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re 2. The cumulative survival rate stratified by the number of risk factors. The

ulative survival rate in patients with more risk factors was significantly lower than

in patients with fewer risk factors (p < 0.0001)
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ible 1. Patient characteristics

acteristics Value
nts, n 323

\gC, years 66+9
tion of follow-up, years 4.0 (0.6-12.2)

der, male/female (%)

i i'cal and laboratory data

AFP, median (range), ng/mL
VKA-II, median (range), mAU/mL

ild—Pugh score, A/B (%)

mum diameter of HCC, mm

0/21-30/31-50 (%)

umber of HCC nodules, n

191 (59)/132 (41)

25.6 (1.2-76600)

25 (7-10600)

256 (79)/67 (21)

117 (36)/158 (49)/48 (15)

Single/multiple (%) 226 (70)/97 (30)
score, 0/1/2/3 (%) 173 (52)/114 (37)/32 (10)/3 (1)
: h node involvement 0
Mﬁféastasis 0
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248 (76.8)/31 (9.6)/3 (0.9)/41 (12.7)
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e 2. Cox proportional hazards analysis for recurrence exceeding the Milan criteria

323).
ors Univariate analysis ~ Multivariate analysis
p value p value (HR, 95% CI)
>65 years 0.644

1d-Pugh score (B compared with A) ~ 0.098
> >100 ng/mL 0.0006 0.0059 (1.59, 1.14-2.23)
PIVKA-II, >100 mAU/mL 0.0004 0.211  (1.26,0.87-1.84)
or size, > 20mm 0.0033 0.012 (1.54, 1.09-2.16)
nor number, >2 0.291

ly recurrence (within 1 year after RFA) <0.0001 <0.0001 (2.76, 2.05-3.71)

hazard ratio; CI = confidence interval
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~ Table 3. Cox proportional hazards analysis for overall survival (n = 323).

Child—Pugh score (B compared with A)  <0.0001

“AFP, >100 ng/mL <0.0001
T BIVKALIL 2100 mAU/mL 0.136

: Tumor size, > 20mm 0.943
R Tumor number, >2 0.0037

... Barly recurrence (within 1 year after RFA) <0.0001

Factors Univariate analysis Multivariate analysis
p value p value (HR, 95%CI)
" Age, >65 years 0.644

<0.0001 (2.42, 1.61-3.64)

0.0003 (2.03, 1.37-3.00)

0.056 (1.45,0.99-2.13)

0.0001 (2.09, 1.43-3.03)

_ HR = hazard ratio; CI = confidence interval
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Figure 1
Patients without AFP increase (100 ng/mL) and early recurrence
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F'QUfe 2 Patients without AFP increase (>100 ng/mL) and early recurrence
--------- Patients with AFP increase {>100 ng/mL) or early recurrence
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Abstract

Background The FIB-4 index is a simple formula to
predict liver fibrosis. This study aimed to evaluate the
utility of the FIB-4 index and associated time-course
changes as a predictor of hepatocellular carcinoma (HCC)
development.

Methods A total of 171 chronic hepatitis C patients who
underwent paired liver biopsies and 875 patients who
underwent a single liver biopsy (validation group) were
investigated during mean follow-up periods of 6.4 and
5.9 years, respectively. All patients had received interferon
therapy and had not achieved a sustained virological
response. Factors associated with HCC development were
analyzed in these patients.

Results HCC developed in 30 patients in the paired biopsy
group and 89 patients in the validation group. Univariate
analysis demonstrated that the FIB-4 index >3.25 and
change in the FIB-4 index per year (AFIB-4/year) >0.3 were
predictive factors for HCC development in both groups.
Multivariate analysis in the combined population revealed
that these two factors were independent. The hazard ratio
(HR) for the FIB-4 index >3.25 was 2.7 (p < 0.001) and
AFIB-4/year >0.3 was 1.8 (p = 0.003). Patients with a FIB-
4 index >3.25 and a AFIB-4/year >0.3 were defined as high
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risk, and those with a FIB-4 index <3.25 and a AFIB-4/year
<0.3 were defined as low risk. The HR of HCC development
in patients at high risk was 7.3 (95 % confidence interval
43-12.5,p < 0.001).

Conclusions It was possible to define a group at high risk
of developing HCC by intermittently measuring the FIB-4
index and considering time-course changes in this index.

Keywords FIB-4 index - Hepatocellular carcinoma -
Chronic hepatitis C - Liver fibrosis - Non-invasive

Introduction

Persistent hepatitis C virus infection induces chronic hep-
atitis and eventually develops into liver cirrhosis and
hepatocellular carcinoma (HCC) [1]. An advanced stage of
liver fibrosis in chronic hepatitis C is associated with HCC
development and complications such as esophageal vari-
ceal bleeding and liver failure [2, 3]. Therefore, accurate
evaluation of the stage of liver fibrosis is necessary to
predict its progression to liver cirrhosis and HCC devel-
opment for optimal clinical disease management.

Although the gold standard for evaluating liver fibrosis
is liver biopsy [4, 5], it has been reported that this method
may be inaccurate because of sampling errors and inter-
observer variations [6, 7]. Moreover, because the inva-
siveness of liver biopsy precludes repeated examinations
[8], evaluation of liver fibrosis time-course changes is
difficult.

Recently, various non-invasive methods for evaluating
liver fibrosis have rapidly improved as alternatives to liver
biopsy. Liver fibrosis was reportedly predicted by transient
elastography [9, 10], acoustic radiation force impulse
imaging [11], and real-time tissue elastography [12]. In
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addition, methods using blood test data, including the
aspartate aminotransferase (AST)/alanine aminotransferase
(ALT) ratio [13], AST/platelet ratio index [14], the Forns
test [15], and the Fibro test [16] have been reported to be
useful. These tests have exhibited high accuracy in pre-
dicting severe liver fibrosis.

