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Abstract

Background This study aimed to establish a new scoring

system that combined several risk factors, including virtual

touch quantification (VTQ) values and fasting plasma

glucose (FPG) levels, for predicting the development of

hepatocellular carcinoma (HCC) in patients with chronic

liver disease.

Methods A total of 1808 chronic liver disease patients who

underwent VTQ measurement were analyzed. Risk factors

for developing HCC were selected by multivariate Cox

proportional hazards models.

Results VTQ ([1.33 m/s), FPG (C110 mg/dl), sex (male),

age (C55 years), and a-fetoprotein (AFP) level (C5 ng/ml)

were independently selected as risk factors for HCC

development by multivariate analysis. Using these param-

eters, we established a new scoring system (0 to 5 points),

based on VTQ, FPG, sex, age, and AFP level, named

VFMAP. As compared with the low VFMAP score group

(0 or 1 point), the hazard ratio for the incidence of HCC

was 17.37 [95 % confidence interval (CI), 2.35–128.40] in

the intermediate-score group (2 or 3 points) and 66.82

(95 % CI, 9.01–495.80) in the high-score group (4 or 5

points). The area under the receiver operating characteristic

curve of the VFMAP score for predicting HCC develop-

ment within 5 years was 0.82 (95 % CI, 0.76–0.87), indi-

cating a moderate diagnostic value. A VFMAP cutoff value

of 3 excluded HCC within 5 years with a high negative

predictive value (98.2 %).

Conclusion The VFMAP score accurately predicted HCC

in patients with chronic liver disease.

Keywords Virtual touch quantification � Fasting plasma

glucose � Hepatocellular carcinoma � Acoustic radiation

force impulse � VFMAP

Abbreviations

HCC Hepatocellular carcinoma

HBV Hepatitis B

HCV Hepatitis C

AFP a-Fetoprotein

ARFI Acoustic radiation force impulse

US Ultrasound

VTQ Virtual Touch Quantification

m/s Meters/second

FPG Fasting plasma glucose

HbA1c Hemoglobin A1c
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ROI Region of interest

CT Computed tomography

MRI Magnetic resonance imaging

AST Aspartate aminotransferase

APRI Aspartate aminotransferase/platelet ratio index

ROC Receiver operating characteristic

AUC Area under the receiver-operating characteristic

curve

PPV Positive predictive value

NPV Negative predictive value

AIC Akaike’s information criterion

CI Confidence interval

ALT Alanine aminotransferase

GGT c-glutamyltransferase

Introduction

Hepatocellular carcinoma (HCC) is one of the most common

neoplasms in Japan, and its incidence has been increasing in

Europe and the USA [1]. Chronic liver disease, including that

due to persistent infection with hepatitis B (HBV) and hep-

atitis C (HCV), is a risk factor for the development of HCC

[2]. In addition, several factors such as high age, male sex,

high a-fetoprotein (AFP) levels, and heavy drinking have

been reported to increase the risk of developing HCC in

patients with chronic liver disease [3–5].

Advanced liver fibrosis is also a risk factor for the

development of HCC [6]. Liver biopsy is still considered

the gold standard for evaluating liver fibrosis even though

it is painful, costly, and associated with limitations in

diagnostic utility and accuracy. Moreover, since the inva-

siveness of liver biopsy precludes repeated examinations

[7], longitudinal evaluation of liver fibrosis is difficult.

Various noninvasive imaging methods for evaluating

liver fibrosis have recently emerged as alternatives to liver

biopsy. Acoustic radiation force impulse (ARFI) [8–10] is a

new ultrasound (US)-based technique for noninvasively

evaluating liver stiffness. This method can easily and accu-

rately assess the degree of liver fibrosis in clinical practice

[11, 12]. ARFI elastography has two modes: the tissue dis-

placement at longitudinal direction provides a qualitative

response for virtual tissue imaging, which measures quali-

tatively by the area ratio, and a quantitative response for

virtual touch quantification (VTQ), which measures trans-

verse shear wave velocity values in meters/second (m/s).

