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Types of human leukocyte antigen and decrease in HCV core antigen
in serum for predicting efficacy of interferon-o in patients with chronic
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Background. A prospective study was conducted to
evaluate the influence of host factors, including human
leukocyte antigen (HLA), and viral factors, including
hepatitis C virus (HCV) core antigen, on the response
to interferon (IFN)-a. Methods, Natural IFN-a was
given to 66 patients with chronic hepatitis C at a dose of
9 million units per day for 2 weeks, followed by 9 million
units three times a week for 22 weeks. Results, Sus-
tained virological response without detectable HCV
RNA in serum 24 weeks after the end of IFN therapy
was achieved in 21 patients, while it was not in 32 pa-
tients; the remaining 13 patients were not evaluated.
HCYV core antigen and HCV RNA started to decrease 1
and 4 weeks, respectively, after the commencement of
IFN in responders (P = 0.02 and P = 0.05, respectively).
On univariate analysis, age of 50 years or less (P <
0.001); lack of HLA DRé6 (P = 0.018) or DR52 (P <
0.041); platelets more than 14 X 104mm? (P = 0.031);
HCV core antigen 500fmol/l or less (P = 0.001); and
HCV RNA 100KIU/ml or less were predictive of re-
sponse. On multivariate analysis, age 50 years or less
(odds ratio {OR], 4.009; P = 0.039); lack of HLA DR6
(OR, 8.130; P = 0.027); I[FN-naive (OR, 11.63; P =
0.016); HCV core antigen 500fmol/l or less (OR, 10.61;
P = 0.007); and genotypes other than 1b (OR, 8.929;
P = 0.010) were predictive of response. Conclusions.
Lack of HLA DR6 determined the response to IFN.
HCV core antigen was useful in predicting and monitor-
ing the response to IFN.

Key words: hepatitis C virus, interferon, core antigen,
human leukocyte antigen
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Introduction

There are 190 million people estimated to be infected
with hepatitis C virus (HCV) in the world,! and in Japan
alone, 1.5 million are infected with HCV. Persistent
HCYV infection can induce a spectrum of chronic liver
disease, ranging from chronic hepatitis through liver
cirrhosis to eventual hepatocellular carcinoma (HCC)
during the lifetime.? Liver cancers, including HCC and
cholangioma, rank as the fourth most frequent malig-
nancy in Japan and cause more than 36000 deaths annu-
ally, and by far the greatest majority of liver cancers
(>95%) are HCC.? In the individuals infected with
HCV, it is necessary to diagnose chronic hepatitis and
treat them without delay, in order to prevent the devel-
opment of HCC,

Interferon (IFNY} is the only drug that can clear HCV
infection. Not all patients with chronic hepatitis C, how-
ever, respond virologically, with the loss of HCV RNA
from serum, and/or biochemically, with the normaliza-
tion of alanine aminotransferase (ALT) levels in serum.
A number of factors have been reported to influence
the response to IFN. They include virological factors,
such as HCV genotypes*® and viral load;*® a5 well as
host factors, such as age,*® sex,’ pretreatment ALT
levels,® and fibrosis of the liver.4s Some of these factors
are not unanimously agreed upon, while others have not
yet been studied enough to be conclusive.

Human leukocyte antigen (HLA) has attracted atten-
tion for its possible influence on the response to IFN-a
therapy.!1” Insofar as HLA is associated with the im-
mune responses of the host, it may modify the patho-
genesis of chronic hepatitis C that is mediated by the
immunity of the host to HCV.!615-20 Ag such, HLA
may influence the response to IFN-a for treatment of
chronic hepatitis C, Because previous studies along this
line are retrospective and controversial, we conducted a
prospective study to evaluate HLA and other host fac-
tors to find their influence on response to IFN-q.
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Recently, an assay method for the immunological
determination of the core antigen of HCV has been
developed, and HCV core antigen was found to reflect
the viral load.22 Because the HCV RNA level is an
important viral factor that influences the response to
[FN-g,*%?9 the determination of HCV core antigen
could be useful clinically, because the assay method for
this purpose is easier and low-cost compared with the
determination of HCV RNA levels.?2 Hence, the use-
fulness of an assay for HCV core antigen in predicting
and monitoring the response to IFN-a was evaluated
prospectively, in comparison with the determination of
HCV RNA levels.

Patients and methods

Patients

In the period March 1998 through December 2001, 66
patients with chronic hepatitis C, aged from 23 to 73
years, and including 38 (58%) men were registered for
treatment with IFN-a by members of Shinshu Univer-
sity Hospital and 17 institutions constituting the Nagano
Interferon Treatment Research Group. The patients
fulfilled the requirements that they were older than 20
years and positive for HCV RNA, with elevated alanine
aminotransferase (ALT) levels during the previous 6
months. Exclusion criteria included the presence of
hepatitis B surface antigen or antibody to human immu-
nodeficiency virus type 1 in serum; leukocytes less than
3000/mm? or platelets less than 6 X 10%mm?®; autoim-
mune diseases, such as autoimmune hepatitis; daily in-
take of ethanol more than 80g; psychiatric conditions,
such as depression; decompensated liver cirrhosis; and
pregnancy. Patients with HCC or a history thereof,
as well as those who were judged inappropriate for
entering the study by attending physicians, were ex-
cluded also. Treatment with glycyrrhizin products such
as “sho-saiko-to” and Stronger Neo-Minophagen C
(Minophagen Pharmaceutical, Tokyo, Japan) was with-
drawn at least a month before the start of IFN-g, but
ursodeoxycholic acid was continued. All but 3 patients
(2 with hemophilia and 1 with von Willebrand disease)
received liver biopsies 6 months before the commence-
ment of I[FN-o. Histological diagnosis was based on the
criteria of Desmet et al.®

The study design conformed to the 1975 Declaration
of Helsinki. Written consent was obtained from each
patient in regard to IFN-a treatment, determination of
HLA types, and use of their serum for the study.

IEN therapy

Natural IFN-o (Sumitomo Pharmaceuticals, Tokyo,
Japan) was given to each patient, at a dose of 9 million

units (MU) daily for 2 weeks, followed by the same dose
given three.times a week for 22 weeks; the total dose
was 720MU. HCV RNA was determined in sera col-

‘lected before treatment and 1, 2, and 4 weeks after the

start of IFN-a treatment, and every 4 weeks thereafter,
until 48 weeks. The determination of HLA types was
performed immediately before IFN-o therapy was
begun.

Sustained virological response was defined by the loss
of detectable HCV RNA from serum during IFN-g
treatment that persisted until 6 months after the com-
pletion of therapy.

Determination of HCV markers

HCV RNA was detected with an AMPLICOR HCV
test (Roche Diagnostics, Tokyo, Japan) with a sensitiv-
ity at 0.5 kilo IU (KIU)Y/ml, and quantified with an
AMPLICOR HCV Monitor test, version 2 (Roche
Diagnostics) over a range of 1.0-850KIU/m!. The cutoff
value of HCV RNA was set at 100KIU/m], because
patients with baseline HCV RNA levels below this
value have been reported to respond significantly better
to IFN.2# HCV core antigen was determined by a chemi-
luminescence enzyme immunoassay {(EIA) with a high
sensitivity.?# The detection limit of HCV core antigen
was set at 15fmol/l in a previous report.?? For predicting
the response to IFN, a cutoff value of 500fmol/lt was
determined by analysis of the receiver operating charac-
teristic (ROC) curve.,

Genotypes of HCV were determined with a com-
mercial kit (Genotyping EIA; International Reagents,
Kobe, Japan) which distinguishes between genotypes 1
and 2, as well as by polymerase chain reaction (PCR)
with type-specific primers that detect genotypes 1a, 1b,
24, 2b, and 3a.% When genotype 1 or 1b was detected,
the sequence of the IFN sensitivity-determining region
(ISDR) in the non-structural 5A (NS5A) region was
determined directly on extracted and amplified HCV
RNA, by the method of Enomoto et al.” Based on the
amino-acid sequence, three types were determined, i.e.,
wild-type, intermediate type, and mutant type.

