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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 palred 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
4.3-12.5, 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.rcported 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 wete 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. T1me
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 evalnation

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 senior 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 cirrhosis; 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 [TU/LY

(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 using the Chi-square and
Fisher’s exact test. Distributions of continuous variables
were analyzed using the Student’s 7 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. Mean 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

AST aspartate aminotransferase,
ALT alanine aminotransferase,
ND not determined

* Comparison between paired
biopsy group at first biopsy and
validation group

** Comparison between paired
biopsy group at second biopsy
and validation group

Paired biopsy group Validation group  p value*  p value**
First Second
biopsy biopsy
Patients (1) 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 (36) 493 (56)

Male 76 (44) 382 (44) 0.85
Fibrosis stage [n (%)] ’

FO-1 67 (39) 57 (33) 388 (44)

2 57 (34) 60 (35) 269 (31)

F3 43 (25) 43 (25) 186 (21)

F4 4@ 11 (7) 32 (4) 0.41 0.04
AST (SD) (IU/L) 68.3 (38.2) 603 (38.7) 629 (354) 0.08 0.51
ALT (SD) (TU/L) 90.8 (63.2) 68.3 (54.0) 77.9 (52.7) 0.008 0.06
Platelets (SD) (10°/L) 159 (48) 153 (51) 157 (50) 0.71 0.28
FIB-4 index 290 (1.6)  3.38(19) 32021 0.08 0.28
Interferon response 71/100 335/366/174 0.15

(relapse/no response/ND) .

HCC development [n (%)] 30 (14) -89 (10) 0.01
Follow-up period (SD) (years) 64207  5928) 0.04
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paired biopsy group and 89 patienfs (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 F0-2 (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):

3
>

o E34
wmn F02

£
<«
1

h
o)
i

o3
L=
L

<«
3

Cumulative incidence of HCC development (%)
E
<@

Number of patients atsigk
| 3 5 T {years)
F3-4 54 45 25 15
F0-2 117 111 87 53
L100]C
wennsie Fiorosis progression
a0 o wewm Bibrasts son-progiession
=07

63 p=d

'S

K3
L.

p—

&~
~3
4

o
i

¥ ¥ T T T - 3 ¥

o 2 4. 8 8 % 12

Number of patients atrisk

8 3 5 7 (years)
Pibrosis progression 46 43 25 1§
Fibrosis non-progression 121 111 34 51

Cumulative incidence of HCU developrient (¥

Cumulative incidence of HCC development 6}

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, 5-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
(p <°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/fyear 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.

Evaluation 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

used for the paired biopsy 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) LI (1.0-1.3) 004  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 (1.64.5) <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 1.4 (0.8-2.4) 0.2
AAYLT/year (TU/L)
<0 1 1
>0 0.8 (0.4-1.8) 0.6 0.8 (0.4-1.6) 0.6
APiatf:lets/ycar (10°/L) _
. >=0.5 1. . 1
<-0.5 24 (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-progr éssi on 1
# Data at the second biopsy was Progression 1.2 (0.5-2.7) 0.7

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 reporfed 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,

@ Springer

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 (14-2.3) <0.001
Gender .
Female 1 1
Male 1.5 (1.0-2.1) 0.03 2.0 (14-2.9) <0.001
Fibrosis stage )
FO/F1/F2 S 1 ,
F3/F4 49 (3.5-7.2) <0.001 3.0 2.0-4.6) <0.001
AST (by every 1x ULN) 1.4 (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 (TU/L)
<0 1
>0 © 130821 02
AALT/year (IU/L)
<0 1
>0 0.9 (0.6-1.6) 08
APlatelets/year (10%/L)
>—0.5 1
<-0.5 1.0 (0.6-1.6) , 0.8
AFIB-4/year
: . <0.3 ol 1 ,
AST aspartate aminotransferase, >03 2.1 (1.4-3.1) <0001 1.8 (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 additien, 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 indéx 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 pon-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 ~ Hazardratio ©  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 Vwith 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 advantagc 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
FO-2 50 724
F3-4 69 203

FIB-4 index <3.25

Sensitivity: 58 %
42

Specificity: 78 %
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 somietimes
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
IFN 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 1"e:sultm<T m 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 careftil 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 patlents should undergo long-term
follow-up examinations for HCC development.
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Introduction

