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Amino Acid Substitutions in the Hepatitis C Virus Core

Region are the Important Predictor of
Hepatocarcinogenesis

Norio Akuta,! Fumitaka Suzuki,! Yusuke Kawamura,! Hiromi Yatsuji,! Hitomi Seziaki,l Yoshiyuki Suzuki,’
Tetsuya Hosaka,! Masahiro Kobayashi,' Mariko Kobayashi, Yasuji Arase," Keniji Ikeda,! and Hiromitsu Kumada!

We showed previously that amino acid (aa) substitutions in hepatitis C virus core region (HCV-
CR) are negative predictors of virologic response to pegylated interferon (IFN) plus ribavirin
therapy. HCV-CR induces hepatocellular carcinoma in transgenic mice, but the clinical impact
is still unclear. To evaluate the impact of aa substitutions in HCV-CR on hepatocarcinogenesis,
we performed a follow-up study on 313 noncirrhotic consecutive naive patients infected with
HCV genotype 1b who reccived IFN monotherapy. The median follow-up was 14.7 years. A
sustained virologic response (SVR) after the first IFN was achieved by 65 patients (20.8%) (group
A). Of 248 patients (79.2%) of non-SVR after first IFN, 112 (35.8%) did not receive additional
IFN (group B), and the remaining 136 (43.5%) received multicourse IFN monotherapy (group
C). As a whole, cumulative hepatocarcinogenesis rates in double wild-type (arginine at aa 70/
leucine at aa 91) of HCV-CR were significantly lower than those in nondouble wild-type. Mul-
tivariate analyses identified 3 parameters (fibrosis stage 3, nondouble wild-type of HCV-CR, and
group B) that tended to or significantly influenced hepatocarcinogenesis independently. With
regard to hepatocarcinogenesis rates in group C according to HCV-CR and the mean alanine
aminotransferase (ALT) during IFN-free period, significantly higher rates were noted in patients
of nondouble wild-type with ALT levels of more than 1.5 times the upper limit of normal
(25.7%) compared with the others (2.4%). Conclusion: Amino acid substitutions in the HCV-CR
are the important predictor of hepatocarcinogenesis. In multicourse IFN therapy to nondouble
wild-type, we emphasize the importance of reducing the risk of hepatocarcinogenesis by mean
ALT during an IFN-free period below 1.5 times the upper limit of normal. (HEPATOLOGY 2007;46:

1357-1364.)

epatitis C virus usually causes chronic infection,
H which can result in chronic hepatitis, cirrhosis,
and hepatocellular carcinoma (HCC).'-5 In pa-
tients with chronic HCV, treatment with IFN can induce

viral clearance and marked biochemical and histological
improvement.®’

Abbreviations: aa, amino acid(s); HCV-CR, hepatitis C virus core region; MU,
million units; PEG-IFN, peginterferon; RBV, ribavirin; SVR, sustained virologic
response. )
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For chronic HCV infection, peginterferon (PEG-IFN)
plus ribavirin (RBV) combination therapy is an expensive
treatment modality that is accompanied by severe side
effects and high sustained virological response (SVR). Pa-
tients who do not achieve SVR need to be identified be-
fore the start of combination therapy to avoid unnecessary
side effects and high costs. Thus, safer IFN monotherapy
should be considered to reduce the risk of hepatocarcino-
genesis in patients unsuitable for PEG-IFN plus RBV
therapy. We studied previous determinants of response to
PEG-IFN plus RBV in patients with high titers of HCV
genotype 1b (=100 KIU/mL), which is dominant in Ja-
pan. Our results identified substitution of amino acids
(aa) 70 and/or 91 in the HCV core region (HCV-CR) as
an independent and significant negative predictor associ-
ated with virological response.8-19 Furthermore, we re-
ported that multicourse IFN monotherapy reduces the
risk of hepatocarcinogenesis and increases survival even if
patients fail to achieve SVR after a single-course IFN, and

1357

— 162 —



1358 AKUTA ET AL.

that low ALT levels during an IFN-free period is associ-
ated with lower rates of hepatocarcinogenesis.!! Hence,
multicourse IFN monotherapy might be expected to re-
duce the risk of hepatocarcinogenesis in patients who
have negative predictors for PEG-IFN plus RBV.

Despite numerous lines of epidemiological evidence
connecting HCV infection and the development of
HCC, it remains controversial whether HCV itself plays a
direct or indirect role in the pathogenesis of HCC.'2 It has
become evident that HCV-CR has oncogenic potential
through the use of transgenic mice, but the clinical impact
of HCV-CR on hepatocarcinogenesis is still unclear.!3
Whether substitution of aa 70 and/or 91 in HCV-CRasa
predictor of virological response for PEG-IFN plus RBV
therapy also affects hepatocarcinogenesis awaits further
investigation.

The present study included 313 consecutive naive
cases infected with HCV genotype 1b in whom 15 years
had elapsed since induction of IFN monotherapy. The
aims of the study were: (1) to evaluate the clinical impact
of aa substitutions in the HCV-CR on hepatocarcinogen-
esis; (2) to analyze the predictive factors associated with
hepatocarcinogenesis in patients who received IFN
monotherapy; and (3) to evaluate the long-term efficacy
of multicourse IFN monotherapy on hepatocarcinogen-
esis as examined through analysis of the outcomes of sin-
gle and multicourses of IFN.

Patients and Methods

Patients. Among 573 consecutive HCV-infected pa-
tients in whom IFN monotherapy was induced between
February 1987 and August 1992 at Toranomon Hospital,
313 were selected in the present study based on the fol-
lowing criteria: (1) patients naive to IFN monotherapy;
(2) patients infected with HCV genotype 1b alone; (3)
patients with chronic hepatitis, without cirrhosis or
HCC, as confirmed via biopsy examination within 6
months of enrollment; (4) patients not treated with IFN
plus RBV combination therapy during follow-up time;
(5) patients negative for hepatitis B surface antigen (ra-
dioimmunoassay, Dainabot, Tokyo, Japan), positive for
anti-HCV (third-generation enzyme immunoassay, Chi-
ron Corp., Emeryville, CA), and positive for HCV RNA
qualitative analysis with PCR (nested polymerase chain
reaction or Amplicor, Roche Diagnostic Systems, CA);
(6) patients free of coinfection with human immunodefi-
ciency virus; (7) patients not treated with antiviral or im-
munosuppressive agents within 6 months of enrollment;
(8) lifetime cumulative alcohol intake <500 kg (mild to
moderate alcohol intake); (9) patients free of other types
of hepatitis, including hemochromatosis, Wilson’s dis-
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ease, primary biliary cirrhosis, alcoholic liver disease, and
autoimmune liver disease; (10) patients without or with
well-controlled diabetes; and (11) patients who consented
to the study.

