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The prognosis of patients with chronic hepatitis C after interferon (IFN) therapy is still
poorly defined. The present study evaluated the effect of IFN therapy on survival in a cohort
of such patients. The study included 459 patients with biopsy-proven C-viral chronic liver
disease who were followed for 8.2 � 2.9 years (range, 7-183 months). Survival status was
examined by medical records or direct questionnaires. Fifteen (14%) of 104 IFN-untreated
patients and 33 (9%) of 355 patients treated with IFN died during follow-up. Among the
treated patients, 4 (3%) of 116 with sustained virologic response and 29 (12%) of 239
without sustained virologic response died. Liver-related death was shown in 32 (67%)
patients, and hepatocellular carcinoma (HCC) caused 25 (52%) of the 48 deaths. Multivar-
iate Cox proportional regression analysis revealed that IFN treatment decreased the risk ratio
for overall death to 0.521 (confidence interval [CI]: 0.263-1.034) and for liver-related death
to 0.208 (CI: 0.088-0.495) compared with untreated patients, and sustained virologic re-
sponse showed a decrease in the risk ratio for overall death to 0.219 (CI: 0.068-0.710) and
for liver-related death to 0.030 (CI: 0.003-0.267). IFN treatment showed no association with
liver-unrelated death. Furthermore, the standardized mortality ratios for all causes of death
and liver-related death were reduced in IFN-treated patients compared with untreated pa-
tients (1.4 vs. 2.0 for total death and 7.9 vs. 19.7 for liver-related death). In conclusion, the
present data suggest that IFN therapy has a long-term clinical benefit for patients with
chronic hepatitis C patients by reducing liver-related death, especially in patients with
sustained virologic response. (HEPATOLOGY 2003;38:493-502.)

See Editorial on Page 292

Hepatitis C virus (HCV) infection has been
shown to be closely associated with chronic
hepatitis, leading to cirrhosis and hepatocellular

carcinoma throughout the world.1,2 In Japan, more than
30,000 people die of liver neoplasms annually. Most of
these deaths are associated with hepatocellular carci-
noma (HCC), and around 80% are associated with
HCV infection.3 Additionally, about 10,000 people
die of cirrhosis or chronic liver disease excluding alco-
holic liver disease. Thus, HCV-related chronic liver

disease is one of the major disorders affecting the na-
tional health of Japan.

Interferon (IFN) is effective in eliminating HCV and re-
ducing the alanine aminotransferase (ALT) level in some
patients with chronic hepatitis C,4,5 and improvement in
liver histologic findings have also been noted in these pa-
tients.6,7 IFN monotherapy achieves sustained virologic re-
sponse in 20% to 40% of chronic hepatitis C, with the
response rate differing somewhat according to various factors
such as viral load, viral genotype, stage of liver fibrosis, and
the total dose of IFN.8-10 Several recent studies showed that
IFN treatment reduced the risk for development of HCC in
comparison with untreated patients and especially in those
who responded to the therapy.11-13 However, it is still a mat-
ter of controversy whether the effect of IFN treatment on
C-viral cirrhotic patients is beneficial or not.14-18

Several studies concerning the prognosis of C-viral cir-
rhosis patients after IFN therapy have been reported, but
their results were also controversial.19-22 Furthermore,
there have been only a few reports concerning those with
chronic hepatitis C.23-25 In the current investigation, we
conducted a retrospective cohort study to examine the
effect of IFN therapy on the long-term prognosis of pa-
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tients with C-viral chronic liver disease in comparison
with untreated patients.

Patients and Methods

Patients. Four hundred seventy-two consecutive pa-
tients with C-viral chronic liver disease who underwent
liver biopsy at the First Department of Medicine, Chiba
University Hospital, between January 1986 and Decem-
ber 1998, were enrolled in this study. Of these, 13 pa-
tients were excluded: Nine of them were referred to other
hospitals within 6 months after liver biopsy and dropped
out, and the other 4 were excluded because HCC was
detected within 6 months after liver biopsy and the pos-
sibility of the presence of hepatocellular carcinoma at the
time of liver biopsy could not be ruled out. The study
group consisted of 280 men and 179 women with a mean
age of 50.1 � 12.0 years. The absence of HCC was ascer-
tained at enrollment by abdominal ultrasonography,
computed tomography, or magnetic resonance imaging.
Patients with chronic hepatitis B, autoimmune hepatitis,
primary biliary cirrhosis, hemochromatosis, Wilson’s dis-
ease, and alcoholic liver disease were excluded from this
study.

Liver biopsy specimens were examined by 2 indepen-
dent liver pathology specialists (F.I. and O.Y.), blinded to
the clinical and virologic results according to the criteria
of Desmet et al.,26 with the staging of fibrosis being de-
fined as F0 (no fibrosis), F1 (mild fibrosis), F2 (moderate
fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).

Laboratory and Imaging Examination. All patients
in this study were positive for HCV-Ab as determined by
second-generation enzyme-linked immunosorbent assay.
The serum HCV load of the patients was quantitatively
determined at the time of liver biopsy using various
commercial and in-house assays such as competitive
reverse-transcription27 and branched-DNA probe assay28

prospectively or retrospectively. However, because it is
difficult to correlate the results of different assays, we
adopted HCV core protein assay29 for the quantification
of serum HCV load at the time of liver biopsy using stored
sera of all the patients. The sera used for HCV core pro-
tein assay were stored at �20°C, and the duration of
storage before assay was 6.1 � 2.4 and 5.9 � 2.7 years in
treated and untreated patients, respectively. HCV RNA
genotype was determined by serologic grouping of serum
antibody,30 assuming that genotypes 1a and 1b corre-
spond to group 1 and genotypes 2a and 2b correspond to
group 2.