Chronic liver disease, especially HCV infection, may be

associated with the presence of diabetes. Almost 400 mil-

lion people throughout the world have diabetes, 85–95 %

of whom have type 2 disease [13]. Multiple studies and

meta-analyses have claimed that diabetes is associated with

an increased risk of cancer at several sites, including the

stomach, liver, pancreas, endometrium, colorectum, breast,

and bladder [14]. The observed associations between dia-

betes and cancer could be either causal (for example,

resulting from hyperglycemia or hyperinsulinemia) or due

to confounding from common risk factors such as adipos-

ity. Type 2 diabetes was also reported to be associated with

various liver-related complications such as ascites,

encephalopathy, and bacterial infections in patients with

chronic HCV infection [15].

In the present study, we clarified the risk factors,

including VTQ value and fasting plasma glucose (FPG)

level, for the development of HCC in a large number of

patients with chronic liver disease. In addition, based on

risk factors selected by statistical analysis, we established a

new scoring system for predicting the development of HCC

in this patient population.

Materials and methods

Patients

Between October 2008 and December 2013, liver stiffness

was evaluated at our institution using VTQ in 3602 con-

secutive patients with chronic liver diseases. Of these 3602

patients, 2893 met the following eligibility criteria: (1)

follow-up duration more than 1 year; (2) no previous his-

tory of HCC; (3) HCC surveillance performed during the

follow-up period; (4) VTQ examination was performed

more than once; (5) diagnosis of HCC more than 1 year

after the start of the follow-up period. We then excluded

1085 patients because of either missing data or only one

VTQ examination. Consequently, 1808 patients were ana-

lyzed in this study (Fig. 1).

Hepatitis B was diagnosed by positivity for hepatitis B

surface antigen, and hepatitis C was diagnosed by positivity

for HCV antibody. Non-B, non-C liver disease was diagnosed

by laboratory data, US findings, or liver biopsy-based on

disease-specific criteria and guidelines. Diagnosis of type 2

diabetes was made based on the American Diabetes Associ-

ation criteria of an FPG level C126 mg/dl (C7.0 mmol/l) or

hemoglobin A1c (HbA1c) level C6.5 % [16], or a history of

diabetes with diet therapy or pharmacotherapy.

Patient age, sex, height, and weight were recorded on

the same day as VTQ examinations, and serum samples

were collected in the fasting state.

The date of the first evaluation of liver stiffness using

the VTQ was defined as the start of follow-up. The end of

follow-up was defined as the date of the final visit in

patients without HCC and as the date of HCC detection in

patients in whom HCC developed during follow-up. In the

present study, the clinical data for analyses were collected

at the time of follow-up start.

J Gastroenterol (2017) 52:104–112 105

123



The study protocol was in compliance with the Helsinki

Declaration and was approved by our institutional review

board. Prior to the start of the study, written informed

consent was obtained from all patients for use of their

laboratory data.

VTQ

VTQ measurement by ARFI was performed with a Sie-

mens ACUSON S2000 (Mochida Siemens Medical Sys-

tems, Tokyo, Japan). In this procedure, patients lie in the

supine position with one right upper extremity lifted. The

area of the liver to be examined for elastic properties is

targeted with a region-of-interest (ROI) cursor while

B-mode imaging is performed. Tissue at the ROI is

mechanically excited using acoustic push pulses to gen-

erate localized tissue displacements that cause propaga-

tion of shear waves away from the region of excitation.

These shear waves are tracked using ultrasonic correla-

tion-based methods. The maximal displacement is esti-

mated for many US tracking beams laterally adjacent to

the single push-beam. By measuring the time to peak

displacement at each lateral location, the shear wave

propagation velocity can be reconstructed. In this study

the examination was performed on the right lobe of the

liver with a measurement depth of 2–3 cm below the liver

capsule. Six successful acquisitions at different locations

were performed on each patient; the median value was

calculated, and the results are expressed in m/s. The shear

wave propagation velocity is considered to be propor-

tional to the square root of tissue elasticity.

One sonologist from our institution (Y.M., 20 years of

experience in sonography with 8 years of VTQ experience)

performed the VTQ examinations. He was blinded to the

patients’ clinical data.

HCC surveillance and diagnosis

In accordance with the Clinical Practice Guidelines for

Hepatocellular Carcinoma in Japan [17], cirrhotic patients

under surveillance underwent US (including VTQ exami-

nation) and monitoring of tumor markers every 3–4 months

and dynamic computed tomography (CT) or magnetic res-

onance imaging (MRI) every 12 months. For patients with

chronic hepatitis, we performed US (including VTQ exam-

ination) and monitoring of tumor markers every 6 months.