HLA typing

Types of HLA-A, B, C, and DR and DQ loci were
determined by micro-lymphocyte cytotoxicity, by the
method of Terasaki and McClelland,® at the Special
Reference Laboratory (Tokyo, Japan).

Statistical analyses

Univariate analysis for factors influencing the response
to IFN-a was performed using the Mann Whitney U-
test for quantitative data and the y? test with Yates’
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Table 1. Comparison of demographic, clinical, and virological characteristics between
patients with and without sustained virological response to IFN-a

Responders Nonresponders
Features {(n=121) (n =32) P value
Male 11 (52%) 18 (56%) 0.784
Median age (years) 46 (30~72) 57 (31-66) 0.015
History of blood transfusion 8 (38%) 19 (59%}) 0.133
History of IFN treatment 2(10%) 7 (22%) 0.246
- ALT (1U/)e 94 (22-272) 83 (40-355) 0.877
Platelet count (X10%ml)s 167 (84-315) 144 (62-320) 0.047
Fibrosis (F1/F2/F3/ND) 11/5/3/0/2 13/11/473/1 0472
HCV genotype (1b/2a or 2b/UC) 6/15/0 22/8/2 0.013
HCV RNA (KIU/ml) 30 (0.5-330) 150 {0.5-850) 0.004
HCV core antigen (fmol/l)® 221 (3.0-14426) 3794 (112-19383)  0.001

IFN, interferon; KIU, kilo international units; ND, not determined; UC, unclassifiable

*Median value is shown, with the range in parentheses

correction for qualitative data. Fisher’s exact test was
used for comparison of small numbers. Multivariate
analysis was performed using a logistic regression
model, with a stepwise method, employing the statisti-
cal computer program known as SPSS 6.1J (SPSS,
Chicago, IL, USA). Differences were evaluated by two-
tailed analysis and considered significant for P values of
less than 0.05.

Results

Sustained viralogical' response to IFN-q therapy in
patients with chronic hepatitis C

Of the 66 patients with chronic hepatitis C who were
eligible for INF-a therapy, 4 dropped out and 9 were
withdrawn from treatment. The 4 dropouts included 1
who did not comply with the treatment protocol and 3
who failed to visit hospitals by their own judgments.
IFN-o was withdrawn because of a psychiatric condition
(depression) in 4 patients, severe general malaise in 2,
continuous fever in 1, pain in the neck and upper left
arm in 1, and ophthalmagra in 1. Of the 9 patients in
whom IFN-a was withdrawn, 3 were sustained virologi-
cal responders and had completed more than 65% of
the total regimen of 720MU. Their HCV genotypes
were 1b, 2a, and unclassifiable, respectively.

A reduction of IFN-a dose was necessary in 2 of the
53 patients who completed the 24-week therapy, be-
cause of anorexia and fever, respectively. The dose was
reduced from 9 to 6 MU in the former patient, while
9MU was given twice a week instead of three times a
week in the latter. Because these 2 patients had received
more than 80% of the total dose of IFN-a, they were
included in the study. The 53 patients eligible for the
evaluation of virological response had a median age of

56.1 years (range, 30~72 years) and included 29 (55%)
men, and 9 of them had been treated with IFN before.
Liver biopsies performed before treatment revealed
fibrosis of stage F1 in 24 (45%), F2 in 16 (30%), F3in 7
(13%), and F4 in 3 (6%); liver biopsy was not per-
formed in the remaining 3 (6%) patients.

The HCV genotype was 1 in 28 patients and 2 in 23;
genotype was unclassifiable in 2 patients by the EIA
genotype method.” Genotype 1 in all the 28 patients
was found to be 1b by PCR with type-specific primers.2
Of the 23 patients with genotype 2 determined by EIA,
13 had genotype 2a and 5 had 2b; subtypes of genotype
2 were not distinguishable in the remaining 5 patients.
Genotypes in the 2 patients unclassifiable by EIA
were not determined by PCR, either. Based on these
results, genotypes of HCV were judged to be 1b in 28
(53%) patients, 2a or 2b in 23 (43%) patients, and
unclassifiable in the remaining 2 (4%) patients.

Sustained virological response to IFN-a was achieved
by 21 (40%) of the 53 patients. Table 1 compares demo-
graphice, clinical, and virclogical characteristics between
the 21 responders and 32 nonresponders to IFN-g.
Responders were significantly younger and had higher
platelet counts than non-responders. Virologically, re-
sponders were significantly less frequently infected with
HCYV genotype 1b and had significantly lower levels of
both HCV RNA and HCV core antigen.

HLA types were determined for loci with more than
five patients testing positive for them (Table 2). Sig-
nificant differences were observed only for DR6
and DR52, both of which were more frequency in
nonresponders than responders.

Factors influencing the response to IFN-a therapy

The results of univariate analysis for evaluating factors
predictive of sustained virological response to IFN-a
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are shown in Table 3. Of host factors, age 50 years or
less, lack of HLA DRé6 and DR52, and platelet counts
of more than 14 X 104/mm? were significantly predictive
of the response. In virological aspects, HCV genotypes
other than Ib, HCV core antigen of 500fmol/ or less,
and HCV RNA of 100 KIU/ml or less were significantly

Table 2. HLA types in patients with chronic hepatitis C who
did and who did not achieve sustained virolgical response to
IFN-o treatment

Responders Nenresponders
HLA type (n=121) (n=32) P value
A2 7(33%) 12 (38%) 0.7570
All 3(14%) 5(16%) 1.0000
A24 10 (47%) 17 (53%) 0.6949
(A26 5(24%) 5(16%) 0.4564
A33 3(14%) 8(25%) 0.4938
B7 2(10%) 3(9%) 1.0000
B35 3(14%) 5(16%) 1.0000
B44 2(10%) 5(16%) 0.6897
B51 2(10%) 6 (19%) 0.4550
Bs2 2 (10%) 6 (19%) 0.4550
BS54 3 (14%) 3(9%) 0.6711
B60 1(5%) 5(16%) 0.3837
B61 1(5%) 7 (22%) . 0.1264
B62 4 (19%) 4 (13%) 0.6978
Cwl 6 (29%) 5(16%) 0.2557
Cw3 9 (43%) 14 (44%) 0.9489
Cw7 6 (29%) 5(16%) 0.2557
DQ1 11 (52%) 22 (69%) 0.2292
DQ3 7 (33%) 14 (44%) 0.4482
DQ4 4 (19%) 6 (19%) 1.0000
DR1 3(14%) 4 (13%) 1.0000
DR2 8(38%) 13 (41%) 0.8539
DR4 6 (29%) 8 (25%) 0.7730
DR6 3(14%) 16 (50%) 0.0080
DRY 4(19%) 8(25%) 0.7433
DR52 5(24%) 18 (56%) 0.0198
DRS53 8 (38%) 15 (47%) 0.5282

associated with the response to IFN-o. When each HLA
type was evaluated by 4 analysis, a strong positive
correlation with the response was found for DR6 and
DR52. When these HLA types were subjected to multi-
variate analysis, DR6 was superior to DR52 in predict-
ing the response to IFN on the multivariate analysis.
Hence, DR6 was adopted for comparison with the other
factors in multivariate analysis.