The FIB-4 index is a simple formula used for predicting
liver fibrosis based on the standard biochemical values
(AST, ALT and platelet count) and age, and is reported to
be significantly useful for predicting advanced liver fibrosis
[17-19]. Because the FIB-4 index can be repeatedly cal-
culated using age and general biochemistry results, it offers
the advantage of easy follow-up of time-course changes
with repeated measurements. We have reported that time-
course changes in the FIB-4 index correlate with changes
in liver fibrosis, and advancement of liver fibrosis can be
predicted by changes in the FIB-4 index [20].

Progression of liver fibrosis in chronic hepatitis C is
closely associated with the high risk of developing HCC [2,
3]. In addition, we have reported that the risk of developing
HCC increases with aging [21]. Because the FIB-4 index
correlates with liver fibrosis and considers age, it is pos-
sible that it can also be used to predict the risk of devel-
oping HCC. In this study we investigated the significance
of the FIB-4 index and time-course changes in the FIB-4
index as predictors of HCC development.

Methods
Paired biopsy group

Study subjects comprised 314 chronic hepatitis C patients
who underwent liver biopsies twice between 1991 and 2010
at Musashino Red Cross Hospital. The average interval
between two biopsies was 4.9 & 2.9 years. The subject
characteristics were detailed previously [20]. All patients
were treated by interferon after the first liver biopsy and had
non-sustained virological response. They underwent the
second biopsy and were treated again by interferon. After
excluding 110 patients who achieved a sustained virological
response with the second interferon therapy, 171 patients
were followed-up >1 year and were included in this ana-
lysis. Exclusion criteria comprised the follows: (1) co-
infection with hepatitis B virus or human immunodeficiency
virus, (2) alcohol abuse, (3) the presence of nonalcoholic
steatohepatitis, (4) the presence of HCC at entry, (5) interval
between paired biopsies <1.5 years, and (6) length of biopsy
sample <15 mm. The relationship between HCC develop-
ment and the FIB-4 index at liver biopsy or change in the
FIB-4 index between the two liver biopsies was investigated.
To determine the optimal cut-off values of change in the FIB-
4 index for prediction of HCC development, patients with
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HCC development within 10 years were considered. Time
zero was set at the date of the second biopsy.

Single liver biopsy group (validation group)

A total of 1,377 patients received interferon therapy after
liver biopsy at Musashino Red Cross Hospital between
1991 and 2010 and were followed-up for >1 year after
treatment. Of those in follow-up, 875 patients who exhib-
ited non-sustained virological response were included in
the validation group. Exclusion criteria were the same as
those for the paired biopsy group. Because these patients
did not undergo a second liver biopsy, change in the FIB-4
index was calculated between the liver biopsy and 1, 2 and
3 years after the end of interferon therapy. The relationship
between HCC development and the FIB-4 index at liver
biopsy or change in the FIB-4 index was investigated. Time
zero was set at the date of liver biopsy.

Ethical approval

Written informed consent was obtained from each patient
in the paired biopsy group and in the validation group, and
the study protocol conformed to the ethical guidelines of
the Declaration of Helsinki and was approved by the
institutional ethics review committees.

Histological evaluation

Liver biopsy specimens were obtained using 13G needles
laparoscopically, or by percutaneous ultrasound-guided
liver biopsy using 15G needles. Specimens were fixed,
paraffin-embedded, and stained with hematoxylin—eosin
and Masson’s trichrome. A minimum 15 mm biopsy
sample was required for diagnosis. All liver biopsy samples
were independently evaluated by two semior pathologists
who were blinded to the clinical data. Fibrosis staging was
categorized according to the METAVIR score: FO, no
fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis
with few septa; F3, numerous septa without cirthosis; and
F4, cirrhosis [22]. When staging was inconsistent between
the two pathologists, an appropriate stage was determined
by discussion between the two. Fibrosis progression was
defined as a 1 point or more increase in the METAVIR
score, and fibrosis non-progression was defined as no
change or a 1 point or more decrease in the METAVIR
score.

HCC surveillance and diagnosis
Ultrasonography and a blood test including tumor markers

were performed every 3—6 months for HCC surveillance.
When tumor marker levels showed an abnormal rise and/or
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abdominal ultrasonography suggesting a lesion suspicious
for HCC, contrast-enhanced computed tomography, mag-
netic resonance imaging or angiography were performed.
HCC was diagnosed for tumors showing vascular
enhancement at an early phase with washout at a later
phase. Tumor biopsy was used to diagnose tumors with
non-typical imaging findings.

Clinical and biological data

The age and gender of the patients were recorded. Serum
samples were collected within 1 month prior to the liver
biopsy. The following variables were obtained by analyz-
ing the serum samples: AST, ALT, and platelet count. The
FIB-4 index was calculated according to the following
formula: FIB-4 index = age [years] x AST [IU/L)/
(platelets [10°/L] x ALT [IU/L]"?). Cutoff value of the
FIB-4 index was set at 3.25 according to the previously
established value for the prediction of advanced fibrosis
[17]. Change in the FIB-4 index per year (AFIB-4 index/
year) in the paired biopsy group was calculated by the
following formula: AFIB-4 index/year = (the FIB-4 index
at the second liver biopsy — the FIB-4 index at the first
liver biopsy)/the interval between paired biopsies (years).
AFIB-4 index/year in the validation group was calculated
similarly between the liver biopsy and 1, 2, and 3 years
after the end of interferon therapy. Change in AST, ALT,
platelets per year (AAST/year, AALT/year, APlatelets/
year) were calculated similarly.

