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Abstract

Background Due to advances in interferon (IFN) therapy

for chronic hepatitis C, most elderly patients, and even

many of those with advanced hepatic fibrosis, now achieve

a sustained virological response (SVR). However, carci-

nogenesis remains problematic in these patients. Hence, we

aimed to elucidate risk factors for hepatocarcinogenesis in

SVR patients and to present an appropriate follow-up

protocol for improving outcomes.

Methods We retrospectively studied 562 consecutive

SVR patients for a median observation period of 4.8 years.

Results Hepatocellular carcinoma was diagnosed in 31

patients (5.5 %). Respective cumulative incidences were

3.1, 10.1, and 15.9 % at 5, 10, and 15 years after com-

pletion of IFN therapy. The proportional hazards model

identified moderate or advanced fibrosis stage, advanced

age, habitual alcohol consumption, and alpha-fetoprotein

elevation as determinants of carcinogenesis, with hazard

ratios of 10.7 (p \ 0.001), 4.1 (p \ 0.01), 3.9 (p \ 0.01),

and 2.6 (p \ 0.05), respectively. Carcinoma was diagnosed

in 26 % of patients more than 10 years after completion of

IFN therapy. Unexpectedly, F2 fibrosis was detected in

42 % of these patients. The 5-year survival rate was 93 %

in the patients who had received periodic cancer screening

but only 60 % in those who had not.

Conclusion We recommend that SVR patients be observed

at 6-month intervals, at a minimum, to facilitate diagnosis at

an early stage, for as long as possible after completion of

therapy even if not at an advanced stage of fibrosis.
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Abbreviations

HCV Hepatitis C virus

HCC Hepatocellular carcinoma

IFN Interferon

ALT Alanine aminotransferase

SVR Sustained virological response

PEG-IFN Pegylated interferon

CHC Chronic hepatitis C

AFP Alpha-fetoprotein

PIVKA-II Protein induced by vitamin K absence or

vitamin K antagonist-II

US Ultrasonography

CT Computed tomography

MR Magnetic resonance imaging

cGTP cGlutamyl transpeptidase

HBV Hepatitis B virus

Introduction

Hepatitis C virus (HCV) infection is the major cause of

chronic liver disease worldwide. It is also a major risk

factor for hepatocellular carcinoma (HCC). In Japan, about

70 % of HCC are associated with HCV infection [1].
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It is well known that interferon (IFN) therapy reduces

the rate of HCC development in patients with HCV

infection by reducing hepatic inflammation, thereby

attenuating hepatic fibrosis [2, 3]. Multivariate analysis has

indicated that IFN therapy reduces the rate of HCC

development in patients who show reductions in alanine

aminotransferase (ALT) levels in response to IFN therapy

[4]. Patients who achieved a sustained virological response

(SVR) are considered to show eradication of HCV RNA

and normalization of ALT levels [5]. Therefore, the inci-

dence of HCC development is presumed to be lower in

patients who achieve SVR than in those who are unre-

sponsive to this therapy. Several studies have demonstrated

that SVR patients rarely develop HCC and that they gen-

erally have favorable outcomes [4, 6–8].

On the other hand, the development of HCC in SVR

patients has been reported [9–15]. Moreover, several

reports have shown that HCC can develop more than

10 years after the completion of IFN therapy [16, 17]. In

the last 10 years, tremendous progress has been made in

the field of HCV therapy, including pegylated interferon

(PEG-IFN) and ribavirin plus direct-acting antivirals or

IFN-free regimens [18]. SVR was reportedly obtained

with these recently developed treatments in approxi-

mately 70 % of patients infected with HCV genotype 1

[19, 20], 80–90 % of those infected with genotype 2 or 3

[21], and 50 % of those infected with genotype 4 [22].

As more patients receive treatment, it is anticipated that

considerable numbers will achieve SVR. Thus, appro-

priate follow-up protocols to screen for HCC develop-

ment in SVR patients will become increasingly

important.

We investigated the incidence, risk factors, and char-

acteristics of HCC development in SVR patients and

present a follow-up protocol for improving outcomes.