Table 4 shows the results of multivariate analysis
of host and virological factors for influence on the re-
sponse to IFN-a. Only age 50 years or less, history of
IFN treatment, lack of HLA DR6, HCV genotypes
other than 1b, and HCV core antigen of 50¢fmoll or
less were significantly predictive of the virological re-
sponse to IFN-a.

Factors useful for early prediction of sustained
virological response to IFN-a

Serial serum samples from before treatment to 24 weeks
after the completion of IFN-o were available for 29
patients, including 14 responders and 15 nonresponders.
Levels of HCV core antigen and HCV RNA,, as well as
frequency of elevated ALT levels (>451U/1) were com-
pared between the responders and nonresponders (Fig.
1). HCV core antigen turned negative 1 week after the
start of IFN-o in all the responders and stayed negative
throughout follow-up (Fig. 1a). In some nonresponders,
by contrast, HCV core antigen tested positive during
IFN-a treatment. At 1 week after the start of IFN-a,
HCV core antigen was detected significantly less often
in responders than in nonresponders (0% vs 40%; P =
0.02). HCV RNA was cleared from serum from 4 weeks
after the beginning of IFN-o treatment and stayed
negative in all the responders (Fig. 1b). It was de-
tected significantly less frequently in responders than in
nonresponders at 1, 4, and 8 weeks after the start of

Table 3. Univariate analysis of factors for the association with sustained virological

response to IFN-a in 53 patients with chronic hepatitis C

Factor n (%) OR 95% CIL P value
Age (=50 years) 18 (34%) 8.78 2.39-32.15 0.001
Male 29 (55%) 086  0.28-2.58 0.782
HLA DRé-positive 19 (36%) 0.17 0.04-0.68 0.018
HLA DR52-positive 23 (43%) 0.24 0.07-0.83 0.041
Fibrosis score (1 0or 2) 43 (81%) 1.12 0.99-1.26 0.276
Platelet count (=14 X 10%ml)) 18 (34%) 0.19 0.05-0.77 0.031
ALT level (=1351U1) 42 (79%) 0.36 0.09-1.47 0.270
HCV genotype 1b 28 (53%) 0.18 0.05-0.61 0.004
ISDR (wild-type) 5(9%) 0.34 0.73-0.98 0.144
HCV core antigen (=500 fmol/l) 16 (30%) 10.10 2.55-40.22 0.001
‘HCV RNA (=100KI1U/ml) 31 (58%) 3.63 1.07-12.29 0.034

OR, odds ratio; CI, confidence interval

*Types of IFN sensitivity determining region (ISDR) were analyzed in the 28 patients infected

with HCV genotype 1b only
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Table 4. Multivariate analysis of factors for the association with sustained virological

response to IFN-a in 53 patients with chronic hepatitis C

n OR 95% CI P value

HCYV core antigen

>500fmol/l 37 1.000

=500fmol/l 16 10.610 1.924-58.53 0.007
HCV genotype

1b 28 1.000

Non-1b 25 8.929 1.681-47.62 0.010
History of IFN treatment

Present S 1.000

Absent 44 11,630 1.570-83.33 0.016
HLA DR6 '

Present 19 1.000

Absent 34 8.130 1.269-52.63 0.027
Age

>50 Years 35 1.000

=50 Years 18 4009 1.073-15.66 0.039

OR, odds ratio; Cl, confidence interval

IFN-a treatment. At the end of follow-up, both HCV
core antigen and HCV RNA were negative in all
the responders, while they were positive in all the
nonresponders.

. There were nosignificant differences in the frequency
of elevated ALT levels (>451U/1) between responders
and nonresponders during IFN-a treatment (Fig. 1c).
Elevated ALT levels were observed less frequently in
responders than in nonresponders 12 and 24 weeks after
the completion of IFN-a treatment. The difference,
however, was not clear-cut, There were sustained viro-
logical responders who kept elevated ALT levels, while
some nonresponders did not possess them.

Discussion

Although IFN clears HCV infection in patients with
chronic hepatitis C, sustained virological response is
achieved in only 50% of these patients even with the
most sophisticated combination therapy with pegylated
IFN and ribavirin.® It remains difficult to treat patients
who are infected with HCV genotype 1b with a high
viral load. Because IFN can induce grave side effects,
such as autoimmune thyroiditis and severe depression,
patients who would be likely to respond need to be
identified beforehand, to spare nonresponders unfruit-
ful side effects. Many host and viral factors have been
proposed to be predictive .of the response to IFN.+®
Only a few of them, however, were evaluated in pro-
spective studies,

In the present prospective study, various host and
viral factors were evaluated as predictors of sustained
virological response, focusing on HLA types and HCV

core antigen. These factors were chosen because no
agreement has been reached on the association of HLA
types with the response to IFN,"-1? and the determina-
tion of HCV core antigen by EIA is very handy and less
expensive than PCR for testing HCV RNA .22 [n previ-
ous studies, there were many patients with low pre-
treatment viral loads, disproportional to the number
of patients with chronic hepatitis C who receive IFN
therapy. Patients with low baseline viral loads might
have tended to be registered more frequently in studies
than those with higher loads, because of a better re-
sponse to IFN.

HLA DR6 and DR52 were predictive of the virologi-
cal response by univariate analyses performed in 21
responders and 32 nonresponders to natural IFN-a who
had a total dose of 720MU. By multivariate analysis,
only HLA DR6 was significantly predictive of the re-
sponse, and this has not attracted attention in previous
studies. Thus far, association with response has been
reported for DRB1*0404 in Canda, DRBI1*(7— in
France,' DR2+ and DR3- in an Egyptian population
living in Qatar,’? and the DRB1*0701-DQA1*0202-
DQRB1#02 haplotype in Poland.” There are, however,
reports showing no influence of HLA types on the re-
sponse to IFN.'* Inasmuch as HLA types represent
anthropological markers and show distinct differences
with different ethnicities, the HLA types have cohort
effects in studies in which it is attempted to correlate
therapeutic efficacy with HLA types. It would not be
easy, therefore, to reconcile the results obtained in dif-
ferent countries.

In Japan, Kikuchi et al’® reported detecting BS54
and A24-B54-DR4 more frequently in nonresponders.
Miyaguchi et al.!* found B55, B62, Cw3, and Cw4 more
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Fig. 1la-c, Follow-up of viral markers and elevated alanine
aminotransferase (ALT) levels during and after interferon-o
({FN-a) treatment in patients with chronic hepatitis C. Fre-
quencies of the detection of hepatitis C virus (HCV) core
antigen (a), as well as the persistence of HCV RNA (b) and
elevated ALT levels (¢) were compared between the 14 pa-
tients who achieved virological response and the 15 patients
who did not; before treatment, during IFN-¢ treatment, and
until 24 weeks after the completion of the therapy. Duration
of IFN-a treatment is indicated by gray bars at the top above
a.

often in responders, who also had lower HCV RNA
levels in serum than nonresponders. On that basis, they
deduced that HLA types would modulate the replica-
tion of HCV, Their results are not consistent and stand
at variance with the association of HLA DR6 and DR52
with the virological response to IFN-o observed in the

present study. Knowing that all the patients studied
were Japanese, with no remarkable differences in thera-
peutic regimens of IFN used, the discrepancy between
their results and ours is hard to explain. Marked diver-
sity in HLA haplotypes even among Japanese individu-
als, and difficulties in examining all of them, could
be among the reasons for these different results in
Japanese patients. Multicenter collaborative studies are
required to confirm the previously obtained results to
elucidate the influence of HLA types on the response of
patients with chronic hepatitis C to IFN therapies.