Statistical analysis

Categorical data were compared uvsing the Chi-square and
Fisher’s exact test. Distributions of continuous variables
were analyzed using the Student’s ¢ test or the Mann—
Whitney U test. A p value of <0.05 was considered sta-
tistically significant. The cumulative incidence curve was
determined by the Kaplan-Meier method and differences
among groups were assessed using a log-rank test. Recei-
ver operating characteristic (ROC) curves were con-
structed, and the area under the ROC curve (AUROC) was
calculated. Optimal cut-off values were selected using
Youden’s index. Factors associated with HCC risk were
determined by the Cox proportional hazard model. Statis-
tical analyses were performed using the Statistical Package
for the Social Sciences software version 15.0 (SPSS Inc.,
Chicago, IL, USA)

Results
Patient characteristics

Table 1 shows the characteristics of patients in the paired
biopsy group and validation group. There were no signifi-
cant differences in the FIB-4 index between the two
groups. Meau follow-up periods were 6.4 years in the
paired biopsy group and 5.9 years in the validation group,
respectively. HCC developed in 30 patients (14 %) in the

Table 1 Patient characteristics

Paired biopsy group Validation group  p value*  p value**
First Second
biopsy biopsy
Patients (n) 171 875
Age (SD) (years) 56.1 (8.5) 60.8 (8.1) 58.0 (10.3) 0.02 <0.001
Gender [n (%)]
Female 95 (56) 493 (56)
Male 76 (44) 382 (44) 0.85
Fibrosis stage [n (%)]
F0-1 67 (39) 57 (33) 388 (44)
F2 57 (34) 60 (35) 269 (31)
F3 43 (25) 43 (25) 186 (21)
F4 42 11 (7) 32(4) 0.41 0.04
AST (SD) (IU/L) 68.3 (38.2) 60.3 (38.7) 629 (354) 0.08 0.51
AST aspartale aminotransferase,  s1 1 (gp) (/L) 90.8 (63.2) 68.3 (54.0) 77.9 (52.7) 0.008 0.06
ALT alanine aminotransferase, 5
ND not determined Platelets (SD) (10%/L) 159 48) 153 (51) 157 (50) 0.71 0.28
* Comparison between paired FIB-4 index 290 (1.6) 338(19) 32021 0.08 0.28
biopsy group at first biopsy and Interferon response 71/100 335/366/174 0.15
validation group (relapse/no response/ND)
** Comparison between paired HCC development [n (%)) 30 (14) 89 (10) 0.01
biopsy group at second biopsy  * Foliow-up period (SD) (years) 6427  59(28) 0.04

and validation group
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paired biopsy group and 89 patients (10 %) in the valida-
tion group during the follow-up.

Prediction of HCC development by a single-point
assessment in the paired biopsy group

The incidence of HCC development was compared
between patients with FO-2 and F3-4 at the second liver
biopsy. The 3-year, 5-year, and 7-year cumulative inci-
dence of HCC was 13.3, 26.6, and 39.4 %, respectively, in
patients with F3-4, which was significantly higher than
those with FO-2 (1.7, 4.9, and 7.3 %, respectively;
p < 0.001, Fig. 1a). Similarly, using the FIB-4 index at the
second biopsy, the 3-year, 5-year, and 7-year cumulative
incidence of HCC after interferon therapy was 1.0, 5.5 and
6.9 %, respectively, in patients with a FIB-4 index <3.25,
whereas it was 11.9, 20.9, and 32.0 %, respectively, in
those with a FIB-4 index >3.25 (p < 0.001, Fig. 1b).
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Prediction of HCC development by time-course
changes in FIB-4 index in the paired biopsy group

HCC development was compared with time-course chan-
ges in the fibrosis stage from repeated liver biopsies. For
this analysis, 4 patients who were diagnosed as having
cirthosis at the first liver biopsy were excluded. The
cumulative incidence of HCC was not significantly dif-
ferent between patients with fibrosis progression and those
without (Fig. 1c). In contrast, when time-course changes in
the FIB-4 index (AFIB-4/year) were considered, HCC
developed more frequently in patients with large time-
course changes in the FIB-4 index. Of 30 patients with
HCC development, 28 patients developed HCC within
10 years. The AUROC of the AFIB-4 index/year for pre-
diction of HCC development within 10 years was 0.61.
Using a cut-off value for a AFIB-4/year of 0.3, the sensi-
tivity and specificity for the prediction of HCC
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Fig. 1 Cumulative incidence of HCC development in the paired biopsy group. Patients were categorized into two groups according to a fibrosis
stage, b FIB-4 index, ¢ time-course change in fibrosis stage, and d time-course change in the FIB-4 index (AFIB-4/year)
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development was 46 and 82 %, and the 3-year, S5-year and
7-year cumulative incidence of HCC was 13.2, 21.9, and
28.4 %, respectively, in patients with a AFIB-4/year >0.3,
whereas it was 3.1, 9.6, and 13.1 % in those with a AFIB-4/
year <0.3 (p = 0.002, Fig. 1d).

Validation by independent patients

The cumulative HCC incidence rate was similarly exam-
ined in the validation group using the FIB-4 index at the
time of biopsy. In the group with a FIB-4 index >3.25, the
3-year, 5-year, and 7-year cumulative incidences of HCC
were 3.9, 11.2, and 22.0 %, respectively, whereas, in the
group with a FIB-4 index <3.25, the 3-year, 5-year, and
7-year cumulative incidences of HCC were 0.6, 4.0, and
6.4 %, respectively. The rate was significantly higher
(» < 0.001) in the group with a FIB-4 index >3.25.