Methods and materials

Patients

This was a retrospective cohort study conducted at a

single center. We evaluated data from 913 consecutive

patients with HCV infection who had received IFN

therapy between 1991 and 2011 in the Department of

Hepatology, Steel Memorial Yawata Hospital. Chronic

hepatitis C (CHC) was diagnosed based on continuous

positivity for antibodies to HCV and HCV RNA for

more than 6 months before starting IFN therapy. Liver

biopsy was performed on almost all patients, the

exception being those with clinically diagnosed liver

cirrhosis. The histological diagnosis was made according

to the classification of Desmet et al. [23]. The screening

for HCC development was performed before IFN

administration and just after the completion of this

therapy. Among the screenings, 562 patients achieved

SVR (61.6 %), and were enrolled in this study. They

were followed until the end of the analysis (December

2012). Data on the 562 patients were collected from their

medical records. We excluded patients who were sero-

positive for hepatitis B surface antigen, or who had other

liver diseases such as autoimmune hepatitis or primary

biliary cirrhosis, or who had been diagnosed with HCC,

or developed HCC within 12 months after the comple-

tion of IFN therapy, because these patients may already

have had HCC when IFN therapy was completed.

Habitual and excessive alcohol consumptions were

defined as an average daily intake of at least 30 or 60 g

of pure ethanol for 10 years or more, respectively. The

backgrounds of our SVR patients are shown in Table 1.

Informed consent was obtained from each patient

Table 1 Clinical characteristics of 562 SVR patients just before IFN

therapy was started

Number of patients 562

Gender (male/female) 311/251

Age (year)a 57 (18–81)

Observation period (year)a 4.8 (1–20.5)

Alcohol consumption (%)

Habitual (ethanol C30 g/day) 138 (24.6)

Excessive (ethanol C60 g/day) 73 (13.0)

Diabetes mellitus 55 (9.8)

Genotype (%)

Genotype 1b 235 (41.8)

Genotype 2a/2b 296 (52.7)

Undetermined 31 (5.5)

Fibrosis stage (%)

F0 (no fibrosis) 53 (9.4)

F1 (slight fibrosis) 187 (33.3)

F2 (moderate fibrosis) 193 (34.3)

F3 (severe fibrosis) 78 (13.9)

F4 (cirrhosis) 51 (9.0)

Laboratory data

AST (IU/L)a 54 (14–582)

ALT (IU/L)a 73 (3–1,139)

cGTP (IU/L)a 40 (7–570)

Platelet count (9 104/lL)a 15.7 (5.2–41)

AFP (ng/mL)a 5.5 (1–185.3)

IFN therapy (%)

Monotherapy 213 (37.9)

Combination therapy 349 (62.1)

SVR sustained virological response, IFN interferon, AST asparate

aminotransferase, ALT alanine aminotransferase, cGTP cglutamyl

transpeptidase, AFP alpha-fetoprotein
a Expressed as median (range)
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enrolled in the study, and the study protocol conformed

to the ethical guidelines of the 1975 Declaration of

Helsinki as reflected in a priori approval by our insti-

tution’s human research committee.

IFN treatment

IFN therapy was administered once in 490 patients, twice

in 58, three times in 12, and four times in 2 patients. IFN

monotherapy was administered to 213 patients (37.9 %).

IFN or PEG-IFN plus ribavirin combination therapy was

administered to 349 patients (62.1 %). Various types of

IFN were used: IFN-a (natural or recombinant) in 124

patients (22.1 %), PEG-IFN-a in 385 (68.5 %), and IFN-b
in 53 (9.4 %).

SVR was defined as negativity for HCV RNA at least

6 months after the completion of IFN therapy. HCV RNA

was measured by the qualitative Amplicor or Taqman HCV

assay (Roche Molecular Diagnosis, Tokyo, Japan).

Follow-up and diagnosis of HCC

We performed biochemical examinations, including mea-

surements of alpha-fetoprotein (AFP) and/or protein

induced by vitamin K absence or vitamin K antagonist-II

(PIVKA-II), and imaging studies using modalities such as

ultrasonography (US), computed tomography (CT), or

magnetic resonance imaging (MR) every 6 months after

the completion of IFN therapy. HCC was diagnosed based

on typical findings on dynamic CT or MR, and/or by

histology.

At the end of the study, the follow-up rate at our insti-

tution or related private hepatology clinics was 80.2 %

(452 patients); 7 patients (1.2 %) had died due to non-liver

related diseases, and 103 (18.3 %) had been lost to follow-

up for various reasons.

Statistical analysis

Continuous variables are shown as medians (range). The

cumulative incidence of HCC development was assessed

by the Kaplan–Meier method. Differences between car-

cinogenic curves were tested using the log-rank test.