The influence of HCV genotypes and HCV RNA
Ievels on the response to IFN has been established +689
The HCV genotypes were evaluated in association with
the response to IFN, along with HCV core antigen,
which has a close correlation with HCV RNA .22 On
univariate analysis, both HCV RNA and HCV core
antigen, as well as HCV genotypes, were significantly
associated with the response to IFN. On muitivariate
analysis, however, HCV genotypes and HCV core anti-
gen remained significantly predictive, while HCV RNA
did not. The cutoff level of HCV core antigen at
500fmol/l was found to be optimal for distinguishing
between response and nonresponse, based on the ROC
curve (data not shown), and this could have been the
reason for the better performance of HCV core antigen
than HCV RNA in the present study.

HCYV core antigen was useful, also, for the early pre-
diction of the response to IFN-a. It tested negative in all
the 14 individuals who were responders at 1 week after
the start of IFN-¢, in contrast to its detection in 6 of the
15 (40%) nonresponders at that time point. HCV RNA
behaved similarly to HCV core antigen during IFN-o
treatment, except that it was till detectable in respond-
ers at week 1 of therapy. Because all the responders
were negative for both HCV core antigen and HCV
RNA in serum throughout follow-up until 24 weeks
after the completion of IFN-a treatment, HCV core
antigen, as well as HCV RNA, will be instrumental in
monitoring for the persistence of response. The advan-
tage of using HCV core antigen as a parameter of re-
sponse is that it can be determined by EIA with less of
a burden and lower cost than PCR for determining
HCV RNA. Therefore, we believe that the determina-
tion of HCV core antigen will find a number of applica-
tions in predicting and monitoring response to IFN
treatments in patients with chronic hepatitis Cin future,
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BACKGROUND. The objective of the current study was to determine the character-
Istic features of sustained responders who develop hepatocellular carcinoma after
treatment with interferon for chronic hepatitis C.

METHODS. This study included 3626 patients with chronic hepatitis C who had
received interferon monotherapy. Cox proportional hazards analysis was used to
compare sustained responders who did and did not develop hepatocellular carci-
noma, and nonsustained responders who developed hepatocellular carcinomain a
multicenter, retrospective cohort study.

RESULTS. Among 1197 sustained responders, 27 patients developed hepatocellular
carcinoma (2.3%). Compared with sustained responders who did not develop
hepatocellular carcinoma, patients who developed disease more often were male
(P = 0.0212), were older (P = (.0068), and had advanced-stage histologic disease
before interferon therapy (P = 0.0345), Conversely, compared with patients with
hepatocellular carcinoma who were not sustained responders, patlents who were
sustained responders tended to be older at the time of the initiation of interferon
therapy (P = 0.0552) and at the time hepatocellular carcinoma was detected (P
= 0.0583), and they also were predominantly male (P = 0.0507). The histologic
staging and serumn aminotransferase levels at the initiation of interferon therapy,
the interval to the detection of tumor, and the tumor size showed no significant
differences between the two groups.

CONCLUSIONS. Sustained responders in the group at high risk for developing
hepatocellular carcinoma after interferon therapy were older, more often were
male, and had more advanced histologic disease stage. Such patients should be
followed carefully periodically for > 10 years after they complete interferon ther-
apy, Cancer 2004;101:1616-22. © 2004 American Cancer Society.

KEYWORDS: chronic hepatitis type C, hepatocellular carcinoma, interferon, sus-
tained responder.

In Japan, chronic hepatitis C (CH-C) with advanced histologic
staging often progresses to hepatocellular carcinoma (HCC),!
although patients who are seropositive for antihepatitis C virus
(anti-HCV) antibodies or for HCV RNA do not always progress to
cirrhosis or HCC.®? Risk factors for developing HCC in patients
with CH-C are advanced histologic stage, irregular regeneration of
hepatocytes, heavy drinking, higher serum alanine aminotransfer-
ase (ALT) levels or lower serum albumin levels, male gender, and
older age.!*~7 Since 1992, patients with CH-C commonly have been
treated with interferon & (IFN-«) or IFN-B, which are covered by
public health insurance in Japan. Because IFN improves hepatic
inflammation and inhibits the progression of hepatic fibrosis, it

Published online 18 August 2004 in Wiley InterScience (www.interscience, wiley.com).
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FIGURE 1. The Interval from the completion of IFN therapy to the detection
of SR HCC statistically did not correlate significantly with the tumor size or
hepatic staging.

has been suggested that the incidence of HCC may
be reduced by IFN treatment. In fact, IFN therapy
reportedly was effective not only for improving liver
biochemistry and eliminating HCV RNA but also for
reducing the inflammation/fibrosis scores and low-
ering the risk of HCC, especially In sustained re-
sponders (SR patients) 3-14

Although a significant decrease in the incidence of
HCC has been observed in SR patients after IFN ther-
apy,?™'* HCC is detected in some of them.'®?* The
clinical features of SR patients who develop HCC (SR
HCC patients) and the long-term incidence of HCC in
SR patients remain unclear, and the optimal duration
and frequency of follow-up have not been established.
Therefore, we analyzed SR HCC patients to determine
their characteristic features compared with SR pa-
tients who did not develop HCC (SR non-HCC pa-
tients) and non-SRs who developed HCC (non-SR
HCC patients).

MATERIALS AND METHODS

Patients

For this study, 3626 patients with CH-C were enrolled
{2344 males and 1282 females) who had received IFN
therapy between January 1990 and November 2001.
Data from these patients were collected from 6 insti-
tutions and related hospitals, including 1371 patients
from Kyoto Prefectural University of Medicine, 1478
patients from Osaka University, 497 patients from
Miyazaki Medical College, 130 patients from Nagoya
University, 102 patients from Shinsyu University, and
48 patients from Yamaguchi University. All patients
were seropositive for anti-HCV antibodies, positive for
serum HCV RNA, and seronegative for hepatitis B
virus surface antigen. We excluded patients who had
coexisting liver diseases, such as autoimmune hepati-
tis or primary biliary cirthosis, and confirmed that

HCC after SR to IFN/Makiyama et al. 1617
TABLE 1
Characteristics of Patients with Chronic Hepatitis C who were
Treated with Interferon®
Sustained Nonsustained

Characteristic responder responder Palue®
No. patients 1na 2429 -
Male:female ratio 776:421 1568:861 0.8826
Age (yrs, mean £ SD) 484118 51.2 £ 10.6 < 0.0001
Histologic staging score: No, of patients (%)

Fl 385 (38.6) 522 (25.8)

F2 322 (323 613{30.3) < 0.0001

F3 262 (26.3) 762 (38.6)

F4 29(29) 109 {5.4)

Not available 199 403

SD: stardard deviation; IFN: interferon,
* ALl data were determined before imterferon therapy.
b P values were catculated with.the Fisher exact probability test and the Wilcoxon two-sample test.

they did not abuse alcohol (daily alcohol intake > 60 g
of ethanol). No patients were infected with human
immunodeficiency virus (HIV). At the time of entry
into this study, no patients showed evidence of HCC,
as determined by ultrasonography (US) and/or com-
puted tomography (CT) studies. In principle, patients
underwent liver biopsy prior to IFN therapy, and the
histologic diagnoses were reached according to the
classification of Desmet et al.*® The gender, mean age,
and histologic disease stage at the initiation of IFN
therapy are shown in Table 1.