With regard to the clinical features of 313 patients at
the start of the first course of IFN monotherapy, there
were 223 men and 90 women aged 15-66 years with a
median age of 47 years. The numbers of patients with
fibrosis stages 1, 2, and 3 were 179, 107, and 27, respec-
tively. The median ALT level was 138 TU/L (range, 24-
636 IU/L), and the median platelet count was 17.4 X
104/uL (range, 8.9 X 104-39.2 X 104/pL). The median
viremia level was 4.0 Meq/mL (range, <0.5-67.0 Meq/
mL). The median follow-up time was 14.7 years (range,
0.1-20.1 years).

Furthermore, at the first course of IFN monotherapy,
222 patients (70.9%) received IFN-« alone; 83 patients
(26.5%) received IFN-f alone; and the remaining 8 pa-
tients {2.6%) received a combination of IFN-a and
IFN-B. A median IFN dose per day of 6 million units
(MU) (range, 1-10 MU) was administered. As a whole, a
median total dose of IFN of 525 MU (range, 22-3,696
MU) was administered during a median period of 23.9
weeks (range, 0.6 to 205.4 weeks). Patients mainly re-
ceived IFN monotherapy, including initial aggressive in-
duction therapy (every day within 8 weeks, followed by 3
times per week).

The study protocol was approved by the Human Eth-
ics Review Committee of Toranomon Hospital.

Methods. The primary measure of efficacy of treat-
ment was sustained virological response (SVR), defined as
negative HCV RNA via qualitative analysis with PCR at
24 weeks after cessation of IFN therapy. Patients who
achieved SVR after the first course of IFN monotherapy
were classified as group A. Patients who did not achieve
SVR after the first course of IFN monotherapy were clas-
sified into 2 groups based on whether they received other
courses of IFN monotherapy. Patients who did not re-
ceive further courses of IFN monotherapy based on con-
cerns about adverse effects, lack of time for treatment,
physician recommendation based on the appearance of
depression, and cardiopulmonary disease during and after
the first course of IFN, or the lower levels of ALT, were
classified as group B. Patients who received 2 or more
courses of IFN monotherapy were classified as group C.

Laboratory Investigations. Blood samples were fro-
zen at —80°C within 4 hours of collection and were not
thawed until used for testing. HCV genotype was deter-
mined via PCR using a mixed primer set derived from
nucleotide sequences of the NS5 region.'¥ In all cases,
HCV-RNA viremia level was measured by branched
DNA assay version 2.0 (Chiron Corp.) at commence-
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ment of therapy using frozen samples, and the results were
expressed as 10° genomic equivalents per milliliter (Meq/
mL). The lower limit of the assay was 0.5 Meq/mL. Sam-
ples with undetectable levels using this quantitative assay
(<0.5 Meq/mL) were also evaluated via HCV-RNA qual-
itative analysis with PCR (nested PCR or Amplicor) dur-
ing and after therapy especially, and the results were
expressed as positive or negative. The lower limit of the
assay was 100 copies/mL.

Detection of Amino Acid Substitutions in Core
Region. We developed a simple and low-cost PCR
method for detecting substitutions of aa 70 or aa 91 in
HCV-CR of genotype 1b using mutation-specific primer
as an alternative to the direct sequencing method. The
major protein type was determined based on the relative
intensity of the bands for wild (aa 70, arginine; aa 91,
leucine) and mutant (aa 70, glutamine/histidine; aa 91,
methionine) in agarose gel electrophoresis. If the intensi-
ties of the bands were similar, the case was regarded as
competitive. The detection rate was 94.4%, the sensitivity
was 10 KIU/mL using quantitative assay with PCR (Co-
bas Amplicor HCV monitor version 2.0 using the 10-fold
dilution method), the reproducibility was high, and con-
sistency with direct sequencing was 97.1% in positive
cases.!> In this study, the pattern of arginine (wild) at aa
70 and leucine (wild) at aa 91 was evaluated as double
wild-type, while the other patterns were nondouble wild-
type. The mutation in this study refers to substitution
from consensus sequence. In previous studies, HCV-] was
considered as a prototype, and the aa substitution was
evaluated by comparison with the consensus sequence
prepared from 50 clinical trial samples.8!6 In this study,
the PCR genotyping could be performed in 232 patients;
the remaining 81 patients could not be analyzed due to
the lack of adequate serum samples obtained before treat-
ment.

Liver Histopathological Examination. Liver biopsy
specimens were obtained percutaneously or at perito-
neoscopy using a modified Vim Silverman needle with
an internal diameter of 2 mm (Tohoku University
style, Kakinuma Factory, Tokyo), fixed in 10% forma-
lin, and stained with hematoxylin-eosin, Masson’s
trichrome, silver impregnation, and periodic acid-
Schiff after diastase digestion. All specimens for exam-
ination contained 6 or more portal
Histopathological diagnosis was made by an experi-
enced liver pathologist (H. K.) who was blinded to the
clinical data. Chronic hepatitis was diagnosed based on
histopathological assessment according to the scoring
system of Desmet et al.!”

Follow-Up. Clinical and laboratory assessments were
performed at least once every month before, during, and

areas.
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after treatment. Adverse effects were monitored clinically
by careful interviews and medical examination at least
once every month. Patient compliance with treatment
was evaluated with a questionnaire. Blood samples were
also obtained at least once every month before, during,
and after treatment, and were also analyzed for ALT levels
and HCV-RNA levels at various time points.