Multivariate analysis of risk factors for the development of

HCC was conducted using the Cox proportional hazards

model. The correlation between age at the start of IFN

therapy and the time elapsed between the end of IFN

therapy and HCC development was evaluated using the

Pearson correlation coefficient. A p value less than 0.05

was considered statistically significant. All statistical

analyses were performed with JMP version 10.0 (SAS

Institute, USA).

Results

Overall cumulative rate of HCC development

HCC was diagnosed in 31 of 562 SVR patients (5.5 %)

during a median observation period of 4.8 years (1–20.5).

The cumulative rates of HCC development were 3.1, 10.1,

and 15.9 % at 5, 10, and 15 years after the completion of

IFN therapy, respectively (Fig. 1). On the other hand, HCC

was diagnosed in 79 of 351 non-SVR patients (22.5 %).

The cumulative rates of HCC development were 15.8, 35.5,

and 42.3 % at 5, 10, and 15 years after the completion of

IFN therapy, respectively.

Risk factors for carcinogenesis

Next, we examined the cumulative incidences of HCC in

association with different risk factors estimated by the

Kaplan–Meier method and then applied the log-rank test.

Initially, we attempted to divide SVR patients into

F0–2 and F3–4 groups, or into F0–3 and F4 groups, by

referring to previous studies [13, 14]. However, a large

number of our patients with F2 fibrosis developed HCC

(Table 2). Therefore, the SVR patients were divided into

the F0–1 and F2–4 groups for further analysis. The

results of the analysis for fibrosis showed the incidence

of HCC to be higher in the F2–4 group than in the F0–1

group (p \ 0.001) (Fig. 2a). When patients were divided

into 2 groups according to platelet count, which is a

convenient and non-invasive index of fibrosis, the

Fig. 1 Overall cumulative incidence of hepatocellular carcinoma

(HCC). The cumulative rates of HCC development in 562 patients

who achieved sustained virological response were 3.1, 10.1, and

15.9 % at 5, 10, and 15 years after the completion of IFN therapy,

respectively.
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incidence of HCC development was higher in the group

with platelet counts \140,000/lL than in the group with

platelet counts C140,000/lL (p \ 0.01) (Fig. 2b).

Patients who were 50 years or older at the time of

starting IFN therapy had a higher incidence of HCC than

those starting IFN therapy prior to age 50 years

(p \ 0.01) (Fig. 2c). As for AFP levels at the start of

IFN therapy, the incidence of HCC development was

higher in the group with AFP C8 ng/mL than in the

group with AFP \8 ng/mL (p \ 0.01) (Fig. 2d).

Patients with habitual alcohol consumption had a higher

incidence of HCC (p \ 0.01) (Fig. 3a). The incidence of

HCC development was higher in patients with diabetes

than in those without (p \ 0.01) (Fig. 3b). The cumulative

incidence of HCC was higher in the group with cglutamyl

transpeptidase (cGTP) C40 IU/L than in the group with

cGTP \40 IU/L, although the difference did not reach

statistical significance (p = 0.056). There were no signifi-

cant differences in the incidence of HCC development

according to gender, ALT level at the start of IFN therapy,

body mass index, HCV genotype, the duration of IFN

therapy, the type of IFN, or the concomitant use of riba-

virin with IFN.

Next, we performed multivariate analysis using Cox’s

proportional hazards model. The independent variables

entered in the analysis included gender, which was previ-

ously reported to be a risk factor for HCC development,

and cGTP at the start of IFN therapy, which did not quite

reach statistical significance in the univariate analysis, as

well as factors that exhibited significant differences in the

univariate analysis using the log-rank test. The latter

included age, fibrosis, habitual alcohol consumption, AFP

level at the start of IFN therapy, and diabetes. The platelet

count was excluded from this analysis because of the

possible strong interaction with fibrosis. The multivariate

analysis showed progression of liver fibrosis, advanced

age, habitual alcohol consumption, and AFP elevation at

the start of IFN therapy to be significant risk factors for

HCC development. The estimated hazard ratio for HCC

development in the F2–4 relative to the F0–1 group was

10.7 (p \ 0.001). The ratio in patients C50 years of age

relative to that of those \50 years of age was 4.1

(p \ 0.01); the ratio in patients with habitual alcohol

consumption (ethanol consumption C30 g/day) relative to

those who did not consume alcohol habitually was 3.9

(p \ 0.01), and the ratio of patients with AFP levels at the

start of IFN therapy C8 ng/mL relative to those with levels

\8 ng/mL was 2.6 (p \ 0.05) (Table 3).