Natural IFN-«, recombinant IFN-a-2a, and re-
combinant IFN-a-2b were used in this study. In gen-
eral, the IFN treatment protocol was within the range
covered by public health insurance in Japan, namely,
3-10 MU of IFN-« for 24 weeks (daily for 2 weeks and
3 times per week for 22 weeks). In a few patients,
administration of IFN-« was prolonged to 52 weeks. In
some patients who suffered from severe side effects,
the therapy period was shortened. In addition, pa-
tients for whom the total dose of IFN was < 200 MU
were excluded from the study. Patients who had been
treated with peginterferon or IFN/Ribavirin also were
excluded. There was no difference noted with regard
to the treatment protocol among the institutions and
their related hospitals. We checked the laboratory
findings at the end of IFN therapy and 6 months later.
SR patients were defined as those who demonstrated
continuous normal serum ALT levels for 6 months
after finishing IFN therapy. The remaining patients
were regarded as non-SR patients. The patient popu-
lation included 1197 SR patients and 2429 non-SR
patients.

We followed all patients for at least 1 year after the
end of IEN therapy. The mean * standard deviation

—127 —



1618 CANCER October 1, 2004 / Yolume 101 / Number 7

(8D} follow-up was 5.9 years = 1.9 years. In SR pa-
tients, in general, we performed biochemical exami-
nations, which sometimes included a-fetoprotein, ev-
ery 3-12 months after confirming a sustained
response. US and/or CT studies were performed at
least once annually. However, because the incidence
of HCC in non-SR patients—especially those with ad-
vanced-stage disease (fibrotic scores of F3 or F4)-was
expected to be higher than that in SR patients, US
and/or CT studies were performed every 3-6 months
in non-SR patients. This strategy was similar in all of
the institutions, and the frequency of radiographic
examination was calculated to avoid unnecessary cost
and not to miss HCC. However, some SR patients and
non-SR patients who skipped or stopped visiting the
outpatient clinic and some patients who were fol-
lowed by their home physicians were not followed
sufficiently. The diagnosis of HCC was based on ap-
propriate radiologic findings (hepatic angiography,
dynamic CT, magnetic resonance imaging).”” When it
was difficult to determine a final diagnosis with the
radiclogic findings, a histologic diagnosis was reached
by tumor biopsy. In 17 of 27 SR HCC patients, a
histologic diagnosis of HCC was obtained by the ex-
amination of resected hepatic tumors or biopsied tu-
mor specimens. Patients who were diagnosed with
HCC within 1 year after the end of IFN therapy were
excluded from this study because of the possibility
that a small but detectable HCC was missed before
IFN therapy. Written informed consent to receive IFN
therapy and to participate in this follow-up study was
obtained from all patients, and the ethical committees
of the participating institutions approved this study.

Statistical Analysis

Statistical analysis was performed using the SAS/PC
statistical package (SAS Institute, Cary, NC). The Fi-
scher exact probability test was used to compare the
frequencies of gender, The Wilcoxon two-sample test
was used to compare age, histologic staging, serum
ALT level, interval between the end of IFN therapy and
the detection of HCC, and the size of HCC. The inde-
pendent risk factors for developing HCC in SR patients
were examined by Cox proportional-hazards analysis;
the variables were gender, age, histologic stage, and
serum ALT level, Patients who had missing data were
excluded from this analysis. Each variable was trans-
formed into categorical data comprised of two-sam-
ple, ordinal numbers for multivariate analysis, P val-
ues were two-sided, and P values < 0.05 were
considered statistically significant.

RESULTS

Characteristic Features of SR HCC Patients

During the observation of 3626 patients, HCC was
detected in 259 patients; however, 19 patients were
excluded, because HCC was detected within I year
after they completed IFN therapy. The distribution of
the remaining 240 HCC patients among the 6 institu-
tions was as follows: 109 patients from Kyoto Prefec-
tural University of Medicine (HCC incidence, 8.0%),
102 patients from QOsaka University (HCC incidence,
6.9%), 3 patients from Miyazaki Medical College (HCC
incidence, 0.6%), 15 patients from Nagoya University
(HCC incidence, 11.5%), 8 patients from Shinsyu Uni-
versity (HCC incidence, 7.8%), and 3 patients from
Yamaguchi University (HCC incidence, 6.3%). The in-
cidence of HCC did not differ significantly among the
institutions, except for Miyazaki -Medical College.
partly because hepatic fibrosis was less advanced in
patients from this institution compared with patients
from the other five institutions, Of 240 patients, 27
were SR patients, and 213 were non-SR patients. The
ages of the 240 patients at the initiation of IFN therapy
ranged from 37-77 years (mean age =+ SD, 59.1 years
*+ 6.6 years) and varied from 39-83 years (63.6 years
* 6.8 years) at the time HCC was detected.

Among the 27 SR HCC patients, 5 patients con-
sumed = 50 g of ethanol daily. By evaluating liver
specimens and biochemical examinations, including
y-glutamyl transferase, we excluded the possibility of
alcoholic liver diseases in these patients. Serum HCV
RNA was evaluated in the SR HCC patients by reverse
transcriptase-polymerase chain reaction analysis.
Twenty-six SR HCC patients were complete respond-
ers (seronegative for HCV RNA both at the end of IFN
therapy and 6 months later), and 1 SR HCC patient
was a biochemical responder (seropositive for HCV
RNA at the end of IFN therapy). In 1 complete re-
sponder who developed HCC, serum HCV RNA be-
came positive 12 months after completing IFN ther-
apy.

" No correlation could be found between the inter-
val before HCC was detected, tumor size, or hepatic
histologic stage among the SR HCC patients (Fig. 1).
HCC that was detected long after discontinuing IFN
therapy was not always large, and the patients with
large HCC did not always show more advanced stage
according to liver histology. The greatest dimensions
of the 2 largest SR HCC tumors were 80 mm and were
detected 32 months and 73 months after the end of
IFN therapy: The greatest dimension of SR HCC found
after the longest interval (85 months) was 38 mm.

Tumeor tissue samples could be examined from 18
of 27 SR HCC patients. Two samples were categorized
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TABLE 2
Comparisons between Sustained Responders with and without
Hepatocellular Carcinoma®

HCC after SR to IFN/Makiyama et al. 1619

TABLE 3
Factors Assoclated with the Development of Hepatocellular
Carclnoma In Sustained Responders

Charactetlstic SR HCC SRnon-HCC  Palue®
No. of patients 7 1170
Male-female ratic 82 751:419 0.0016
Age (yrs, mean * SD) 60775 502%124 < 0.0001
Serum ALT ({IU/L, mean * D} NL7+627 122821099  0.7267
Histologic staging score: No. of patients (%)

F1 13.7) 384 (30.6)

F2 11(40.7) 310 (32.0) < 0.0001

Fi 10{37.0) 252 (26.00

Fd 5(18.5) 2425

SR sustained responder; HCC: hepatocellular carcinoma; SD: standard deviation; ALT: afanine amino-
transferase; [FN: intezferon.

" All data were determined before interferan therapy.

™ P values were caloudated with the Fisher exact probability test and the Wilcoxon two-sample test,

as well differentiated HCC, 11 samples were moder-
ately differentiated HCC, 2 samples were poorly dii-
ferentiated HCC, and 2 samples were undifferentiated
HCC. One sample was the necrotic tissue after trans-
catheter arterial embolization therapy (TAE). Nontu-
morous liver tissue samples from 18 patients were
evaluated for their fibrosis scores in resected HCC or
tumor biopsy specimens. Liver fibrosis scores im-
proved in nine patients, did not change significantly in
eight patients, and worsened in one patient.