Chronic hepatitis C viraus (HCV) infection is a common
cause of chronic liver disease and hepatocellular carcinoma
(HCC) worldwide (1). In Japan, HCC ig 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%)
developéd HCC in their fifties. Ninety-seven patients (75%)
had a solitary. tumor at the time of HCC occumrence, 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 hepatoceliular 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 characteristics at the start of IFN therépy

Sixteen patients had undergone IFN therapy before 50 .
years of age and 114 (88%) had undergoné IEN 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 <15%10*
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 cirrhosis or a low platelet
count (<15x10* cells/jiL), 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 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 L), <10 /10- <15 /15-<20 /220 26/62/30/9
AST (IU/L), 2100/<100 43/86
ALT (IUL), 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 2612714
AFP (ng/mL), >20/19~10/<10 37/23/49

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

Table 2. 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 <Syears 6-10years >10 years p value
Sex, male/female 58/18 34/4 15/1 0.098
Age at IFN treatment (years), >60/<60 45/31 13725 6/10 0.025
BMI (kg/m?), 225/<25 18/53 1127 4n2 0.830
Alcohol intake (g/day), >80/<80 21/54 13725 4/12 0.725
Diabetes mellitus, present/absent 14 /62 1127 1/15 0.142
Cirrhosis, present/absent 29/47 11726 6/10 " 0.671
Platelet count (x 10° per uL), <15 /15 53/21 24/13 11/5 0.767
AST (IU/L), 2100/<100 23/52 15/23 5/11 0.633
ALT(IU/L), 2100/<100 28/47 18/20 8/8 - 0.463
GGT(IU/L), 2100/<100 24/49 14/24 313 0.425
Albumin (g/dL), <3.9/>3.9 38/35 12/26 3/13 0.016
AFP (ng/mL), 210/<10 4300 10121 8 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 development 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 occumence 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 univariate 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 wﬁo 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 >60 years at IFN treatment 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) 3847 (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, >80 g/day 9
Diabetes mellitus, present 4
BMI, >25.0 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 IEN treatment (years)

Hospital Total Male Female Mean Mean Total Male Female
A 1,193 429 764  15-78  51.0 0.5-18.1 45 23 21 2
B 681 392 289  16-77  51.8 0.2-16.9 7.5 17 15 2
C 525 224 301 18-76 504 2.0-21.6 9.5 17 14 3
D 487 290 197  15-76 485 0.2-21.3 6.0 3 3 0
E 404 227 177 9-85  53.0 0.5-18.0 33 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  20-75 534 0.1-6.9 2.7 4 3 1
I 163 109 54 20-78 543 0.2-18.0 3.0 4 3 1
J 155 111 44 18-72 480 0.5-142 55 7 6 1
K 155 85 70 19-79 551 0.7-5.8 2.8 2 2 0
L 118 77 41 26-75 499  1.0-200 5.7 8 6 2
M 30 14 16 37-72 5715 0.5-6.9 33 2 2 0

Total 4,542 2325 2217 5.5 169 95 14

Incidence of hepatocellular carcinoma among pa-
tients with a sustained response

Between 30 and 1,193 SVR patients were followed up at
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
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

occurrence rates for the male and female SVR patients were
4.6% and 0.6%, respectively.

_ Discussion

Several studies have discussed the risk factors for hepato-
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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study, we reviewed the clinical features of patients who de-
veloped HCC -after undergoing HCV eradication. Although
the risk factors for hepatocarcinogenesis were not statisti-
cally analyzed due to the lack of data for non-HCC patients
with an SVR, the characteristics of a relatively large number
of patients may provide general information regarding the
clinical features and present state of patients who develop
HCC after obtaining an SVR in Japan. o

At the time of HCC diagnosis, 117 patients had one or
two tumors, and the tumor size was <3 ¢m in 102 patients.
A total of 110 patients received curative therapy, suggesting
that SVR patients are receiving appropriate follow-up
care (23) in most of the hospitals that participated in this
study.

A majority of the patients were men, received IEN treat-
ment at an older age and had an advanced stage of liver fi-
brosis, as previously reported (15-21). A considerable num-
ber of paticnis had a background of alcohol intake, obesity

and diabetes mellitus prior to IFN treatment, irrespective of ;

the stage of liver fibrosis. These background characteristics
have synergistic effects on hepatocarcinogenesis in chronic
HCV patients (24-27). Some studies have suggested that al-
cohol intake is also a risk factor for HCC development
among SVR patients (16, 17). Arase et al. (28) recently re-
ported that both alcohol intake and diabetes increase the risk
of HCC development in SVR patients without cirthosis and
non-SVR patients with cirthosis, consistent with the findings
of this study. To clarify the associations between these fac-
tors, including obesity, prospective cohort studies involving
a large number of patients and data on the clinical features
of patients who have undergone HCV eradication and indi-
viduals with a relatively low volume of alcohol intake, espe-
cially female patients, are needed.