Follow-up time represented the time from the start of
the first course of IFN treatment until death or until the
last visit.

Diagnosis of HCC. Patients were examined for
HCC via abdominal ultrasonography every 3-6 months.
If HCC was suspected based on ultrasonographic results,
additional procedures such as CT, magnetic resonance
imaging, abdominal angiography, and ultrasonography-
guided tumor biopsy (if necessary), were used to confirm
the diagnosis.

Statistical Analysis. The x? test, Fisher exact proba-
bility test, and Mann-Whitney U test were used to com-
pare background characteristics between groups.
Multiple comparisons were examined by the Bonferroni
test. Cumulative hepatocarcinogeneses were calculated
using the Kaplan-Meier technique; differences berween
survival curves were tested using the log-rank test. Statis-
tical analyses of hepatocarcinogenesis according to groups
were calculated using the period from start of the first
course of IFN monotherapy. Stepwise Cox regression
analysis was used to determine independent predictive
factors that were associated with hepatocarcinogenesis.
We also calculated the OR and 95% CI. Potential predic-
tive factors associated with hepatocarcinogenesis included
the following 11 variables: age, sex, histological stage,
viremia level, serum AST, serum ALT, platelet count, aa
substitutions in HCV-CR, total IFN dose, total IFN du-
ration, and group of treatment. Each variable was trans-
formed into categorical data consisting of 2 simple ordinal
numbers for univariate and multivariate analyses. Vari-
ables that achieved statistical significance (P < 0.05) or
marginal significance (P < 0.10) on univariate analysis
were tested using the multivariate Cox proportional haz-
ard model to identify significant independent factors. Sta-
tistical comparisons were performed using the SPSS
software (SPSS Inc., Chicago, IL). All Pvalues of less than
0.05 by the 2-tailed test were considered significant.

Results

Efficacy of IFN Monotherapy. 65 patients (20.8%)
achieved SVR after the first course of IFN monotherapy
(group A). Of 248 (79.2%) non-SVR patients after the
first course of IFN, 112 (35.8%) did not receive a second
course of IFN monotherapy (group B), while the remain-
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Table 1. Patient Characteristics at Start of First Course of IFN Monotherapy

Group A (n = 65)

Group B (n = 112) Group C (n = 136)

Sex (male/female)
Age (years)*
Viremia level (Meq/mL)*

45/20

Fibrosis stage (F1/F2/F3) 49/14/2
AST (IU/L)* 83 (16-198)
ALT (IU/L)* 153 (24-416)

Platelet count (X 104/ ul)*

Core region (double wild/nondouble wild/ND)* 10/15/5

44 (15-64)t
0.6 (<0.5-45.0)

18.7 (9.7-31.0)

75/37 103/33
51 (23-66) 45 (22-63)¢
5.9 (<0.5-67.0)8 5.3 (<0.5-57.0}
54/50/81 76/43/17¢
74 (22-398) 75 (24-400)

120 (38-636)
17.1(9.7-39.2)
31/44/7

138 (50-594)
17.0(8.9-31.2)
41/71/8

*Median tP = 0.009, *P = 0.007 compared with group B via Bonferroni test. 5P < 0.0001, P < 0.0001, P = 0.006, *P = 0.009, compared with group A

via Bonferroni test.

** Amino acid substitutions were evaluated in pretreatment serum samples of 232 patients via PCR with mutation-specific primers. Two patterns of mutant and
competitive were labeled as nonwild. Wild at aa 70 and wild at aa 91 were evaluated as double-wild-type, while the other pattems were considered nondouble wild-type.

Abbreviation: ND, not determined.

ing 136 (43.5%) received 2 or more courses of IFN
monotherapy (group C). Of 136 patients in group C, 80
patients received 2 courses of IFN (21 of whom achieved
SVR), 44 patients received 3 courses (6 of whom achieved
SVR), 11 patients received 4 courses (2 of whom achieved
SVR), and 1 patient received 6 courses (and did not
achieve SVR). Thus, 29 patients in group C achieved
SVR after multiple courses of IFN monotherapy.

In groups A and B, the median total duration of IFN
was 24.1 weeks (range, 4.0-205.4 weeks) and 23.7 weeks
(range, 2.9-75.1 weeks). The median total dose of IFN
was 528 MU (range, 43-3,696 MU) and 498 MU (range,
72-870 MU). In the first, second, third, fourth, fifth, and
sixth courses of IFN monotherapy in group C, the median
total durations of IFN were 23.9 weeks (range, 0.6-136.4
weeks), 24.0 weeks (range, 1.3-313.7 weeks), 25.3 weeks
(range, 3.1-198.1 weeks), 40.4 weeks (range, 21.0-86.3
weeks), 23.6 weeks, and 67.9 weeks, respectively. In the
first, second, third, fourth, fifth, and sixth courses of IFN
monotherapy in group C, the median total doses of IFN
were 525 MU (range, 22-2,312 MU), 558 MU (range,
57-4005 MU), 522 MU (range, 28-3,477 MU), 565 MU
(range, 363-1,080 MU), 708 MU, and 1,200 MU, re-
spectively. The median cumulative total durations and
cumulative total doses, which represented the cumulative
total duration and total dose of every course of every pa-
tient of group C, were 65.6 weeks (range, 8.4-474.4
weeks) and 1,388 MU (range, 354-4,805 MU), respec-
tively. The median periods free of IFN in group C were
3.6 years (range, 0.1-7.3 years). In conclusion, the median
dose of IFN per week in group A, B, and C were 21.8
MU/week (range, 6.7-42.0 MU/week), 22.0 MU/week
(range, 4.5-42.0 MU/week), and 21.9 MU/week (range,
3.7-43.9 MU/week), respectively.

Clinical Features of Patients and Cumulative
Hepatocarcinogenesis Rates According to Study
Groups. The clinical features of patients in groups A, B,

and C, at the start of the first [IFN monotherapy are sum-
marized in Table 1. The age of patients of group B was
significantly higher than those of group A (P = 0.009;
Bonferroni test) and group C (P = 0.007; Bonferroni
test). Viremia levels in group A were significantly lower
than those in group B (P < 0.001; Bonferroni test) and
group C (P < 0.001; Bonferroni test). Fibrosis stage of
group A was significantly milder than those of group B

(P = 0.006; Bonferroni test) and group C (P = 0.009;

Bonferroni test). There were no other significant differ-
ences in clinical features at the start of IFN therapy among
the 3 groups.