Time-course changes in the FIB-4 index and HCC
incidence were examined with the cut-off value of a AFIB-
4/year at 0.3. Cumulative incidence of HCC development
was examined using the AFIB-4/year calculated by using
data at 1 year after the interferon therapy. The 3-year,
5-year, and 7-year cumulative incidences of HCC were 2.8,
15.0, and 20.1 %, respectively, in patients with a AFIB-4/
year >0.3, whereas they were 1.4, 4.3, and 9.8 % in
patients with a AFIB-4/year <0.3. The cumulative inci-
dence rate was significantly higher (p = 0.008) in the
group with a AFIB-4/year >0.3. Similarly, using the AFIB-
4/year calculated by using data at 2 years after the inter-
feron therapy, the 3-year, 5-year, and 7-year cumulative
incidences of HCC were 3.3, 11.1, and 16.9 %, respec-
tively, in patients with a AFIB-4/year >0.3, whereas they
were 1.4, 5.3, and 10.7 % in patients with a AFIB-4/year
<0.3 (p = 0.04). Using the AFIB-4/year calculated by
using data at 3 years after the interferon therapy, the
3-year, 5-year, and 7-year cumulative incidences of HCC
were 4.4, 9.7, and 17.1 %, respectively, in patients with a
AFIB-4/year >0.3, whereas they were 1.4, 5.0 and 10.4 %
in patients with a AFIB-4/year <0.3 (p = 0.005). Because
similar results were obtained by the AFIB-4/year at 1, 2,
and 3 years after the interferon therapy, the AFIB-4/year
calculated by using data at 1 year after the interferon
therapy was used for subsequent analysis.

Factors associated with HCC development

Univariate analysis demonstrated factors that increase the
hazard ratio (HR) for the development of HCC (Table 2).
In the paired biopsy group for advanced liver fibrosis
detected by liver biopsy, a high FIB-4 index level, and a
AFIB-4/year >0.3 were risk factors for HCC development.
Compared with patients with a FIB-4 index <3.25, the HR

of those with a FIB-4 index >3.25 was 4.8 [95 % confi-
dence interval (CI) 2.0-10.7, p < 0.001]. In terms of
change in fibrosis stage, there was no significant difference
between the progression and non-progression groups. In
contrast, in terms of change in the FIB-4 index, compared
with patients with a AFIB-4/year <0.3, the HR of those
with a AFIB-4/year >0.3 was 3.1 (95 % CI 1.3-5.7,
p = 0.002). Similar results were obtained in the validation
group; a FIB-4 index >3.25 and a AFIB-4/year >0.3 were
risk factors for HCC development (Table 2). These two
groups of patients were combined and univariate and
multivariate analysis were performed (Table 3). Because
AST, ALT, platelets and age are contained in the FIB-4
index, these factors were excluded in the multivariate
analysis. Multivariate analysis revealed that gender, fibro-
sis stage, the FIB-4 index and AFIB-4/year were indepen-
dent factors associated with HCC development. The HR of
HCC development with a FIB-4 index >3.25 and a AFIB-4/
year >0.3 was 2.7 (95 % CI 1.7-4.2, p < 0.001) and 1.8
(95 % CI 1.2-2.6, p = 0.003), respectively. AAST/year,
AALT/year, and APlatelets/year were not associated with
HCC development.

Evalunation of HCC risk by a combining the FIB-4 index
and AFIB-4/year in the whole group

Multivariate analysis demonstrated that a high FIB-4 index
level by single-point assessment and a time-course increase
in the FIB-4 index were independent risk factors for HCC
development. Their combined risk was examined in four
groups, with the cut-off values of a FIB-4 index at 3.25 and
a AFIB-4/year at 0.3. Patients with a FIB-4 index <3.25
and a AFIB-4/year <0.3 were defined as the low risk group.
Patients with a FIB-4 index <3.25 and a AFIB-4/year >0.3
were defined as the intermediate risk-1 group. Similarly,
patients with a FIB-4 index >3.25 and a AFIB-4/year >0.3
were defined as the high risk group. Patients with a FIB-4
index >3.25 and a AFIB-4/year <0.3 were defined as the
intermediate risk-2 group. The 3-year, 5-year, and 7-year
cumulative incidence of HCC in patients within the high
risk group was 7.6, 21.0, and 30.0 %. Similarly, the 3-year,
5-year, and 7-year cumulative incidence of HCC was 4.1,
9.6, and 21.1 % in patients within the intermediate risk-2
group. It was 0.8, 10.1, and 13.8 % in the patients within
the intermediate risk-1 group and 0.6, 2.9, and 4.8 % in
patients within the low risk group (p < 0.001, Fig. 2). The
HR of HCC development in patients at high risk was 7.3
(©5 % CI 4.3-12.5, p < 0.001, Table 4). Sensitivity of
prediction for HCC development by the liver biopsy and
the FIB-4 index was 58 and 61 %, respectively. The
combined risk classification by the FIB-4 index and the
AFIB-4/year had higher sensitivity (72 %, Table 5).
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Table 2 Factors associated