An advanced age at HCV eradication is considered to be
a risk factor for HCC development in SVR pa-
tients (15-21, 29), and most patients in this study were >50
years when they received IFN therapy. Although 16 patients
received IFN therapy before S5O years of age, 12 had ad-
vanced fibrosis with cirthosis or a lower platelet count, and
three patients were heavy alcohol drinkers before IFN treat-
ment. ‘The number of heavy alcohol drinkers in this group
was higher than that of male patients >50 years old (56.3%

versus 29.7%, p=0.038), which suggests that alcohol intake

may influence hepatocarcinogenesis and the progression of
liver fibrosis in this group.
Nagaoki et al. (30) reported an older age at HCV eradica-
tion and heavy alcohol intake as risk factors for HCC devel-
- opment within five years of HCV eradication. In this study,
an older age at IFN treatment initiation tended to be associ-
ated with an increased risk of HCC, and the development of
HCC within five years was significantly associated with
lower albumin and higher AFP levels at IFN treatment in-
itiation. Kurosaki et al. (31) reported lower albumin levels
as one risk factor for HCC development within five years
among non-SVR patients without cirrhosis. However, it is
uncertain as to why lower albumin levels are correlated with

the occurrence of HCC. Regarding the AFP level, Asahina et
al. (32) recently reported that the posttreatment AFP level
(26 ng/mL) is correlated with the development of HCC
among IFN-treated patients; however, this is not the case
with the pretreatment AFP level. This suggests that patients
with a posttreatment AFP level of 26 ng/ml have a substan-
tial risk of developing HCC and that, of these patients, those
with a pretreatment AFP level of >10 ng/mL have a risk for
early HCC development. Therefore, patients with these char-
acteristics should be closely followed up during -and after
IFN therapy.

In- conclusion, our investigation revealed that most pa-
tients who develop HCC after obtaining an SVR are men
with advanced fibrosis and that lower albumin and higher
AFP levels before IFN treatment may increase the risk for
HCC development within five years of HCV eradication. In
contrast, the risk factors for HCC development after 10
years of IFN treatment are uncertain, and such patients. are
not rare; therefore, all patients with chronic HCV should re-
ceive long-term follow-up care to monitor for the possible
development of HCC following HCV eradication.
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a-Fetoprotein Levels After Interferon Therapy and Risk
of Hepatocarcinogenesis in Chronic Hepatitis C

Yasuhiro Asahina,"® Kaoru Tsuchiya,' Takashi Nishimura,"** Masaru Muraoka,"® Yuichiro Suzuki,"
Nobuharu Tamaki,' Yutaka Yasui,' Takanori Hosokawa,' Ken Ueda,’ Hiroyuki Nakanishi," Jun Itakura,'
Yuka Takahashi,! Masayuki Kurosaki,' Nobuyuki Enomoto,” Mina Nakagawa,” Sei Kakinuma,*3

" Mamoru Watanabe,” and Namiki Izumi'

The effects of interferon (IFN) treatment and the post-IFN treatment o-fetoprotein
(AFP) levels on risk of hepatocellular carcinoma (HCC) in patients with chronic hepati-
tis C (CHC) are unknown. To determine the relationship between AFP and alanine
transaminase (ALT) levels and HCC risk, a cohort consisting of 1,818 patients histologi-
cally proven to have CHC treated with IFN were studied. Cumulative incidence and
HCC risk were analyzed over a mean follow-up period of 6.1 years using the Kaplan-
Meier method and Cox proportional hazard analysis. HCC developed in 179 study sub-
jects. According to multivariate analysis, older age, male gender, advanced fibrosis,
severe steatosis, lower serum albumin levels, nonsustained virological response (non-
SVR), and higher post-IFN treatment ALT or AFP levels were identified as independent
factors significantly associated with HCC development. Cutoff values for ALT and AFP
for prediction of future HCC were determined as 40 IU/L and 6.0 ng/ml, respectively,
and negative predictive values of these cutoffs were high at 0.960 in each value. The cu-
mulative incidence of HCC was significantly lower in patients whose post-IFN treatment
ALT and AFP levels were suppressed to less than the cutoff values even in non-SVR
patients. This suppressive effect was also found in patients whose post-IFN treatment
ALT and AFP levels were reduced to less than the cutoff values despite abnormal pre-
treatment levels. Conclusion: Post-IFN treatment ALT and AFP levels are significantly
associated with hepatocarcinogenesis. Measurement of these values is useful for
predicting future HCC risk after IFN treatment. Suppression of these values after IFN
therapy reduces HCC risk even in patients without HCV eradication. (HepaToLOGY
2013;58:1253-1262)