Abdominal ultrasonography was performed every 3 to
6 months to detect HCC, and space-occupying lesions
detected were further examined by computed tomogra-

phy, magnetic resonance imaging, hepatic arteriography,
and ultrasound-guided tumor biopsy if necessary.

IFN Treatment. IFN was administered to 355 pa-
tients, and 104 patients did not receive IFN treatment.
IFN therapy was initiated within 1 year after liver biopsy.
Eighty-four percent of treated patients received IFN-�,
12% IFN-�, and 4% both. The median total dose and
duration of IFN administration was 468 megaunits (72-
2,030 megaunits) and 167 days (6-560 days). Once IFN
therapy was started, a patient was included in the IFN
treatment group even if therapy was discontinued because
of adverse effects or other reasons. The 104 patients not
receiving IFN chose this course on the basis of concerns
about adverse effects (32%), not having health insurance
coverage (27%), normal or nearly normal ALT (13%),
lack of sufficient time to undergo therapy (10%), physi-
cian’s decision based on the presence of depression (4%),
cardiopulmonary disease (3%), other concerns (5%), and
no known specific reason (6%).

Virologic criteria were used to define response to IFN
therapy. A virologic sustained response was defined as
HCV RNA negativity, determined by reverse transcrip-
tion-polymerase chain reaction, more than 6 months after
termination of IFN therapy. HCV RNA positivity at the
same time point was considered a nonsustained response.

No patients in our series died during IFN therapy, and
only 1 patient died within 6 months after its termination
and was classified as nonresponder because of positive
serum HCV RNA at the end of treatment.

Survival Status and Cause of Death. The follow-up
period was defined as the duration between the date of
liver biopsy and either the date of death or the latest date
of confirmed survival. Survival status was confirmed by
medical records or direct survey conducted by telephone.
Three hundred fourteen of the patients visited our hospi-
tal periodically, and their survival status could be con-
firmed by medical records. The survival status of 95 of
145 patients who stopped visiting our hospital was con-
firmed by direct communication via telephone, but the
remaining 50 patients were lost to follow-up and were
included in the analysis as alive up to the last available
point of contact. Hence, 409 patients (89%) in the cohort
had their survival status confirmed at the last examination
in February 2002. The cause of death was investigated
from death certificates in 44 of 48 (92%) patients and that
of the other 4 patients, whose cause of death was liver
failure, subarachnoidal hemorrhage, rupture of abdomi-
nal arterial aneurysm, and traumatic brain damage, was
obtained from telephone interviews with their families.

Cause of death was divided into liver related and un-
related. The former included HCC, cholangiocellular
carcinoma, liver failure, and esophagogastrial variceal
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bleeding, and the latter included extrahepatic malig-
nancy, heart diseases, cerebrovascular accidents, and oth-
ers (Table 10).

Statistical Analysis. Student’s t test and Fisher exact
test were used to analyze quantitative and qualitative data,
respectively. Cox proportional regression analysis was
performed to estimate rate ratios for the effect of IFN
therapy for survival. Potential risk factors assessed for sur-
vival included the following variables: age (�60 years,
50-59 years vs. �49 years); sex; stage of liver fibrosis (F2,
F3, F4 vs. F0/1); IFN treatment; IFN efficacy; baseline
aspartate aminotransferase (AST) level (�80 IU/L vs.
�80 IU/L); baseline ALT level (�80 IU/L vs. �80 IU/
L); baseline albumin level (�4.2 g/dL vs. �4.2 g/dL);
baseline platelet count (�13 � 109/L vs. �13 � 109/L);
HCV load (HCV core protein �100 pg/mL vs. �100
pg/mL); HCV serotype (1 vs. not 1); alcohol consump-
tion (�20 g/d vs. �20 g/d); duration of the disease (�20
years vs. �20 years); body mass index (�25 vs. �25); and
comorbidities such as diabetes mellitus, hypertension,
fatty liver, and cardiopulmonary disease. Variables statis-
tically significant by univariate Cox proportional regres-
sion analysis were further studied by multivariate analysis.
Cumulative occurrence curves of survival were deter-
mined by the Kaplan-Meier method, and the differences
between groups were assessed by the log-rank test. P value

less than 0.05 was considered to indicate statistical signif-
icance.

Standardized mortality ratios (SMR) were used to
compare overall cause and specific cause of mortality of
the total cohort and of subgroups with a general popula-
tion matched for age and sex. Death rates determined
from published sources in 1990, 1995, and 200031 were
used to calculate the expected number of deaths according
to person-years of observation in various age (5 year)
ranges and by gender. A P value less than .05 was consid-
ered significant for the ratio of an observed value of a
Poisson variable to its expectation.

