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Fig. 1 Overall survival rates of entire patients at 5 and 10 years were
52.7 and 29.7 %, respectively
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Fig. 2 Prognosis of the Child-Pugh score 5 group was significantly
better compared to the Child-Pugh score 6 group

Overall survival rate of entire patient based on the FIB-4
index

When patients were categorized according to the FIB-4
index as <2.0 (n = 93), >2.0 and <4.0 (n = 311), and >4.0
(n = 511), the survival rates at were 70.5 % (95 % CI 59.0—
79.9), 56.4 % (95 % CI 50.1-62.5), and 47.1 % (95 % CI
42.2-52.1) at 5 years, respectively, and 55.3 % (95 % CI
42.2-67.7), 32.2 % (95 % C1 25.5-39.6), and 23.7 % (95 %
CI 18.6-29.7) at 10 years, respectively (Fig. 3). The FIB-4
index <2.0 group had a significantly better prognosis than
the FIB-4 index >2.0 and <4.0 group (p = 0.028). The
FIB-4 index >2.0 and <4.0 group had a significantly better
prognosis than the FIB-4 index >4.0 group (p = 0.010).
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Fig. 3 Overall survival rate based on the FIB-4 index. The FIB-4
index of patients with Child-Pugh class A predicts outcomes with
good discriminative ability

Overall survival and recurrence rate of patients who
underwent hepatectomy/LAT based on the FIB-4 index

When focusing on HCC patients who underwent hepatec-
tomy/LAT, FIB-4 index was <2.0 in 70 patients (10.8 %),
>2.0 and <4.0 in 222 patients (34.2 %), and >4.0 in 357
patients (55.0 %). Figure 4a shows the overall survival
rates of these three groups. The survival rates of the FIB-4
index <2.0, >2.0 and <4.0, and >4.0 groups were 80.0 %
(95 % CI 67.1-88.7), 68.9 % (95 % CI 61.7-75.2), and
59.1 % (95 % CI 53.2-64.7) at 5 years, respectively, and
65.2 % (95 % CI149.4-78.1), 40.9 % (95 % CI 32.6-49.9),
and 28.6 % (95 % CI 22.1-36.1) at 10 years, respectively.
The FIB-4 index <2.0 group had a significantly bet-
ter prognosis than the FIB-4 index >2.0 and <4.0 group
(» = 0.047). The FIB-4 index >2.0 and <4.0 group had
a significantly better prognosis than the FIB-4 index >4.0
group (p = 0.005).

Figure 4b shows overall intrahepatic recurrence rates
following the initial treatment in these three groups. The
recurrence rates of patients with FIB-4 index <2.0, >2.0
and <4.0, and >4.0 were 54.3 % (95 % CI 52.4-79.5),
63.6 % (95 % CI 56.1-70.5) and 79.6 % (95 % CI 74.5-
89.0), respectively, at 5 years and 67.4 % (95 % CI 52.4-
79.5), 79.0 % (95 % CI 70.6-85.5) and 89.7 % (95 % CI
84.2-93.4), respectively, at 10 years. The FIB-4 index
>4.0 group had a significantly higher recurrence rate than
the other groups (FIB-4 index >4.0 vs >2.0 and <4.0,
p <0.001; >4.0 vs <2.0, p = 0.001). There were no signifi-
cant differences in recurrence rate between the FIB-4 index
<2.0 and >2.0 and <4.0 groups (p = 0.465).
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Fig. 4 Overall survival (a) and recurrence rate (b) based on the
FIB-4 index in patients who underwent hepatectomy/LAT. The FIB-4
index <2.0 group had a significantly better prognosis than the other
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Fig. 5 Overall survival rates of patients with a Child-Pugh score of 5
(a) and 6 (b) based on the FIB-4 index. The FIB-4 index was useful
for assessing mortality among patients with a Child-Pugh score of 5,

Overall survival rate of patients with C-P score 5 or 6
based on the FIB-4 index

‘When focusing on HCC patients with C-P score 5, FIB-4
index was <2.0 in 79 patients (13.0 %), >2.0 and <4.0 in
245 patients (40.4 %), and =4.0 in 282 patients (46.5 %).
Figure 5a shows the overall survival rates of these three
groups. The survival rates of the FIB-4 index <2.0, >2.0
and <4.0, and >4.0 groups were 75.7 % (95 % CI 63.2—
84.9), 61.9 % (95 % CI 54.8-68.5), and 55.2 % (95 % CI
48.6-61.5) at 5 years, respectively, and 59.7 % (95 % CI
44.9-72.9), 34.7 % (95 % C127.1-43.2), and 27.3 % (95 %
CI 20.6-35.3) at 10 years, respectively. The survival rate
was highest in patients with FIB-4 index <2.0, followed
by those with FIB-4 index >2.0 and <4.0, and those with
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but there were no significant difference among patients with a Child-
Pugh score of 6

FIB-4 index >4.0, although the difference between patients
with FIB-4 index >2.0 and <4.0 and those with FIB-4
index >4.0 was not significant statistically (FIB-4 index
<2.0 vs >2.0 and <4.0, p = 0.028, FIB-4 index <2.0 vs >
4.0, p < 0.001, and FIB-4 index >2.0 and <4.0 vs >4.0,
p = 0.052).

When focusing on HCC patients with C-P score 6,
FIB-4 index was <2.0 in 14 patients (4.5 %), >2.0 and <4.0
in 66 patients (21.4 %), and >4.0 in 229 patients (74.1 %).
Figure 5b shows overall survival rate of these three groups.
The survival rate of patients with FIB-4 index <2.0, >2.0
and <4.0, and >4.0 were 43.1 % (95 % CI 19.0-71.0),
35.0 % (95 % CI 22.9-49.4) and 36.0 % (95 % CI 28.8-
43.8), respectively, at 5 years and 32.3 % (95 % CI 11.6-
63.5), 24.1 % (95 % CI 12.7-40.8) and 18.4 % (95 % CI
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Table 2 Factors associated with patient survival (univariate analysis)

Table 2 continued

Factor Hazard ratio 95 % CI p value Factor Hazard ratio 95 % C1 p value
Age (years) Tumor number
<65 1 Single 1
=65 1.335 1.095-1.628 0.004 Multiple 2.350 1.953-2.824 <0.001
Sex Vascular invasion
Female I Absent 1
Male 1.156 0.605—1.422 0.172 Present 4.989 3.883-6.410 <0.001
AST (IU/mL) Antiviral therapy
<40 1 - 1
40 1.518 1.235-1.860 0.001 + 0.501 0.393-0.639 <0.001
ALT (IU/mL) Initial treatment
<35 1 Hepatectomy
>35 1.158 0.954-1.407 0.139 - !
Platelet count (x 10%/m) + 0.438 0.368-0.531 <0.001
>15 1 LAT
<15 1.026 0.804-1.181 0.792 - 1
Total bilirubin (mg/dL) + 0.880 0.717-1.071 0.218
<i2 1 CI confidence interval, AST aspartate aminotransferase, ALT alanine
>[.2 1.195 0.888-1.608 0.239 aminotransferase, AFP a-fetoprotein, AFP-L3 Lens culinaris agglu-
Albumin (g/dL) tinin-reactive a-fetoprotein, DCP des-y-carboxy prothrombin, LAT
235 | locoregional ablative therapy
<3.5 1.912 1.549-2.360 <0.001
Prothrombin time (%)
<70 ) 11.1-28.9), respectively, at 10 years. There were no signifi-
<70 1.086 0.519-1.634 0.921 cant differences in survival rates among these three groups
Etiology (viral hepatitis) (FIB-4 index <2.0 vs >2.0 and <4.0, p = 0.812; FIB-4
Present 1 index <2.0 vs >4.0, p = 0.743; FIB-4 index >2.0 and <4.0
Absent 1.356 1.041-1.761 0.024 V8 24.0,p=0.393).
Child-Pugh score
5 | Factors associated with patient survival
6 1.845 1.528-2.227 <0.001
Alcohol abuse Factors significantly associated with overall survival in
Absent I the univariate analysis are listed in Table 2. The follow-
Present 1033 0.844.1 264 0756 ing associations were statistically significant: age, AST,
AFP (ng/mL) albumi}l, HCC etiol(?gy, C-P score, AFP, AFP-L3, I?CP,
<20 : EIB-4 index, tumor size, number of tumors, vascular inva-
;20 449 12071739 <0.001 sion, antiviral therapy, and h‘epgtectomy/LAT‘as init.ial
AFP-L3 (%) treatment. Eactqrs that we.re S}gnlﬁcantly associated with
<10 | overall survival in the multivariate analysis were C-P score
- 6 [HR 1.564 (95 % CI 1.257-1.946); p < 0.001], FIB-4
>10 1.904 15492342 <0001 ex 2.0 and <4.0 [HR 1.638 (95 % CI 1.084-2.474);
DCP mAU/mL) p = 0.019] and FIB-4 index >4.0 [HR 1.828 (95 % CI
=40 ! 1.217-2.744); p = 0.004], AFP-L3 >10 % [HR 1.458
>40 1.614 1.339-1.945 <0001 (95 ¢, CT 1.163-1.829); p = 0.001], tumor size >3 cm
FIB-4 index [HR 1.718 (95 % CI 1.382-2.136); p < 0.001], number
<20 ! of tumors (multiple) [HR 1.464 (95 % CI 1.172-1.828);
220and<40  1.550 1.048-2.292 0.028 ) = 0.001], vascular invasion (present) [HR 2.884 (95 %
z4.0 2.001 3.761-2.917 <0.001 (] 2.102-3.957); p < 0.001], antiviral therapy [HR 0.761
Tumor size (cm) (95 % CI 0.585-0.989); p = 0.041], and hepatectomy
= I as initial treatment [HR 0.625 (95 % CI 0.497-0.786);
>3 2.220 1.849-2.665 <0.001
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Table 3 Factors associated with patient survival based on multivari-
able Cox proportional hazards modeling with forward selection