During follow-up, 1 (1.5%), 17 (15.2%), and 15
(11.0%) patients developed HCC in groups A, B, and C,
respectively. In groups A, B, and C, the cumulative hepa-
tocarcinogenesis rates were 2.3%, 11.5%, and 0.8%, re-
spectively, at the end of 5 years; 2.3%, 25.3%, and 7.2%,
respectively, at the end of 10 years; and 2.3%, 33.0%, and
25.6%, respectively, at the end of 15 years. The rates were
significantly different among the 3 groups (P < 0.001;
Log-rank test) (Figure 1). In particular, the rates in group
B were significantly higher than in group C (P < 0.001;
Log-rank test) and group A (P < 0.001; Log-rank test),
and the rates in group C were significantly higher than
group A (P = 0.037; Log-rank test).

Hepatocarcinogenesis Rates According to aa Sub-
stitutions of HCV-CR. During follow-up, 5 of 82 pa-
tients (6.1%) and 18 of 130 patients (13.8%) developed
HCC in double wild-type and nondouble wild-type, re-
spectively. In double wild-type and nondouble wild-type,
the cumulative hepatocarcinogenesis rates were, respec-
tively, 1.6% and 2.6% at the end of 5 years; 3.4% and
12.3% at the end of 10 years; and 11.3% and 23.5% at
the end of 15 years. The rates in double wild-type of
HCV-CR were significantly lower than those in non-
double wild-type (P = 0.036; log-rank test) (Fig. 2).

— 165 —



HEPATOLOGY, Vol. 46, No. 5, 2007

Log rank test; P<0.001

40

Cumulative hepatocarcinogenesis rate (%)

Group B

Group C

0 o i Group A
H 10 15 (years)

Fig. 1. Cumulative hepatocarcinogenesis rates were significantly dif-
ferent among the 3 study groups (P < 0.001; Log-rank test). In
particular, the rates in group B were significantly higher than in group C
(P < 0.001; Log-rank test) and group A (P < 0.001; log-rank test), and
the rates in group C were significantly higher than in group A (P = 0.037;
log-rank test).

Predictive Factors Associated with Hepatocarcino-
genesis via Multivariate Analysis. We then analyzed
the data for the whole population sample to determine
those factors that could predict hepatocarcinogenesis.
Univariate analysis identified 6 parameters that tended to
or significantly correlated with carcinogenesis: age (P <
0.001), fibrosis stage (P < 0.001), platelet count (P <
0.001), group (P < 0.001), viremia level (P = 0.018),
and aa substitution in HCV-CR (P = 0.036). These fac-
tors were entered into multivariate analysis, which iden-
tified 3 parameters that tended to or significanty
influenced carcinogenesis independently: fibrosis stage
(P < 0.001), aa substitutions in HCV-CR (2 = 0.008),
and group (P = 0.056) (Table 2).

We also analyzed the data for 219 patients, except for
94 patients who achieved SVR, to determine those factors

50

Log rank test; P=0.036

30
Non double wild type

20

Double wild ype

Cumulative hepatocarcinogenesis rate (%)

5 10 15 {years)

Fig. 2. Cumulative hepatocarcinogenesis rates according to aa sub-
stitutions of HCV-CR. The rates in double wild-type (arginine at aa
70/leucine at aa 91) of HCV-CR were significantly lower than those in
nondouble wild-type (P = 0.036; log-rank test).

AKUTA ET AL. 1361

Table 2. Factors Associated With Hepatocareinogenesis in
313 Patients Infected with HCV Genotype 1b, Identified via
Multivariate Analysis

Odds Ratlo

Factors Category (95% CI) P Value

Fibrosis stage 1: F1, F2 1
2:F3 10.2 (3.65-28.5) <0.001

Amino acid substitutions  1: double-wild 1
in the core region 2: nondouble-wild  5.92 (1.58-22.2) 0.008

Group 1:A C 1
2:B 2.75(0.98-7.76) 0.056

NOTE. Cox proportional hazard model.

that could predict hepatocarcinogenesis. Univariate anal-
ysis identified 5 parameters that tended to or significantly
correlated with carcinogenesis: fibrosis stage (P < 0.001),
platelet count (P < 0.001), age (P = 0.001), group (P =
0.008), and aa substitution in HCV-CR (P = 0.028).
These factors were entered into multivariate analysis,
which identified 2 parameters that significantly influ-
enced carcinogenesis independently: fibrosis stage (P <
0.001) and aa substitution in HCV-CR (P = 0.017) (Ta-
ble 3).

Hepatocarcinogenesis Rates in Group C According
to HCV-CR and ALT Levels. 1n group C, the hepato-
carcinogenesis rates were evaluated according to the ALT
levels at the start of IFN. For this purpose, we selected 112
patients (82.4%) from group C in whom HCV-CR could
be evaluated. In double wild-type, the hepatocarcinogen-
esis rates in patients with ALT levels below 1.5 (<75
IU/L) and above 1.5 (>75 IU/L) times the upper limit of
normal (6-50 IU/L) were 0% (0/6 patients) and 8.6%
(3/35 patients), respectively. In nondouble wild-type, the
hepatocarcinogenesis rates in patients with ALT levels be-
low 1.5 and above 1.5 times the upper limit of normal was
0% (0/7 patients), and 15.6% (10/64 patients), respec-
tively (Table 4). In conclusion, regardless of whether aa
substitutions in HCV-CR are present or not, lower hepa-
tocarcinogenesis rates were noted in patients with ALT
levels below 1.5 the upper limit of normal (0%) than in’
other patients (13.1%), but they did not achieve statistical
significance on univariate analysis.