A significant inverse correlation was observed between

age at the start of IFN therapy and the time elapsed from

the completion of IFN therapy until HCC development

(correlation coefficient = -0.43, p \ 0.05) (Fig. 4).

Clinical characteristics of 31 patients who developed

HCC after SVR

The patient population consisted of 24 men and 7 women.

The median age at the start of IFN therapy was 58 (range

38–75) years, and the median age at the time of HCC

development was 66 (range 54–80) years. The median time

elapsed from the completion of IFN therapy until HCC

development was 7.4 (range 1–17.8) years. Among a total

of 31 patients, 8 developed HCC 10 years or more after the

completion of IFN therapy, with the longest interval being

17.8 years. Thirteen patients (41.9 %) had habitually con-

sumed alcohol, and 8 (25.8 %) had diabetes. A majority of

patients had advanced fibrosis at the start of IFN therapy;

F3 was found in 10 (32.3 %) and F4 in 7 (22.6 %), while

13 patients (41.9 %) had relatively mild F2 fibrosis. HCC

was detected by US in 21 patients (67.7 %), by CT in 5

(16.1 %), based on subjective symptoms in 3 (9.7 %), and

by increased levels of tumor markers in 2 (6.5 %). As for

tumor markers, 12 patients (38.7 %) were positive for AFP,

16 (51.6 %) for PIVKA-II, and 22 (71.0 %) for one of

these two markers, whereas 9 (29.0 %) were negative for

both markers. The median ALT level at the time of HCC

diagnosis was 19 U/L, and most patients had ALT levels

below 30 U/L, the exception being patients diagnosed at

advanced stages.

According to the Barcelona-Clinic Liver Cancer staging

classification, 26 patients (83.9 %) had early stage HCC

(single nodule, or up to 3 nodules \3 cm) [24]. Twenty-

eight patients (90.3 %) had good liver functional reserve,

with Child-Pugh grade A, and 25 (80.6 %) underwent

curative treatment including hepatectomy and percutane-

ous radiofrequency ablation. The initial treatment response

was complete remission in 26 (83.9 %) patients. Among

these patients, 10 had recurrence of HCC, and 8 were able

to receive curative treatment for recurrent HCC. This might

have been because good liver functional reserve was

Table 2 HCC development after SVR, stratified according to liver

fibrosis

Fibrosis

stage before

IFN therapy

n HCC

development

(%)

Cumulative rates of HCC

development

5 years

(%)

10 years

(%)

15 years

(%)

F0 53 0 (0) 0 0 0

F1 187 1 (0.5) 0.7 0.7 0.7

F2 193 13 (6.7) 3.5 14.7 17.2

F3 78 11 (14.1) 3.7 12.7 30.5

F4 51 6 (11.8) 11.7 22.8 22.8

All 562 31 (5.5) 3.1 10.1 15.9

HCC hepatocellular carcinoma, SVR sustained virological response,

IFN interferon
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maintained by successful eradication of HCV with IFN

therapy. Histopathological examination of non-cancerous

margins was performed in 19 (61.3 %) patients, and liver

fibrosis was reduced in 9 (47.4 %), while 9 (47.4 %)

showed no change. Only 1 (5.3 %) exhibited exacerbation.

Most patients showed no histological progression of liver

fibrosis. Patients who developed HCC after achieving SVR

had a good 5-year survival rate of 83 %, whereas 4 patients

who were diagnosed at far advanced stages died within

6 months. Since these 4 patients had received neither

periodic examinations nor adequate liver cancer screening,

HCC was detected at far advanced stages based on sub-

jective symptoms.