Factor Hazard ratio 95 % CI p value

Child-Pugh score

5 1

6 1.564
FIB-4 index

<2.0 1

>2.0 and <4.0 1.638

>4.0 1.828
AFP-L3 (%)

<10 1

>10 1.458
Tumor size (cm)

<3 1

>3 1.718

Tamor number

1.257-1.946 <0.001

1.084-2.474
1.217-2.744

0.019
0.004

1.163-1.829 0.001

1.382-2.136 <0.001
Single I
Multiple 1.464
Vascular invasion
Absent 1
2.884

1.172-1.828 0.001

Present 2.102-3.957 <0.001
Antiviral therapy

- I

+ 0.761

Initial treatment

0.585-0.989 0.041

Hepatectomy
- 1
+ 0.625

0.497-0.786 <0.001

CI confidence interval, AFP-L3 Lens culinaris agglutinin-reactive
a-fetoprotein

Discussion

C-P classification and tumor staging are both important fac-
tors for predicting mortality in HCC patients. Therefore, we
have to assess both tumor factors and residual liver function
when choosing the type of treatment for HCC. Recently,
proposed staging system for HCC combined tumor factors
and liver functional markers has been reported (the Cancer
of the Liver Italian Program (CLIP) investigators 1998;
Llovet et al. 1999; Kudo et al. 2004).

In patients with HCC who have C-P class A liver func-
tion at diagnosis, in the present study, there were significant
differences in the survival rates between C-P score 5 and 6
groups. However, we are not able to further stratifty HCC
patients with C-P score 5 in terms of liver function, because
the minimum score of C-P is 5 points.

It has been reported that the FIB-4 index is well corre-
lated with liver fibrosis (Sterling et al. 2006; Vallet-Pich-
ard et al. 2007; Shah et al. 2009). Although liver fibrosis

is reportedly intertwined with hepatocarcinogenesis and the
prognosis of chronic hepatitis C (Tamaki et al. 2013; Vergn-
iol et al. 2014), there have been few reports on whether the
FIB-4 index is associated with mortality in HCC patients.
In this study, we investigated the impact of the FIB-4 index
on prognosis of HCC with C-P class A.

When patients were categorized as <2.0, >2.0 and <4.0,
and >4.0 by FIB-4 index, patients with FIB-4 index <2.0
had a highest survival rate, followed by those with FIB-4
index >2.0 and <4.0, and those with FIB-4 index >4.0. In
addition, the FIB-4 index was also useful for predicting
prognosis in patients who underwent curative treatment
(hepatectomy/LAT), and the recurrence rate of FIB-4 index
>4.0 group was higher than that of the other groups in this
analysis. These results indicate that the calculation of the
FIB-4 index at the start of follow-up is useful for predicting
the outcome of HCC patients with C-P class A.

Whereas we found a significant difference in survival
rates based on the FIB-4 index in patients with C-P score
5, we did not find a difference in survival rates in patients
with C-P score 6. The C-P scoring system is considered
to reflect remnant liver function. In contrast, the FIB-4
index is a marker of liver fibrosis. Although liver fibrosis
is partly linked to remnant liver function, these are not
completely coincident. Patients with C-P class A can have
various degrees of liver fibrosis. Therefore, we were able
to further stratify the prognosis of HCC patients with C-P
score 5 using the FIB-4 index, a quantitative marker of liver
fibrosis.

Both the FIB-4 index and C-P score were identified
as independent risk factors for predicting the outcome of
HCC along with tumor factors such as tumor size, num-
ber, and tumor marker levels, and initial treatment in the
multivariate analysis. In addition, the hazard ratio of the
FIB-4 index was higher than the HR for the C-P score.
Therefore, FIB-4 index has a strong impact on the prog-
nosis of patients with HCC when they have C-P class A
liver function.

The utility of FIB-4 index is enhanced by the fact that it
is calculated using age and general laboratory data, in terms
of low cost, easy to calculate. In addition, the index can be
monitored easily with repeated calculation. Nevertheless,
the FIB-4 index has several limitations. The formula for the
FIB-4 index includes platelet count. Therefore, caution is
needed when a patient’s platelet count is low due to extra-
hepatic causes, for example, idiopathic thrombocytopenic
purpura and post-splenectomy.

There are several issues that should be further studied in
the future. The FIB-4 index has been developed as a nonin-
vasive marker of fibrosis in patients with chronic hepatitis
C and non-alcoholic fatty liver disease (Sterling et al. 2006;
Vallet-Pichard et al. 2007; Shah et al. 2009). Since the pre-
dominant etiology of HCC in the present study was HCV,
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further studies are required for assessing the prognosis of
HCC due to other etiologies (HBV and non-HBV + HCV).
Additionally, we did not investigate other serum liver fibro-
sis markers including hyaluronic acid and type IV colla-
gen 7s. Hence, it is necessary to assess the utility of these
values for the prediction of prognosis in HCC patients and
their relationship to the FIB-4.

In conclusion, the FIB-4 index was closely associated
with mortality in HCC patients with C-P class A, especially
those with C-P score 5. The FIB-4 index was identified as
an independent predictive factor for HCC prognosis from
a set of tumor and therapy-related factors. Therefore, the
FIB-4 index is very useful to clinicians when predicting
mortality and determining treatment strategies for HCC
patients with C-P score 5.
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Abstract

Background Long-term nucleos(t)ide analogue (NA)
therapy for chronic hepatitis B (CHB) patients has been
reported to reduce the risk of hepatocellular carcinoma
(HCC) development. However, survival rates and causes of
death in CHB patients either treated or not treated with NA
therapy are unclear. Therefore, we investigated the prog-
nosis of CHB in both of these groups.

Methods A total of 919 CHB patients who were treated
(n = 189) or not treated (n = 730) with NA therapy were
enrolled; of these, 135 were selected from each group by
propensity score matching. Survival, mortality from both
HCC and non-liver related diseases, and causes of death
were analyzed.

Results 1In all patients (n = 919), cumulative survival and
mortality from both HCC and non-liver related diseases did
not differ significantly according to NA therapy status. Of
66 patients who died during the follow-up period, 59.1 %
died due to liver-related diseases (including HCC); of the
remainder, 48.1 % died of non-liver related malignancies.
In patients selected by propensity score matching
(n = 270), cumulative survival and mortality from HCC
were significantly improved in those who received NA
therapy compared with those who did not (p = 0.015 and
0.018, respectively). Cox proportional hazards models
indicated that NA therapy was independently associated
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T. Tto
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with survival of CHB patients (hazard ratio, 0.286; 95 %
confidence interval, 0.122-0.668; p = 0.004).
Conclusions Approximately 40 % of CHB patients died
of non-liver-related diseases. Additionally, in patients who
required anti-viral therapy for CHB, NA therapy improved
survival and mortality from HCC.

