small HCC vs. control 0.930 0.868-0.992 <0.001 80.4 88.2 0.686 4.30

AFP

HCC vs. control 0.857 0.788-0.925 <0.001 79.8 88.2 0.680 5.55

Small HCC vs. control 0.802 0.696-0.909 <0.001 71.7 88.2 0.599 5.74

PIVKA-II

HCC vs. control 0.848 0.761-0.936 <0.001 83.3 82.4 0.657 23.5

Small HCC vs. control 0.718 0.572-0.864 0.008 76.1 70.6 0.467 19.5

HCC, hepatocellular carcinoma; AUC, area under the receiver operating characteristic curves; CI, confidence interval; AFP, α-fetoprotein; PIVKA-II, 
prothrombin-induced by vitamin K absence or antagonist-II.
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somal miR-720 than AFP or PIVKA-II for HCC smaller than 

2 cm (Supplementary Fig. 2). The overall findings suggest the 

excellent performance of circulating exosomal miR-720 as a 

diagnostic biomarker in discriminating HCC patients from 

those with chronic liver disease.

6.  Association of serum exosomal miR-720 with 

HCC characteristics

The association between serum exosomal miR-720 levels 

and tumor characteristics was analyzed and the results are 

shown in Fig. 3. When plotted according to tumor size, a 

positive correlation was observed between the levels of exo-

somal miR-720 and the size of HCC, but it did not reach sta-

tistical significance (P =0.0629 and r=0.2103; Fig. 3A). The 

levels of serum exosomal miR-720 were not significantly dif-

ferent between patients with a single tumor and those with 

multiple tumors (1.53 and 2.20, respectively; P=0.2564; Fig. 

3B). However, the exosomal miR-720 levels tended to in-

crease with intrahepatic tumor stage, from mUICC stage I to 

IVa (P=0.3006; Fig. 3C), Although no definitive linear corre-

lation with mUICC HCC stage from I to IV was observed, 

patients with stages I or II HCC carried lower serum exo-

somal miR-720 levels than those with stages III or IV (1.18 

and 2.18, respectively; P=0.1361). The proportion of patients 

with high exosomal miR-720 (>52.4, the median) was signif-

icantly increased with more advanced stage (P  for trend= 

0.017; Fig. 3D). Our data revealed no association between 

exosomal miR-720 levels and other tumor characteristics, 

such as portal vein invasion or extrahepatic metastasis (data 

not shown). 

7.  Association of serum exosomal miR-720 with 

demographic features 

Lastly, we analyzed the differences in exosomal miR-720 

Figure 3. Exo miR-720 levels according to HCC characteristics. (A) Correlation between Exo miR-720 and the size of HCC. Comparison of Exo miR-
720 levels according to (B) tumor number and (C) intrahepatic HCC stage. (D) The proportion of high Exo miR-720 levels in different intrahepatic 
HCC stages. Exo, exosomal; HCC, hepatocellular carcinoma.

C
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levels according to demographic data of HCC patients. The 

expression levels of circulating exosomal miR-720 were sig-

nificantly higher in younger patients than in older patients 

(P=0.0064; Fig. 4A) as well as in patients with HBV-associat-

ed HCC than in those with non-HBV HCC (P=0.0488; Fig. 

4B). The levels of exosomal miR-720 did not differ across the 

CTP classes (Fig. 4C), another important prognostic factor 

for HCC. Regarding liver inflammation, no significant corre-

lations were found between serum exosomal miR-720 levels 

and aspartate aminotransferase (AST) or alanine amino-

transferase (ALT) levels (P >0.05), whereas serum AFP or 

PIVKA-II levels exhibited significant positive linear correla-

tion with AST or ALT levels (all P<0.05; Fig. 4D, E), indicat-

ing their limited diagnostic ability for HCC in patients with 

high aminotransferase levels.