epatocellular carcinoma (HCC), one of the
most frequent primary liver cancers,™ is the
third most common cause of cancer mortality
worldwide.? Hepatitis C virus (HCV) infection is a
common cause of chronic hepatltxs, which progresses
to HCC in many patients.* In the last two decades,
interferon (JFN) therapy has been used to treat
chronic hepatitis C (CHC) with the goal of altering

the patural history of this disease. Although HCV
eradication with IFN therapy for CHC has been
shown to prevent HCC,>® HCC sometimes develops
even after achlevmcy viral eradication.” Because the
number of sustmned virological responders (SVRs) is
increasing along with recent advances in the develop-
ment of effective anti-HCV therapy, it is very impor-
tant to determine factors responsible for HCC

Abbreviations: AFR a-~fetoprotein; ALT, alanine aminotransferase; APRI, aspartate ami e
idase; HCC, hepatocellular carcinoma; HCV, Hepatitis C virus; IFN, interferon; MRI, magnetic resonance

pused tomography; ¥-GT1 g glutamyl transpep

ase to platelet ratio index; CHC, chronic bepatitis C; CT com-

imagings PEG-, pegylated; RBV, ribavirin; ROC, receiver operator characteristic; SVR, sustained virvlogical response.
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development among IFN-treated patients. However,
this information is difficult to determine because of
the paucity of large-scale, long-term cohort studies.
The 70-kDa glycoprotein a-fetoprotein  (AFP),
encoded by a gene located on chromosome 4, is the
major serum protein during fetal life.'® Shortly before
birth, AFP is replaced by albumin as the major serum
prote_m,11 12 and thereafter, serum AFP levels remain
extremely low throughout life (<10 ng/mL). Because se-
rum AFP levels are frequendy elevated in patients with
HCC and germ-cell umors, measurement of AFP is
widely used as a serological marker for these umors.*'?
However, AFP levels are sometimes elevated in patients
with chronic viral hepatitis and cirthosis who do not
have HCC.>"® While one possible explanation for this
clevation is liver inflammation, in patients with CHC,
the relationship between AFP and markers of liver
inflammation such as alanine aminotransferase (ALT) is
unclear. Moreover, although several reports suggest that
pre-IEN treatment ALT and AFP levels in patients or
those in patients who did not undergo subsequent treat-
ment are associated with the development of HCC, it is
unclear whether post-IFN treatment ALT and AFP levels
are associated with hepatocarcinogenesis in patients with
CHC. Hence, to darify these associations we conducted
a large-scale, long-term cohort study of patients with
CHC to analyze the influence of ALT and AFP levels
before and after IFN therapy on hepatocarcinogenesis in
addition to other host and virological factors.

Patients and Methods

Patients. Patients chronically infected with HCV
who had histologically .proven chronic hepatitis or cir-
thosis and had undergone IFN treatment between 1992
and 2010 were enrolled in the cohort. HCC was defini-
tively ruled out by ultrasonography, dynamic computed
tomography (CT), and/or magnetic resonance imaging
(MRI) on enrollment. Patients were excluded if they had
a history of HCC at the time of liver biopsy, autoim-
mune hepatitis, primary biliary cirrhosis, excessive alco-
hol consumption (>50 g/day), hepatids B suiface
antigen, or antihuman immunodeficiency virus antibody.
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Based on these criteria, a toral of 2,689 patients were

initially enrolled. Of these; 223 (8.3%) patients were

excluded from the cohort because of loss to follow-up.

In the remaining 2,466 patients, 133 and 515 patients
were excluded from this analysis because of short follow-
up and retreatment with IFN-based therapy during the
follow-up period, respectively. Thus, the cohort compris-.

‘ing 1,818 patients was analyzed in the present study.