Sixteen of 27 SR HCC patients underwent partial
hepatectomy, and 10 patients were treated with TAE
and/or percutaneous ethanol injection therapy. Be-
cause one patient changed his hospital after the diag-
nosis of HCC, we could not know his prognosis.

Comparison between SR HCC Patients and SR Non-HCC
Patients

We compared 27 SR HCC patients with 1170 SR non-
HCC patients. The SR HCC patients included 25 males
{92.6%) and 2 females (7.4%), and the SR non-HCC
patients included 751 males (63.5%) and 419 females
{35.8%). At the time IFN therapy was initiated, the
mean age of the SR HCC patients was 60.7 years * 7.5
years (range, 37-70 years), whereas the mean age of
the SR non-HCC patients was 50,2 years * 12,4 years
(range, 17-73 years). Thus, the SR HCC patients more
often were male (P = 0.0016) and were older (P
< 0.0001) compared with the SR non-HCC patients
(Table 2). '

The fibrotic scores in biopsied liver specimens
before TFN therapy for the SR HCC patients included 1
F1 specimen (3.7%), 11 F2 specimens (40.7%), 10 F3
specimens (37.0%), and 5 F4 specimens (18.5%); and
the fibrotic scores for the SR non-HCC patients in-

Risk
Characteristic ratio 95% €l Palue
Male vs. female 5.498 1.290-23.439 0.0212
Age 1.378 1.737-31.326 0.00G8
Stage of liver disease 2344 1.064-5.164 0.0343
Serum ALT 1.331 0.606-2.923 0.4768

95% CI: 95% confidence interval; ALT: alanine aminotransferase.

3 All data were determined before interferon therapy. Statistical anatysis was performed using the Cox
propostional hazards test, The variable for age was set at < 50 years or & 5 yeass, the variable for stage
was set < F3 or 2 F3, and the variable for the serum alanine aminotransferase level was sel at < 88 UI/L
or 2 89 UL, The variabies age and serum alznine aminotransferase level were determined as median
data, The variable for stage was sef to obtain the largest hazard ratio.

cluded 384 F1 specimens (39.6%), 310 F2 specimens
(32.0%), 252 F3 specimens {26.0%), and 24 F4 speci-
mens (2.5%). The 2 female SR HCC patients both had
F4 specimens. Among the total SR population, SR HCC
patients had more advanced-stage disease (P
< 0.0001). The mean serum ALT level at the initiation
of IEN therapy was 111.7 IU/L = 67.7 IU/L in the SR
HCC patients and 122.6 IU/L * 109.9 IU/L in the SR
non-HCC patients (Table 2),

Cox proportional-hazards analysis of factors asso-
ciated with the development of HCC in the SR patients
was performed with four variables (gender, age, histo-
logic stage, and serum ALT level). In this analysis, the
hazard ratios for age, stage, and serum ALT level were
calculated between the two groups. The age variable
was set at < 50 years or = 50 years, the fibrotic score
(stage) variable was set at < F3 or = F3, and the
variable for serum ALT level was set at < 88 IU/L or
= 88 IU/L. The variables age and serum ALT level were
determined as median data. We chose the variable for
stage to obtain the greatest hazard ratio. The SR HCC
patients more often were male (P = 0.0212, 95%CI,
1.290-23.439), were older (P = 0.0098, 95%CI, 1.737-
31.326), and had advanced-stage disease according to
liver histology (P = 0.0345; 95%CI, 1.064-5.164} before
IFN therapy. Gender, age, and histologic stage before
IFN therapy were considered independent risk factors
for the development of HCC (Table 3).

Comparison between SR HCC Patients and Non-SR HCC
Patients

We compared the clinical characteristics of the 27 SR
HCC patients with the 213 non-SR HCC patients. The
non-SR HCC patients included 161 males (75.6%) and
52 females (24.4%). The mean age of the non-SR HCC
patients at the initiation of IFN therapy was 58.9 years
+ 6.5 years (range, 40-77 years), and the mean age at
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TABLE 4 '
Comparisons between Sustained Responders and Nonsustained
Responders among Patienis with Hepatocellular Carcinoma

Characterisilc SR Non-SR Pvalue*
No. of patients 27 213
Maledemale ratio 252 161:52 0.0507
Age at the initiation of IFN
{yrs, mean = SD) 60.7£75 589*65 0.0552
Age at the detection of HCC
(yrs, mean * D) 65.1+178 634 %67 0.0593
Serum ALT (IU/L)® L7 %677 1205%564  0.2027
Histologic staging score: No. of patients (%)t
Fl 1(3.9 12(5.6)
F2 11{40.7) 36 (16.9) 0.1861
F3 10 (37.0} 135 (63.4)
F4 5(18.5) o4
Interval (mos, mear + SD)* 49.3+182 497 £ 248 0.7484
Tumor size {mm, mean * SD) 312201 213£99 0.1573

SR: sustained responder; IFN: interferon; SD: standard deviation; HCC: hepataceltular carcinoma; ALT:
alanine aminotransferase.

°P values were calculated with the Fisher exact probabsility test end the Wilcoxon two-sample test.
®Data were determined before interferon therapy.

“The interval was between the completion of interferon therapy and the dersction of hepatocellular
tartinoms.

time HCC was detected was 63.2 years = 6.7 years
(range, 44-83 years). The mean serum ALT level in the
non-SR HCC patients at the start of IFN therapy was
120.5 IU/L * 56.4 IU/L. The fibrotic scores of biopsied
liver specimens obtained from the non-SR HCC pa-
tients before IFN therapy included 12 F1 specimens
(5.6%}, 36 F2 specimens (16.9%), 135 F3 specimens
(63.4%), and 30 F4 specimens (14.1%). Thus, concern-
ing gender and age, the SR HCC patients tended to be
predominantly male (P = 0.0507) and were older (both
at the initiation of IFN therapy [P = 0.0552] and at the
time HCC was detected [P = 0.0593]) compared with
the non-SR HCC patients; however, the serum ALT
levels and the histologic stage before IFN therapy
among the SR HCC patients did not differ significantly
compared with the non-SR HCC patients (Table 4).

The mean interval between the end of IEN therapy
and the detection of HCC for the SR HCC patients was
49.3 months * 18.2 months (range, 21-85 months),
which was not significantly different from that for the
non-SR HCC patients (49.7 months = 24.8 months;
range, 12-141 months}, The mean greatest dimension
of SR HCC was 31.2 mm * 20.1 mm, which was
slightly greater than, but not significantly different
from, the mean greatest dimension of non-SR HCC
{21.3 mm * 9.9 mm) (Table 4).

DISCUSSION
In the current study, we compared the clinical char-
acteristics of SR HCC patients with the characteristics

of SR non-HCC patients to determine the characteris-
tic features of SR HCC. The incidence of HCC among
the 1197 SR patients was 2.3%, and the incidence
among the 2429 non-SR patients was 8.8% during the
mean follow-up of 5.9 years. In patients with CH-C,
aging and advanced hepatic histologic stage report-
edly are major risk factors for HCC development.!*
This was true for the SR population in our current
investigation, because the risk ratio for developing
HCC was > 7 times greater in older patients (= 50
years) and was more than twice as high in patients
who had advanced histologic stage disease (fibrotic
score = F3) according to a Cox proportional-hazards
analysis. Khan et al. also reported that male genderis
an important risk factor for HCC development.® In the
current study, males were more than five times more
likely to develop HCC in the SR population. Thus,
older male patients with advanced hepatic fibrosis
were considered to be a high-risk group for developing
HCC among the SR population {Table 3).