DISCUSSION

This study explored the role of a novel serum marker, exo-

somal miR-720, in HCC diagnosis. Using microarray analy-

sis of miRNAs, miR-720 was selected as a potential marker 

due to its significantly differential expression among the 

HCC and non-HCC samples. The study results showed a 

significantly elevated expression of circulating exosomal 

miR-720 in HCC versus non-HCC subjects. The ROC curves 

of exosomal miR-720 used to distinguish patients with HCC 

from those without HCC were superior to AFP and PIVKA-

II. In particular, the diagnostic potential of exosomal miR-

720 was excellent even for small HCC in contrast to AFP or 

PIVKA-II, which showed only suboptimal efficiency to de-

tect such cases. In contrast to the other markers, exosomal 

Figure 4. Exo miR-720 levels based on demographic characteristics of patients with HCC stratified by (A) age, (B) etiology of HCC, and (C) CTP class. 
Differences in correlation between each marker and (D) AST and (E) ALT levels. Exo, exosomal; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; 
HCV, hepatitis C virus; NBNC, non-HBV non-HCV; CTP, Child-Turcotte-Pugh; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

E

D
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miR-720 was not affected by AST or ALT levels, and in gen-

eral correlated with tumor characteristics. The overall find-

ings indicate the excellent performance of circulating exo-

somal miR-720 as a diagnostic marker for HCC. 

AFP is currently the most widely used biomarker for HCC. 

However, it has limitations as a marker for screening HCC, 

due to its poor sensitivity (40-60%) and specificity (80-94%), 

when using the cut-off of 20 ng/mL12,13 and approximately 

30-50% of the patients have normal AFP levels, especially in 

those with early-stage or small HCCs.1,13,14 PIVKA-II also re-

mains unsatisfactory as a tumor marker for HCC due to its 

elevated concentration in patients with obstructive jaundice, 

alcohol intake, vitamin K deficiency, or warfarin therapy.2,15 

In this regard, it is remarkable that circulating levels of exo-

somal miR-720 showed excellent diagnostic performance 

with a better ROC curve than AFP or PIVKA-II (Fig. 2). 

Moreover, the results appear relevant since the control group 

in this study included patients with chronic liver disease un-

der actual HCC surveillance. The ROC of exosomal miR-720 

was excellent, exceeding 0.9, which represents one of the best 

diagnostic performances as a marker for HCC ever reported. 

The diagnosis of early HCC is clinically of paramount im-

portance as it contributes to treatments with curative intent 

and excellent long-term prognosis for patients with HCC.10 

Our results showed that exosomal miR-720 had significant 

comparative advantages over AFP or PIVKA-II  in detecting 

small HCC (<5 cm). Importantly, serum exosomal miR-720 

exhibited a still high AUC (0.930) when used for distinguish-

ing small HCC, whereas AFP or PIVKA-II yielded signifi-

cantly decreased AUCs for such cases compared with those 

for overall HCC cases. Thus, it would be interesting to inves-

tigate the role of exosomal miR-720 as an adjunct screening 

tool, especially for small HCC.  

Based on our results, the excellent diagnostic performance 

of exosomal miR-720 in HCC is attributed to the levels of 

exosomal miR-720, which are not affected by liver inflamma-

tion. Diagnostic accuracy of other tumor markers such as 

AFP or PIVKA-II  for HCC is negated in patients with liver 

inflammation, due to its false positivity in patients with ele-

vated AST or ALT levels. Indeed, our results showed that 

AFP or PIVKA-II levels had significant positive correlations 

with both AST and ALT (Fig. 4D, E), yielding false positive 

results. However, unlike AFP or PIVKA-II, the exosomal 

miR-720 levels were not affected by aminotransferase con-

centrations, suggesting that exosomal miR-720 testing rather 

than AFP or PIVKA-II can be recommended for HCC 

screening in patients with elevated aminotransferase levels.

