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Abstract

The overall mortality of hepatitis C virus (HCV)-infected patients has not been fully elucidated.
The aim of this study was to analyze mortality in subjects positive for antibody to HCV (anti-
HCV) in a community-based, prospective cohort study conducted in an HCV hyperendemic area
of Japan. During a 10-year period beginning in 1995, 1,125 anti-HCV seropositive residents of
Town C were enrolled into the study and followed for mortality through 2005. Cause of death was
assessed by death certificates. Subjects with detectable HCV core antigen (HCVcAg) or HCV
RNA were considered as having hepatitis C viremia and were classified as HCV carriers; subjects
who were negative for both HCVcAg and HCV RNA (i.e., viremia-negative) were considered as
having had a prior HCV infection and were classified as HCV noncarriers. Among the anti-HCV-
positive subjects included in the analysis, 758 (67.4%) were HCV carriers, and 367 were
noncarriers. A total of 231 deaths occurred in these subjects over a mean follow-up of 8.2 years:
176 deaths in the HCV carrier group and 55 in the noncarrier group. The overall mortality rate was
higher in HCV carriers than in noncarriers, adjusted for age and gender (hazard ratio [HR], 1.53;
95% confidence interval [CI], 1.13-2.07). Although liver-related deaths occurred more frequently
among the HCV carriers (HR, 5.94; 95% CI, 2.58-13.7), the rates of other causes of death did not
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differ between HCV carriers and noncarriers. Among HCV carriers, a higher level of HCVcAg
(=100 pg/ml) and persistently elevated alanine aminotransferase levels were important predictors
of liver-related mortality.

Conclusions—The presence of viremia increases the rate of mortality, primarily due to liver-

related death, among anti-HCV seropositive persons in Japan.
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INTRODUCTION

Hepatitis C virus (HCV) was identified 20 years ago. It is now known that between 50% and
85% of acute HCV infections become chronicl-3; after developing chronic infection,
spontaneous HCV clearance is very rare. Approximately 170 million people worldwide are
infected with HCV, and chronic HCV infection is a major health problem. HCV is a
common cause of fatal liver disease, including liver cirrhosis and hepatocellular carcinoma
(HCC). However, the liver-related mortality rate associated with chronic HCV infection is
highly variable across different populations. In patients that have been infected for more
than 20 years, the occurrence of liver cirrhosis, HCC, and liver disease-related mortality are
reported to be 10-50%, 1-23%, and 4-15%, respectively*-5.

The range in published HCV-related mortality rates is related in part to the variability in the
natural history of HCV infection as well as in the subjects studied. Some HCV-positive
individuals have persistently normal alanine aminotransferase (ALT) levels and exhibit no
clinical symptoms. Persons with this phenotype were often not included in previous
hospital-based studies that focused on liver-related mortality in patients with HCV-
associated liver disease/cirrhosis®=>. A few studies have systematically examined the risk of
causes of death after HCV infection in a community-based setting”~?; however, the status of
HCV viremia was not clear in these studies. In addition, the age range of HCV-infected
subjects followed for mortality can vary considerably, with some cohort studies conducted
in subjects whose average age was younger than 45 years®- 10-13 and others among older
individuals® 1415, To overcome some of these limitations, we analyzed mortality in 1,125
HCV-antibody-positive subjects with data on viremia status, who were enrolled in a
population-based cohort study in an HCV hyperendemic area of Japan between 1995 and
2005. These subjects were followed prospectively until death or until the end of the study in
December 2005.

MATERIALS AND METHODS

Study population

Since 1993, we have been following anti-HCV seropositive residents in a hyperendemic area
(Town C) of Japan. The overall prevalence of anti-HCV positivity is higher (20.6%) in this
region than in the surrounding areal8. Town C is a small town in midwestern Miyazaki
Prefecture, Japan, and the Town C HCV Study is a cohort study examining the natural
course of HCV infection1’~20, A general health examination program, begun in 1993, has
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been conducted annually for residents over 20 years of age. An ultrasonography-based liver
disease screening program was initiated in 1994 to detect HCC in Town C residents who
were identified as positive for anti-HCV. A total of 1,321 anti-HCV-positive residents were
enrolled into the cohort from 1994 through the last liver disease screening in 2006. Informed
consent was obtained from subjects at the time of enrollment. The study was approved by
the human subjects committees of the Harvard School of Public Health, the University of
Miyazaki Faculty of Medicine, the Boston University School of Public Health, and the
Kagoshima University Graduate School of Medical and Dental Sciences.