Conversely, compared with the non-SR HCC pa-
tients, the SR HCC patients were older at the initiation
of IFN therapy (P = 0.0552) and at the detection of
HCC (P = 0.0583}, and they were predominantly male
(P = 0.0507). Although these characteristics may not
have differed significantly in the current study, a study
of even larger size may show that this indeed is a
trend. The histologic staging, the serum ALT level at
the initiation of IFN therapy, the interval for the de-
tection of HCC, and the tumor size did not differ
significantly between the two groups. The tumor size
in SR HCC patients was slightly greater compared with
the tumor size in non-SR HCC patients, most likely
because of the extended interval of screening for HCC
after patients attained a sustained response to IFN
therapy (Table 4).

Some previous articles reported that HCV RNA
may survive in the hepatic tissues of SR HCC pa-
tients**-*® and may be involved in the carcinogenesis
or growth of HCC, Although we could not demonstrate
the presence of HCV RNA in tumors and surrounding
hepatic tissues from SR HCC patients, eradication of
HCV from these tissues, along with the nontumorous
hepatic tissues, was confirmed in several previous
studies,’® 2! suggesting that the persistence of HCV is
not essential for the growth of HCC in SR patients.

To ascertain the time of HCC occurrence, several
studies were performed that examined the doubling
time (DT) of HCC. Two studies from Japan reported
that the DT of HCC measuring < 3 cm in greatest
dimension was 93.0 days = 57.4 days or 195.0 days
*171.0 days.3*2 Barbara et al. reported that the DT of
HCC measuring < 5 cm in greatest dimension was
204.2 days + 135 days.*® Recently, Toyoda et al. re-
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ported similar results, assuming that the greatest di-
mension of occult HCC was 5 mm before IFN thera-
py.>* We calculated the growth interval between a
single HCC cell and an HCC measuring 1 ¢m in great-
est dimension on the assumption that the DT of HCC
was 90 days and concluded that the growth interval
may be > 6 years.® Because smaller and well differen-
tiated HCCs have a longer DT, the growth interval to
reach 1 cm in greatest dimension may be much longer
than 6 years. Therefore, it is probable that small HCC
may have existed in the liver prior to IFN therapy in
the current SR HCC patients.*®

It cannot be determined with certainty how long
SR patients should be followed after they complete
IFN therapy. Judging from the results obtained in the
current study, we recommend that, when SR patients
are male, age > 50 years old, and have F3 or F4
histologic stage, they should be checked by US or CT
at least twice per year for > 10 years. Other SR patients
with less advanced disease should be checked at least
once per year.
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Background. In Japan, generally, patients with chronic
hepatitis C are aged. The aim of this study was to inves-
tigate the effect of interferon (IFN) therapy on the
mortality of chronic hepatitis C patients over age 60.
Methods. Seven-hundred and seven patients with histo-
logically proven chronic hepatitis C were enrolled in
this study; 649 received IFN therapy (IFN group) and 58
did not (control group). The standardized mortality
ratio (SMR) and Cox proportional hazard regression
analysis were used to evaluate the effect of IFN on the
survival of the patients. Results. Mean follow-up peri-
ods in the IFN and control groups were 5.7 and 6.7
years, respectively. During follow-up, 13 patients in the
control group died (7 of liver-related diseases) and 42 in
the IFN group died (29 of liver-related diseases). The
SMRs of the control and IFN groups were 1.40 (95%
confidence interval [CI], 0.76-2.45) and 0.73 (95% CI,
0.52-0.98) for overall death, and 10.70 {95% CI, 4.29-
22.05) and 5.05 (95% CI, 3.38-7.26) for liver-related
death, respectively. Sustained and transient biochemical
responders in the IFN group (SMR, 0.53; 95% CI, 0.01-
2.97 and SMR, 3.25; 95% CI, 0.87-8.32, respectively)
showed lower liver-related mortality compared with the
control group. In patients with sustained virological re-
sponse, liver-related mortality was also very low (SMR,
0.65;95% CI, 0.01-3.61). The risk for liver-related death

Received: December 28, 2003 / Accepted: March 24, 2004
Reprint requests to: Y. Imai

of sustained and transient biochemical responders was
also low compared with that of the control group (ad-
justed risk ratios 0.10 [95% CI, 0.01-0.95] and 0.50 [95%
CI, 0.11-2.21), respectively). Conclusions. These results
suggest that IFN treatment could reduce liver-related
mortality in chronic hepatitis C patients over age 60,
notably in patients showing a biochemical response and
in those showing a sustained virological response.

Key words: interferon, chronic hepatitis C, aged, liver-
related mortality, standardized mortality ratio

Introduction

A high prevalence of hepatitis C virus (HCV) infection
is observed in patients with hepatocellular carcinoma
(HCC) in Japan.!* In the early 1990s, interferon (IFN)
was introduced, and it is now widely used worldwide,
as well as in Japan, for the treatment of patients with
chronic hepatitis C. Hitherto, many studies, including
our own reports, have shown that IFN therapy reduced
the incidence of HCC in patients with chronic hepatitis
C o

Recently, several groups have studied the effect of
IFN therapy on survival in patients with chronic hepati-
tis C. Most of these studies reported that IFN therapy
improved the survival of HCV-related chronic hepatitis
and cirrhosis, although some studies did not find any
efficacy of IFN therapy on survival.™¥ We also re-
ported the beneficial effect of IFN therapy on survival
in chronic hepatitis C patients. In that report, we also

— 133 —



1070

showed that the effect of IFN therapy on survival was
notable in the patients exhibiting sustained and tran-
sient biochemical responses, as well as in those showing
sustained virological response.®

Many clinical trials showed that IFN therapy resulted
in normalization of serum aminotransferase levels and
eradication of serum HCV RNA, although a sustained
virclogical response was achieved in a limited number
of patients.-® Recently, a combination therapy of
ribavirin and IFN, or pegylated IFN, has been shown to
have efficacy superior to IFN monotherapy for chronic
hepatitis C26-%

Patients in Japan with chronic hepatitis C are, gener-
ally, aged.®% Also, patients with HCV-related HCC
have been shown to be old, with a peak around age 70.™
Despite the beneficial effects of IFN therapy or combi-
nation therapy of IFN and ribavirin for chronic hepatitis
C patients, these treatments have several adverse ef-
fects which are not tolerable, especially for aged pa-
tients who have illnesses other than liver disease.’? If
IFN therapy does not prolong life expectancy in aged
patients with chronic hepatitis C, the indications for
IFN therapy in these patients may be very limited.
Therefore, it is very important to investigate whether
IFN therapy could improve survival in aged patients
with chronic hepatitis C.

The aim of this study was to evaluate the effect of [FN
therapy on mortality in aged patients with chronic hepa-
titis C. We conducted a multicenter, large-scale, retro-
spective cohort study of chronic hepatitis C patients
over 60 years of age.