Next, we compared the patients who had undergone

liver cancer screening every 6 months with those who had

not. The former and latter groups consisted of 23 and 8

Fig. 2 Cumulative incidences of hepatocellular carcinoma (HCC)

according to liver fibrosis, platelet (PLT) counts, age, and alpha-

fetoprotein (AFP) levels. a The incidence of HCC was higher in the

F2–4 group than in the F0–1 group (p \ 0.001). b The incidence of

HCC development was higher in the group with PLT counts

\140,000/lL than in the group with PLT counts C140,000/lL

(p \ 0.01). c Patients who were 50 years or older at the time of

starting IFN therapy had a higher incidence of HCC than those

starting IFN therapy prior to age 50 years (p \ 0.01). d The incidence

of HCC development was higher in the group with AFP C8 ng/mL

than in the group with AFP \8 ng/mL (p \ 0.01)
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patients, respectively. The mean tumor numbers were 1.2

and 3.3; the mean maximum tumor sizes were 2.4 and

7.0 cm. The proportions of patients receiving curative

treatment for HCC were 96 and 38 %, and the 5-year

survival rates were 94 and 50 % in the former and latter

groups, respectively. Based on these results, screening for

HCC development every 6 months after SVR is especially

important for improving outcomes.

Discussion

Advances in IFN therapy may increase the number of

patients at high risk for HCC development who achieve

SVR, including elderly patients and those with advanced

fibrosis. Thus, appropriate follow-up is especially impor-

tant after SVR.

In this study involving 562 patients achieving SVR, 31

(5.5 %) developed HCC during the median observation

period of 4.8 (range 1–20.5) years. A recent meta-analysis

determined the incidence of HCC after SVR to be

0.0–3.2 % [25], indicating a rather high incidence in our

study. Possible explanations for our high incidence include

differences in the clinical backgrounds of the patients such

as more advanced age at the start of IFN therapy, a larger

number of patients with advanced fibrosis, and the longer

observation period in our study. Of the 31 patients who

developed HCC, 8 were found to have HCC at 10 years or

more after achieving SVR, with the longest interval being

17.8 years. As our results show, hepatocarcinogenesis can

Fig. 3 Cumulative incidences of hepatocellular carcinoma (HCC)

according to habitual alcohol consumption and diabetes mellitus

(DM). a Patients with habitual alcohol consumption had a higher

incidence of HCC (p \ 0.01). b The incidence of HCC development

was higher in patients with diabetes than in those without (p \ 0.01).

Table 3 Univariate and multivariate analyses of risk factors associ-

ated with HCC development in SVR patients

Factors Univariate analysis

(log-rank test)

Multivariate analysis

p value Hazard ratio

(95 % CI)

p value

Fibrosis stage

F 0, 1 \0.001 1 \0.001

F 2, 3, 4 10.7 (2.2–192.1)

Age at start of IFN (years)

\50 \0.01 1 \0.01

C50 4.1 (1.4–17.4)

Habitual drinking (ethanol C30 g/day)

No \0.01 1 \0.01

Yes 3.9 (1.7–9.0)

AFP at start of IFN (ng/mL)

\8 \0.01 1 \0.05

C8 2.6 (1.2–6.1)

Diabetes mellitus

No \0.01 1 0.19

Yes 1.8 (0.7–4.0)

cGTP at start of IFN (IU/L)

\40 0.056 1 0.26

C40 1.6 (0.7–3.8)

Gender

Female 0.14 1 0.87

Male 0.9 (0.4–2.6)

HCC hepatocellular carcinoma, SVR sustained virological response,

95 % CI 95 % confidence interval, IFN interferon, AFP alpha-feto-

protein, cGTP cglutamyl transpeptidase
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occur as long as 10 years, or even more, after the com-

pletion of IFN therapy.

Several studies have demonstrated male gender,

advanced age, progression of liver fibrosis, and low platelet

count to be major risk factors for HCC development after

SVR [11–15]. In previous reports, it was found that liver

fibrosis at advanced stages (F3 or liver cirrhosis) often

leads to HCC development, while mild/moderate fibrosis

rarely results in HCC [12, 14, 15]. However, there is also a

study reporting HCC development in patients with mild

fibrosis [13]. Unexpectedly, a large number of our patients

with F2 developed HCC (13/31 patients, 41.9 %). The

respective cumulative rates of HCC development were 3.5,

14.7, and 17.2 % at 5, 10, and 15 years after the comple-

tion of IFN therapy in patients who had F2 fibrosis. The

rate of carcinogenesis in patients with F2 fibrosis was not

low as compared to those in patients with F3 and F4

fibrosis (Table 2). Therefore, we attempted to elucidate the

risk factors for HCC development from F2 fibrosis. We

performed a multivariate analysis using Cox’s proportional

hazards model. The independent variables entered into the

model for analysis included gender, age, habitual alcohol

consumption, AFP level at the start of IFN therapy, and

diabetes. The proportional hazards model identified

advanced age (C50 years), AFP elevation (C8 ng/mL), and

habitual alcohol consumption (ethanol consumption

C30 g/day) as determinants of carcinogenesis, with hazard

ratios of 5.9 (p \ 0.05), 3.7 (p \ 0.05), and 3.7 (p \ 0.05),

respectively (data not shown).