with HCC development in the Risk factor value

Paired biopsy group Validation group

paired biopsy group and the Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value
validation group
Risk factor at baseline®
Age (by every 10 years) 1.3 (0.8-2.1) 0.3 1.9 (1.5-2.5) <0.001
Gender
Female 1 1
Male 1.5 (0.7-3.2) 0.2 1.5 (0.9-2.2) 0.06
Fibrosis stage
FO/F1/F2 1 1
F3/F4 54 (2.5-11.3) <0.001 4.7 3.1-7.1) <0.001
AST (by every 1x ULN) 1.3 (1.1-1.5) 0.01 1.4 (1.1-1.7) <0.001
ALT (by every 1x ULN) 1.1 (1.0-1.3) 0.04 1.1 (0.9-1.2) 0.1
Platelets (10°/L)
>150 1 1
<150 3.0 (1.3-6.5) 0.006 2.6 (1.6-4.5) <0.001
FIB-4 index
<3.25 1 1
>3.25 4.8 (2.2-10.7) <0.001 3.8 (2.4-5.8) <0.001
Change of risk factor
AAST/year (IU/L)
<0 1 1
>0 0.9 (0.4-1.9) 0.8 14 (0.8-2.4) 0.2
AALT/year (IU/L)
<0 1 1
>0 0.8 (0.4-1.8) 0.6 0.8 (0.4-1.6) 0.6
APlatelets/year (10°/L)
>-0.5 1 1
<-0.5 2.4 (1.1-5.0) 0.01 0.7 (0.4-1.3) 0.3
AFIB-4/year
<0.3 1 1
>0.3 3.1 (1.5-6.6) 0.002 1.8 (1.2-2.9) 0.008
AST aspartate aminotransferase, Fibrosis stage change
ALT alanine aminotransferase Non-progression 1
# Data at the second biopsy was Progression 12 (0.5-2.7) 0.7

used for the paired biopsy group

Discussion

Recently, non-invasive methods substituting liver biopsy
for the diagnoses of liver fibrosis have been developed. It
has been elucidated that non-invasive liver fibrosis markers
are related to HCC development and mortality [23-25]. In
addition, it was reported that after interferon therapy for
chronic hepatitis C, some non-invasive liver fibrosis
markers correlated with HCC development [26]. However,
it remains unclear whether time-course changes in these
markers correlate with HCC development and mortality.
Previously, we reported that time-course changes in the
FIB-4 index correlated with liver fibrosis progression [20].
Because the FIB-4 index correlates with liver fibrosis, a
risk factor for HCC development, and it considers age,
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another risk factor, it was presumed that the index could be
closely correlated with HCC development. In this study,
the significance of the FIB-4 index and time-course chan-
ges in the FIB-4 index were investigated in relation to HCC
development.

The most important finding in this study was that it was
possible to predict HCC development by time-course
changes in the FIB-4 index. The cumulative HCC inci-
dence rate was lower in patients with a AFIB-4/year <0.3
compared with those with a AFIB-4/year >0.3. It has been
reported that a high level of AST and ALT levels correlate
with progression of liver fibrosis, and improved levels
prevent HCC development [27-29]. It is also known that
liver fibrosis progression and the risk of HCC development
is increased with a decrease in platelet count [30].
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Table 3 Factors associated

with HCC development in the Risk factor value

Univariate

Multivariate

combined population Hazard ratio (95 % CI)  p value  Hazard ratio (95 % CI)  p value
Risk factor at baseline
Age (by every 10 years) 1.8 (1.4-2.3) <0.001
Gender
Female 1 1
Male 1.5 (1.0-2.1) 0.03 2.0 (1.4-2.9) <0.001
Fibrosis stage
FO/F1/F2 1 1
F3/F4 49 (3.5-7.2) <0.001 3.0 2.0-4.6) <0.001
AST (by every 1x ULN) 14 (1.2-1.6) <0.001 )
ALT (by every 1x ULN) 1.1 (1.0-1.2) 0.04
Platelets (10°/L)
>150 1
<150 2.7 (1.7-4.1) <0.001
FIB-4 index
<3.25 1 1
>3.25 4.0 (2.8-5.9) <0.001 2.7 (1.7-4.2) <0.001
Change of risk factor
AAST/year (IU/L)
<0 1
>0 1.3 (0.8-2.1) 0.2
AALT/year JU/L)
<0 1
>0 0.9 (0.6-1.6) 0.8
APlatelets/year (10°7L)
>-0.5 1
<-0.5 1.0 (0.6-1.6) 0.8
AFIB-4/year
<0.3 1 1
AST aspartate aminotransferase, >0.3 2.1 (14-3.1) <0001 18 (1.2-2.6) 0.003

ALT alanine aminotransferase

However, time-course changes of AST, ALT, and platelet
count were not significantly associated with HCC devel-
opment in this study. On the other hand, the FIB-4 index,
which considers these factors together; had its time-course
changes useful for real-time monitoring of disease pro-
gression. As the disease advances, the FIB-4 index dete-
riorates and the risk of HCC development increases.

One advantage of the FIB-4 index is the feasibility of
repeated measurements for evaluating disease status.
Needless to say, liver biopsy is the gold standard for
diagnosis of liver fibrosis and is still important to predict
the progression of liver disease. However, there are prob-
lems associated with liver biopsies including sampling
errors and inter-observer variations [6, 7]. In addition, it is
difficult to repeat biopsies, making it challenging to eval-
uate time-course changes because of the invasiveness of
the procedure. In contrast, the FIB-4 index can be calcu-
lated using age and general biochemistry results and
making it markedly easy to follow up time-course changes.

In this study, changes in fibrosis stage between two liver
biopsies failed to stratify HCC development. These results
suggest that the FIB-4 index, rather than the liver biopsy,
was more useful for real-time monitoring of disease
advancement.