Patients and methods

Patients

We found previously that IFN therapy improved the
survival in patients with chronic hepatitis C.2 Of the
2954 patients with chronic hepatitis C in that study, we
enrolled 707 patients over age 60 in the present study, to
investigate the effect of IFN therapy on mortality in
aged patients. Accordingly, the inclusion criteria were
the same as those of the previous study: (1) histological
diagnosis of chronic hepatitis or cirrhosis; (2) no history
of clinical signs, at entry into the study, of complications
of cirrhosis, ie., ascites, jaundice, encephalopathy, or
variceal bleeding; (3) no evidence of HCC at entry into
the study, as assessed by ultrasonography and/or com-
puted tomography; (4) absence of serum hepatitis B
surface antigen; (5) absence of coexisting liver diseases,
such as autoimmune hepatitis or primary biliary cir-
rhosis; (6) absence of excessive alcohol consumption
(>80g/day); and (7) absence of human immunodefi-
ciency virus antibodies.®

Y. Imai et al.: IFN for aged chronic hepatitis C patients

The IFN group comprised 649 patients who had
started IFN therapy between 1992 and 1997 and had
received a 4- to 12-month course of IFN, which was

“initiated within 1 month after liver biopsy. None of the

patients had received IFN therapy before entry into this
study. The control group consisted of 58 patients who
had received liver biopsies between 1986 and 1997, but
who did not undergo IFN therapy.

Biochemical responses to IFN therapy were cate-
gorized as follows. Patients whose alanine aminotrans-
ferase (ALT) levels decreased to the normal range
during therapy and remained normal for up to 24 weeks
after the end of the therapy were considered to have a
sustained biochemical response. Patients whose ALT
levels decreased to the normal range by the end of
therapy, remained normal during therapy, but returned
to abnormal levels during the 24 weeks following
the end of the IFN therapy were considered to have a
transient biochemical response. All other ALT patterns
were classified as showing biochemical non-response.
A sustained virological response was defined as per-
sistent HCV RNA negativity during IFN therapy
and follow-up. Patients showing positive HCV RNA
after IFN therapy were classified as virological non-
responders.

Follow-up

Abdominal ultrasonography or computed tomography
and biochemical examinations, including a-fetoprotein,
were carried out before a liver biopsy and every 3to 6
months during follow-up, equally in the IFN and control
groups. The starting date of follow-up for patients in the
control and IFN groups was defined as the date of liver
biopsy. Follow-up data that were not available were
collected from the resident registry of the local muni-
cipal office. In the patients residing in Osaka whose
follow-up data were not obtained, the Osaka Cancer
Registry was used, and the data were available until the
end of 19996 Therefore, it was decided to use the date
of death or the end of 1999 as the end of follow-up.
Because the longest observation period of the patients
in the IFN group was 96 months, only the follow-up data
for the first 96 months were considered in the control
group. Causes of death were divided into liver-related
and liver-unrelated deaths. Causes of liver-related
death included HCC, liver failure, and esophageal va-
riceal bleeding.

Informed consent was obtained from each patient
included in the study. The study protocol was in accor-
dance with the Helsinki Declaration of 1975 (revised in
1983) and was approved by the Ethics Committee of the
Osaka University Graduate School of Medicine,
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Table 2. Cumulative survival rate calculated from overall deaths

Interferon group

Biochemical response

Virological response

Control group

Total
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0.0197 <0.001 0.0036 0.1212

*The log rank test was used to determine the difference against the control group

<0.001
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Fig. 1. Cumulative survival rates in the interferon {(IFN; dor-
ted line) and control {(solid line) groups. Log-rank test of the
two curves showed a significant difference between the two
groups {P = 0.003)

Cumulative survival and cause of death

The mean follow-up periods of the IFN and controt
groups were 5.7 and 6.7 years, respectively. The mean
follow-up periods of the patients with each response
in the IFN group are shown in Table 2. Figure 1 shows
the cumulative survival rates of the IFN and control
groups, estimated by the Kaplan-Meier method. The
8-year survival rates of the IFN and control groups
were 88.7% and 73.9%, respectively (log-rank test; P =
0.003; Table 2). The cumulative survival rates of sus-
tained virological responders were significantly higher
than those for virological non-responders (log-rank
test; P = 0.02). The 8-year survival rates of sustained
virclogical responders and virological non-responders
were 94.6% and 86.8%, respectively (Table 2). The cu-
mulative survival rates of both the sustained and tran-
sient biochemical responders were significantly higher
than that of the biochemical non-responders (log-rank
test; P = 0.007 and P = 0.049; Fig. 2). The 8-year sur-
vival rates of sustained and transient biochemical
respon-ders and biochemical non-responders were cal-
culated to be 94.3%, 93.0% and 83.4%, respectively
(Table 2).

During fcllow-up, 42 of the 649 IFN-treated patients
and 13 of the 58 control patients died. The numbers of
liver-related and liver-unrelated deaths in the IFN and
control groups are shown in Table 3. Liver-related
deaths corresponded to 69% of all deaths (29/42) in the
IFN group and 54% of all deaths (7/13) in the control
group. HCC was the major cause of liver-related deaths
in both groups. Only one liver-related death (17%) was
found in the deaths of sustained biochemical respond-
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Table 3. Causes of death in the interferon and control groups

Interferon group

Biochemical response

Virological response

Control group
- (n = 58)

Total
(n = 649)

Non-response Sustained response  Transient response  Non-response

Sustained response

(n = 299)

{n = 144)

(n = 484) (n = 206)

(n = 161)

AR e e =
—

O o e (N

O o= O

38

H O M

Hepatocellular carcinoma

Other causes
Liver-unrelated deaths (r)

Liver-related deaths (i)

All deaths (r1)

0.7

0.6

~ Cumulative survival rate

0.5

0.4

T T T T T T

0 ! 2 3 4 5 6 7 B8

Observation period (years)
Patients at risk

SBR 206 206 197 188 171 136 86 43 20
TBR 144 144 137 132 N3 97 72 47 11
BNR 299 219% 295 280 256 214 149 &7 M

Fig. 2. Cumulative survival rates in the IFN-treated patients,
categorized by sustained biochemical response (SBR; dashed
line), transient biochemical response (TBR; dotted line), and
biochemical non-response (BNR; solid line). Log-rank test
showed significant differences between SBR and BNR (P =
0.007) and between TBR and BNR (P = 0.049)

ers. In the control group, 6 patients died of causes other
than liver disease; 2 patients died of stomach cancer;
1 patient each died of lung cancer, ¢olon cancer, and
cerebral infarction; and in 1 patient, the cause of death
was a traffic accident. In the IFN group, we identified
13 liver-unrelated deaths; 4 patients died of stomach
cancer; 3 died of lung cancer; and 1 each died of breast
cancer, colon cancer, esophageal cancer, pneumonia,
chronic renal failure, and multiple myeloma.

Cox proportional hazard regression analysis

Cox proportional hazard regression analysis revealed
that the risk of overall death in the IFN group was lower
than that in the control group, with a marginally signi-
ficant difference (risk ratio, 0.37; 95% CI, 0.13-1.05;
Table 4). The patients with a sustained virological
response had a low risk of overall death (risk ratio,
0.15; 95% CI, 0.04-0.59) compared with the control
group. Sustained and transient biochemical responders
also showed low risks of overall death (risk ratio, 0.18;
95% CI, 0.05-0.65; and risk ratio, 0.24; 95% CI, 0.07-
0.87). The risk of liver-related death in the IFN group
was similar to that in the control group (Table 4). How-
ever, the patients with sustained virological and bio-
chemical response had a low risk of liver-related death
compared to the control group (risk ratio, 0.12; 95%
CI 0.01-1.16 and risk ratio, 0.10; 95% C¥, 0.01-0.95,
respectively). In transient biochemical responders, the
risk ratio for liver-related deaths was 0.50 (95% CI,
0.11-2.21).
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