Written informed consent was obtained from all patients
and the Ethical Committee of Musashino Red Cross
Hospital approved this study, which was conducted in
accordance with the Declaration of Helsinki.
Histological Evaluation. To obtain liver speci-
mens, laparoscopic or ultrasound-guided liver biopsies
were performed with 13G or 153G needles, respectively.
The median length of specimen was 18 mm (range,
11-41 mm), and the mean number of portal tracts was
17 (range, 9-35). The stage of fibrosis and the grade
of inflammatory activity were scoted by two patholo- -
gists according to the classification of Desmer et al.**
The percentage of steatosis was quantified by deter-
mining the average proportion of hepatocytes affected.
IFN Therapy and Definitions of Response to IFN
Therapy. All patdents had chronic HCV infection at
liver biopsy, which was confirmed by the presence of
HCV-RNA in serum. All IFN therapies were initiated
within 48 weeks after liver biopsy. Among the 1,818
patients, 535 received IFNe or IFNS monotherapy for
24 weeks, 244 patients received IFNu ribavirin (RBV)
combination therapy for 24 weeks, 299 patients
received pegylated (PEG-) IFNa monotherapy for 48
weeks, and 760 patients received PEG-IFN¢ RBV
combination therapy for 48-72 weeks. :
Patients negative for serum HCV-RNA 24 weeks af-
ter IFN therapy completion were defined as SVRs.
Patients who remained positive for HCV-RNA 24
weeks after therapy completion were defined as non-
SVRs. HCV-RNA was determined by the qualitative
Amplicor or TagMan HCV assay (Roche Molecular
Diagnostics, Tokyo, Japan).
Data  Collection and Patzent Follow-up. At
enrollment,  patient characteristics,  biochemical,
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Table 1. Characteristics of Patients Enrolled
in the Present Study

Factors Value
Patients, n 1818
Sex, n (%)

‘Male 833 (45.8)

Female 985 (54.2)
Age (SD), year 57.1 (12.0)
BMI (SD), kg/m” 23.1 (3.2)
Fibrosis stage, n (%)

F1/2 1384 (76.1)

F3/4 434 (23.9)
Activity grade, n (%)

A0/1 964 (53.0)

A2/3 854 (47.0)
%Severe steatosis (>10%) 23.7
Albumin (8D), g/dL 4.0 (0.38)
ALT (SD), IU/L 78.3 (71.0)
y-GTP (SD), U/L 49.8 (50.6)
T. Bilirubin (SD), mg/dL 0.73 (0.34)
Fasting blood sugar (SD), mg/dL 113.4 (37.8)
LDL-Cholesterol (SD), mg/dL 101.6 (28.9)
T. Cholesterol (SD), mg/dL 176.2 (38.4)
AFP (SD), ng/mL 11.3 (28.3)
WBC counts (SD},/uL 4990 (1516)
Hb (SD), g/dL 14,0 (1.7)
Platelet counts {SD), x10%/uL 164 (54)
HCV load (SD), KiU/mL 1097 (1263)
HCV genotype, n (%) :

1a 11 (0.56)

1b ) i 1183 (67.4)

2a 361 (20.6)

2b ' ) 180 (10.3)

Others 20 (1.1)
%Core 70 a.a. mutation’ 34.2
%ISDR wild or 1 mutation® 63.9
IFN regimen, n (%)

IFN mono 758 (35.0)

IFN + RBV 275 (12.7)

PEG-IFN mono 307 {14.2)

PEG-IFN + RBV 758 (38.2)

Uinless othenwise indicated, data are given as mean (SD).

*HCV genotype was determined in 1755 patients.

THCV core mutation was determined in 409 patients with genotype 1b.

*SDR was determined in 1264 patients with genotype 1b.

Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; y-GTR
y-glutamyl transpeptidase; LDL, low-density lipoprotein; AFP, a-fetoprotein; WBC,
white blood cell; Hb, hemoglobin; HCV, hepatitis C virus; ISDR, interferon sensi-
tivity determining region; IFN, interferon; RBV, ribavirin; PEG, pegylated.