Correlations of non-invasive liver fibrosis markers
including the FIB-4 index with HCC incidence risk have
been reported previously [23-26, 31]. A similar result was
shown in this study using a single-point assessment of the
FIB-4 index. Since the FIB-4 index correlates with liver
fibrosis, a high FIB-4 index indicates a high risk for HCC
development similar to other liver fibrosis markers. Fur-
thermore, an important fact in this study was that com-
bining the FIB-4 index and time-course changes in the FIB-
4 index could stratify patients with high risk of HCC
development. A high FIB-4 index level by single-point
assessment and a time-course increase in the FIB-4 index
were independent risk factors for HCC development.
Patients with a low baseline FIB-4 index and a time-course
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Fig. 2 Cumulative incidence of HCC development in the combined
population. Patients were categorized into four groups using the FIB-
4 index and time-course change in the FIB-4 index (AFIB-4/year).
Low risk: FIB-4 index <3.25 and AFIB-4/year <0.3, intermediate
risk-1: FIB-4 index <3.25 and AFIB-4/year >0.3, intermediate risk-2:
FIB-4 index >3.25 and AFIB-4/year <0.3, high risk: FIB-4 index
>3.25 and AFIB-4/year >0.3

Table 4 Evaluation of HCC risk by combining the FIB-4 and the
AFIB-4/year

Number of Hazard ratio p value
patients (95 % CI)
Low risk 531 1
Intermediate risk-1 126 2.1 (1.1-4.0) 0.03
Intermediate risk-2 280 4.1 (2.6-6.5) <0.001
High risk 109 7.3 (4.3-12.5) <0.001

Low risk: patients with a FIB-4 index <3.25 and a AFIB-4/year <0.3

Intermediate risk-1: patients with a FIB-4 index <3.25 and a AFIB-4/
year >0.3

Intermediate risk-2: patients with a FIB-4 index >3.25 and a AFIB-4/
year <0.3

High risk: patients with a FIB-4 index >3.25 and a AFIB-4/year >0.3

improvement in the FIB-4 index had a low risk of HCC
development, whereas those with a high baseline FIB-4
index and worsening of the FIB-4 index had a markedly
high risk for HCC development. In addition to the utility of
predicting liver fibrosis and HCC development by single-
point assessment, the combination with real-time moni-
toring enables stratification of a group with a high risk of
HCC development, which is a great advantage of the FIB-4
index over a liver biopsy.

With regard to diagnosis capabilities for liver fibrosis, it
has been reported that other non-invasive liver fibrosis
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Table 5 Sensitivity of prediction for HCC development

Patients with HCC Patients without HCC

development development
F0-2 50 724
F3-4 69 203

Sensitivity: 58 % Specificity: 78 %
FIB-4 index <3.25 42 615
FIB-4 index >3.25 77 312

Sensitivity: 61 % Specificity: 66 %
Low risk 29 502
Other risk 90 425

Sensitivity: 72 % Specificity: 54 %

Other risk: high risk, intermediate risk-2, and intermediate risk-1

markers have higher diagnostic capabilities than the FIB-4
index [32, 33]. However, the FIB-4 index has several
advantages. Although, it has been reported that transient
elastography has high diagnostic capabilities when it
comes to liver fibrosis, measurements are sometimes
impossible in patients with severe obesity [34]. Repro-
ducibility of transient elastography was reportedly reduced
in patients with steatosis, increased body mass index, and
lower degrees of liver fibrosis [35]. Moreover, these
modalities for measurement of elasticity of the liver using
ultrasonography are not widely available, especially in
countries where resources are limited. In contrast, the FIB-
4 index can be determined by a general blood test, and it
can be measured in almost all patients. The parameters
required for calculation are only age, AST, ALT, and
platelet count, which are measured during the routine
examination of patients with liver disease. Therefore,
additional blood collection is unnecessary, and the index
can be calculated at no extra cost.

In conclusion, it was possible to define a group with a
high risk of HCC development by calculating the FIB-4
index and considering time-course changes in the FIB-4
index. Because measurement of the FIB-4 index is simple
and easy to repeat, it is useful for non-invasive, real-time
monitoring of HCC development.
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Abstract

Objective We attempted to elucidate the clinical features of chronic hepatitis C patients who develop hepa-
tocellular carcinoma (HCC) after achieving a sustained viral response (SVR) to interferon (IFN) therapy.
Methods The clinical features of 130 patients at 19 hospitals who developed HCC after obtaining an SVR
were retrospectively reviewed.

Results Overall, 107 (82%) of the 130 patients were men, with 92 (71%) being 260 years of age and 76,
38 and 16 developing HCC within 5, 5-10 and 10-16.9 years after IFN therapy, respectively. Before receiving
IEN therapy, 92 (71%) patients had cirrhosis and/or a low platelet count (<15x10" cells/uL). Lower albumin
(<3.9 g/dL) and higher alpha fetoprotein (AFP) (210 ng/mL) levels were identified in a multivariate analysis
to be independent variables of the development of HCC within five years after IFN therapy. Among 4,542
SVR patients, HCC occurred in 109 (2.4%) during a 5.5-year follow-up period, thus resulting in an occur-
rence rate of 4.6% for men and 0.6% for women.

Conclusion SVR patients with lower albumin or higher AFP levels require careful assessments to prevent
early HCC development after IFN therapy. HCC occurrence within >10 years of IFN therapy is not uncom-
mon, and the risk factors remain uncertain, thus suggesting that all SVR patients should undergo long-term
follow-up examinations for HCC development.
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Introduction

Chronic hepatitis C virus (HCV) infection is a common
cause of chronic liver disease and hepatocellular carcinoma
(HCC) worldwide (1). In Japan, HCC is the third leading
cause of cancer-related death, with more than 30,000 deaths
occurring in 2010 (2), approximately 70% of which were
associated with HCV infection (3). In chronic HCV patients,
the risk of HCC has been shown to increase in association
with the degree of liver fibrosis, with an annualized rate of
HCC developing within a 2-8% cirrhotic background (4-7).
It has been reported that interferon (IFN) therapy not only
improves hepatic inflammation and fibrosis, but also reduces
the incidence of HCC, particularly in patients who achieve a
sustained viral response (SVR) (4, 8-10). However, HCC
sometimes develops in patients with an SVR, and cases of
patients who have developed HCC more than 10 years after
completing IFN therapy have been reported (11, 12). The
risk factors for HCC in chronic HCV patients are a male
sex, older age (13, 14) and the presence of advanced fibro-
sis (4, 5). Several cohort studies have indicated that these
risk factors are also associated with the development of
HCC among SVR patients (15-21). However, the number of
patients who developed HCC after achieving an SVR in
each of these previous studies was limited, and the clinical
features of such patients have not been fully clarified. We
investigated the clinical features of a large number of pa-
tients who developed HCC after undergoing HCV eradica-
tion using IFN therapy at a workshop held during the 47th
annual meeting of the Liver Cancer Study Group of Japan
in July 2011 (President: F. Ichida) on the clinical features of
patients who develop HCC after obtaining an SVR in order
to compile a more detailed background of such patients.