Results

Patient Characteristics. The demographic and clin-
ical features of patients at enrollment are summarized ac-
cording to IFN treatment in Table 1. Characteristics of
sex, age, AST level, ALT level, albumin level, and HCV
core protein level were statistically different between IFN-
treated and -untreated groups (Table 1). The proportions
of patients with comorbidities such as diabetes, hyperten-
sion, fatty liver, cardiopulmonary diseases, autoimmune
disease, psychotic disease, and others were almost identi-
cal between the 2 groups (Table 1). The presumed dura-
tion of the disease, determined from the time of blood

Table 1. Baseline Characteristics of Patients in the Cohort Study

Characteristic Interferon Treated Untreated P Value

Patients, n 355 104
Sex (male/female), n 228/127 (64%/36%) 52/52 (50%/50%) .0117
Age (y), mean � SD 49.2 � 11.9 53.1 � 11.4 .0033
Fibrosis stage

F0/F1/F2/F3/F4 14/185/61/49/46 (4%/52%/17%/14%/13%) 5/53/15/9/22 (5%/51%/14%/9%/21%) .2090
AST level (IU/L), mean � SD 92 � 66 68 � 40 .0003
ALT level (IU/L), mean � SD 141 � 107 87 � 61 �.0001
Albumin level (g/dL), mean � SD 4.3 � 0.3 4.2 � 0.4 .0091
Platelet count (�109/L), mean � SD 171 � 60 166 � 73 .4180
HCV core protein (pg/mL), mean � SD 171 � 212 230 � 298 .0314
HCV genotype (1/not 1), n 246/86 (74%/26%) 68/25 (73%/27%) .8939
Alcohol consumption �20 g/d, n 64 (18%) 18 (17%) �.9999
Body mass index (kg/m2) 23.0 � 3.0 23.1 � 3.1 .9398
Mode of infection (%)

Blood transfusion 159 (45) 51 (49) .5757
Drug addiction 37 (10) 12 (12) .7206
Tattoo 8 (2) 3 (3) .7775
Unspecified 151 (43) 38 (36) .1637

Duration of the disease (y), mean � SD 23.3 � 13.6 24.5 � 11.4 .5122
Comorbidities (%)

Diabetes 25 (7) 11 (11) .2995
Hypertension 38 (11) 9 (9) .5861
Fatty liver 23 (7) 3 (3) .2276
Cardiopulmonary disease 13 (4) 4 (4) �.9999
Autoimmune disease 7 (2) 2 (2) �.9999
Psychotic disease 2 (0.6) 3 (3) .0793
Others 5 (1) 4 (4) .9685
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transfusion, the start of drug addiction, or the time of
tattoo until the time of liver biopsy, was 23.3 � 13.6 years
and 24.5 � 11.4 years in IFN-treated and -untreated
patients, respectively (P � .5122) (Table 1). Regarding
the laboratory data and clinical stage of cirrhotic patients
in the IFN-treated and -untreated groups, the albumin
level was 4.0 � 0.4 vs. 3.9 � 0.5 (P � .3431), total
bilirubin 1.0 � 0.4 vs. 0.9 � 0.3 (P � .3765), Child-
Pugh score 5.2 � 0.5 vs. 5.3 � 0.6 (P � .4987), and
presence of esophageal varices 5 of 46 (11%) vs. 6 of 22
(27%) (P � .1556) in IFN-treated and -untreated pa-
tients, respectively. None of the cirrhotic patients had
ascites or hepatic encephalopathy at entry. The follow-up
period was 8.2 � 2.9 years (mean � SD; range, 7-183
months; median, 101 months) from the date of liver bi-
opsy to the date of final medical examination or to the
date of ascertaining their survival status by telephone:
8.3 � 2.9 years in IFN-treated and 7.8 � 2.9 years in
IFN-untreated patients (P � .1125).

Response to IFN therapy was determined in 355 pa-
tients, with a virologic sustained response being achieved
in 116 (33%), and the remaining 239 (67%) patients
showing a nonsustained response (Table 2).

Mortality Rate and Underlying Causes of Death.
Forty-eight (10%) of 459 patients died during the fol-
low-up period. They consisted of 15 (14%) of 104 un-
treated and 33 (9%) of 355 IFN-treated and 4 (3%) of
116 virologic sustained responders and 29 (12%) of 239
nonsustained responders (Table 2). The annual mortality
rate calculated by the person-years method was 1.8% in
untreated patients and 1.1% in IFN-treated patients, the
latter consisting of 0.4% of virologic sustained responders
and 1.3% of nonsustained responders. Death caused by
liver-related disease was seen in 32 (67%) cases of overall
death, 19 (58%) of 33 IFN-treated and, in contrast, in 13
(87%) of 15 untreated patients.

HCC developed in 63 patients during follow-up, and
it was the most common cause of death in the cohort.
Twenty-five patients (52%) died of HCC, 11 (72%) of 15
untreated and 14 (43%) of 33 IFN-treated (Table 2).
Only 1 of the virologic sustained responders died of
HCC, and the other 3 died of liver-unrelated diseases
(Table 2).

The mean age at the time of death of the 48 patients
was 64.1 � 7.6 years. There was no statistical difference
among untreated patients, sustained virologic responders,
and nonsustained responders (63.6 � 7.4 vs. 64.3 � 6.8
vs. 64.3 � 8.1, respectively). There was also no difference
between patients who died of liver-related diseases and of
liver-unrelated diseases (64.4 � 7.3 vs. 63.5 � 8.6, re-
spectively, P � .7031).

Cumulative survival curves for overall death between
virologic sustained responders and nonsustained respond-
ers or IFN-untreated patients and statistical significance
are shown in Fig. 1.