hematological, virological, and histological data were
‘collected. Age was determined at the dme of primary liver
biopsy. Patients were examined for HCC by abdominal
ultrasonography, dynamic CT, and/or MRI every 3-6
months. Serum-ALT and AFP levels were measured every
1-6 months. The surveillance protocols were in accord-
ance with the standard of care in Japan. If HCC was sus-
pected on the basis of the screening examination,
additional procedures (e.g., dynamic CT, dynamic MRI,
CT during hepatic arteriography, CT during arterial por-
tography, contrast-enhanced ultrasonography, and tumor
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biopsy) were used to confirm the diagnosis. HCC diagno-
sis was confirmed by needle biopsy, histology of surgically
resected specimens, or characteristic radiological findings.
To evaluate the effects of changes in serum ALT and AFP
levels during IFN therapy on hepatocarcinogenesis, the av-
erage integration values of ALT and AFP in each patient
were calculated before and after IFN therapy. Dam
obtained more than 1 year prior to HCC development
were used to exclude AFP elevadon caused by HCC itself.
Follow-up was between the date of primary liver bi-
opsy and HCC development or the last medical
attendance until June 2011. The mean follow-up
period was 6.1 years (range, 1.0-20.8 years).
Statistical Analyses. Categorical data were com-
pared by the chi-square test or Fisher’s exact test. Distri-
butions of continuous variables were analyzed with
Student 7 test for two groups. All tests of significance
were two-tailed and P < 0.05 was considered statistically
significant. The cumulative incidence curve was deter-
mined by the Kaplan-Meier method, and differences
among groups were assessed using the log-rank test. Fac-
tors associated with HCC risk were determined by the

-Cox proportional hazard model. As covariates in the

multivariate stepwise Cox model, age, sex, stage of liver
fibrosis, grade of histological activity, presence of hepatic
steatosis, serum albumin levels, y-glutamyl transpept-
dase (y-GTP) level, fasting blood sugar.levels, platelet
counts, pre-IFN" ALT levels, pre-IFN AFP levels, post-
IFN ALT levels, post-IFN AFP levels, and virological
response were included. HCC development was the de-
pendent variable. Time zero was defined as the time of
primary liver biopsy. The proportional assumption was
supported by log[-log(survival)] versus log(time) plots
that showed parallel lines. Statistical analyses were per-
formed using the Statistical Package for the Social Scien-
ces software v. 18.0 (SPSS, Chicago, IL).

Results

- Patient Characteristics and Factors Associated
With Risk of HCC. Table 1 shows patient characteris-
tics at the time of enrollment. During follow-up, HCC
developed in 179 patients. The cumulative incidence of
HCC for 5 and 10 years was 6.5% and 15.0%, respec-
tively. The final virological response to IFN therapy was
determined in all patients. The overall rate of SVRs was
50.2% (913/1818). The cumulative incidence in SVRs
was 2.3% and 5.5%, respectively, which was signifi-
cantly lower than that in non-SVRs (6.9% and 21. 9%,
respectively; log-rank test, P < 0.0001).

- Univariate analysis demonstrated factors that increase
the risk for HCC development (Table 2). According to



1256 ASAHINA ET AL.

multivariate stepwise Cox analysis, older age, male gen-
der, advanced fibrosis, severe steatosis, lower serum al-
bumin levels, non-SVR, and higher post-IFN treatment
ALT and AFP levels, but not pre-IFN treatment ALT
and AFP levels, were identified as independent factors
that were significantly associated with HCC develop-
ment (Table 2).

Association of Post-IFN Treatment ALT and AFP
Levels With HCC Development in SVRs and Non-
SVRs. Because our multivariate analysis identified
post-IEN treatment ALT and AFP levels as independ-
ent factors associated with HCC risk, we determined
the cutoff values of these factors for predicting the de-
velopment of HCC by receiver operator characteristics
(ROC) analysis. The area under the ROC curve for
post-IEN treatment ALT and AFP levels were higher
than that for pre-IEN treatment ALT and AFP levels,
suggesting that ‘quantification of post-IFN treatment
ALT and AFP levels rather than pre-IFN treatment lev-
els of these values is useful for predicting HCC (Fig.
1A). From this ROC analysis, ALT <40 IU/L and
AFP <6.0 ng/mL were identified as cutoff values.
Negative predictive values were extremely high at
0.960 in each value, suggesting patients with ALT and/
or AFP levels below these cutoff values are ar a lower
risk for HCC. :

As shown in Fig. 1B, the hazard ratio determined
by Cox proportional hazard analysis after adjustment
for age, sex, stage of liver fibrosis, degree of liver stea-
tosls, serum albumin levels, and virological response to

therapy demonstrated that the hazard ratio for HCC |

was dependent on post-IEN treatment ALT and AFP
levels. These hazard ratios increased predominantly
when post-IEN treatment AT and AFP levels were
more than the cutoff values.