Keywords Hepatitis B - Nucleos(t)ide analogue -
Hepatocellular carcinoma - Survival - Mortality

Abbreviations

CHB Chronic hepatitis B

HCC Hepatocellular carcinoma
HBsAg  Hepatitis B surface antigen
HBV Hepatitis B virus

NA Nucleos(t)ide analogue

HBeAg  Hepatitis B e antigen

ALT Alanine aminotransferase

AUC Area under the curve

ROC Receiver operating characteristic
CI Confidence interval

v-GTP Gamma-glutamyl transpeptidase
ALP Alkaline phosphatase

AFP Alphafetoprotein

HBcrAg Hepatitis B virus core-related antigen
BCP Basal core promoter

US Ultrasound

CT Computed tomography

MRI Magnetic resonance imaging
IFN Interferon

RR Relative risk

RFA Radiofrequency ablation

PEI Percutaneous ethanol injection
TACE Trancecatheter arterial chemoembolization

HAIC Hepatic arterial infusion chemotherapy
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Introduction

Chronic hepatitis B (CHB) affects over 350 million people
worldwide. Long-term complications of infection include
cirrhosis and hepatocellular carcinoma (HCC), which
together cause over 500,000 deaths annually [1, 2]. Hepa-
titis B surface antigen (HBsAg)-positive patients have a
70-fold increased risk of developing HCC compared to
their HBsAg-seronegative counterparts [3, 4]. Hepatitis B
virus (HBV) infection is endemic in Southeast Asia, China,
Taiwan, Korea, and sub-Saharan Africa, where up to
85-95 % of patients with HCC are HBsAg positive [3].
HCC is the third and fifth leading cause of cancer deaths in
men and women, respectively, and the number of deaths
and the mortality rate from HCC have greatly increased in
Japan since 1975 [6]. Hepatitis C virus—related HCC
accounts for 75 % of all HCC in Japan, while HBV-related
HCC accounts for 15 % [6].

Nucleos(t)ide analogues (NAs) are an established treat-
ment for CHB [7-9]. Between 2000 and 2006, lamivudine,
adefovir dipivoxil, and entecavir were approved in Japan as
NA therapies for CHB, and in 2014 tenofovir disoproxil
fumarate was also approved. NAs have a powerful inhibi-
tory effect on HBV DNA proliferation, regardless of
genotype, and act as antiviral agents and promote quies-
cence of hepatitis in nearly all patients, including those of
more advanced age with little prospect of spontaneous
remission. NA therapy for CHB has been reported to not
only prevent the progression of hepatitis, but to also reduce
the risk of development of HCC [10, 11]. However, sur-
vival rates and causes of death, including those that are
non-liver-related, have not been sufficiently investigated in
CHB patients receiving or not receiving long-term NA
therapy.

In the present study, we clarified these issues and also
confirmed the impact of NA therapy on decreasing mor-
tality in patients with CHB, using propensity score analysis
to reduce biases associated with the selection of study
patients [12-15].

Materials and methods
Patients

The study protocol was approved by the Institutional Ethics
Committee of Ogaki Municipal Hospital in January 2011,
and was in compliance with the Declaration of Helsinki.
Written informed consent for the use of stored serum
samples was obtained from all patients.

Between 1991 and 2010, 2220 consecutive HBsAg-
positive patients who visited the Department of Gastroen-
terology and Hepatology at Ogaki Municipal Hospital were

@ Springer

prospectively enrolled in our HCC surveillance program.
These patients included 1220 patients (55.0 %) in whom
hepatocarcinogenesis was investigated in our previous
study [11]. Of these, 919 met the following inclusion cri-
teria: HBsAg-positive for more than 6 months; no evidence
of HCV co-infection; no other causes of chronic liver
disease (alcohol consumption >80 g/day, hepatotoxic
drugs, autoimmune hepatitis, primary biliary cirrhosis,
hemochromatosis, and Wilson’s disease); no incomplete
clinical data or missing serum samples; follow-up duration
of greater than 3 years; no evidence of malignancies,
including HCC, for at least 1 year from the start of the
follow-up period; and receiving NA therapy for more than
1 year before the detection of HCC. In patients on NA
therapy, the date of NA therapy initiation was considered
the start of the follow-up period. In the non-NA group
(controls), the date of the first visit was defined as the start
of follow-up. The end of follow-up was defined as the final
visit for patients who had not died, and as the date of death
for patients who died during follow-up.

Of the 919 eligible patients, 189 received NA therapy
during the follow-up period (NA group) and 730 patients
did not (non-NA group). We first compared the survival
rates between the two groups and determined the causes of
death in all patients. Then, to reduce the confounding
effects of covariates, we used propensity scores to match
NA patients to unique non-NA patients. Eight covariates,
including age, sex, HBV DNA concentration, HBsAg,
hepatitis B e antigen (HBeAg), genotype, platelet count,
and alanine aminotransferase (ALT) activity were taken
into account at the start of follow-up. Based on previously
reported cut-off values for NA therapy indications or
relation to the progression of HBV patients [16-19], we
computed the propensity scores using logistic regression
with the following independent variables: age (<40 years
or >40 years), sex (female or male), HBV DNA concen-
tration (<5.0 log copies/ml or >5.0 log copies/ml), HBsAg
concentration (<3.0 log copies/ml or >3.0 log copies/ml),
HBeAg (negative or positive), genotype (genotype C or
non-genotype C), platelet count (>150 x 10°/m’ or
<150 x 103/1113), and ALT activity (<35 IU/ml or
>35 IU/ml). The calculated propensity scores of the NA
and non-NA groups were 0.22079-0.98208 (median,
0.5072) and 0.22079-0.99659 (median, 0.9206), respec-
tively; these scores were then rounded to two decimal
places. We conducted one-to-one matching of patients
based on consistency of propensity scores to the second
decimal place. Propensity score matching resulted in the
selection of 270 patients (NA group, 135 patients; non-NA
group, 135 patients) (Fig. 1). The p value of the calculated
propensity score was 0.372 based on the Hosmer-Leme-
show test [20]. The area under the curve (AUC) of the
receiver  operating  characteristic  (ROC)-calculated
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All patients with HBV between 1991 and 2010 (n=2220)

Eligibility criteria

1. HBsAg positive for more than 6 mo

2. Follow-up period > 3yr

3. No evidence of neoplasm for at least 1 yr
from the start of the follow-up period

4. Receiving NA therapy for more than 1 yr

Met (n=919)

|

NA group (n=189) Non-NA group (n=730)
I Propensity ]

score

matching l Non-NA group (n=1351]

ey

I NA group (n=135)

Fig. 1 Flowchart of the patient selection process

propensity score was 0.862 [95 % confidence interval (CI),
0.834-0.891] [21].

Surveillance, diagnosis, and causes of death

All patients were followed up at our hospital at least every
6 months. During each follow-up examination, we mea-
sured platelet counts and levels of ALT, gamma-glutamyl
transpeptidase (y-GTP), total bilirubin, alkaline phosphatase
(ALP), albumin, and alphafetoprotein (AFP). We used
commercially available kits to test blood samples for
HBsAg, HBeAg, and anti-HBe (Abbott Japan, Tokyo,
Japan). After December 2007, which was the start of the
follow-up period for the CHB patients, serum HBV DNA
concentrations were monitored by polymerase chain reac-
tion assay (COBAS AmpliPrep-COBAS TagMan HBV Test
v2.0, Roche Diagnostics), with a lower detection limit of
approximately 2.1 log copies/ml. Before November 2007,
these concentrations were measured once at the start of the
follow-up period using patients’ stored frozen serum (80 °C)
with the COBAS TagMan HBV Test v2.0. HBV genotyping
was performed as previously described [22]. Serum levels of
HBYV core-related antigen (HBcrAg) were measured using a
chemiluminescence enzyme immunoassay (CLEIA) as
previously described [23, 24]. Precore nucleotide 1896 and
basal core promoter (BCP) dinucleotide 1762/1764 were
determined using the line probe assay (INNO-LiPA HBV
PreCore assay; Innogenetics NV) [25, 26]. The probes were
designed to determine the nucleotides at position 1896 (G vs.
A) in the precore region and positions 1762 (A vs. T) and
1764 (G vs. A and G vs. T) in the BCP region. A line probe
assay was used to identify any emergence of YMDD
mutations (INNO-LiPA HBV DR assay; Innogenetics NV).