IFN Effect on the Risk of Overall Death by Multi-
variate Analysis. The potential risk factors affecting
overall death were analyzed by univariate Cox propor-
tional hazards regression (Table 3). Statistically signifi-
cant variables were further studied by multivariate
analysis (Table 4). Age, sex, fibrotic stage, IFN treatment,
and IFN efficacy were shown to be associated with risk for
overall death. IFN treatment showed a decrease in the risk
ratio for overall death to 0.521 (confidence interval [CI]:
0.263-1.034) compared with untreated patients to a mar-
ginally significant degree (P � .0622), but, when the IFN
treatment group was divided into virologic sustained and
nonsustained responders, the former showed a decrease in
the risk ratio to 0.219 (CI: 0.068-0.710) (Table 4). The

Table 2. Mortality Rate and Underlying Causes of Death in
Patients With HCV-Related Chronic Liver Disease

Untreated IFN Treated SVR NSR

Cases 104 355 116 239
No. of deaths (%) 15 (14) 33 (9) 4 (3) 29 (12)
Observation period (y),

mean � SD 7.8 � 2.9 8.3 � 2.9 8.3 � 3.2 8.3 � 2.7
Annual mortality rate, % 1.8 1.1 0.4 1.3
Cause of death (%)

HCC 11 (72) 14 (43) 1 (25) 13 (46)
Hepatic failure 1 (7) 4 (12) 0 4 (14)
Variceal bleeding 0 1 (3) 0 1 (3)
Other cancers 1 (7) 4 (12) 1 (25) 3 (10)
Cerebrovascular diseases 1 (7) 4 (12) 1 (25) 3 (10)
Others 1 (7) 6 (18) 1 (25) 5 (17)

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder.

Fig. 1. Cumulative survival curves of virologic sustained responders
(A), nonsustained responders (B), and IFN-untreated patients (C). P
value was less than .05 by log-rank test between virologic sustained
responders (n � 116) and nonresponders (n � 239) or IFN-untreated
patients (n � 104).
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effect of IFN treatment on the risk of overall death of
cirrhotic patients was also assessed by multivariate Cox
proportional hazards regression adjusted for sex and age,
with the risk being reduced to 0.348 (CI: 0.134-0.905).

IFN Effect on the Risk of Liver-Related and Unre-
lated Death by Multivariate Analysis. The potential
risk factors affecting liver-related death were analyzed by
univariate Cox proportional hazards regression (Table 5).
Statistically significant variables were further studied by
multivariate analysis (Table 6). Fibrotic stage, IFN treat-
ment, IFN efficacy, AST level, and alcohol consumption
were shown to be associated with risk for liver-related
death. IFN treatment showed a decrease in the risk ratio
for liver-related death to 0.208 (CI: 0.088-0.495) com-
pared with untreated patients. Both virologic sustained
and nonsustained responders after IFN therapy showed a
decrease in risk ratio, the former to 0.030 (CI: 0.003-
0.267) and the latter to 0.257 (CI: 0.108-0.609) (Table
6). The effect of IFN treatment on the risk of liver-related
death of cirrhotic patients was also assessed by this

method adjusted for sex and age, and there was a reduc-
tion in the risk to 0.181 (CI: 0.050-0.663).

The potential risk factors affecting liver-unrelated
death were analyzed by univariate Cox proportional haz-
ards regression (Table 7). Overall comorbidity was asso-
ciated with risk for liver-unrelated death, although each of
the comorbidities such as diabetes, hypertension, fatty
liver, or cardiopulmonary diseases was not.

Statistically significant variables were further studied
by multivariate analysis (Table 8). Sex and fibrotic stage
were shown to be associated with risk for liver-unrelated
death and overall comorbidity was not. Neither IFN
treatment nor IFN efficacy affected liver-unrelated death.
Cirrhosis was shown to be an independent risk factor for
liver-unrelated death as well as liver-related death. Liver-
unrelated diseases caused death in 8 of 19 (42%) cirrhotic
patients and in 8 of 29 (28%) noncirrhotic patients.

SMR in the Cohort. Survival in the total cohort of
patients with C-viral chronic liver disease was reduced
when compared with survival expected for a matched gen-
eral population. SMR for all causes was 1.6, statistically
significant (P � .01) (Table 9). SMR for liver neoplasms
and cirrhosis/chronic liver disease was 12.6 and 5.9, re-
spectively, in patients with HCV infection (P � .01),
whereas SMR for extrahepatic neoplasms was reduced to
0.4 (P � .05), and SMR for cerebrovascular accident was
relatively increased without statistical significance. None

Table 3. Risk for Overall Death by Univariate Cox Regression
Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .0002
�49 y 1.0
50-59 y 8.867 3.096-25.395 �.0001
�60 y 8.100 2.720-24.122 .0002

Male (vs. female) 2.161 1.120-4.168 .0215
Fibrotic stage �.0001

F0/1 1.0
F2 5.875 2.171-15.904 .0005
F3 9.068 3.402-24.171 �.0001
F4 17.304 6.850-43.713 �.0001

Interferon treatment .0194
Untreated 1.0
Treated 0.585 0.317-1.080 .0862

SVR 0.207 0.069-0.625 .0052
NSR 0.782 0.418-1.464 .4419

AST � 80 IU/L (vs. �80) 3.282 1.761-6.118 .0002
ALT � 80 IU/L (vs. �80) 2.533 1.226-5.235 .0121
Albumin � 4.2 g/dL (vs. �4.2) 0.397 0.224-0.702 .0015
Platelet � 13 � 109/L (vs. �13 � 109) 0.224 0.125-0.399 �.0001
HCV core protein � 100 pg/mL

(vs. �100) 1.452 0.802-2.627 .2179
Genotype 1 (vs. not 1) 1.799 0.839-3.857 .1315
Alcohol consumption �20 g/d

(vs. �20 g/d) 0.478 0.256-0.893 .0206
Duration of the disease �20 y

(vs. �20 y) 2.775 1.105-6.973 .0299
BMI � 25.0 (vs. �25.0) 1.844 0.925-3.676 .0823
Comorbidities (vs. no comorbidities) 1.703 0.948-3.060 .0749

Diabetes (vs. no diabetes) 1.583 0.670-3.736 .2948
Hypertension (vs. no hypertension) 2.031 0.981-4.205 .0564
Fatty liver (vs. no fatty liver) 0.920 0.222-3.819 .9091
Cardiopulmonary disease (vs. no disease) 1.262 0.391-4.076 .6974

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder; BMI, body mass index (kg/m2).