In addition to the diagnostic role discussed above, it will 

be interesting to investigate whether exosomal miR-720 plays 

a role in treatment response and guidance for HCC treat-

ment allocation. The potential function of exosomal miR-

720 as a biomarker is supported by our findings correlating 

exosomal miR-720 with the size and progression of intrahe-

patic HCC stage. Additionally, our analysis is interesting in 

that the level of exosomal miR-720 was significantly higher 

in younger patients and in those with HBV-associated HCC. 

Future studies are required to determine whether the perfor-

mance of exosomal miR-720 varies with age and the etiology 

of liver disease. 

miR-720 is located on chromosome 3q26.1 and is report-

edly not a classic miRNA, but probably a tRNA fragment.16 

Earlier studies reported conflicting results of oncogenic func-

tion of miR-720. High miR-720 expression was reported to 

positively correlate with higher pathologic stage and poor 

overall survival of patients with renal cell carcinoma17  or 

colorectal cancer18 as well as promote the aggressive pheno-

type of triple-negative breast cancer cells.19 Increasing levels 

of miR-720 was associated with glioma migration and inva-

sion through downregulation of TARSL2,20 predicting ad-

verse prognosis.21 In contrast, for breast cancer, miR-720 re-

portedly inhibited invasion and migration via directly 

targeting TWIST1,22 suggesting the complicated functions of 

miR-720 in tumorigenesis. To date, very few studies of exo-

somal miR-720 are available and no study has so far explored 

the role of exosomal miR-720 in the context of HCC. Given 

the relationship of exosomal miR-720 with HCC tumor 

characteristics, the biological role and function of miR-720 

in hepatocarcinogenesis deserve further investigation. 

Our study has several limitations. The retrospective nature 

of this study is associated with an inherent selection bias. 

Thus, the study subjects are heterogeneous with a consider-

able proportion of patients in advanced stages of HCC. The 
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sample size of the study is relatively small. Lastly, it is a cross-

sectional study, lacking serial data related to exosomal miR-

720 levels, and thus the changing levels during HCC surveil-

lance or treatment should be evaluated to confirm exosomal 

miR-720 as a convincing marker of HCC. Nevertheless, the 

strength of our study is inclusion of subjects with chronic 

liver disease, but not healthy volunteers, as a control group, 

which may enhance its diagnostic reliability in clinical prac-

tice. More importantly, we identified a novel exosome-based 

biomarker, miR-720, based on a panel of miRNAs, reported 

here for the first time in the setting of HCC.

In conclusion, the present study demonstrates the strong 

diagnostic performance of exosomal miR-720 in HCC. In 

particular, exosomal miR-720 can be effectively used to diag-

nose patients with small HCC or elevated aminotransferase 

levels. It remains an open question whether exosomal miR-

720 testing combined with other markers may improve the 

diagnostic accuracy of HCC and represents a surrogate indi-

cator of HCC prognosis. To address these issues, the biologi-

cal properties of exosomal miR-720 should be further inves-

tigated in future functional studies.
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Supplementary  Table 1. STROBE statement – checklist of items that should be included in reports of observational studies

Item 
No

Recommendation Section & Paragraph No. 

Title and 
abstract

1 (a) Indicate the study’s design with a commonly used term in the title or the abstract Abstract

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found

Abstract

Introduction

Background/
rationale

2 Explain the scientific background and rationale for the investigation being reported Introduction 1, 2, 3

Objectives 3 State specific objectives, including any prespecified hypotheses Introduction 4

Methods

Study design 4 Present key elements of study design early in the paper Method, Patients and Samples 1

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 
exposure, follow-up, and data collection

Method, Patients and Samples 1

Participants 6 (a) Cohort study – Give the eligibility criteria, and the sources and methods of 
selection of participants. Describe methods of follow-up

Case-control study – Give the eligibility criteria, and the sources and methods of 
case ascertainment and control selection. Give the rationale for the choice of cases 
and controls