In accordance with the Clinical Practice Guidelines for
Hepatocellular Carcinoma in Japan [27], cirrhotic patients
under surveillance underwent ultrasound (US) and

monitoring of tumor markers every 3—4 months, and
dynamic computed tomography (CT) or magnetic reso-
nance imaging (MRI) every 12 months. For patients with
chronic hepatitis, we performed US and monitoring of
tumor markers every 6 months. The diagnosis of cirrhosis
was made based on histological examination or typical US
findings, e.g., superficial nodularity, a coarse parenchymal
echo pattern, and signs of portal hypertension (spleno-
megaly >120 mm, dilated portal vein diameter >12 mm,
patent collateral veins, or ascites) [28-30]. Patients who
did not satisfy these criteria were classified as having
chronic hepatitis. As recommended by the diagnosis
algorithm of the Japan Society of Hepatology [27], HCC
was diagnosed principally based on the results from
ultrasonography and dynamic CT (hyperattenuation during
the arterial phase in all or part of the tumor, and hypoat-
tenuation in the portal venous phase) and/or MRIL

Diseases other than HCC were initially detected based
on clinical symptoms and/or abnormal surveillance data,
medical check-ups (in community or workplace), or
assessment of physicians. These conditions were then
diagnosed based on disease-specific criteria by the appro-
priate specialists in our hospital. Causes of death data were
defined by these specialists using the International Statis-
tical Classification of Diseases and Related Health Prob-
lems (ICD) codes (ICD-9 codes for deaths occurring prior
to 1 January 2003, and thereafter ICD-10 codes) [31]. All
of the studies were performed retrospectively by collecting
and analyzing data from the patient records.

Ogaki Municipal Hospital is located in a region of
400,000 inhabitants and is the only general hospital in the
region employing ten or more gastroenterologists. There-
fore, a large number of CHB patients requiring HCC sur-
veillance visit regularly as outpatients. Additionally, there
is close contact, including sharing of patient mortality data
(if the patients died other than in our hospital), between
family physician clinic or care hospital in community and
our hospital.

Treatments

The 135 patients in the NA group received the following
NA therapies: lamivudine (17 patients), lamivudine and
adefovir dipivoxil (26 patients), and entecavir (92 patients).
The indications for NA therapy in each patient were
determined according to the guidelines of the American
Association for the Study of Liver Diseases (AASLD), the
European Association for the Study of the Liver (EASL),
or the Asian Pacific Association for the Study of the Liver
(APASL) [7-9]. Of the 135 patients in the non-NA group,
103 did not receive treatment because at the time of their
enrollment NA had not yet been approved in Japan, while
the remaining 32 patients declined NA therapy.
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Statistical analysis

Continuous variables are expressed as medians (range).
The Mann—Whitney U test was used for continuous vari-
ables, and the Chi square test with Yates’ correction or
Fisher’s exact test was used for categorical variables.
Actuarial analysis of cumulative survival and mortality was
performed using the Kaplan—-Meier method, and differ-
ences were tested with the log-rank test. Cox proportional
hazards models with forward selection were used for
multivariate analysis of factors related to survival.
Discrimination of the propensity score model was
assessed using the area under the ROC curve [21], with
higher values indicating better discrimination. Calibration
was assessed using the Hosmer—Lemeshow goodness-of-fit
test [20]. The Hosmer-Lemeshow test compares model
performance (observed versus expected) across deciles of
risk to test whether the model is biased (i.e., performs
differently at the extremes of risk). A non-significant value

Table 1 Characteristics of all patients

for the Hosmer-Lemeshow test suggests an absence of
such bias.

We considered p values of 0.05 or less to be significant.
Statistical analysis was performed with SPSS, version 18.0
for Windows (IBM Japan, Tokyo, Japan).

Results
Patient characteristics and causes of death in all patients

Table 1 shows baseline characteristics of all 919 patients
before propensity matching. There were significant dif-
ferences in age, HBV genotype, HBsAg concentration,
HBV DNA concentration, HBcrAg concentration, pre-
sence of HBeAg, BCP mutations, platelet count, ALT
level, y-GTP level, and history of interferon (IFN) ther-
apy. HCC developed in 24 of 189 patients (12.7 %) in the
NA group and 66 of 730 patients (9.0 %) in the non-NA-

NA group (n = 189) Non-NA group (n = 730) p value

Age (year)" 53 (27-81) 48 (0-84) <0.001
Sex (female/male) T7/112 331/399 0.256
Genotype (A/B/C/D/F/n.d.) 2/6/172/0/1/8 32/70/474/3/0/151 <0.001
HBsAg (log; 1U/ml)* 3.5 (0.6-5.5) 3.3 (0.1-7.9) <0.001
HBV DNA (log, copies/ml)* 6.8 (2.1-9.9) 3.7 (2.1-9.9) <0.001
HBcrAg (log)o IU/ml)* 5.6 (2.9-7.0) 2.9 (2.9-7.0) <0.001
HBeAg (positive/negative) 93/96 161/569 <0.001
Precore region (W/M/n.d.) 40/127/22 109/416/205 0.382
BCP (W/M/n.d.) 34/125/30 155/323/252 0.008
Platelet count (x 10°/m®)? 15.2 (3.2-38.8) 19.5 (3.7-55.1) <0.001
ALT (JU/ml)* 69 (7-1088) 25 (5-3410) <0.001
v-GTP (IU/ml)* 44 (7-530) 22 (5-797) <0.001
History of IFN therapy (yes/no) 17/172 37/693 0.041
Cirrhosis (absence/presence) 119770 639/91 <0.001
Development of HCC 24 66 0.171
Initial treatments of HCCs
Resection 13 35

RFA 5 7

PEI 0 2

TACE 4 9

HAIC 1 3
None 1 10
Follow-up duration (year)® 10.9 (3.1-20.9) 10.8 (3.0-20.9) 0.988
Propensity score® 0.5072 (0.22079-0.98208) 0.9206 (0.22079-0.99659) <0.001

# Data expressed as medians (range)

NA Nucleos(t)ide analogue, n.d Not done, HBsAg hepatitis B surface antigen, HBV Hepatitis B virus, HBcrAg Hepatitis B core-related antigen,
HBeAg Hepatitis B e antigen, W Wild type, M Mutant type, BCP Basal core promoter, ALT Alanine aminotransferase, y-GTP Gamma-glutamyl
transpeptidase, /FN, Interferon; HCC, Hepatocellular carcinoma; RFA, Radiofrequency ablation; PEI Percutaneous ethanol injection, TACE
Trancecatheter arterial chemoembolization, HAIC Hepatic arterial infusion chemotherapy
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Table 2 Causes of death in all patients with HBV (n = 66)

ICD code Disease NA group Non-NA group p value
(n=13) (n = 53)
Liver-related diseases 8/13 (61.5 %) 31/53 (58.5 %) 0.909
C22 HCC 6 26
185 Esophageal varices 0 1
with bleeding
K72 Hepatic failure 2 4
Non-liver-related diseases 5/13 (38.5 %) 22/33 (41.5 %)
Malignancies
C18 Colorectal cancer 0 2
C25 Pancreatic cancer 0 1
C31 Maxillary cancer 1 0
C34 Lung cancer 0 3
C43 Malignant melanoma 0 1
of skin
C50 Breast cancer 0 2
C85 Malignant 1 0
lymphoma
C92 Acute myeloblastic 1 1
leukemia
Diseases other than
malignancies
J18 Pneumonia 0 2
J80 Acute respiratory 0 1
distress syndrome
J44 Chronic obstructive 1 1
pulmonary disease
184 Interstitial pulmonary 0 1
diseases
146 Cardiopulmonary 1 1
arrest on arrival
163 Cerebral infarction 0 1
M32 Systemic lupus 0 1
erythematosus
V03 Injured in transport 0 4
accident

NA Nucleos(t)ide analogue, HBV Hepatitis B virus, /CD International
Statistical Classification of Diseases and Related Health Problems, HCC
Hepatocellular carcinoma

group during the follow-up period, respectively. Initial
treatments of the HCCs are also shown in Table 1. Of the
919 patients, 66 died during follow-up; causes of death
are shown in Table 2. Mortality was due to liver-related
diseases in 59.1 % (39/66) of patients, with HCC
responsible in 82.1 % (32/39) of these. Conversely, in
48.1 % (13/27) of patients who died of non-liver-related
diseases, the causes of death were a variety of malig-
nancies other than HCC, including hematological dis-
eases. In non-liver-related diseases other than
malignancies, the feature of the causes of death was also
not found. There were no significant differences between
NA and non-NA groups in terms of causes of death,
whether liver-related or non-liver-related.