The present analysis focuses on the 1,125 subjects with hepatitis C viremia data between
1995 and February of 2005, who were followed for mortality from the beginning of 1996
through the end of 2005. Anti-HCV seropositive subjects with detectable HCV core antigen
(HCVcAg) or HCV RNA were considered to be persistently infected with HCV and were
classified as HCV carriers. HCV antibody-positive subjects who were negative for HCVVcAg
and HCV RNA were assumed to have had a prior HCV infection and were classified as
noncarriers. Subjects who underwent oral or intravenous administration of medical herbs or
other palliative therapies or who had received interferon therapy were not excluded from the
analyses. A sub-group analysis was conducted on HCV carrier subjects with at least three
independent alanine aminotransferase (ALT) measurements obtained at an annual general
health examination or liver disease screening; ALT levels greater than or equal to 35 were
considered as abnormal.

For the present analysis, follow-up started at the date of first HCV viremia measurement
(baseline) and ended at date of death or December 31, 2005. During the course of the study,
12 residents moved to other areas, and their follow-up time was censored at that point; no
other subjects were lost to follow-up. Cause of death was based on the information from the
death certificate and was classified into one of seven categories: HCC, liver disease
excluding HCC, neoplasms excluding HCC (i.e., other neoplasms), stroke, heart disease,
pulmonary disease excluding lung cancer, and other/unknown causes.

Laboratory methods

Serum anti-HCV antibodies were detected using second-generation enzyme immunoassay
testing (Immunocheck F-HCV Ab, International Reagents Co., Kobe, Japan) or third-
generation chemiluminescence enzyme immunoassays (Lumipulse Ortho I, Ortho-Clinical
Diagnostics, Tokyo, Japan). In the anti-HCV-positive residents, serum levels of HCVVcAg
were tested with a fluorescence enzyme immunoassay (Immunocheck F-HCV Ag Core,
International Reagents Co., Kobe, Japan)?%, with a detection threshold of 8 pg/ml. The
presence of HCVV RNA was determined by reverse transcription-polymerase chain reaction
(Amplicore HCV Monitor v1.0 [Nippon Roche, Tokyo, Japan] or v2.0 [Nippon Roche or
Roche Diagnostics K.K., Tokyo, Japan]) in study subjects whose HCVcAg levels were
below the detection threshold.

Serologically defined HCV genotype (HCV serotype) was determined with a serological
genotyping assay Kit (Immunocheck F-HCV Grouping, International Reagents Co., Tokyo,
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Japan). If the HCV serotype could not be determined, the HCV genotype was examined
(HCV Core Genotype, SRL, Tokyo, Japan). HCV genotype 1b was included with serotype I,
and genotypes 2a and 2b with serotype Il. No other HCV genotype was detected in this
study population.

Statistical analysis

RESULTS

One-factor ANOVA, y2-tests, Fisher’s exact tests, and the Mann-Whitney U tests were used,
when appropriate, for statistical comparisons of the baseline characteristics of the HCV
carrier and noncarrier groups of subjects. Cox proportional hazards regression was used to
obtain hazards ratios (HRs) and 95% confidence intervals (Cls) that were adjusted for age
and gender; for the analyses of cause-specific mortality, subjects who died from a different
cause were censored at the time of death. The cumulative incidence of death was analyzed
by the Kaplan-Meier method, and differences in the survival curves were evaluated by the
log-rank test. Statistical analyses were performed using Statistical Analysis System (version
9.1; SAS Institute, Cary, NC), STATVIEW (version 5.0; Abacus Concepts, Berkeley, CA),
or SPSS (SPSS Inc., Chicago, IL) software programs. A P value less than 0.05 was
considered to be statistically significant.

Demographic characteristics of study subjects

As shown in Table 1, 758 (67.4%) of the anti-HCV-positive subjects were HCV carriers
(i.e., positive for HCVVcAg or HCV RNA), with a mean age at enrollment of 64.9 years. The
HCV noncarrier group, who were considered to have had a prior HCV infection, included
367 subjects whose mean age at enroliment was 62.6 years. On average, the HCV carriers
were older and had higher levels of ALT and gamma-glutamyltransferase (y-GTP) than the
noncarriers, at baseline. In contrast, there were no significant differences between the two
groups with respect to gender, alcohol intake, or history of blood transfusions. The number
of subjects positive for hepatitis B surface antigen (HBsAg) was small and not significantly
different between the two groups. Sixty-seven subjects reported that they had previously
received interferon (IFN) therapy, all of whom were categorized as HCV carriers when they
entered the study. Fifteen of these subjects were treated prior to entering the study, 5 were
treated during the study, and 1 was treated both prior to and during the study; for the other
46 subjects, the timing of interferon treatment was unknown. Although the results of
interferon therapy could not be fully determined for these 67 subjects, 41 of 44 with
available data in 2005 were HCV RNA-positive at that time and only 3 (7%) were HCV
RNA-negative.