Cross-sectional study – Give the eligibility criteria, and the sources and methods of 
selection of participants

NA

(b) Cohort study – For matched studies, give matching criteria and number of 
exposed and unexposed

Case-control study – For matched studies, give matching criteria and the number of 
controls per case

Method, Patients and Samples 1

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable

NA

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there 
is more than one group

Method, Quantitative analysis of 
exosomal miRNA

Bias 9 Describe any efforts to address potential sources of bias NA

Study size 10 Explain how the study size was arrived at Method, Patients and Samples 1

Quantitative 
variables

11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

Method, Statistical analysis

Statistical 
methods

12 (a) Describe all statistical methods, including those used to control for confounding Method, Statistical analysis

(b) Describe any methods used to examine subgroups and interactions Method, Statistical analysis

(c) Explain how missing data were addressed NA

(d) Cohort study – If applicable, explain how loss to follow-up was addressed
Case-control study – If applicable, explain how matching of cases and controls was 

addressed
Cross-sectional study – If applicable, describe analytical methods taking account of 

sampling strategy

Method, Statistical analysis

(e) Describe any sensitivity analyses Method, Statistical analysis

Results

Participants 13* (a) Report numbers of individuals at each stage of study – e.g., numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

Results, Patients characteristics

(b) Give reasons for non-participation at each stage NA

(c) Consider use of a flow diagram NA
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Item 
No

Recommendation Section & Paragraph No. 

Descriptive 
data

14* (a) Give characteristics of study participants (e.g., demographic, clinical, social) and 
information on exposures and potential confounders

Table 1
Results, Patients characteristics

(b) Indicate number of participants with missing data for each variable of interest NA

(c) Cohort study – Summarise follow-up time (e.g., average and total amount) NA

Outcome 
data

15* Cohort study – Report numbers of outcome events or summary measures over time Table 2
Results, miRNA profiling and 

identification of serum 
exosomal miRNA-720

Case-control study – Report numbers in each exposure category, or summary 
measures of exposure

NA

Cross-sectional study – Report numbers of outcome events or summary measures NA

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (e.g. 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

Results,
-Serum exosomal miR-720 levels 

in HCC and non-HCC groups
-Discriminative ability of serum 

exosomal miR-720 for small 
HCC

(b) Report category boundaries when continuous variables were categorized Results,
-Serum exosomal miR-720 levels 

in HCC and non-HCC groups
-Discriminative ability of serum 

exosomal miR-720 for small 
HCC

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

NA

Other 
analyses

17 Report other analyses done – e.g., analyses of subgroups and interactions, and 
sensitivity analyses

NA

Discussion

Key results 18 Summarise key results with reference to study objectives Discussion 1

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias

Discussion 7

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

Discussion 2, 3, 4, 5

Generalisability 21 Discuss the generalisability (external validity) of the study results Discussion 6

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 
applicable, for the original study on which the present article is based

Funding statement

An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of 
transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the web sites of PLoS Medicine 
at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). 
Information on the STROBE Initiative is available at www.strobe-statement.org.
*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and 
cross-sectional studies.

Supplementary  Table 1. Continued
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AUC

Exo miR-720 0.980

AFP 0.773

PIVKA-II 0.901

Supplementary  Figure 1. Diagnostic performance of exosomal miR-720 (Exo miR-720) for hepatocellular carcinoma in patients with chronic 
hepatitis B virus infection. AFP, α-fetoprotein; PIVKA-II, protein induced by vitamin K absence-II; AUC, area under the receiver operating 
characteristic curves.
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AUC

Exosomal miR-720 0.972

AFP 0.734

PIVKA-II 0.564

Supplementary  Figure 2. Diagnostic performance of exosomal miR-720 (Exo miR-720) for hepatocellular carcinoma of less than 2 cm. AFP,  
α-fetoprotein; PIVKA-II, protein induced by vitamin K absence-II; AUC, area under the receiver operating characteristic curves.