As shown in Fig. 2, the cumulative incidence of
HCC was closely related to post-IEN teatment ALT
and AST levels and was significantly lower in patients
whose post-IFN teatment ALT and AFP levels was
suppressed to <40 IU/L and 6.0 ng/mL, respectively.

This suppressive effect was also notable in non-SVRs"

(Fig. 2C,D). Moreover, the cumulative incidence of
HCC was significandy higher even in SVRs whose
post-IEN treatment ALT and AFP levels were not <40
IU/L and 10 ng/mL, respectively (Fig. 2E,F).

Changes in ALT and AFP Levels With IFN Ther-
apy and HCC Development. In the entire cohort,
the mean ALT and AFP levels significantly decreased
after IFN therapy (ALT =78.4 to 36.6 IU/L, 95%
confidence interval [CI] = 38.6-45.0, P<0.0001;
AFP=113 to 69 ng/ml, 95% Cl=3.25-5.69,
P < 0.0001; paired Student # test), and this significant
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Table 2. Factors Associated With Hepatot;ellular Carcinoma

Risk Factor Hazard Ratio (95% CI} P Value
- Univariate analysis

Age (by every 10 year) 1.82 (1.52-2.20) <0.0001
Sex

Female 1

Male 1.61 (1.20-2.17) <0.0001
Fibrosis stage

F1/F2 1

F3/F4 4.90 (3.64-6.61) <0.0001
Activity grade

AO/AL : 1 R

A2/A3 3.38 (2.41-4.74) <0.0001
Degree of steatosis

<10% 1

>10% 3.84 (2.62-5.63) <0.0001
Albumin (by every 1 g/dl) 0.18 (0.22-0.25) <0.0001
Pre-ALT (by every 40 1U/L) 1.04 (0.96-1.08) 0.525
Post-ALT (by every 40 IL/L) 1.68 (1.55-1.81) <0.0001
7-GTP (by every 40 iU/L) 1.17 (1.08-1.27) <0.0001
Fasting blood sugar (by every 100 mg/dL) 1.82 (1.35-2.45) <0.0001
Pre-AFP (by every 10 ng/mlL) 1.07 (1.05-1.09) <0.0001

- Post-AFP (by every 10 ng/mL) 1.08 (1.06-1.12) <0.0001

Platelet counts (by every 10%/ uly 0.88 (0.85-0.90) <0.0001
Genotype

Non-1 1

1 2.27 (1.51-3.45) <0.0001
Core 70 mutation .

Wild 1

Mutant 2.78 (1.18-6.53) 0.018
ISDR

More than 1 mutation 1.

Wild or 1 mutation 1,27 (0.87-1.85) 0.216
Virological response

SVR 1
Non-SVR 3.66 (2.61-5.35)  <0.0001
Multivariate analysis
Age (by every 10 year) 2.18 {1.71-2.81) <0.0001
Sex :

Female 1

Male 2.66 (1.86-3.80) <0.0001
Fibrosis stage

F1/F2 1

F3/F4 227 (1.58-3.27). <0.0001
Degree of steatosis

<10% ‘ 1

>10% 2.29 (1.49-3.50) <0.0001
Albumin (by every 1 g/dL) 0.35 {0.23-0.55) <0.0001
Post-ALT (by every 40 /L) - 1.81 (1.55-2.12) <0.0001
Post-AFP (by every 10 ng/mlL} 1.06 (1.02-1.10) 0.007
Virological response

SR ) 1

Non-SVR 1.58 (1.01-2.48) 0.044

Hazard ratios for development of hepatocellular carcinoma were calculated by
the Cox proportional hazards analysis. ALT, alanine aminotransferase; y-GTR
gamma-glutamyl transpeptidase; AFR, alpha-fetoprotein; ISDR, interferon sensitivity
determining region; SVR, sustained virological tesponder. As covariates in the
multivariate stepwise Cox madel, age, sex, stage of liver fibrosis, grade of histo-
logical activity, presence of hepatic steatosis, serum albumin levels, y-GTP level,
fasting blood sugar levels, platelet counts, pre-IFN ALT levels, pre-IFN AFP levels,
postiFN ALT levels, postIFN AFP levels, and virological response were included.

decrease was found not only in SVRs, but also non-
SVRs (Fig. 3A). Because post-IFEN treatment ALT and
AFP levels rather than pre-JEN treatment levels were