Materials and Methods

Patients

This study was conducted from February to June 2011 at
institutes with which the internal medicine secretaries of the
Liver Cancer Study Group of Japan are affiliated. We first
investigated the number of SVR patients treated at each in-
stitute and, of these, investigated the number of patients who
developed HCC after obtaining an SVR. Responses to the
initial inquiry were obtained from 25 of 46 hospitals, 22 of
which provided the numbers of both SVR and HCC pa-
tients. Second, we assessed the characteristics of the patients
who developed HCC, and the maximum, minimum and
mean follow-up periods of all SVR patients with or without
HCC were investigated. Responses were obtained from all
22 hospitals. The characteristics of 144 patients at 22 hospi-
tals were initially reviewed retrospectively; however, three
patients who developed HCC before the completion of IFN
therapy and 11 patients whose clinical data prior to IFN
therapy were unavailable were excluded. Patients positive

for the hepatitis B surface antigen were ineligible for this
study. Ultimately, 130 patients treated at 19 hospitals were
enrolled. Among these patients, 109 were treated at 13 hos-
pitals that also provided follow-up data of SVR patients
with or without HCC. Liver cirrhosis and diabetes mellitus
were diagnosed based on the clinical data that we had col-
lected. Obesity was defined as a body mass index of 225.0
kg/m® (22). The SVR patients (4,542) with or without HCC
followed up at 13 hospitals at 0.5-21.9 years were analyzed
to determine the disease incidence rates.

Statistical analyses

All statistical analyses were performed using the SPSS
software package (verl7.0 for Windows; SPSS, Chicago, IL,
USA). Clinical differences were evaluated using the chi-
square test, and a multivariate analysis was conducted with
an ordinal logistic regression analysis using the forced entry
method. A p value of <0.05 was considered to be statisti-
cally significant.

Results

Patient characteristics at the time of hepatocellular
carcinoma occurrence

A total of 107 (82%) of the 130 patients were men; 72
(55%) patients developed HCC in their sixties and 34 (26%)
developed HCC in their fifties. Ninety-seven patients (75%)
had a solitary tumor at the time of HCC occurrence, and
117 (90%) had one or two tumors. The maximum tumor
size was within 3 cm in 102 (78%) patients, and 110 (85%)
patients underwent radical treatment.

Period between the completion of IFN therapy and
the occurrence of hepatocellular carcinoma

Seventy-six (58%) patients developed HCC within five
years of completing IFN therapy and 26 patients developed
HCC within one year of completing IFN therapy (Figure).
Although the number of patients who developed HCC after
>5 years of IFN therapy completion gradually decreased
over time (38 patients: >5 and <10 years, 16 patients: >10
years), four patients developed HCC 15 years after complet-
ing IFN therapy.

Patient characieristics at the start of IFN therapy

Sixteen patients had undergone IFN therapy before 50
years of age and 114 (88%) had undergone IFN therapy af-
ter 50 years of age (Table 1). Obesity, alcohol intake (more
than 80 g/day for five years), diabetes mellitus and cirrhosis
were observed in 34 (26%), 38 (29%), 26 (20%) and 46
(35%) patients, respectively. The platelet count was <15x10*
cells/uL in 88 (68%) patients, the serum albumin level was
<3.9 g/dL in 53 (41%) patients and the alpha fetoprotein
(AFP) level was 210 ng/mL in 60 (46%) patients. Ninety-
two patients (71%) had either cirthosis or a low platelet
count (<15x10* cells/uL), and 38 had neither of these fac-
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Figure. Patient distribution according to the period between
the completion of interferon therapy and the occurrence of he-

patocellular carcinoma.

Table 2.
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Table 1. Patient Characteristics at the Start of IFN Therapy
No. of patients
Age (yr)
38-49 16
50-59 50
60-69 55
270 9
BMI (kg/m®) 225/<25 34/86
Alcohol intake (g/day), 80/<80 38/90
Diabetes mellitus, present/absent 26/104
Cirrhosis, present/absent 46/83
Platelet count (x 10° per pL), <10 /10- <15 /15-<20 /220 26/62/30/9
AST (IU/L), >2100/<100 43/86
ALT (IU/L), 2100/<100 54/75
AST/ALT, >1/<1* 37/72
GGT (IU/L), 2100/51-99/<50 41/41/45
Albumin (g/dL), <3.5/3.6-3.8/>3.9 26/27/74
AFP (ng/mL), >20/19-10/<10 37/23/49

* Cases with AST>39 TU/L
BMI: body mass index, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, GGT: gamma-glutamyltransferase, AFP: alpha fetoprotein