The diagnosis of cirrhosis was made based on histological

examination or typical US findings, e.g., superficial nodu-

larity, a coarse parenchymal echo pattern, and signs of portal

hypertension (splenomegaly[120 mm, dilated portal vein

diameter[12 mm, patent collateral veins, or ascites)

[18–20]. Patients who did not satisfy these criteria were

classified as having chronic hepatitis. As recommended by

the diagnostic algorithm of the Japan Society of Hepatology,

HCC was diagnosed principally based on the results from US

and dynamic CT (hyperattenuation during the arterial phase

in all or part of the tumor and hypoattenuation in the portal

venous phase) and/or MRI [17].

In the present study, there were no sufficient liver biopsy

data for the analysis of liver fibrosis. Therefore, we used

the aspartate aminotransferase (AST)/platelet ratio index

(APRI) as an index for the evaluation of liver fibrosis. This

index was calculated as (AST [IU/l]/upper limit of normal

AST [IU/l]) 9 100/platelet count [109/l], and its clinical

utility in diagnosing liver fibrosis has been previously

reported [21].

All patients with liver stiffness evaluated using VTQ between October 2008 and 
December 2013 (n=3602)

Eligibility criteria
i. Follow-up duration more than 1 year.
ii. No previous history of HCC.
iii. HCC surveillance performed during the follow-up period.
iv. Diagnosis of HCC more than 1 year after the start of the follow-up period. 

1808 patients analyzed

Met eligibility criteria (n=2893)

Missing data, or only one time of VTQ examination(n=1085)

Fig. 1 Patient selection criteria.

VTQ virtual touch

quantification; HCC

hepatocellular carcinoma
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Statistical analysis

Continuous variables are expressed as medians (in-

terquartile range). The Mann-Whitney U test was used for

continuous variables. Curves for HCC development were

constructed using the Kaplan-Meier method, and differ-

ences were tested using the log-rank test with Bonferroni

correction. Multivariate Cox proportional hazards models

with backward elimination were used for selecting the

factors related to developing HCC.

In the multivariate Cox proportional hazards models, we

used the covariates as follows, based on previous reports

for factors associated with developing HCC or liver

fibrosis: age, sex, etiology, albumin, AFP, FPG, APRI, and

VTQ [2–6, 8–10, 14, 15, 21]. We defined the cutoff values

of continuous variables based on the receiver-operating

characteristic (ROC) curve analysis using maximum [sen-

sitivity ? specificity - 1] (Youden Index) [22, 23] and

previously published reports.

Based on the results of the multivariate Cox proportional

hazards models, we established a new scoring system for

predicting the development of HCC within 5 years. Uni-

variate Cox proportional hazards models were used to

identify the hazard ratio of this system. The predictive per-

formance of the scoring system was assessed using ROC

curves and area under the ROC curve (AUC) analysis. The

predictive value was classified as low (AUC = 0.50–0.70),

moderate (AUC = 0.70–0.90), or high (AUC = 0.90–1.0)

[24]. Sensitivity, specificity, positive predictive value (PPV),

and negative predictive value (NPV) were calculated using

the Youden Index as the cutoff level [22, 23] in the ROC

curve analysis. In addition, we compared the discriminative

ability of VTQ alone and the new scoring system using

Akaike’s information criterion (AIC) [25]. The AIC is a log

likelihood of model fitness by which the optimal model is

associated with a lower AIC value.

Statistical significance was defined as p\ 0.05. All sta-

tistical analyses were performed with EZR (Saitama Medical

Center, Jichi Medical University, Saitama, Japan), which is a

graphical user interface for R (The R Foundation for Sta-

tistical Computing, Vienna, Austria) [26]. More precisely, it

is a modified version of the R commander designed to add

statistical functions frequently used in biostatistics.

Results

Patient characteristics

Table 1 shows the characteristics of the patients in this

study. They comprised 967 females and 841 males with a

median (interquartile range) age of 59.0 (46.0–68.0) years.