Patient characteristics and causes of death determined
after propensity score matching

The baseline characteristics of the 270 study patients after
propensity score matching are summarized in Table 3. There
were no significant differences in age, sex, HBV genotype,
HBsAg concentration, HBV DNA concentration, HBcrAg
concentration, presence of HBeAg, precore region mutations,
BCP mutations, platelet count, ALT level, y-GTP level, his-
tory of IFN therapy, or follow-up duration. NA was admin-
istered for amedian of 5.5 years (range 1.0-10.0 years). HCC
developed in 19 of 135 patients (14.1 %) in the NA group and
37 of 135 patients (27.4 %) in the non-NA-group during the
follow-up period, respectively. Initial treatments of the HCCs
are also shown in Table 3. In the NA group, eight of the 135
patients died during follow-up, and of these 62.5 % (5/8) died
due to HCC. Conversely, 23 of 135 patients in the non-NA
group died during follow-up, and of these 73.9 % (17/23)
patients died due to HCC. Only three patients (13.0 %) died
due to malignancies other than HCC.

Cumulative survival and mortality analysis

Figure 2a shows the survival curves for all 919 patients. The
respective 5-, 10-, and 15-year cumulative survival rates
were 97.7, 94.6, and 91.0 % in the NA-group patients
(n = 189), and 99.6, 94.2, and 89.1 % in the non-NA-group
patients (n = 730) (p = 0.868). In the survival analysis of
the absence or presence of cirrhosis, there were no differ-
ences between the NA-group and the non-NA-group in the
status of cirrhosis. Additionally, the respective 5-, 10-, and
15-year cumulative mortality rates from HCC were 0.6, 3.1,
and 4.7 % in NA-group patients, and 0.2, 1.0, and 5.5 % in
non-NA-group patients (p = 0.788) (Fig. 2b). In the mor-
tality from HCC analysis of the absence or presence of cir-
rhosis, there was no difference between the NA-group and
the non-NA-group in the non-cirrhotic patients. Conversely,
in the cirrhotic patients, the respective 5-, 10-, and 15-year
cumulative mortality rates from HCC were 1.5, 5.3, and
5.3 % inthe NA- group (n = 70),and 1.2,8.7,and 18.5 % in
the non-NA-group (n = 91) (p = 0.047).

Figure 3a shows the survival curves for 270 patients after
propensity score matching. The respective 5, 10, and 15-year
cumulative survival rates were 99.2,94.8,and 91.3 % in NA-
group patients (n = 135), and 100, 89.4, and 75.4 % in non-
NA-group patients (n = 135) (p = 0.015). In the survival
analysis of the absence or presence of cirrhosis, there were no
differences between the NA-group and the non-NA-group in
the status of cirrhosis. Additionally, the respective 5, 10, and
15-year cumulative mortality rates from HCC were 0.0, 3.5,
and 5.8 % in NA-group patients, and 0.0, 7.1, and 19.2 % in
non-NA-group patients, (p = 0.018) (Fig. 3b). In the mor-
tality from HCC analysis of the absence or presence of
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Table 3 Characteristics of patients after propensity score matching

NA group (n = 135) Non-NA group (n = 135) p value
Age (year)® 53 (27-81) 51 (15-79) 0.098
Sex (female/male) 57178 50/85 0.384
Genotype (A/B/C/D/F/n.d.) 2/6/119/0/117 4/3/118/1/0/9 0.561
HBsAg (logjo 1U/ml)* 3.5(0.6-5.5) 3.4 (0.1-7.9) 0.541
HBYV DNA (log,, copies/ml)* 6.6 (2.1-9.7) 6.6 (2.1-9.9) 0.963
HBcrAg (log;o IU/ml)* 5.4 (2.9-1.0) 5.1 (2.9-7.0) 0.319
HBeAg (positive/negative) 62/73 70/65 0.330
Precore region (W/M/n.d.) 31/88/16 25/94/16 0.657
BCP (W/M/n.d.) 25/86/24 22/92/21 0.743
Platelet count (x 10*/m’)* 15.7 (3.2-38.8) 15.8 (3.7-47.0) 0.365
ALT (QU/mD)* 64 (7-1088) 51 (12-3410) 0.091
v-GTP (IU/ml)* 43 (7-530) 33 (10-797) 0.056
History of IFN therapy (yes/no) 107125 11/124 0.820
Follow-up duration (year)* 10.7 (3.1-20.5) 11.6 (3.0-18.5) 0.281
Cirrhosis (absence/presence) 84/51 94/41 0.248
Development of HCC 19 37 0.011
Initial treatments of HCCs
Resection 10 15
RFA 4 6
PEI 0 2
TACE 4 8
HAIC i 2
None 0 4
Mortality 8 23
Causes
Liver-related diseases
HCC 5 17
Hepatic failure 1 1
Non-liver-related diseases
Malignancies 0 3
Diseases other than malignancies 2 2
Propensity score” 0.6347 (0.22079-0.98208) 0.6347 (0.22079~0.98208) 0.986

 Data expressed as medians (range)

NA Nucleos(t)ide analogue, n.d Not done, HBsAg Hepatitis B surface antigen, HBV Hepatitis B virus, HBcrAg Hepatitis B core-related antigen,
HBeAg Hepatitis B e antigen, W Wild type, M Mutant type, BCP Basal core promoter, ALT Alanine aminotransferase, y-GTP Gamma-glutamyl
transpeptidase, IFN Interferon, HCC Hepatocellular carcinoma, RFA Radiofrequency ablation, PEI Percutaneous ethanol injection, TACE
Trancecatheter arterial chemoembolization, HAIC Hepatic arterial infusion chemotherapy

cirrhosis, there was no difference between the NA-groupand  between the NA and non-NA groups (a, all 919 patients; b,

the non-NA-group in the non-cirrhotic patients. Conversely, 270 propensity score—matched patients).

in the cirrhotic patients, the respective 5, 10, and 15-year

cumulative mortality rates from HCC were 0.0, 5.2, and

5.2 % in the NA- group (n = 51),and 0.0, 11.2,and 30.3 %  Factors associated with patient survival determined

in the non-NA-group (n = 41) (p = 0.017). In the survival  after propensity score matching

and mortality from HCC analysis of three types of NAs

therapies, there were no differences among them. Multivariate analysis with Cox proportional hazards
Figure 4 shows the cumulative mortality from non-liver-  modeling using the covariates of age (<40 years or

related diseases. There were no significant differences >40 years), sex (female or male), treatment (NA or non-
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Fig. 2 a Cumulative survival in all chronic hepatitis B (CHB)
patients (before propensity score matching) according to nucleos(t)ide
analogne (NA) treatment status. b Cumulative mortality from
hepatocellular carcinoma (HCC) in all CHB patients (before propen-
sity score matching) according to NA treatment status. There are no
significant differences between NA and non-NA groups in either
cumulative survival or mortality from HCC

NA), HBsAg (< 3.0 log IU/ml or >3.0 log IU/ml), HBV
DNA level (<5.0 log copies/ml or >5.0 log copies/ml),
HBeAg (negative or positive), precore region (wild type
or mutant), BCP (wild type or mutant type), HBcrAg
(< 3.0 log U/ml or > 3.0 log U/ml), genotype (genotype
C or non-genotype C), platelet count (>150 x 10°/m> or
<150 x 10*/m’), ALT (<35 IU/ml or >35 IU/ml), and
v-GTP (<56 IU/ml or >56 IU/ml) showed that NA
therapy was an independent factor associated with
improved patient survival (hazard ratio [HR], 0.286;
95 % confidence interval [CI], 0.122-0.668; p =
0.004).
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Fig. 3 a Cumulative survival in chronic hepatitis B (CHB) patients
(after propensity score matching) according to nucleos(t)ide ana-
logue (NA) treatment status. b Cumulative mortality from hepato-
cellular carcinoma (HCC) in all CHB patients (after propensity
score matching) according to NA treatment status. There are
significant differences between NA and non-NA groups in both
cumulative survival (p = 0.015) and mortality from HCC
(p = 0.018)

Discussion

In the present study, which used propensity score analysis
to reduce biases associated with the selection of study
patients, long-term NA therapy significantly reduced the
cumulative mortality from HCC in CHB patients. In
addition, there was no significant difference in non-liver-
related mortality between the NA and non-NA groups.
These results demonstrated that NA therapy improved the
survival of patients who required anti-viral therapy for
CHB. Moreover, multivariate analysis with Cox propor-
tional hazards models showed that NA therapy was an
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Fig. 4 Cumulative mortality from non-liver-related diseases.
a Chronic hepatitis B (CHB) patients before propensity score
matching. b CHB patients after propensity score matching. There
are no significant differences between NA and non-NA groups either
before or after propensity score matching

independent factor associated with improved survival of
CHB patients.