Table 3. Factors Associated with Hepatocarcinogenesis in
219 Patients of Non-SVR Infected with HCV Genotype 1b,
ldentified via Multivariate Analysis

Odds Ratlo
Factors Category (95% Cl) P Value
Fibrosis stage 1: F1, F2 1
2:F3 6.50(2.39-17.6) <0.001
Amino acid substitutions 1: double-wild type 1

in the core region 2: nondouble wild-type 4.65(1.32-16.4) 0.017

NOTE. Cox proportional hazard model.
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Table 4. Hepatocarcinogenesis Rates in Group C According HCV Core Region and ALT Levels at the Start of IFN

ALT Levef (1U/L)*

<75 75-100 100-200 >200
Nondouble wild-type 0% (0/7) 14.3% (2/14) 13.3% (4/30) 20.0% (4/20)
Double wild-type 0% (0/6) 16.7% (1/6) 5.6% (1/18) 9.1% (1/11)

* Nommal level of ALT: 6-50 IU/L.

In group C, the hepatocarcinogenesis rates were also
evaluated according to the mean ALT levels at the IFN-
free period. For this purpose, we selected 76 consecutive
patients (55.9%) from group C in whom ALT levels were
closely monitored. In double wild-type, the hepatocarci-
nogenesis rates in patients with ALT levels below 4 (<200
[U/L) and above 4 (>200 [U/L) times the upper limit of
normal were 0% (0/26 patients) and 50% (1/2 patients),
respectively. In nondouble wild-type, the hepatocarcino-
genesis rates in patients with ALT levels below 1.5 (<75
IU/L), from 1.5 to 2 (75-100 IU/L), from 2 to 4 (100-200
IU/L), and above 4 (>200 IU/L) times the upper limit of
normal were 0% (0/13 patients), 33.3% (3/9 patients),
22.7% (5/22 patients), and 25.0% (1/4 patients), respec-
tively (Table 5). In conclusion, regardless of whether aa
substitutions in HCV-CR are present or not, significantly
lower hepatocarcinogenesis rates were noted in patients

~with ALT levels below 1.5 times the upper limit of normal

(0%) than in other patients (18.9%) (P = 0.027). In
particular, significantly higher hepatocarcinogenesis rates
were noted in patients of nondouble-wild-type with ALT
levels above 1.5 times the upper limit of normal (25.7%)
than in other patients (2.4%) (P = 0.004).

Discussion

Despite numerous lines of epidemiological evidence
connecting HCV infection and the development of
HCC, it remains controversial whether HCV itself plays a
direct or indirect role in the pathogenesis of HCC.!? It is
evident that the HCV-CR has oncogenic potential
through the use of transgenic mice,!3 but its clinical im-
pact on hepatocarcinogenesis is still unclear. Our study
identified that cumulative hepatocarcinogenesis rates of
double wild-type HCV-CR, as a predictor of virological
response for PEG-IFN plus RBV therapy, were signifi-
cantly lower than those of nondouble wild-type. We spec-

ulate that the resistant cases for treatment might
reasonably lead to HCC. To our knowledge, this is the
first report to support the findings of oncogenic potential
via HCV-CR from the clinical aspect. Previous reports
identified PA28y-dependent pathway as one of the mech-
anisms of HCV-associated hepatocarcinogenesis. Mori-
ishi and colleagues showed that a knockout of the PA28y
gene induces the accumulation of HCV core protein in
the nucleus of hepatocytes of HCV core gene transgenic
mice and disrupts development of both hepatic steatosis
and HCC.'81? Furthermore, HCV core protein also en-
hanced the binding of liver X receptor a/retinoid X re-
ceptor a to liver X receptor response element in the
presence of PA28v.'? Thus, it is reported that PA28y
plays a crucial role in the development of HCV-associated
steatogenesis and hepatocarcinogenesis. Further studies
should be performed to connect evidence from animal
model studies and the clinical impact of aa substitution in
HCV-CR on hepatocarcinogenesis.

Viral factors associated with hepatocarcinogenesis in
patients infected with HCV are still incompletely inves-
tigated. Ogata et al. reported that HCV genotype 1b
strains might be associated with HCC on the basis of the
secondary structure of an amino-terminal portion of the
HCV NS3 protein.2® Giménez-Barcons et al. reported that
high aa variability within the NS5A of HCV might be asso-
ciated with HCC in patients with HCV-1b—related cirrho-
sis.?! In the present study, we could not investigate the
clinical impact of the other region on hepatocarcinogenesis,
except for the HCV-CR. Further studies should be per-
formed to investigate the clinical impact of the other region
of HCV on hepatocarcinogenesis.

Patients who fail to achieve SVR after single-course
IFN should receive multicourse IFN at the time of ALT
relapse at certain intervals. Based on previous reports
showing increased incidence of HCC in 5 years or more

Table 5. Hepatocarcinogenesis Rates in Group C According HCV Core Region and ALT Levels at the IFN-Free Period

ALT level (1U/L)*

<75 75-100 100-200 >200
Nondouble wild-type 0% (0/13) 33.3% (3/9) 22.7% (5/22) 25.0% (1/4)
Double wild-type 0% (0/10) 0% (0/4) 0% (0/12) 50.0% (1/2)

* Normal level of ALT: 6-50 IU/L.

— 167 —



HEPATOLOGY, Vol. 46, No. 5, 2007

after IFN therapy in transient biochemical responders, it
is important to normalize ALT levels via multicourse IFN
monotherapy at certain intervals.!"22 We reported previ-
ously that results of multicourse IFN showed a 0% hepa-

tocarcinogenesis rate in patients with ALT levels below 75.

IU/L at the IFN-free periods, emphasizing the impor-
tance of keeping low ALT levels at such periods with
respect to suppression of hepatocarcinogenesis.!! Further-
more, hepatocarcinogenesis rates according to HCV-CR
and ALT levels during the IFN-free period were also eval-
uated in this study. In double wild-type, the rates in pa-
tients with ALT levels below 200 IU/L and above 200
IU/L were 0% and 50%, respectively. In nondouble wild-
type, the rates in patients with ALT levels below 75 IU/L
and above 75 TU/L were 0% and 25.7%, respectively.
Thus, significantly higher hepatocarcinogenesis rates
were noted in patients of nondouble wild-type with ALT
levels above 75 TU/L than in other patients. In particular,
in multicourse IFN therapy in nondouble wild-type, we
emphasize the importance of reducing the risk of hepato-
carcinogenesis by the mean ALT during the IFN-free pe-
riod below 1.5 times the upper limit of normal.