There were 264 patients positive for hepatitis B surface

antigen (14.6 %), 635 positive for HCV antibody (35.1 %),

11 positive for both (0.6 %), and 898 negative for both

(non-B, non-C) (49.7 %). In those with non-B, non-C liver

disease, there were 96 patients with nonalcoholic fatty liver

disease (5.3 %), 41 with autoimmune hepatitis (2.3 %), 22

with alcoholic hepatic disease (intake of ethanol C60 g/-

day for C5 years continuously) (1.2 %), and 15 with pri-

mary biliary cirrhosis (0.8 %). The remaining 724 patients

(40.0 %) had other chronic liver diseases, including those

classified as cryptogenic. There were 421 patients (23.3 %)

with type 2 diabetes. The median FPGs were 95 (89–103)

mg/dl in patients without diabetes and 133 (111–150) mg/

dl in patients with diabetes, respectively (p\ 0.001). In

addition, the median HbA1cs were 5.3 (5.0–5.6) % in

patients without diabetes and 6.4 (5.6–9.3) % in patients

with diabetes, respectively (p\ 0.001). The median fol-

low-up period was 51.6 (38.0–66.0) months.

Development of HCC

HCC developed in 49 of 1808 patients (2.7 %) during the

follow-up period. The overall 3- and 5-year rates of HCC

development were 2.1 and 2.8 %, respectively.

Table 1 Characteristics of the study patients (N = 1808)

Age (years)* 59.0 (46.0–68.0)

Sex (female/male) 967/841

BMI (kg/m2)* 22.3 (13.6–45.0)

Etiology (HBV/HCV/B ? C/non-B non-C) 264/635/11/898

AST (IU/l)* 33 (23–55)

ALT (IU/l)* 33 (20–63)

GGT (IU/l)* 37 (20–80)

Albumin (g/dl)* 4.2 (3.9–4.5)

Total bilirubin (mg/dl)* 8.0 (0.6–1.1)

Total cholesterol (mg/dl)* 186 (158–214)

Prothrombin time (INR)* 1.04 (0.99–1.11)

Platelet count (9104/mm3)* 18.1 (13.7–23.0)

AFP (ng/ml)* 3.7 (2.4–5.9)

FPG (mg/dl)* 98 (90–111)

HbA1c (%)* 5.4 (5.1–6.0)

APRI* 0.56 (0.35–1.12)

Cirrhosis (presence/absence) 233/1575

Type 2 diabetes 421 (23.3 %)

Follow-up duration (months)* 51.6 (38.0–66.0)

VTQ (m/s)* 1.21 (0.65–26.56)

* Values are expressed as medians (interquartile range)

BMI body mass index, HBV hepatitis B virus, HCV hepatitis C virus,

AST aspartate aminotransferase, ALT alanine aminotransferase, GGT

c-glutamyltransferase, AFP a-fetoprotein, FPG fasting plasma glu-

cose, HbA1c hemoglobin A1c, APRI aspartate aminotrans-

ferase/platelet ratio index, VTQ virtual touch quantification, m/s

meters/second
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Supplementary Fig. 1 shows the cumulative incidence

curve of HCC.

Decision for cutoff values

Based on the ROC curve analysis using the Youden Index

for the predictive value of developing HCC within 5 years,

the cutoff values of age, albumin, AFP, FPG, APRI, and

VTQ were 55 years, 4.2 g/dl, 4.2 ng/ml, 107 mg/dl, 0.57,

and 1.35 m/s, respectively. Supplementary Fig. 2a–f shows

the respective ROC curves.

We defined the cutoff values of continuous variables for

analysis as follows, based on the ROC curve analysis,

previously published reports, or both: (including approxi-

mate values): high age was age C55 years; low albumin

level was an albumin level\4.2 g/dl; high AFP level was

defined as an AFP level C5 ng/ml; fasting hyperglycemia

was defined as an FPG level C110 mg/dl; high APRI level

was defined as an APRI level C0.5; high VTQ value was

defined as a VTQ value[1.33 m/s, respectively

[4, 21, 27, 28].