We recently reported that NA therapy reduced the risk
of HCC in patients with CHB [11]. In that study, which
also used propensity score analysis, the respective 5-, 7-,
and 10-year cumulative incidences of HCC were 2.7, 3.3,
and 3.3 % in patients on NA therapy (n = 117) and 11.3,
26.0, and 40.0 % in patients not on NA therapy (n = 117).
Further, multivariate analysis with Cox proportional haz-
ards models showed that NA therapy significantly reduced
the risk of hepatocarcinogenesis in CHB patients (HR,
0.28; 95 % CI, 0.13-0.62). In the present study, we further
assessed the survival and the mortality from both HCC and
non-liver related diseases, expanding the number of study
patients compared with our previous study for hepatocar-
cinogenesis. The present study, which demonstrated
improved survival of CHB patients on NA therapy,
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supports our previous results that showed a reduction in
hepatocarcinogenesis by NAs. Conversely, other factors
that were associated with the development of HCC in that
study, including higher age, BCP mutations, and high
HBcrAg and y-GTP concentrations, were not identified in
this study as independent factors influencing survival of
CHB patients. It was considered that these factors associ-
ated with hepatocarcinogenesis [11] did not influence the
survival of CHB patients, especially, after HCC develop-
ment. NA therapy for CHB patients has been reported to
not only prevent disease progression from advanced liver
disease but also to reverse decompensated cirrhosis [32—
34]. Thus even if HCC has developed in patients receiving
NA, it is assumed that treatment of recurrent HCC is
possible while maintaining liver function. In the present
study, particularly, in the analysis of cirrhotic patients, the
cumulative mortality rates from HCC in the NA-group
were significantly lower than in the non-NA-group in both
all and propensity score matched patients.

Chen et al. [35] used community cohort data to analyze
mortality from non-liver-related causes of death in
patients with CHB. They reported that the relative risks
(RRs) and 95 % CIs for all non-liver-related deaths
among HBsAg-positive subjects were 1.2 (1.1-1.3) in
males and 1.4 (1.1-1.7) in females. Non-liver-related
causes were further subdivided into cancer and non-can-
cer groups. For all non-liver cancers, the RRs were 1.2
(1.0-1.4) for males and 1.7 (1.2-2.3) for females. Non-
cancer deaths that were non-liver-related had RRs of 1.2
(1.1-1.4) and 1.2 (09-1.6) in males and females,
respectively. They concluded that HBV-infected individ-
uals may be at increased mortality risk from non-liver-
related causes; possible reasons include the direct effect
of HBV infection, changes in the host immune system as
a cause or effect of chronic infection, and behavioral
factors associated with HBV infection.

In the present study, 66 of all 919 CHB patients died
during follow-up; in approximately 40 % (27/66) of cases
the causes of death were non-liver-related diseases, of which
about 50 % (13/27) were malignancies other than HCC.
Although this study was based on hospital-based subjects,
we performed detailed analysis to categorize NA adminis-
tration status in CHB patients compared with Chen et al.’s
study. Additionally, our study revealed no significant dif-
ference in cumulative mortality between the NA and non-NA
groups before and after propensity score matching. Further,
malignancies arose from a variety of organs, and thus we
recommend that CHB patients be monitored not only for the
development of liver-related diseases but non-liver-related
disease as well, particularly malignancies.

Since the present study was retrospective in nature, we
used propensity score analysis to reduce the selection bias
associated with indications for NA therapy. The p value of



J Gastroenterol (2015) 50:795-804

803

0.372 by the Hosmer-Lemeshow test, which evaluates the
goodness-of-fit for the calculated propensity score, was
considered reassuring [20]. Additionally, the AUC of 0.862
(95 % CI, 0.834-0.891) in the ROC analysis suggested
excellent discrimination for the calculated propensity score
[21]. Consequently, the backgrounds and clinical data of
propensity score—matched patients did not differ signifi-
cantly between the NA and control groups.

The main limitations of this study include the hospital-
based population and its retrospective nature. Although our
hospital is located in a region of 400,000 inhabitants and is
the only general hospital visited by a large number of CHB
patients, further prospective studies with community-based
subjects are warranted. Another limitation was that the
propensity score analysis results may be limited by biases
related to unmeasured and hidden covariates. Finally, one-
to-one matching based on propensity scores resulted in a
reduction in the number of patients included.

In conclusion, the survival of patients who received anti-
viral NA therapy for CHB was improved compared with that
of untreated controls, and NA therapy specifically reduced
the risk of HCC mortality. In addition, the causes of death of
approximately 40 % of CHB patients who died during fol-
low-up were non-liver-related. Further studies are warranted
to confirm these findings in other populations.
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Introduction

Abstract

Background and Aim: Hepatocellular carcinoma (HCC) can develop in patients with
chronic hepatitis C after they have achieved a sustained virologic response (SVR) to
antiviral therapy, that is eradication of hepatitis C virus (HCV). Thus, surveillance for HCC
remains necessary after SVR. We investigated factors that are predictive of HCC in
HCV-infected patients who achieved SVR.

Methods: The incidence and risk factors for HCC were evaluated in 522 patients who
achieved SVR with interferon-based antiviral therapy for HCV. Patients maintained
regular follow-up every 6 months for HCC surveillance. The FIB-4 index and aspartate
aminotransferase to platelet count ratio index were calculated based on laboratory data at
the time that SVR was documented (SVR24).

Results: Patients continued follow-up visits for 1.0-22.9 years (median, 7.2 years) after
SVR. HCC developed in 18 patients. The incidence of HCC was 1.2% at 5 years and 4.3%
at 10 years. The use of peginterferon or ribavirin for treatment and a history of antiviral
therapy prior to the course when SVR was achieved were not associated with the incidence
of HCC after SVR. The presence of diabetes mellitus (risk ratio 2.08; P =0.0451) and
FIB-4 index calculated at the time of SVR24 (risk ratio 1.73; P = 0.0198) were associated
with a higher likelihood of HCC after SVR by multivariate analysis.

Conclusions: Patients with diabetes mellitus and patients with the elevation of FIB-4
index at SVR24 are at higher risk of HCC after SVR. Surveillance for HCC should be
continued in this patient subpopulation.

failure to detect small HCCs, allowing the tumor to grow to a large
size before detection and diagnosis at an advanced stage.

Hepatocellular carcinoma (HCC) is one of the most prevalent
cancers worldwide,' and its incidence is predicted to increase in
Western countries.>® Chronic hepatitis C virus (HCV) infection
is a major cause of HCC,}® and the prevention of HCC
is a major goal of antiviral therapy in patients with chronic
hepatitis C.

Sustained virologic response (SVR) is defined as the eradication
of HCV with antiviral therapy. The benefit of HCV eradication is
the prevention of the progression of chronic hepatitis and associ-
ated complications.® Several studies have confirmed that achieve-
ment of SVR results in the resolution of liver fibrosis™ and a
decreased incidence of HCC.""'* However, the development of
HCC is sometimes observed in patients who achieve SVR.!5
Some cases involved very advanced HCC with very poor progno-
sis at the time of detection. Due to the decreased risk of HCC
development in patients with SVR, they are less likely to partici-
pate in surveillance for HCC after SVR.? This may result in a

Journal of Gastroenterology and Hepatology 30 (2015) 1183-1189

The emergence of new direct-acting antiviral drugs (DAAs)
against HCV will dramatically increase the number of patients
who achieve SVR.?'** Given the marked increase in the number of
patients who achieve SVR, there will be an increase in the number
of patients who develop HCC after SVR in the near future. There-
fore, understanding the incidence and risk factors for the develop-
ment of HCC in patients after SVR will be important for the
management of this patient subpopulation.

In the present study, we investigated the incidence and risk
factors for HCC in 522 patients with chronic HCV infection who
achieved SVR with interferon (IFN)-based antiviral therapy.