Table 4. Risk for Overall Death by Multivariate Cox
Regression Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .0411
�49 y 1.0
50-59 y 4.081 1.358-12.261 .0122
�60 y 3.775 1.200-11.879 .0231

Male (vs. female) 2.667 1.291-5.510 .0081
Fibrotic stage .0013

F0/1 1.0
F2 2.617 0.886-7.726 .0815
F3 4.063 1.374-12.019 .0113
F4 7.165 2.555-20.091 .0002

Interferon treatment .0397
Untreated 1.0
Treated 0.521 0.263-1.034 .0622

SVR 0.219 0.068-0.710 .0114
NSR 0.633 0.317-1.262 .1937

AST � 80 IU/L (vs. �80) 2.377 0.961-5.881 .0610
ALT � 80 IU/L (vs. �80) 0.925 0.325-2.635 .8837
Albumin � 4.2 g/dL (vs. �4.2) 0.792 0.427-1.467 .4579
Platelet � 13 � 109/L (vs. �13 � 109) 0.639 0.329-1.239 .1846
Alcohol consumption �20 g/d

(vs. �20 g/d) 0.724 0.353-1.484 .3772
Duration of the disease �20 y (vs. �20 y) 0.673 0.238-1.902 .4549

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder.
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of the patients in our cohort died from cardiac disease
(Table 9).

SMR in Relation to IFN Efficacy. SMR of the total
cohort was 10.4 (P � .01) for liver-related death and 0.6
(P � .05) for liver-unrelated death (Table 10). SMR for
all causes of death and liver-related death was lower in
patients treated with IFN than in those untreated, mainly
because of relatively low SMR in the sustained virologic
responders. SMR in sustained virologic responders was
reduced for liver-related death as well as liver-unrelated
death. SMR for liver-unrelated death was less than 1.0 in
both patients treated and untreated with IFN (Table 10).

SMR in Relation to Stage of Liver Fibrosis. SMR
for all causes of death and liver-related death was in-
creased gradually with progression from F0/1 to F4,
whereas SMR for liver-unrelated death was less than 1.0
and remained unchanged from F0/1 to F3 except for stage
F4 (Table 11). SMR for all causes of death was above 1.0
except for patients with stage F0/1, and SMR for liver-

related death was extraordinarily higher in patients with
F2 to F4 than in those with F0/1. IFN-treated patients
showed lower SMR for all causes of death in each stage of
F2 to F4 and for liver-related death in each stage of F0/1
to F4 than untreated patients (Table 11).

SMR in Relation to Age at Enrollment. SMR was
calculated with the patients stratified according to age at
enrollment. SMR for all causes of death and liver-related
death was higher in the age group of 50 to 59 years than in
the other age groups (Table 12). IFN treatment decreased
SMR for all causes of death from 5.9 to 1.7 in the age
group of 50 to 59 years, mainly because of the reduction
of SMR for liver-related death from 45.5 to 9.6 (Table
12).

Discussion
This retrospective cohort study showed that IFN treat-

ment provided a clinical advantage for patients with
HCV-related chronic liver disease according to multivar-
iate Cox regression analysis and SMR adjusted for an age-
and sex-matched general population. Because this was a
retrospective study and some of the baseline characteris-
tics were different between IFN-treated and -untreated
groups, our proportional hazards regression model used
15 variables potentially associated with survival including
age, sex, fibrotic stage, and comorbidities to minimize the
risk of uncontrolled confounding in the analysis.

Table 5. Risk for Liver-Related Death by Univariate Cox
Regression Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .0021
�49 y 1.0
50-59 y 13.566 3.163-58.184 .0004
�60 y 9.990 2.183-45.709 .0030

Male (vs. female) 1.598 0.753-3.392 .2221
Fibrotic stage �.0001

F0/1 1.0
F2 14.437 3.115-66.907 .0006
F3 22.841 5.002-104.293 �.0001
F4 32.360 7.107-147.355 �.0001

Interferon treatment .0120
Untreated 1.0
Treated 0.376 0.185-0.764 .0069

SVR 0.056 0.007-0.432 .0056
NSR 0.550 0.268-1.129 .1032

AST �80 IU/L (vs. �80) 4.806 2.078-11.119 .0002
ALT �80 IU/L (vs. �80) 2.485 1.022-6.047 .0447
Albumin �4.2 g/dL (vs. �4.2) 0.468 0.233-0.942 .0334
Platelet �13 � 109/L (vs. �13 � 109) 0.176 0.085-0.366 �.0001
HCV core protein �100 pg/mL

(vs. �100) 1.756 0.845-3.652 .1314
Genotype 1 (vs. not 1) 1.602 0.657-3.907 .3004
Alcohol consumption �20 g/d

(vs. �20 g/d) 0.431 0.203-0.913 .0280
Duration of the disease �20 y

(vs. �20 y) 4.380 1.256-15.277 .0205
BMI �25.0 (vs. �25.0) 1.880 0.809-4.367 .1422
Comorbidities (vs. no comorbidities) 1.122 0.518-2.429 .7700

Diabetes (vs. no diabetes) 1.174 0.356-3.873 .7923
Hypertension (vs. no hypertension) 2.089 0.855-5.099 .1058
Fatty liver (vs. no fatty liver) 0.728 0.098-5.379 .7553
Cardiopulmonary disease (vs. no

disease) 1.180 0.281-4.964 .8211

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder; BMI, body mass index (kg/m2).

