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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 resulting in an occur-
rence rate of 4.6% for men and 0.6% for women.

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

Key words: hepatocellular carcinoma, hepatitis C virus, interferon, sustained viral response

(Intern Med 52: 2701-2706, 2013)
(DOI: 10.2169/internalmedicine.52.1180)

' Department of Gastroenterology, St. Marianna University School of Medicine, Yokohama Seibu Hospital, Japan, *Division of Gastroenterology,
Department of Medicine, Kurume University School of Medicine, Japan, *Department of Hepatology, Toranomon Hospital, Japan, *Department
of Gastroenterology, Ogaki Municipal Hospital, Japan, °Department of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Japan,
Department of Gastroenterology and Hepatology, Osaka Red Cross Hospital, Japan, "Department of Medical and Molecular Science, Division
of Frontier Medical Science, Programs for Biomedical Research, Graduate School of Biomedical Science, Hiroshima University, J apan, BDepart-
ment of Gastroenterology, Graduate School of Medicine, Kanazawa University, Japan, ’Department of Gastroenterology and Metabology, Ehime
University Graduate School of Medicine, Japan, '*Department of Gastroenterology, Sapporo Kosei General Hospital, Japan, "Department of
Medicine and Clinical Oncology, Graduate School of Medicine, Chiba University, Japan, ?Department of Gastroenterology, Graduate School of
Medicine, The University of Tokyo, Japan, *Department of Gastroenterology and Hepatology, Jikei University School of Medicine, Japan, *Di-
vision of Hepatobiliary and Pancreatic Disease, Department of Internal Medicine, Hyogo College of Medicine, Japan, *Department of Hepatol-
ogy and Gastroenterology, Juntendo Shizuoka Hospital, Japan, ' Department of Gastroenterology and Medicine, Fukuoka University Faculty of
Medicine, Japan, " Department of Gastroenterology and Hepatology, Yamaguchi University Graduate School of Medicine, Japan, ® Department
of Gastroenterology, Kurume University Medical Center, Japan and " Department of Gastroenterology, Kobe Asahi Hospital, Japan

Received for publication June 16, 2013; Accepted for publication July 15, 2013

Correspondence to Dr. Akira Sato, asato@marianna-u.ac.jp

2701

-135-



Intern Med 52: 2701-2706, 2013 DOI: 10.2169/internalmedicine.52.1180

Introduction

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

Materials and Methods

Patients

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

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

Statistical analyses

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

cally significant.

Results

Patient characteristics at the time of hepatocellular
carcinoma occurrence

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

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

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

Patient characteristics at the start of IFN therapy

Sixteen patients had undergone IFN therapy before 50
years of age and 114 (88%) had undergone IFN therapy af-
ter 50 years of age (Table 1). Obesity, alcohol intake (more
than 80 g/day for five years), diabetes mellitus and cirrhosis
were observed in 34 (26%), 38 (29%), 26 (20%) and 46
(35%) patients, respectively. The platelet count was <15x10°*
cells/uL in 88 (68%) patients, the serum albumin level was
<3.9 g/dL in 53 (41%) patients and the alpha fetoprotein
(AFP) level was 210 ng/mL in 60 (46%) patients. Ninety-
two patients (71%) had either cirrhosis or a low platelet
count (<15x10* cells/pL), 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.

!vS years

Table 1. Patient Characteristics at the Start of IFN Therapy
No. of patients
Age (y1)
38-49 16
50-59 50
60-69 35
>70 9
BMI (kg/m?,) >25/<25 34/86
Alcohol intake (g/day), >80/<80 38/90
Diabetes mellitus, present/absent 26/104
Cirrhosis, present/absent 46/83
Platelet count (x 10* per pL), <10 /10- <15 /15-<20 />20 26/62/30/9
AST (IU/L), 2100/<100 43/86
ALT (IU/L), >100/<100 54/75
AST/ALT, >1/<1* 37/72
GGT (IU/L), 2100/51-99/<50 41/41/45
Albumin (g/dL), <3.5/3.6-3.8/>3.9 26/27/74
AFP (ng/mL), >20/19-10/<10 37/23/49

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

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 13/25 6/10 0.025
BMI (kg/m?), >25/<25 18/53 1127 4/12 0.830
Alcohol intake (g/day), >80/<80 21/54 13/25 4/12 0.725
Diabetes mellitus, present/absent 14 /62 11/27 1/15 0.142
Cirrhosis, present/absent 29/47 11/26 6/10 0.671
Platelet count (x 10* per pL), <15 /=15 53/21 24/13 11/5 0.767
AST (IU/L), >100/<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 3/13 0.425
Albumin (g/dL), <3.9/>3.9 38/35 12/26 3/13 0.016
AFP (ng/mL), >10/<10 43/20 10/21 7/8 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 occurrence was 4.2
years, we compared the background characteristics among
the patients who developed HCC within 5, 5-10 and >10
years of IFN therapy completion.

A 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 who started IFN therapy before 50 years of
age

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

variable Odds ratio (95% confidence interval) p value
Age >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) 38-47 (46)
Interval between end of IFN therapy and HCC occurrence, in years (median) 0.1-13 (6.5)
Platelet count, <15 x 10* per uL 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 IFN treatment (years)

Hospital Total Male Female Mean Mean Total Male Female
A 1,193 429 764  15-78 51.0 0.5-18.1 4.5 23 21 2
B 681 392 289 16-77 51.8 02-169 ] 17 1s 2
(& 525 224 301 18-76 50.4 2.0-21.6 9.5 17 14 3
D 487 290 197 15-76 485 0.2-21.9 6.0 3 3 0
E 404 227 177 9-85 53.0 0.5-18.0 33 9 7 2
F 250 149 101 17-76 50.4 0.5-19.1 §.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., 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 0.5-14.2 35 7 6 1
K 155 85 70  19-79 55.1 0.7-5.8 2.8 2 2 0
L 118 77 41  26-75 499 1.0-20.0 5.7 8 6 2
M 30 14 16 37-72 57.5 0.5-6.9 33 2 2 0

Total 4542 2325 2217 5.5 109 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.

At the time of HCC diagnosis, 117 patients had one or
two tumors, and the tumor size was <3 cm 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 IFN 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 patients 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 cirrhosis and
non-SVR patients with cirrhosis, 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 50 years of age, 12 had ad-
vanced fibrosis with cirrhosis 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.

The authors state that they have no Conflict of Interest (COI).
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