It is unclear whether ALT levels during the [FN-free
period might be more important than those at the start of
IFN. In the present study, at the start of IFN, lower hepa-
tocarcinogenesis rates were noted in patients with ALT
levels below 1.5 the upper limit of normal compared with
other patients, but they did not achieve statistical signifi-
cance on univariate analysis. During the IFN-free period,
significantly lower hepatocarcinogenesis rates were noted
in patients with mean ALT levels below 1.5 times the
upper limit of normal compared with other patients.
Thus, in multicourse IFN therapy, especially in non-
double wild-type, we emphasize the importance of reduc-
ing the risk of hepatocarcinogenesis via ALT levels below
1.5 times the upper limit of normal during the IFN-free
period rather than at the start of IFN. Further studies
should be conducted in the future to confirm this finding.

To our knowledge, our study is the first to report the
hepatocarcinogenesis rates for a long-term follow-up pe-
riod of 15 years in IFN monotherapy. Previous studies
have shown that sex, age, fibrosis stage, and IFN regimen
are important pretreatment predictors of hepatocarcino-
genesis.'"23-25 In the present study, a more progressive
fibrosis stage as host factor, nondouble wild-type of
HCV-CR as viral factor, and group B (non-SVR after
single-course IFN) as treatment-related factor were asso-
ciated with higher hepatocarcinogenesis rates in the whole
population sample. Even if we also analyzed non-SVR
patients, multivariate analyses similarly identified more
progressive fibrosis stage and nondouble wild-type of
HCV-CR that significantly influenced hepatocarcino-
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genesis independently. Hence, we assess that the risk of
HCC is not necessarily secondary to the lack of response
to IFN therapy rather than aa substitution. We conclude
that hepatocarcinogenesis seems to be based on a dynamic
tripartite interaction of virus, host, and treatment regi-
men. Further understanding of the complex interaction
between these factors should facilitate the development of
more effective therapeutic regimens. In Japan, only 5
years had elapsed since the induction of IFN-a2b plus
RBV combination therapy (especially, only 2 years in
PEG-IFN-a2b plus RBV) based on the Japanese Govern-
ment Health Insurance system, so we could not exactly
evaluate the long-term efficacy of combination therapy as
a treatment-related factor of hepatocarcinogenesis in this
study. Further studies that include patients treated not
only with IFN monotherapy but also with RBV combi-
nation therapy should be performed in the future.

The relationship between the development of cirrhosis
and HCC is still unclear. We investigated liver fibrosis stage
of 13 patients who underwent partial hepatectomy for HCC
in this study. Interestingly, 8 of 13 patients (61.5%) devel-
oped HCC in the absence of cirrhosis (5 patients of fibrosis
stage 2, 3 patients of fibrosis stage 3). Asa whole, it is regret-
table that we could not exactly evaluate how frequently
HCC occurs in the absence of cirrthosis. Further studies
based on all patients, whether or not they develop HCC,
should be performed to investigate the relationship between
the development of cirrhosis and HCC.

In conclusion, aa substitutions in the HCV-CR are the
primary predictor of hepatocarcinogenesis. In particular,
in multicourse IFN therapy in nondouble wild-type as a
pretreatment negative predictor of SVR for PEG-IFN
plus RBV combination therapy, we emphasize the impor-
tance of reducing the risk of hepatocarcinogenesis via
mean ALT levels below 1.5 times the upper limit of nor-
mal during the IFN-free period. Furthermore, IFN
monotherapy should be recommended as a therapeutic
regimen to reduce the risk of hepatocarcinogenesis in pa-
tients unsuitable for PEG-IFN plus RBV combination
therapy. Large-scale prospective studies should be con-
ducted in the future to confirm this finding.
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Abstract

Objective: The purpose of this study was to elucidate
the long-term outcome after interferon {IFN) therapy in
chronic hepatitis C elderly patients. Methods: We stud-
ied the incidence of hepatocellular carcinoma (HCC) and
survival probability after the initiation of IFN therapy
in 500 Japanese chronic hepatitis C patients >60 years.
The mean age of initiation of IFN was 63 years and the
mean follow-up period was 7.4 years. Cox proportional
hazard regression analysis was used to evaluate the
long-term outcome after initiation of IFN therapy. Sus-
tained virological response (SVR) was defined as nega-
tive HCV-RNA by RT-nested PCR 6 months after the com-
pletion of long-term IFN therapy. Non-response (NR)
was applied to patients who did not show SVR. Hepatic
fibrosis was defined as the fibrosis score {score 04} ac-
cording to Knodell et al. Results: 140 patients (28%) had
an SVR and 360 patients (72%) had an NR. 71 of 500 pa-
tients developed HCC during follow-up. The cumulative
incidence of HCC was 9.6% at the bth year, 17.4% at the

10th year, and 31.3% at the 15th year. HCC developed
with significance when: (1) HCV was not cleared after IFN
therapy (p < 0.0001), {2) sex was male (p < 0.0001), and
(3) staging of liver fibrosis was >2 (p = 0.008). 53 of the
patients died. The cumulative survival probability was
95.7% at the 5th year, 86.4% at the 10th year, and 78% at
the 15th year. Patients achieved a long survival with
significance when: (1) staging of liver fibrosis was 1
(p < 0.0001), {2) HCV was cleared after IFN therapy (p =
0.034), and (3) sex was female (p = 0.015). Conclusion:
Chronic hepatitis C patients with clearance of HCV after
IFN therapy had a significantly reduced risk of HCC ap-
pearance and achieved prolonged survival even if they

are =60 years. Copyright © 2007 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) often occurs in pa-
tients with hepatitis C virus (HCV)-RNA-positive chron-
ic liver disease [1]. The majority of deaths due to HCC
are ascribed to hepatitis viruses, of which 70-80% cor-
responding to approximately 30,000 per year is attrib-
uted to the persistent infection with HCV in Japan [2, 3].
It is important to eradicate HCV or decrease levels of
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alanine aminotransferase (ALT) for preventing HCC
with interferon (IFN) therapy [4, 5]. '