Table 6. Risk for Liver-Related Death by Multivariate Cox
Regression Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .3575
�49 y 1.0
50-59 y 3.130 0.657-14.905 .1518
�60 y 2.713 0.539-13.667 .2263

Fibrotic stage .0088
F0/1 1.0
F2 8.310 1.509-45.755 .0150
F3 12.866 2.323-71.253 .0034
F4 18.051 3.216-101.308 .0010

Interferon treatment .0007
Untreated 1.0
Treated 0.208 0.088-0.495 .0004

SVR 0.030 0.003-0.267 .0017
NSR 0.257 0.108-0.609 .0020

AST �80 IU/L (vs. �80) 10.170 2.289-45.176 .0023
ALT �80 IU/L (vs. �80) 0.291 0.062-1.365 .1174
Albumin �4.2 g/dL (vs. �4.2) 1.226 0.567-2.652 .6042
Platelet �13 � 109/L (vs. �13 � 109) 0.710 0.306-1.647 .4245
Alcohol consumption �20 g/d

(vs. �20 g/d) 0.389 0.162-0.932 .0342
Duration of the disease �20 y (vs. �20 y) 1.554 0.388-6.219 .5334

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder.
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There have been a number of studies on the mortality
of patients with chronic hepatitis C, and several assessed
the effect of IFN on their survival.19-25 Niederau et al.23

and Yoshida et al.,25 using multivariate proportional re-
gression analysis, reported that IFN treatment reduced

the risk for overall death. Ikeda et al.12 and Tanaka et al.24

also reported that IFN treatment improved the survival
rate, but they did not adjust their analysis for clinical
factors. On the other hand, Fattovich et al.21 and Gra-
menzi et al.,22 both studies on cirrhotic patients, reported
that IFN treatment had no benefit for survival. The
present study showed that IFN treatment improved sur-
vival, especially in patients who responded to this therapy.
As for cirrhotic patients, our results showed that IFN
treatment reduced the risk of overall death to 0.348 (CI:
0.134-0.905) using multivariate Cox proportional haz-
ards regression. All these studies reported proportions of
liver-related to overall deaths of 57% to 94%, and, hence,
a reduction in liver-related death is essential for improve-
ment of survival in patients with chronic hepatitis C with
or without cirrhosis. The proportions of deaths caused by
HCC and liver failure to overall deaths, however, varied
among these studies, from 13% to 33% vs. 31% to 63%,

Table 7. Risk for Liver-Unrelated Death by Univariate Cox
Regression Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .0801
�49 y 1.0
50-59 y 4.294 0.889-20.738 .0697
�60 y 6.056 1.256-29.192 .0248

Male (vs. female) 4.942 1.119-21.827 .0350
Fibrotic stage .0016

F0/1 1.0
F2 1.601 0.293-8.748 .5868
F3 2.229 0.408-12.175 .3547
F4 9.384 2.794-31.52 .0003

Interferon treatment .4433
Untreated 1.0
Treated 1.972 0.447-8.693 .3694

SVR 1.304 0.218-7.818 .7711
NSR 2.294 0.507-10.374 .2807

AST �80 IU/L (vs. �80) 1.754 0.653-4.710 .2649
ALT �80 IU/L (vs. �80) 2.630 0.748-9.244 .1316
Albumin �4.2 g/dL (vs. �4.2) 0.283 0.102-0.781 .0149
Platelet �13 � 109/L (vs. �13 � 109) 0.350 0.131-0.934 .0360
HCV core protein �100 pg/mL (vs. �100) 0.998 0.359-2.772 .9965
Genotype 1 (vs. not 1) 2.384 0.538-10.570 .2528
Alcohol consumption �20 g/d

(vs. �20 g/d) 0.596 0.192-1.852 .3706
Duration of the disease �20 y (vs. �20 y) 1.213 0.281-5.229 .7958
BMI �25.0 (vs. �25.0) 1.773 0.534-5.892 .3499
Comorbidities (vs. no comorbidities) 3.574 1.328-9.620 .0117

Diabetes (vs. no diabetes) 2.429 0.691-8.537 .1664
Hypertension (vs. no hypertension) 1.924 0.547-6.760 .3075
Fatty liver (vs. no fatty liver) 1.254 0.164-9.587 .8273
Cardiopulmonary disease (vs. no disease) 1.460 0.192-11.082 .7142

Abbreviations: SVR, sustained virologic responder; NSR, nonsustained re-
sponder; BMI, body mass index (kg/m2).