Even though male gender was found to be a significant

risk factor for HCC development in previous studies [13,

14], no significant gender differences were noted in the

univariate and multivariate analyses in our study. In fact, 7

female patients who developed HCC had more advanced

fibrosis at the start of IFN therapy (F4, 3 cases; F3, 3; F2,

1), as compared with 24 male patients who developed HCC

(F4, 4 cases; F3, 7; F2, 12; F0, 1). Of the total of 13

patients with F2 who developed HCC, however, 12 were

male, indicating that males may develop HCC from not

only advanced fibrosis but also moderate fibrosis. There-

fore, careful monitoring is necessary.

Excessive alcohol consumption has been identified as an

important risk factor for liver fibrosis progression and

cancer development in patients with hepatitis C [26, 27].

Unlike previous studies, no statistically significant associ-

ation with excessive alcohol consumption (C60 g/day) was

detected in the univariate analysis of HCC development in

our study (p = 0.49). However, habitual alcohol con-

sumption (C30 g/day) was determined to be a significant

risk factor in our multivariate analysis (hazard ratio 3.9,

p \ 0.01). Tokita et al. [12] also found habitual alcohol

consumption (C27 g/day) to be a significant risk factor on

univariate analysis in their study involving patients who

developed HCC after SVR, although they did not perform

multivariate analyses due to the limited number of patients.

In addition, Khan et al. [28] reported 1.5-fold to 2.5-fold

increases in the incidence of hepatocarcinogenesis for

hepatitis C patients with excessive or moderate consump-

tion of alcohol, as compared to those abstaining from

alcohol. Further studies are needed to determine whether

even moderate (i.e., not excessive) consumption of alcohol

is a risk factor for HCC development.

One of the other risk factors for HCC development is

AFP elevation since a positive correlation is known to exist

between progression of liver fibrosis and AFP levels [29].

Although elevated AFP ([20 ng/mL) is reportedly an

independent risk factor for hepatocarcinogenesis [30],

recent studies showed that even lower AFP levels ([5–6 ng/

mL) may also be an independent risk factor [29, 31]. In this

study, we also found that an AFP level before the start of

IFN therapy C8 ng/mL was an independent risk factor for

hepatocarcinogenesis (hazard ratio 2.6, p \ 0.05).

Several studies have demonstrated an association

between hepatocarcinogenesis and diabetes, or insulin

resistance [32, 33]. In this study, the univariate analysis

showed a significantly higher incidence of HCC develop-

ment in patients with diabetes. However, no significant

difference was detected by our multivariate analysis

(p = 0.19), possibly due to the strong correlations between

Fig. 4 Relationship between age at the start of interferon (IFN)

therapy and the interval from the completion of therapy until the

development of hepatocellular carcinoma (HCC). A significant

negative correlation was demonstrated (r = -0.43, p \ 0.05).
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diabetes and other risk factors, especially liver fibrosis [the

prevalence of diabetes was 3.9 % (9/231) in patients with

F0–1 fibrosis and 14.3 % (46/322) in those with F2–4

fibrosis].

We further investigated the effects of aging on hepato-

carcinogenesis after SVR. This issue has two aspects; one

is the possibility that relatively young patients achieving

SVR may develop liver cancer when they reach an

advanced age at which they are at greater risk for HCC

development, and the other is HCC development in elderly

patients achieving SVR. With regard to the first possibility,

Hamada et al. [34] performed an analysis on hepatocarci-

nogenesis in patients who had received only one transfu-

sion, i.e., who knew when they had become infected with

HCV, and found a significant negative correlation between

the duration from HCV infection until the development of

HCC and the age of the patient at the time of infection.

They also showed that 92 % of HCC patients were diag-

nosed at age 60 years or older, regardless of the duration of

HCV infection. Their findings indicate that patient age may

play a more significant role in hepatocarcinogenesis than

the duration of HCV infection in those with transfusion-

transmitted HCV infection. In this study, we also found a

weak but significant inverse correlation between age at the

start of IFN therapy and the time elapsed from the com-

pletion of IFN therapy until HCC development. This raises

the possibility that elderly patients, i.e., those C60 years of

age, develop HCC sooner after achieving SVR while rel-

atively young patients with F2 or more advanced fibrosis

who achieved SVR develop HCC when they reach age

C60 years after 10 or more years since achieving SVR.