Factors associated with developing HCC

Multivariate analysis with Cox proportional hazards mod-

els using the covariates of age (years:\55, n = 726

vs. C55, n = 1082); sex (female, n = 967 vs. male,

n = 841); etiology (HBV, HCV, or both, n = 910 vs. non-

B, non-C, n = 898); albumin level (g/dl;\4.2, n = 186

vs. C4.2, n = 1535); AFP level (ng/ml;\5, n = 873

vs. C5, n = 440); FPG level (mg/dl;\110, n = 1302

vs. C110, n = 477); APRI level (\0.5, n = 780 vs. C0.5,

n = 1003); and VTQ value (m/s; B1.33, n = 1181

vs.[1.33, n = 627) showed that age, sex, AFP, FPG, and

VTQ were independently associated with the development

of HCC (Table 2). Conversely, APRI was not significantly

associated with the development of HCC.

Comparison of noninvasive liver fibrosis markers

We then compared APRI and VTQ in the study patients

using multivariate analysis. Multivariate Cox proportional

hazards models using the covariates of APRI level (\0.5,

n = 780 vs. C0.5, n = 1003) and VTQ value (m/s; B1.33,

n = 1181 vs.[1.33, n = 627) showed that VTQ was

independently associated with the development of HCC

(hazard ratio, 9.87; 95 % CI, 4.63–21.06, p\ 0.001).

APRI was also not significantly associated with the

development of HCC.

Calculation of the score combining VTQ, FPG, sex,

age, and AFP

Based on the results of multivariate analysis, we estab-

lished a new scoring system that combined the VTQ value,

FPG, sex, age, and AFP level. VTQ values of B1.33

and[1.33 m/s were scored as 0 and 1, respectively. FPG

levels of\110 and C110 mg/dl were scored as 0 and 1,

months
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Fig. 2 Cumulative incidence

curves for HCC development by

VFMAP score groups. Study

patients were grouped based on

their VFMAP scores as follows:

0 or 1 point, low-score group; 2

or 3 points, intermediate-score

group; 4 or 5 points, high-score

group. The respective 3- and

5-year cumulative incidence

rates of HCC were 0.0 and

0.3 % in the low-score group,

3.0 and 3.5 % in the

intermediate-score group, and

11.7 and 14.8 % in the high-

score group
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respectively. Female and male sex were scored as 0 and 1,

respectively. Age of\55 and C55 years were scored as 0

and 1, respectively. AFP levels of\5 and C 5 ng/ml were

scored as 0 and 1, respectively. The total score was defined

as the sum of the VTQ, FPG, sex, age, and AFP scores

(Table 3). This new scoring system, based on VTQ, FPG,

sex (male), age, and AFP, was named VFMAP.

We then compared the discriminative ability of VTQ

alone and the new scoring system using AIC. The AICs of

VTQ alone and the VFMAP score were 661.25 and 585.44,

respectively.

Development of HCC stratified by VFMAP scores

Of the study patients with VFMAP scores, 138, 340, 373,

300, 141, and 31 had scores of 0,1, 2, 3, 4, and 5,

respectively. We then grouped the study patients based on

their VFMAP scores as follows: 0 or 1 point, low-score

group (n = 478); 2 or 3 points, intermediate-score group

(n = 673); 4 or 5 points, high-score group (n = 172).

Figure 2 shows the cumulative incidence curves of HCC

development for each VFMAP score group. The respective

3- and 5-year cumulative incidence rates of HCC were 0.0

and 0.3 % in the low-score group, 3.0 and 3.5 % in the

intermediate-score group, and 11.7 and 14.8 % in the high-

score group. After Bonferroni correction, the incidence of

HCC differed significantly between the low- and interme-

diate-score groups (p\ 0.001), the low- and high-score

groups (p\ 0.001), and the intermediate- and high-score

groups (p\ 0.001).

In univariate Cox proportional hazards models, the

hazard ratio for the incidence of HCC as compared with the

low-score group was 17.37 [95 % confidence interval (CI),

2.35–128.40, p = 0.005] in the intermediate-score group

and 66.82 (95 % CI, 9.01–495.80, p\ 0.001) in the high-

score group (Table 4).

ROC curve analysis for the predictive value

of developing HCC within 5 years

The ROC curve of VFMAP scores for the prediction of

developing HCC within 5 years is shown in Fig. 3. The

AUC value of VFMAP scores was 0.82 (95 % CI,

0.76–0.87), corresponding to moderate diagnostic value.