Methods

Patients and follow-up. Between 1990 and 2012, a total of
1285 patients with chronic HCV infection underwent IFN-based
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antiviral therapy at our institution. Patients were excluded if they
had antibodies against human immunodeficiency virus or hepatitis
B virus surface antigen or other forms of liver disease (e.g. auto-
immune hepatitis, alcoholic liver disease, or hemochromatosis).
Patients with cirrhosis were not included because IFN-based anti-
viral therapy is not permitted by the Japanese National Medical
Insurance System for patients who had cirrhosis at the start of the
antiviral therapy. Of these, 522 patients achieved SVR. HCV infec-
tion was confirmed by positive HCV antibody titers and the pres-
ence of serum HCV-RNA before treatment. SVR was confirmed
by the absence of serum HCV-RNA 24 weeks after the end of
treatment (SVR24). No patient had a history of HCC. The absence
of HCC was confirmed by imaging studies in all patients at the
start of antiviral therapy and when SVR was documented (i.e.
SVR24). Liver biopsy was performed in 494 patients prior to the
start of antiviral therapy. Liver histology was classified according
to the METAVIR score.”

Patients continued to follow-up every 6 months after SVR with
laboratory testing and ultrasonography at every visit. The absence of
serum HCV-RNA was reconfirmed annually (at every two visits).
Laboratory tests included complete blood cell count, aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT), and
tumor markers for HCC (alpha fetoprotein [AFP] and des-gamma-
carboxy prothrombin). If a nodular lesion was detected by ultraso-
nography or an elevation in a tumor marker was observed, additional
imaging studies (computed tomography, magnetic resonance
imaging, or both) were performed. The diagnosis of HCC was based
on appropriate imaging characteristics according to the criteria in
the guidelines of the American Association for the Study of Liver
Diseases,®?” with the findings of arterial hypervascularity and
venous or delayed phase washout by contrast-enhanced dynamic
computed tomography or magnetic resonance imaging. In addition,
HCC was confirmed histologically based on the resected specimen
when patients underwent surgical resection as a treatment.

The entire protocol was approved by the hospital institutional
review board and carried out in compliance with the Declaration of
Helsinki. Written informed consent was obtained from all partici-
pating patients before the enrollment of the study.

Estimation of liver fibrosis when SVR was
achieved with FIB-4 index and with the aspartate
aminotransferase to platelet count ratio index
(APRI). Liver fibrosis was estimated at SVR24 using the FIB-4

index® calculated as AST (TU/L) X age (years)/ platelet count (10%

L) x ALT (IU/L)"?, and using the APRI? calculated as AST (IU/L)
(/upper limit of normal AST [TU/L]) x 100/platelet count (10%L).

Statistical analysis. SVR24 was defined as time zero for
calculating the incidence of HCC. In the analysis of HCC inci-
dence, patients who developed HCC were non-censored and those
who did not were censored. The Kaplan~Meier method was used
to calculate the rate of HCC development, and the log~rank test
was used to analyze differences in incidence. A Cox proportional
hazards model was used for univariate and multivariate analyses of
factors related to the development of HCC. Univariate analysis
was first performed for all variables analyzed. Variables that
reached statistical significance (P < 0.05) in the univariate analysis
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were subsequently included in the multivariate analysis. Data
analysis was performed using JMP statistical software, version 6.0
(Macintosh version; SAS Institute, Cary, NC, USA). All P values
were derived from two-tailed tests, with P <0.05 accepted as
statistically significant.

Results

Patients characteristics. Table 1 shows the baseline
patient characteristics before antiviral therapy. Patients consisted
of 292 (55.9%) males and 230 (44.1%) females, with a mean age
of 50.6 £ 11.8 years. Approximately 20% of patients reported
habitual alcohol intake (more than 50 g per day for more than S
years) and 8.2% of patients had type 2 diabetes mellitus, defined
based on the American Diabetes Association revised criteria.*
Less than half of the patients achieved SVR with use of
peginterferon (PEG-IFN) or use of ribavirin for therapy. More than
half of the patients had been infected with HCV genotype 2 (2a or
2b) before the eradication, although genotype 1b is predominant in
Japan. This is because patients with genotype 2 were more likely
to achieve SVR than those with genotype 1. No patients had F4
fibrosis due to the disability for patients with cirrhosis to undergo
IFN-based antiviral therapy by National Insurance System. The
FIB-4 index and APRI at SVR24 was 1.99 £ 1.52 and 0.45 £ 0.52,
respectively. The FIB-4 index at SVR24 was increased with the
increase of pretreatment liver fibrosis grade as assessed in liver
biopsy specimens despite the normalization of serum transaminase
activity (Fig. 1).

Table 1 Baseline characteristics of the study patients before antiviral
therapy (n = 522)

50.6+11.8

230 (44.1)/292 (55.9)
322 (79.9)/81 (20.1)
)
)

Age lyears)'

Sex (female/male)

Habitual alcohol intake (nofyes)

Diabetes mellitus (no/fyes)

Treatment when SVR was achieved
(naive/retreatment)

Ribavirin use (nofyes)

Peginterferon use (no/yes)

448 (91.8)/40 (8.2)
410 (78.5)/112 (21.5)

267 (61.1)/255 (48.9)
282 (54.0)/240 (46.0)

Body mass index 23.2+9.2

Baseline ALT (IU/L) 96.5+93.8

Baseline AST (IU/L) 65.2+57.3

Baseline GGTP (IU/L) 548+ 735

Baseline albumin (g/dL) 4.16+0.33

Baseline total bilirubin (mg/dL) 0.72 £0.65

Baseline AFP (ng/dL) 416+ 6.68

Baseline platelet counts (x 10%/uL) 187 £ 58

HCV genotype (1b/2a or 2b) 227 (44.6)/282 (55.4)

Pretreatment HCV-RNA levels {logiolU/mL) 5.25+1.47

Pretreatment liver activity (AO/A1/A2/A3) 31 (6.3)/296 (59.9)/150

(30.4) 17 (3.4)

Pretreatment liver fibrosis 83 (16.8)/263 (63.2)/121

(FO/F1/F2/F3) (24.5)/27 (5.5)

TAt 24weeks after the end of antiviral therapy when SVR was docu-
mented (i.e. SVR24).

AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGTP, gamma-glutamy! transpeptidase; HCV, hepati-
tis C virus; SVR, sustained virologic response.
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8 7 (P=0.0044) (P=0.0022)
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Figure 1 Association between pretreatment liver fibrosis as assessed
by pathological evaluation of liver biopsy specimens and FIB-4 index at
SVR24. The liver fibrosis grade was based on the METAVIR score.®
FIB-4 index at SVR24 was 1.52 + 1.10 in patients with FO, 1.81 £ 1.17 in
F1,2.36+£1.89 in F2, and 3.59 + 2.66 in F3. SVR, sustained virologic
response.

Incidence of HCC and risk factors associated with
the development of HCC after SVR. During a median
follow-up of 7.2 years (range, 1.0-22.9 years) in patients with
SVR, HCC was diagnosed through screening in 18 patients with
the median interval of 6.6 years (range, 1.5-17.1 years). Fifty-one
of 522 patients (9.8%) were lost for follow-up during the study
period after 2.3-18.2 years’ follow-up, who were treated as cen-
sored cases. HCC was treated by surgical resection according to
treatment guidelines for HCC in Japan,*' and diagnosis of HCC
was confirmed also histologically based on the resected specimen
after treatment in 15 patients. The incidence of HCC at 5 and 10
years was 1.2% and 4.3%, respectively.

Risk factors associated with the development of HCC after SVR
were investigated. Based on the univariate analysis, patient age
(risk ratio [RR] 1.06; P =0.0228), sex (RR 1.87; P =0.0250),
habitual alcohol intake (RR 1.72; P =0.0484), diabetes mellitus
(RR 1.91; P =0.0277), baseline albumin (RR 0.12; P =0.0045),
baseline platelet counts (RR 0.82; P = 0.0002), liver fibrosis grade
before treatment based on percutaneous liver biopsy (RR 2.35;
P =0.0005), FIB-4 index at SVR24 (RR [.51; P <0.0001), and
APRI at SVR24 (RR 2.04; P =0.0031) were identified as factors
significantly associated with a likelihood of HCC after SVR
(Table 2a). Pretreatment HCV-RNA levels, HCV genotype, past
history of antiviral treatment, and use of PEG-IFN or use of
ribavirin in the treatment regimen that achieved SVR were not
associated with HCC development after SVR. Presence of diabetes
mellitus (RR 2.08; P =0.0453) and higher FIB-4 index at SVR24
(RR 1.73; P =0.0198) were selected as a factor significantly asso-
ciated with a higher likelihood of HCC according to the multivari-
ate analysis (Table 2b).