As for the second aforementioned possibility, the recent

aging of patients with hepatitis C has been accompanied by

aging of those with hepatitis C-related HCC in Japan [35].

Aging of the hepatitis C patient population would present

problems not only in Japan but also in other countries where

HCV dissemination occurred later [36]. Elderly patients with

hepatitis C may develop HCC even if fibrosis has not reached

an advanced stage. Miki et al. [37] demonstrated that among

133 patients with CHC-related HCC who underwent hepatic

resection, fibrosis stages F0/1, F2, F3, and F4 were identified

in 4, 14, 27, and 55 % of the younger group (\70 years), and

in 5, 38, 22, and 35 % of the elderly group (C70 years),

respectively. They concluded that the elderly patients

developed HCC more often, despite their lower grade of

fibrosis, than the younger patients. Honda et al. [38] com-

pared an elderly group of HCC patients (C75 years old) with

a younger group (\75 years old) and reported that there were

significantly fewer who developed liver cirrhosis and sig-

nificantly more who developed HCC in the elderly group

with normal liver functions. They suggested telomere length

reduction with aging and aberrant DNA methylation as

possible causes of HCC development in the absence of potent

risk factors for hepatocarcinogenesis, including fibrosis and

viral infection. There is also a study showing that immune

abnormalities occurring in the livers of elderly patients are

involved in hepatocarcinogenesis [39]. Although the effects

of aging on hepatocarcinogenesis are clinically apparent,

further studies are needed to elucidate the underlying

mechanisms in detail.

To examine involvement of chronic hepatitis B virus

(HBV) infection in HCC development after SVR, we

measured antibody levels in these patients and found that

51.7 % (15/29) who developed HCC were positive for

antibody against hepatitis B core antigen. This positivity

rate was approximately the same as the 51.5 % (105/204)

observed in hepatitis C patients C60 years of age under-

going IFN therapy in our hospital after 2004 who did not

develop HCC (data not shown). Based on these results, it is

suggested that a history of HBV infection does not affect

hepatocarcinogenesis after achieving SVR.

In this study, we did not analyze the risk factors for

HCC development after SVR. This is a limitation of our

study. Further studies are needed to elucidate the risk

factors for HCC development after SVR.

In the present study involving 562 patients achieving

SVR, the respective cumulative incidences of HCC at 5,

10, and 15 years were 6.2, 18.9, and 27.8 % for patients at

risk for HCC development, i.e., who had F2 or more

advanced fibrosis and were C50 years of age at the com-

pletion of IFN therapy (n = 255), while the incidences at

5, 10, and 15 years were 0.5, 1.4, and 3.6 % in the

remaining patients who had F0–1 fibrosis or were

\50 years of age (n = 307), indicating a higher incidence

of HCC development in high-risk patients (data not

shown). Therefore, lifelong screening for HCC develop-

ment, every 6 months at a minimum, is especially impor-

tant in these high-risk patients.

Patients tend to think that they have been cured when they

achieve SVR with IFN therapy and, consequently, may dis-

continue visits to the outpatient clinic. Thus, medical pro-

fessionals need to thoroughly explain the possibility of HCC

development after SVR to patients. Our assessment of out-

comes in 562 patients after SVR revealed no liver disease-

related deaths attributable to conditions, including hepatic

failure and rupture of esophageal varices, other than HCC.

This indicates that early diagnosis and treatment of HCC

with adequate follow-up after SVR can reduce liver disease-

related deaths to virtually zero in patients achieving SVR.

In this study, the 5-year survival rate was 93 % in the

patients who had received periodic cancer screening, every

6 months at a minimum, but was only 60 % in those who

had not. Adequate follow-up, no less frequently than every

6 months, by imaging modalities such as US and CT and

tumor marker measurements is important for detecting

HCC at an early stage.
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In conclusion, we recommend that SVR patients be

observed at 6-month intervals, at a minimum, to facilitate

HCC diagnosis at an early stage, for as long as possible,

even if not at an advanced stage of fibrosis, i.e. F2

fibrosis.
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