Table 8. Risk for Liver-Unrelated Death by Multivariate Cox
Regression Analysis

Variables
Risk
Ratio 95% CI

P
Value

Age .2748
�49 y 1.0
50-59 y 2.838 0.558-14.422 .2086
�60 y 3.790 0.746-19.252 .1080

Male (vs. female) 6.063 1.353-27.177 .0185
Fibrotic stage .0417

F0/1 1.0
F2 0.871 0.151-5.020 .8769
F3 1.384 0.239-8.025 .7168
F4 5.020 1.289-19.546 .0200

Albumin �4.2 g/dL (vs. �4.2) 0.415 0.141-1.222 .1104
Platelet �13 � 109/L (vs. �13 � 109) 0.863 0.283-2.636 .7960
Comorbidities (vs. no comorbidities) 2.323 0.847-6.366 .1014

Table 9. SMR for Frequent Causes of Death in Patients With
C-Viral Chronic Liver Disease

Cause of Death
No. of Deaths

Observed
No. of Deaths

Expected SMR
P

Value

All causes 48 30.95 1.6 �.01
Liver neoplasms 26 2.06 12.6 �.01
LC and CLD 6 1.02 5.9 �.01
Extrahepatic neoplasms 4 11.06 0.4 �.05
Cerebrovascular disease 5 3.41 1.5 NS
Cardiac disease 0 4.13 0 NS
Others 7 9.27 0.8 NS

NOTE. Liver neoplasms include HCC in 25 patients and cholangiocellular
carcinoma in 1 patient. Extrahepatic neoplasms were seen in pancreas (n � 2),
stomach (n � 1), and pyeloureter (n � 1). Other causes of death were the
following: rupture of abdominal arterial aneurysm (n � 1), multiorgan failure (n �
1), traumatic brain damage (n � 1), suicide (n � 2), interstitial pneumonitis (n �
1), and fungal pneumonia (n � 1).

Abbreviations: LC, liver cirrhosis; CLD, chronic liver disease; NS, not significant.

Table 10. SMR for all Causes of Death and Liver-Related
and -Unrelated Death in Relation to Interferon Efficacy in

Patients With C-Viral Chronic Liver Disease

All Causes
of Death

Liver-Related
Death

Liver-Unrelated
Death

All cases 1.6 (48/30.95)* 10.4 (32/3.08)* 0.6 (16/27.87)†
IFN-untreated 2.0 (15/7.69)† 19.7 (13/0.66)* 0.3 (2/7.03)
IFN-treated 1.4 (33/23.26) 7.9 (19/2.42)* 0.7 (14/20.84)

SVR 0.6 (4/7.21) 1.3 (1/0.77) 0.5 (3/6.44)
NSR 1.8 (29/16.01)* 11.0 (18/1.64)* 0.8 (11/14.4)

NOTE. Liver disease–related causes of death include liver neoplasms, liver
failure, and gastroesophageal variceal bleeding; liver disease–unrelated death
includes all other causes. The numerator and denominator in parentheses show
the number of observed deaths and expected deaths, respectively.

Abbreviations: SVR, sustained virologic responder, NSR, nonsustained re-
sponder.

*P � .01.
†P � .05.

HEPATOLOGY, Vol. 38, No. 2, 2003 IMAZEKI ET AL. 499



respectively, in European patients21-23 and rather in con-
trast, from 45% to 54% vs. 11% to 14%, respectively, in
Japanese patients12,24,25 including ours. These differences
can be ascribed to the diverse incidence rates of HCC in
various countries, and Japan has a much higher rate than
Europe, for as yet unexplained reasons.

SMR of patients with HCV-related chronic liver dis-
ease was 1.6, resulting in a slightly reduced life expectancy
in the total cohort (P � .01). As for liver fibrosis, however,
prognosis varied considerably among patients with differ-
ent stages. Niederau et al.23 and Yoshida et al.25 reported
that SMR of patients without cirrhosis was 0.9 and 0.8,
respectively, and that noncirrhotic patients had a normal
life expectancy. SMR of patients without cirrhosis (F0 to
F3) in the current study was 1.1 (P � NS), and they
seemed to have a normal life expectancy. But this result
was influenced by the low SMR in patients with F0/1, and
those with F2 and F3 had 1.5 and 2.4 times increased
mortality for total death and 12.3 and 19.2 times in-
creased mortality for liver-related death, respectively,
when compared with rates expected for a matched general
population. Thus, noncirrhotic patients with F2 and F3
need careful examinations and comprehensive treatment,
including IFN therapy, as do cirrhotic patients, for im-
proving their life expectancy. Indeed, IFN therapy re-
duced SMR from 5.7 to 3.2 (44% decrease), from 3.6 to
2.3 (36% decrease), and from 1.7 to 1.4 (18% decrease)
in patients with F4, F3, and F2, respectively.

In our cohort, SMR for liver-related death was very
high, whereas SMR for liver-unrelated death was less than
1.0. As patients with chronic hepatitis C generally have
regularly scheduled medical examinations, the chance of
early detection and management of liver-unrelated dis-
eases might be elevated, or, on the other hand, patients
with severe liver-unrelated disease who could not undergo
liver biopsy might have been excluded from the study
initially. Comorbidities such as diabetes mellitus, hyper-
tension, fatty liver, cardiopulmonary diseases, and others
were found in 26.6% of all patients, 25.4% in IFN-
treated patients, and 30.8% in IFN-untreated patients in
the current study (P � .3125). Liver-unrelated death was
more frequently found in patients with comorbidity
(7.4% vs. 2.1%, respectively, P � .0166). However, over-
all comorbidity was not associated with risk for liver-un-
related death by multivariate analysis (Table 8). SMR for
liver-unrelated death was 1.9 in patients with cirrhosis
(F4) when calculated with patients stratified according to
fibrotic stage of the liver. Multivariate Cox regression
analysis also showed fibrotic stage F4 as an independent
risk factor for liver-unrelated death. Liver-unrelated dis-
eases caused death in 8 (42%) of 19 cirrhotic patients, 6
(60%) of 10 treated with IFN, but in only 2 (22%) of 9
untreated patients. Thus, careful examination for liver-
unrelated diseases as well as liver-related diseases will be
necessary for patients with cirrhosis, especially for those
treated with IFN.