Figure 2 shows the cumulative incidence of HCC after SVR
based on the FIB-4 index at SVR24. The optimal cut-off point for
the FIB-4 index was determined with a Cox proportional hazards
model and the distribution of the FIB-4 index in the study patients.
Patients were classified as having a FIB-4 index of < 2.0 or >2.0.
The incidence of HCC in patients with a FIB-4 index =2.0 was
significantly higher than that of patients with FIB-4 index < 2.0
(P=0.0001).

Journal of Gastroenterology and Hepatology 30 (2015) 1183-1189
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50
40 4

30

Incidence of HCC (%)

] - (P=0.0001)

0 5 10 15 20
Years after SVR (SVR24)
Patients at risk
FIB-4: <2.0 334 241 1 79 20
FIB-4: 220 188 148 54 31 5

Figure 2 The incidence of hepatocellular carcinoma after SVR accord-
ing to the FIB-4 index at SVR24. The incidence of HCC at 5 and 10 years
was 0% and 2.0%, respectively, in patients with FIB-4 index at
SVR24 < 2.0, and was 3.4% and 9.2%, respectively, in patients with
FIB-4 index at SVR24 > 2.0. —, FIB-4:<2.0 (n=334); -- -, FIB-4:22.0
(n=188). HCC, hepatocellular carcinoma; SVR, sustained virologic
response.

Characteristics of patients who developed HCC
after SVR. Table 3 summarizes the characteristics of 18
patients who developed HCC after SVR. The interval between
SVR24 and the diagnosis of HCC was 6.76 = 4.19 years. The
percentages of patients who achieved SVR with the use of PEG-
IFN or use of ribavirin was smaller comparing the entire study
patients. AFP level increased significantly at HCC development,
compared with the baseline AFP level (P =0.0437). Whereas
APRI at HCC development was significantly lower than that at
SVR24 (P =0.0424), no significant decrease was observed in
FIB-4 index between at SVR24 and at HCC development
(P =0.1750). Liver fibrosis progressed to cirrhosis at the develop-
ment of HCC in 6 of 15 patients (40.0%) who underwent surgical
resection as a treatment of HCC and non-cancerous liver tissue at
HCC development was available (Table S1).

Discussion

Some HCCs detected and diagnosed after the achievement of SVR
could have been minute tumors that were undetectable by imaging
studies during or even before antiviral therapy that grew to a
detectable size after SVR."323 However, our previous analysis of
tumor volume doubling time of HCC detected after SVR suggests
that HCC does develop after the eradication of HCV.** Indeed,
there are several case reports of small HCC tumors diagnosed
more than 5 years after SVR.!®!"" These findings highlight the
importance of understanding the incidence and risk factors for
HCC development after SVR.

In the present study, we investigated the incidence and risk
factors for HCC diagnosed after the eradication of HCV in more
than 500 patients who underwent surveillance for median 7.2
years. The incidence of HCC was 1.2% at 5 years and 4.3% at 10
years after SVR, which was significantly lower than the reported
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Table 2 Univariate and multivariate analysis of factors associated with the development of HCC after SVR (n = 522)

Parameter Standard X Risk ratio (95% confidence P-value
estimate error interval)
(a) Univariate analysis

Age (years) at SVR24 0.0591 0.0280 5.19 1.0609 (1.0077-1.1247) 0.0228
Sex Female 1

Male 0.6271 0.3165 5.02 1.8721 (1.0747-3.8910) 0.0250
Habitual alcohol intake No 1

Yes 0.5450 0.2593 3.90 1.7246 (1.0042-2.8366) 0.0484
Diabetes mellitus No 1

Yes 0.6488 0.2635 4.85 1.9132 (1.0830-3.1181) 0.0277
Treatment that achieved SVR Naive 1

Retreatment 0.1985 0.2642 0.53 1.2195 (0.6897-1.9906) 0.4664
Ribavirin use No 1

Yes -0.0444 0.2800 0.03 0.9565 (0.5284-1.6235) 0.8734
Peginterferon use No 1

Yes -0.0837 0.3024 0.08 0.9197 (0.4766-1.6090) 0.7797
Body mass index —0.0547 0.0736 0.60 0.9468 (0.8384-1.0184) 0.4377
Baseline ALT (IU/L) -0.0009 0.0029 0.12 0.9991 {0.9902-1.0022) 0.7312
Baseline AST (1U/L) -0.0033 0.0035 1.45 0.9967 (0.9882-1.0010) 0.2287
Baseline GGTP (IU/L) 0.0032 0.0021 1.62 1.0033 (0.9977-1.0066) 0.2033
Baseline albumin (g/dL) -2.0868 0.7299 8.05 0.1241 (0.0295-0.5220) 0.0045
Baseline total bilirubin {mg/dL) -0.1743 0.5316 0.14 0.8400 {0.1760-1.5222) 071186
Baseline AFP (ng/dL) -0.0031 0.0215 0.03 0.9969 (0.8847-1.0113) 0.8641
Baseline platelet count (x 10%/ul) -0.1953 0.0589 13.53 0.8226 (0.7281-0.9176) 0.0002
HCV genotype 2a/2b 1

1b -0.2449 0.2539 0.97 0.7828 (0.4594-1.2694) 0.3254
Pretreatment HCV level -0.1841 0.1436 1.56 0.8319 (0.6328-1.1153) 02114
Pretreatment liver activity AO/A1 1

A2/A3 0.1766 0.2521 0.48 1.1931 (0.7132-1.9549) 0.4879
Pretreatment liver fibrosis FO/F1 1

F2/F3 0.8549 0.2634 12.18 2.3511 (1.4429-4.1526) 0.0005
FIB-4 index at SVR24 0.4095 0.0728 18.21 1.5060 (1.2841-1.7207) < 0.0001
APRI at SVR24 0.7139 0.1832 8.76 2.0419 (1.3326-2.8052) 0.0031

(b) Multivariate analysis

Age (years) at SVR24 0.0031 0.0448 0.005 1.0031 (0.8209-1.0992) 0.9442
Sex Female 1

Male 0.6372 0.4373 2.48 1.8911 (0.8657-5.0473) 0.1151
Habitual alcohol intake No 1

Yes 0.4572 0.3038 2.18 1.5797 (0.8543-2.8814) 0.1402
Diabetes mellitus No 1

Yes 0.7318 0.3418 4.01 2.0788 (1.0170-4.0133) 0.0453
Baseline albumin (g/dL) -1.7984 0.9374 3.70 0.1656 (0.0252-1.0343) 0.0544
Baseline platelet counts (x 10%/uL) -0.0108 0.0084 1.90 0.9893 (0.9712-1.0041) 0.1679
Liver fibrosis FO/F1 1

F2/F3 -0.1384 0.3373 0.17 0.8708 (0.4494-1.7262) 0.6829
FIB-4 index at SVR24 0.5474 0.2387 5.43 1.7288 {1.0927-2.8570) 0.0198
APRI at SVR24 0.0318 0.6396 0.002 1.0323 (0.2436-3.2694) 0.9604

AFP, alpha fetoprotein; ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet count ratio index; AST, aspartate aminotransferase;
GGTP, gamma-glutamyl transpeptidase; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; SVR, sustained virologic response.

incidence of HCC in patients who underwent IFN-based antiviral
therapy but failed SVR."*** The incidence of HCC development in
non-cirrhotic patients who achieved SVR in this study was higher
than the incidence of HCC in non-cirrhotic patients with SVR in
Western countries and similar to those with advanced fibrosis.*
This is partly because the age of patients with chronic hepatitis C
in Japan is older than those in Western countries.**> The use of
PEG-IFN or the use of ribavirin did not affect the incidence of

1186

HCC after SVR. This means that the risk of HCC development did
not differ according to the antiviral treatment regimen used if HCV
was eradicated.

Although univariate analysis identified patient age, sex, habitual
alcohol intake, diabetes mellitus, baseline serum albumin and
platelet count, pretreatment liver fibrosis, FIB-4 index at SVR24,
and APRI at SVR24 as factors associated with HCC development
after SVR, only the presence of diabetes mellitus and the FIB-4
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