The sensitivity, specificity, PPV, and NPV using the cutoff

level (VFMAP score 3) according to the Youden Index [23]

were 88.4, 63.0, 18.9, and 98.2 %, respectively.

Discussion

This study proposes a new scoring system, named VFMAP,

for predicting the development of HCC in patients with

chronic liver disease. In ROC analysis for the predictive

ability of this system for the development of HCC within

5 years was over 0.8, which is considered to indicate

moderate diagnostic value. Additionally, in an analysis of

patient groups stratified by VFMAP scores, the high-score

group (score 4 or 5) showed a high hazard ratio (66.82)

compared with the low-score group (score 0 or 1). These

results suggest that the VFMAP score accurately predicts

the development of HCC in patients with chronic liver

disease.

Friedrich-Rust et al. [11] performed a meta-analysis that

included nine studies with a combined total of 518 patients

with chronic liver disease and evaluated the diagnostic

performance of ARFI imaging for the staging of liver

fibrosis. The diagnostic accuracy of ARFI quantified by the

AUC was 87 % for predicting significant fibrosis (F C 2),

91 % for the diagnosis of severe fibrosis (F C 3), and 93 %

for the diagnosis of liver cirrhosis. The meta-analysis

revealed good diagnostic accuracy for ARFI in the

Table 2 Multivariate analysis of factors related to HCC development

Factor Hazard ratio 95 % CI p value

Age (years)

\55 (n = 726) 1 0.002

C55 (n = 1082) 4.53 1.78–11.54

Sex

Female (n = 967) 1 0.005

Male (n = 841) 2.44 1.31–4.54

AFP (ng/ml)

\5 (n = 873) 1 0.026

C5 (n = 440) 1.96 1.08–3.56

FPG (mg/dl)

\110 (n = 1302) 1 0.017

C110 (n = 477) 2.03 1.13–3.62

VTQ (m/s)

B1.33 (n = 1181) 1 \0.001

[1.33 (n = 627) 5.65 2.60–12.28

HCC hepatocellular carcinoma, CI confidence interval, VTQ virtual

touch quantification, FPG fasting plasma glucose, AFP a-fetoprotein

Table 3 Calculation of score

combining VTQ, FPG, sex, age,

and AFP

Scores

0 1

VTQ (m/s) B1.33 [1.33

FPG (mg/dl) \110 C110

Sex Female Male

Age (years) \55 C55

AFP (ng/ml)* \5 C5

VTQ virtual touch quantifica-

tion, FPG fasting plasma glu-

cose, AFP a-fetoprotein
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diagnosis of significant liver fibrosis and excellent diag-

nostic accuracy for the diagnosis of liver cirrhosis.

Advanced liver fibrosis is one of the risk factors for the

development of HCC [6]. Several recent reports showed

that liver stiffness measurements using US elastography

were useful for predicting HCC [29–33]. However, these

reports evaluated US elastography as a single predictor of

HCC rather than in combination with one or more other

risk factors. In patients with significant fibrosis (F C 2),

previously published VTQ cutoff values have ranged from

1.21–1.34 m/s (AUCs 0.85–0.89) in patients [8, 34, 35]

without cirrhosis and 1.55–2 m/s (AUCs 0.89–0.93) in

those with cirrhosis, [8, 12, 28, 34]. In the present study,

we used a VTQ cutoff value of 1.33 m/s, which would be

expected in significant liver fibrosis [28]. This cutoff value

of VTQ was defined based on not only previously

published reports [28], but the ROC analysis for the pre-

diction of developing HCC within 5 years as well. Addi-

tionally, in the comparison of noninvasive liver fibrosis

markers, VTQ was selected as an independent factor

associated with developing HCC in the present study

patients, but APRI was not statistically selected. Therefore,

it was considered that VTQ is a superior noninvasive liver

fibrosis marker to APRI as one of the indices of liver

fibrosis.