Nowadays, patients with HCV in Japan tend to be
aged. Also, HCV-related HCC patients have been shown
to become old with a peak around the age of 70 [6]. When
such aged chronic hepatitis C patients with abnormal
ALT levels consult a doctor, the first problem is whether
or not-therapy should be used for chronic hepatitis C.
Moreover, when treatment for chronic hepatitis C is de-
cided in such aged patients, whether IFN therapy should
be used or not is the second problem. However, a few
studies have targeted IFN therapy and prolonged prog-
nosis in elderly patients with chronic hepatitis C [7, 8].
Until now, IFN treatment for chronic hepatitis C has
mainly been introduced when patients are less than 60—
65 years of age because of IFN-related side effects and
safety standards in Japan. Owing to IFN-related side ef-
fects or various complicated diseases, there is a tendency
not to give IFN to-aged patients. Thus, IFN therapy for

chronic hepatitis C has been conventionally limited to

patients aged less than 60-65 years. We therefore as-
sessed the long-term efficacy of IFN therapy in elderly
patients with chronic hepatitis C by a retrospectlve co-
hort study.

Pafients and‘ Methods

'Patients

The number of chronic hepatitis C patients treated with IFN
therapy in our hospital between 1989 and 2004 was 3,320. Of
these, 500 patients had the following criteria: (1) = 60 years of age;
(2) ALT elevation greater than double the upper limits (ALT nor-
mal range 12-50 TU/1) within 6 months; (3) no corticosteroid im-
munosuppressive agents, or antiviral agents used within 6 months;
(4) no hepatitis B surface antigens, antinuclear antibodies, -or
antimitochondrial . antibodies detectable in serum, determined
by rad101mmunoassay, (5) leukocytes >3, 000/mm?, platelet count
>80,000/mm?>, and bilirubin <2.0 mg/ml, and (6) IFN therapy
>4 weeks. Next we excluded those patients from the study with a
history of alcohol abuse or advanced liver cirrhosis of encepha-
lopathy, bleeding esophageal varices, or ascites. Our study was ap-
proved by the institutional Ethics Review Board of our hospital.
The physician-in charge explained the purpose and method of this
clinical trial, as well as the potential adverse reactions to each pa-
tient, who later gave his/her informed consent for participation.

IFN Therapy

For the first IFN treatment regimen, the IFN treatment con-
sisted of 3-12 million units (MU) of IFN-a or IFN-. For the IFN
treatment regimen, one group of 245 patients was assigned to re-
ceive IFN intramuscularly every day for the first 2-8 weeks and
then 2-3 times/week for the following 16-96 weeks. Another group
of 116 cases was assigned to receive IFN 3 times/week for 24-104

Outcome after IFN Therapy in Elderly
Patients with Chronic Hepatitis C

weeks. A third group of 108 patients was assigned to be treated with
IFN by intravenous injection daily for 4-8 weeks. The fourth group
of 31 patients was given combination therapy of IFN and ribavirin.
The median total dose was 624 MU (range 168-2,430) and median
administration period was 165 days (range 28-730).

Definition of Response of IFN Efficacy

Patients treated with IFN were divided into the following two
groups based on the serum HCV-RNA after the termination of IFN.
Sustained virological response (SVR) was defined as negative HCV-
RNA by RT-nested PCR 6 months after the completion of long-
term IFN therapy. Non-response (NR) was applied to patients who
did not show SVR.

Blood and Urine Tests
Blood samples were obtained just before and 6 months after

"IFN treatment. The samples were stored at —80° until analyzed.

Using these blood samples, HCV-RNA levels before IFN therapy
were ‘analyzed by quantitative PCR assay (Amplicor GT-HCV

- Monitor Version 2.0, Roche Molecular Systems) [9]. On the oth-

er hand, HCV-RNA 6 months after the termination of IFN ther-
apy was analyzed by qualitative PCR assay. The lower detection
limit of the qualitative assay is 100 copies/ml{10]. HCV genotype
was examined by PCR assay, using a mixture of primers for the
six subtypes known to exist in Japan, as reported previously

[11].

Follow-Up Protocol

The start of the follow-up period was defined as the first day of
IFN treatment. Clinical evaluation and biochemical and hemato-
logic tests were performed at 1-3 monthly intervals. Thirty-four
patients were lost to follow-up. Because the appearance of HCC and
death was not identified in these 34 patients, they were considered
as censored data in statistical analyses [12]. Moreover, patients re-
treated with IFN in order to eradicate HCV-RNA were regarded as
withdrawals at the start of IFN retreatment.

Diagnosis of HCC was based on the presence of typical hyper-
vascular characteristics on angiography, in addition to the findings
on computed tomography and ultrasonography. Microscopic éx-
amination of fine-needle biopsy material was performed in patients
whose angiograms did not demonstrate a typical image of HCC.
Histopathological confirmation usmg surgically resected specimens
was made in 21 patients. -

Cause of death was divided into liver-related and liver-unre-
lated. The former included HCC, liver failure, and esophagogastric
variceal bleeding, and the latter included extrahepatic malignan-
cies, heart disease, cerebrovascular accidents, pulmonary disease,
and others.