Univariate Analysis of Risk Factors Associated with the Develop-

ment of HCC within Three Periods after Eradication of HCV with IFN

Period since completion of IFN therapy <5years 6-10years  >10 years p value
Sex, male/female 58/18 34/4 15/1 0.098
Age at IFN treatment (years), 260/<60 45/31 13/25 6/10 0.025
BMI (kg/m?), 225/<25 18/53 11727 4/12 0.830
Alcohol intake (g/day), >80/<80 21/54 13/25 4/12 0.725
Diabetes mellitus, present/absent 14 /62 11/27 1/15 0.142
Cirrhosis, present/absent 29/47 11/26 6/10 0.671
Platelet count (x 10° per pL), <15 /215 5321 24/13 11/5 0.767
AST (IU/L), 2100/<100 23/52 15723 5/11 0.633
ALT(QU/L), >2100/<100 28/47 1820 8/8 0.463
GGT(IU/L), 2100/<100 24/49 14/24 3/13 0.425
Albumin (g/dL), <3.9/>3.9 38/35 12/26 3/13 0.016
AFP (ng/mL), >10/<10 43/20 10721 718 0.003

BMI: body mass index, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT:

gamma-glutamyltransferase, AFP: alpha fetoprotein

tors. No significant differences in obesity, diabetes mellitus
or alcohol intake were observed between the patients with
and those without either of these background factors.

Risk factors for the developmenti of HCC within five
years after IFN therapy

Because 58% of the patients developed HCC within five
years of IFN therapy completion and the median period
from IFN therapy completion to HCC occurrence was 4.2
years, we compared the background characteristics among
the patients who developed HCC within 5, 5-10 and >10
years of IFN therapy completion.

A un{variate analysis identified an advanced age (260
years) at IFN treatment and lower albumin (<3.9 g/dL) and
higher AFP (210 ng/mL) levels as significant risk factors as-
sociated with HCC development within five years of IFN
therapy completion (Table 2). A multivariate analysis of the
predictive value of each variable for HCC development

within five years identified lower albumin [<3.9 g/dL; odds
ratio (OR), 2.604] and higher AFP (210 ng/mL; OR, 2.809)
levels as being significant (Table 3). No significant factors
for HCC development after 10 years of IFN therapy comple-
tion were identified.

Patients who started IFN therapy before 50 years of
age

Of the 16 patients who received IFN therapy before 50
years of age, all were men (Table 4) and 12 had cirrhosis
and/or a low platelet count, while three of the remaining
four patients had a background of alcohol intake. Patients
with obesity and/or diabetes mellitus were included in these
15 cases, and only one patient had no background of cirrho-
sis, a low platelet count, alcohol intake, obesity or diabetes
mellitus.
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Table 3. Multivariate Analysis of Risk Factors Associated with the
Development of HCC within 5 Years after HCV Eradication

variable Odds ratio (95% confidence interval) p value
Age 260 years at IFN treatroent 2.147 (0.957-4.816) 0.064
Male sex 0.663 (0.189-2.323) 0.521
Diabetes mellitus 1.303 (0.471-3.604) 0.610
Albumin <3.9 g/dL 2.604 (1.108-6.117) 0.028
AFP >10ng/mL 2.809 (1.221-6.456) 0.015

AFP: alpha fetoprotein

Table 4. Patient Characteristics at the Start of IFN Therapy among Patients
who Started IFN Treatment before 50 Years of Age

No.
Male/female 16/0
Age at start of IFN therapy, in years (median) 38-47 (46)
Interval between end of IFN therapy and HCC occurrence, in years (median) 0.1-13 (6.5)
Platelet count, <15 x 10 per pL 11
Cirrhosis, present 6
Alcohol intake, 280 g/day 9
Diabetes mellitus, present 4
BMI, 225.0 kg/m’ 5
None of the above risk factors 1
BMI: body mass index
Table 5. Occurrence of HCC in SVR Patients
Age in years at last  Follow-up period after =~ HCC development
SVR patients IFN treatment IFN treatment (years)

Hospital Total Male Female Mean Mean Total Male Female
A 1,193 429 764 15-78 51.0 0.5-18.1 4.5 23 21 2
B 681 392 2890 16-77 51.8 0.2-16.9 7.5 17 15 2
C 525 224 301 18-76 50.4 2.0-21.6 9.5 17 14 3
D 487 290 197 15-76 485 0.2-21.9 6.0 3 3 0
E 404 227 177 9-85 53.0 0.5-18.0 3.3 9 7 2
F 250 149 101 17-76 504 0.5-19.1 5.7 2 2 0
G 193 121 72 17-80 527 0.5-15.3 3.7 11 11 0
H 188 97 91  20-75 53.4 0.1-6.9 2.7 4 3 1
1 163 109 54 20-78 543 0.2-18.0 3.0 4 3 1
J 155 111 44 18-72 480 0.5-14.2 5.5 7 6 1
K 155 85 70 19-79 551 0.7-5.8 2.8 2 2 0
L 118 77 41 26-75 49.9 1.0-20.0 57 8 6 2
M 30 14 16 37-72 575 0.5-6.9 3.3 2 2 0

Total 4,542 2325 2,217 5.5 109 95 14

occurrence rates for the male and female SVR patients were

Incidence of hepaiocellui j a-
patocellu’ar carcinoma among p 4.6% and 0.6%, respectively.

tients with a sustained response

Between 30 and 1,193 SVR patients were followed up at Discussion
each of the 13 hospitals. The mean follow-up period was

2.7-9.5 years (Table 5). In 10 of the 13 hospitals, the mean

Several studies have discussed the risk factors for hepato-

patient age at the time of the last IFN treatment was in the
50s. Among the 4,542 SVR patients, 109 (2.4%) developed
HCC within 5.5 years of the last IFN treatment. The HCC

carcinogenesis following HCV eradication using IFN ther-
apy (19-25). In these studies, the risk factors for HCC de-
velopment were investigated in SVR patients. In the present
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