Age at study entry might be one of the independent
risk factors for overall death. Niederau et al.23 reported
that patients under 50 years at entry had an increased

Table 12. SMR for Liver-Related and -Unrelated Causes of
Death in Relation to Age at Enrollment

in Patients With C-Viral Chronic Liver Disease

All Causes
of Death

Liver-Related
Death

Liver-Unrelated
Death

All patients, age (y)
-49 1.0 (4/3.82) 5.6 (2/0.36) 0.6 (2/3.46)
50-59 2.5 (27/10.71)* 15.6 (20/1.28)* 0.7 (7/9.43)
60- 1.0 (17/16.43) 6.9 (10/1.45)* 0.5 (7/14.98)†

IFN-treated patients,
age (y)

-49 1.3 (4/3.14) 6.7 (2/0.30) 0.7 (2/2.84)
50-59 1.7 (15/8.67) 9.6 (10/1.04)* 0.7 (5/7.63)
60- 1.2 (14/11.45) 6.5 (7/1.07)* 0.7 (7/10.38)

Untreated patients,
age (y)

-49 0 (0/0.68) 0 (0/0.06) 0 (0/0.62)
50-59 5.9 (12/2.04)† 45.5 (10/0.22)* 1.1 (2/1.82)
60- 0.6 (3/4.98) 7.9 (3/0.38)† 0 (0/4.60)

NOTE. The numerator and denominator in parentheses show the number of
observed deaths and expected deaths, respectively.

*P � .01.
†P � .05.

Table 11. SMR for Liver-Related and -Unrelated Causes of
Death in Relation to Stage of Liver Fibrosis

in Patients With C-Viral Chronic Liver Disease

All Causes
of Death

Liver-Related
Death

Liver-Unrelated
Death

All patients,
fibrotic stage

F0/1 0.4 (6/14.03)* 1.4 (2/1.37) 0.3 (4/12.66)*
F2 1.5 (11/7.29) 12.3 (9/0.73)† 0.3 (2/6.56)
F3 2.4 (12/4.95)* 19.2 (10/0.52)† 0.5 (2/4.43)
F4 4.1 (19/4.68)† 24.4 (11/0.45)† 1.9 (8/4.23)

IFN-treated patients,
fibrotic stage

F0/1 0.5 (5/10.2) 1.0 (1/1.05) 0.4 (4/9.15)
F2 1.4 (8/5.56) 10.2 (6/0.59)† 0.4 (2/4.97)
F3 2.3 (10/4.4)* 19.0 (8/0.47)† 0.5 (2/3.93)
F4 3.2 (10/3.08)† 13.3 (4/0.30)† 2.2 (6/2.78)

Untreated patients,
fibrotic stage

F0/1 0.3 (1/3.82) 3.1 (1/0.32) 0 (0/3.50)
F2 1.7 (3/1.73) 21.43 (3/0.14)† 0 (0/1.59)
F3 3.6 (2/0.54) 40.0 (2/0.05)† 0 (0/0.49)
F4 5.7 (9/1.58)† 46.7 (7/0.15)† 1.4 (2/1.43)

NOTE. The numerator and denominator in parentheses show the number of
observed deaths and expected deaths, respectively.

*P � .05.
†P � .01.
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SMR of 6.2, whereas those aged over 50 years had normal
prognosis. In the present study, however, SMR was high-
est in the age group of 50 to 59 years, not of over 60 or
under 50 years. The proportion of patients with advanced
fibrosis (stage F3 or F4) was 13.8% in those under 50
years old but was 36.9% in those aged over 50 years, a
difference contributing to the highest SMR in the 50 to
59 year age group. IFN treatment reduced SMR in this
age group from 5.9 to 1.7 (71% reduction), and the most
beneficial effect of IFN therapy might therefore be ex-
pected for patients in the age group of 50 to 59 years.

We were unable to determine the current survival sta-
tus of 50 of the patients in the cohort because of their
relocation. The analysis may have suffered from bias if
some of them had died, in that they were assigned to the
alive-status group at the date of their last confirmation of
survival. However, the proportion of IFN-treated patients
among the untraced ones was similar to that among the
traced ones (40 of 50, 80% vs. 315 of 409, 77%, respec-
tively, P � .3927), and the proportion of cirrhotic pa-
tients among the untraced patients was greater in the
untreated group (2 of 10, 20% vs. 3 of 40, 7.5%, P �
.2581). The mean age at entry among the untraced pa-
tients was older in the untreated group (51.8 � 17.0 vs.
43.6 � 13.0, respectively, P � .1002). Thus, the un-
treated group might have a higher risk of unrecorded
overall death, especially liver-related deaths, and our cur-
rent result might have underestimated the effect of IFN
treatment on survival.

In conclusion, the current study showed increased
SMR for overall death in patients with C-viral chronic
liver disease but that IFN treatment decreased SMR
mainly by a reduction in liver-related death. The decrease
in SMR was most prominent in sustained virologic re-
sponders. In this study, a virologic sustained response was
achieved in only 33% of 355 patients treated with IFN
monotherapy. Recent progress in treatment with pegin-
terferon combined with ribavirin showed elimination of
serum HCV RNA in over 50% of treated patients,32,33

with much higher rates of sustained virologic response.
Based on our current results with standard IFN therapy,
further improvement in the sustained virologic response
rate from more effective antiviral drugs or combined ther-
apy can be anticipated to provide normal life expectancy
to patients with chronic hepatitis C.
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