Liver Histology before IFN Therapy

Liver biopsy specimens were obtained percutaneously under
the observation by laparoscopy using a modified Vim Silverman
needle with an interrial diameter of 2 mm (Tohoku University style,
Kakinuma. Factory, Tokyo, Japan), fixed in 10% formalin, and
stained with hematoxylin and eosin, Masson’s trichrome, silver
impregnation, and periodic acid-Schiff after diastase digestion. The
biopsy specimens were scored according to the system of Knodell
et al. [13]. Histologic index score: 0-10 for periportal bridging ne-
crosis and 0-4 for interlobular degeneration and focal necrosis,
portal inflammation, and fibrosis.
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Table 1. Clinical characteristics before

IFN treatment according to efficacy of Characteristics SVR (n = 140) NR (n = 360) p

IFN therapy in chronic hepatitis C elderly

patients Age, years* 63%3.2 64+3.2 0.070
Male/female 83/57 168/192 0.011 -
Liver histology (fibrosis: 1/2/3/4)** 59/47/6/12 120/109/29/58 0.009
Liver histology (activity)*: ** 9.3+34 9.8+2.7 0.223
HCYV genotype (1b/2a/2b/others) 47/74/12/17 255/48/38/23 <0.0001
HCYV load, kIU/ml* 1724204 661 £ 506 <0.0001
AST, TU/1* 83+70 87+£51 0.143
ALT, TU/1* 113£102 118+ 82 0.200
Hb, g/dl 142+1.4 14.1%1.3 0.547 -
Platelets, x 10*/mm>* 15.0£4.6 149+438 0.768
WBC, x 10%/mm?3* 46%1.4 46+1.3 0.751
Period of observation, years 7.0+3.3 7.7x3.6 0.011

Activity was defined as sum score of periportal bridging necrosis, interlobular degen-
eration and focal necrosis, and portal inflammation.

ALT = Alanine aminotransferase; AST = aspartate aminotransferase; NR = non-re-
sponse; SVR = sustained virological response; WBC = white blood cells.

* Data are number of patients or mean * SD.

** Histologic index score: 0-10 for periportal bridging necrosis and 0-4 for interlobu-
lar degeneration and focal necrosis, portal inflammation, and fibrosis.

Activity was defined as sum score of periportal bridging necro-
sis (score 0-10), interlobular degeneration and focal necrosis (score
0-4), and portal inflammation (score 0-4). Fibrosis was defined as
fibrosis score (score 0-4).

Statistical Analysis ,

Baseline characteristics and treatment differences among
groups based on efficacy of IFN treatment were analyzed using
Kruskal-Wallis test. HCC appearance rates were analyzed by the
log-rank test. A Cox proportional hazards model was used to ana-
lyze the factors contributing to the HCC appearance rate and death:
factors examined included age, gender, histologic findings, HCV
genotype, HCV load, aspartate aminotransferase (AST), ALT, and
efficacy of IFN administration. A p value <0.05 was considered
statistically significant. The SPSS Software Package (SPSS Inc.,
Chicago, Ill., USA) was used for analyses.

Results

Characteristics of the Patients and the Efficacy of the

IFN Therapy

500 patients were enrolled in the present study. 140
patients (28%) had a SVR and 360 patients (72%) had a
NR. Table 1 shows the baseline characteristics of the
patients based on the efficacy of IFN therapy. The fre-
quency distributions of the HCV genotype, the stage of
liver fibrosis and HCV load differed between the two
groups.

18 Intervirology 2007;50:16-23

Development of HCC and Risk Factors for

Appearance of HCC

During follow-up, HCC developed in 71 patients. The
cumulative incidence as shown in figure 1 was based on
efficacy of IFN therapy. The cumulative incidence of
HCC was 9.6% at the 5th year, 17.4% at 10th year, and
31.3% at 15th year.

Cox regression analysis was performed using nine
variables, including age, sex, histopathological severity
(staging), viral load, HCV genotype, serum AST, serum
ALT, and efficacy of IFN therapy. Univariate analysis
showed that the following five factors significantly af-
fected the cumulative HCC appearance rate in all pa-
tients as shown in table 2. Because the variables were
mutually correlated, multivariate Cox regression analy-
sis was performed with the statistically significant vari-
ables in the mode! (table 3). HCC developed with sig-
nificance when: (1) HCV was not cleared (p < 0.0001),
(2) sex was male (p < 0.0001), and (3) staging of liver fi-
brosis was >2 (p = 0.008).

Fig. 1. Cumulative appearance probability of HCC. a In total
patients; b based on difference of efficacy of IFN therapy; ¢ based
on difference of sex; d based on difference of histological fibrosis.
SVR = Sustained virological response; NR = non-response.
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Table 2. Predictive factors for . .
hepatocellular carcinoma appearance after  Factor Category Risk ratio*  95% CI p
IFN therapy by Cox proportional hazards

Lo : Liver histology (fibrosis) 1/2,3,4 1/4.22 2.81-6.34  <0.0001
model (univariate analysis) Sex Male/female  1/0.44 0.26-0.75  0.002
Age, years <65/=65 1/1.95 1.14-3.32 0.015
HCYV genotype 1/2 1/0.55 0.31-0.97 0.046
AST, 1U/ <76/=176 1/1.75 0.83-3.67 0.141
ALT, IUN <100/=100 1/1.64 0.79-3.40 0.184
HCV-RNA, kIU/ml <100/=100 1/1.47 0.79-2.76 0.224
Liver histology (activity) <10/=10 1/1.55 0.79-3.07 0.206
Efficacy of IFN therapy NR/SVR 1/0.22 0.096-0.52  <0.0001

ALT = Alanine aminotransferase; AST = aspartate aminotransferase; CI = confidence
intervai; NR = non-response; SVR = sustained virological response.

* Risk ratio for development of HCC (71 events among all 500 patients) were calcu-
lated by using Cox proportional hazards regression analysis.
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Fig. 2. Cumulative survival probability after IFN therapy. a In all patients; b based on difference of efficacy of
IFN therapy; ¢ based on difference of sex; d based on difference of efficacy of histological fibrosis. SVR = Sus-
tained virological response; NR = non-response. :

Table 3. Predictive factors for

hepatocellular carcinoma appearance after Factor Category Risk ratio  95% CI P

IFN therapy by Cox proportional hazards

model (mfft’ivzriatz ;’nafysisl) Efficacy of IFN therapy NR/SVR 1/0.193  0.083-0.45  <0.0001
Sex Male/female 1/0.36 0.21-0.62  <0.0001
Liver histology (fibrosis)* 1/2,3,4 1/2.08 1.22-3.57 0.008

ALT = Alanine aminotransferase; CI = confidence interval; NR = non-response;
SVR = sustained virological response. :
* Histologic index score: 0-4 for fibrosis.
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