Diabetes is associated with numerous disease types,

including infectious, vascular, renal, neurological, skin,

mental, and malignant [27, 36, 37]. Koh et al. [38] ana-

lyzed a large number of patients with long-term follow-up

and found that a history of diabetes was associated with an

approximately two-fold risk of developing HCC (hazard

ratio, 2.64). In the present study, we defined fasting

hyperglycemia as an FPG level C110 mg/dl in order to

maximize the number of enrolled patients with mild

hyperglycemia. In addition, this FPG cutoff value was

defined based on the ROC analysis for the prediction of

developing HCC within 5 years. Although 23.3 % of

patients in the present study were afflicted with diabetes

and there were not sufficient data regarding their treatment,

the impaired glucose tolerance including diabetes was

considered as a risk factor for HCC development. The level

of HbA1c was not used because the lifespan of erythro-

cytes is shortened because of hypersplenism in patients

with chronic hepatitis or cirrhosis, leading to lower HbA1c

levels relative to the plasma glucose level [39].

In the present study, both high VTQ values and

hyperglycemia were statistically selected as risk factors

for development of HCC, together with high age, male

sex, and high AFP levels. A number of studies [2–6] have

already reported the association between HCC develop-

ment and age, sex, and AFP level. Although each

parameter might be a predictive marker of HCC alone, the

new scoring system (VFMAP) established in the present

study includes all of these parameters and may therefore

more accurately predict the risk of developing HCC. In

particular, when a cutoff value of 3 was applied, this score

had a high NPV (98.2 %) for excluding HCC developing

within 5 years in patients with chronic liver disease. There

Table 4 Univariate Cox

proportional hazards related to

development of HCC stratified

by VFMAP scores

VFMAP score group Hazard ratio 95 % CI p value

Low-score group

(VFMAP score 0 or 1) (n = 478) 1

Intermediate-score group

(VFMAP score 2 or 3) (n = 673) 17.37 2.35–128.40 0.005

High-score group

(VFMAP score 4 or 5) (n = 172) 66.82 9.01–495.80 \0.001

HCC hepatocellular carcinoma, CI confidence interval
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Fig. 3 ROC curves for VFMAP scores for predicting HCC develop-

ment within 5 years. The AUC value for VFMAP was 0.82 (95 % CI,

0.76–0.87). ROC receiver-operating characteristic; HCC hepatocel-

lular carcinoma; AUC area under the receiver-operating characteristic

curve
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were extremely deviated proportions of HCC-developed

and HCC-non-developed cases; therefore, it was consid-

ered that this score had a low PPV for predicting HCC

developing within 5 years. VTQ measurements can eval-

uate liver stiffness noninvasively and repeatedly, unlike

liver biopsy. In addition, the discriminative ability of the

VFMAP score was superior to the VTQ alone based on

the AIC analysis. Therefore, we consider that the VFMAP

score, which incorporates a measure of liver fibrosis (i.e.,

VTQ), is a useful scoring system for predicting the

development of HCC in patients with chronic liver

disease.

The main limitation of this retrospective study is that

the statistically analyzed parameters were limited to only

age, sex, etiology, albumin, AFP, FPG, APRI, and VTQ.

Because 49 patients in the present study developed HCC

during the follow-up period, we used only these eight

covariates in multivariate Cox proportional hazards

models. Further prospective studies with a larger number

of patients that analyze other potential risk factors are

warranted. Another limitation of our study was that it did

not consider anti-viral therapy such as nucleos(t)ide ana-

log therapy or interferon-based therapy in patients with

chronic HBV or HCV infection and cutoff vales of VTQ

for each etiology. Many reports have found that anti-viral

therapy suppresses hepatocarcinogenesis in these patient

populations [40–42]. Further studies that account for anti-

viral therapy in HBV or HCV patients and cutoff vales of

VTQ for each etiology are warranted. In addition,

approximately 50 % of patients in the present study had

non-B, non-C (including cryptogenic) chronic liver dis-

ease. The etiology of chronic liver disease is mainly

composed of HBV or HCV in Japan. Therefore, it was

possible that this difference might have influenced the

results of our study. Finally, in our new scoring system,

aged men without liver dysfunction and impaired glucose

tolerance (score 2) were classified in the intermediate-

score group. Therefore, it was possible that these patients

were estimated to have a higher risk of HCC

development.

In conclusion, high VTQ values, fasting hyperglycemia,

male sex, high age, and high AFP levels were risk factors

of developing HCC in patients with chronic liver disease.

In addition, a new scoring system based on these parame-

ters, named VFMAP, had high predictive accuracy for the

development of HCC. Further studies are warranted to

confirm these findings in other populations.
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