Overall and cause-specific mortality

Over an average of 8.2 years of follow-up, 231 deaths occurred among the 1,125 subjects
(Table 2). The overall mortality rate was 25.0 per 1,000 person-years in this study
population. Most deaths were liver-related, with 45 due to HCC and 31 to other liver
diseases including cirrhosis, hepatic failure, and ruptured esophageal varix. The next most
frequent cause of death was other neoplasms (h=41), followed by pulmonary disease
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excluding lung cancer (n=32), stroke (n=30), other/unknown causes (n=30), and heart
disease (n=22).

Of the 231 deaths, 176 were in the HCV carrier group, and 55 in the noncarrier group (Table
2). After adjusting for age and gender, HCV carriers had a significantly higher overall
mortality rate (HR, 1.53; 95% ClI, 1.13-2.07), compared to noncarriers (Table 3). The
elevated mortality rate among the subjects with evidence of HCV viremia was due to a much
higher occurrence of liver-related deaths (HR, 5.94; 95% ClI, 2.58-13.7). In contrast, HCV
viremia was not significantly associated with death from other malignancies, stroke, heart
disease, or pulmonary disease. The cumulative risk of death, based on Kaplan-Meier
estimates, was 28.0% for the HCV carrier group and 17.9% for the HCV noncarrier group
over 10.3 years (Figure 1), a statistically significant difference (P<0.001).

Predictors of mortality among HCV carriers

The age- and gender-adjusted association between HCV serotype and HCVcAg level and
mortality was examined among the subjects with HCV viremia. Compared to HCV serotype
I1, those with serotype | infection did not have a higher rate of overall (HR, 1.04) or liver-
related mortality (HR, 1.12); however, having an indeterminate HCV serotype was related to
both overall (HR, 3.59; 95% CI, 2.1-6.1) and liver-related death (HR, 2.12; 95% CI, 0.78-
5.75). Of note, both serotype I infection (HR, 2.21; 95% CI, 0.91-5.33) and indeterminate
HCV infection (HR, 3.89; 95% CI, 0.97-15.7) appeared to increase HCC mortality. In
addition, a significant increased rate of liver-related death was associated with a higher level
(=100 pg/ml) of HCVcAg (HR, 1.81; 95% CI, 1.08-3.06); the effect of higher HCVcAg
level was stronger with respect to other liver-related death (HR, 2.58; 95% Cl, 1.04-6.41)
than to HCC death (HR, 1.48; 95% CI, 0.77-2.82). HCVcAg level had no effect on overall
mortality among the HCV carriers (HR, 1.06).

In a sub-group analysis of 719 HCV carrier subjects who had data for at least three separate
ALT measurements, 173 had persistently normal ALT levels while 141 had persistently
abnormal levels. Subjects whose ALT levels fluctuated were not included in the analysis.
Adjusting for age and gender, overall mortality (HR, 2.23; 95% CI, 1.37-3.61) and liver-
related death (HR, 11.0; 95% ClI, 4.35-27.9) were significantly higher for HCV carriers with
persistently elevated ALT than for those with persistently normal ALT. The strongly
elevated rate of liver-related mortality was evident for death due to both HCC (HR, 11.1) as
well as other liver-related disease (HR, 14.5).

DISCUSSION

Our study indicated that liver-related mortality is strongly associated with the presence of
HCV viremia among persons who are seropositive for anti-HCV antibodies and that
HCVcAg and ALT levels were predictors of liver-related mortality in HCV carriers. In this
study population, the age distribution of anti-HCV-positive subjects, the prevalence of
viremia, and the frequency of HCV serotype | were similar to previously reported data in
Japan2-25_ Japan has the highest incidence rate of HCC attributed to HCV infection among
developed countries. Tanaka et al. estimated that HCV infection was spread in Japan during
the 1920s, whereas HCV was widely disseminated in the United States in the 1960s26. The
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authors suggested that the HCC burden in the United States will likely increase in the next
two or three decades, possibly to a level equal to that currently experienced in Japan.

Several studies have examined mortality in patients with HCV. Seeff et al provided
mortality data for 222 transfusion-associated hepatitis C cases and 377 control patients after
approximately 25 years of follow-up?’. Kamitsukasa et al also reported mortality data for
302 HCV-infected patients with tuberculosis sequelae who had received a blood
transfusionl®. Although both studies showed that liver-related mortality was significantly
higher in the disease groups than in the control groups, liver-related mortality was not the
main cause of death. Kamitsukasa et al. reported that the main cause of death for
approximately 45% of the patients in their study was tuberculosis sequelae!®. Similar results
were obtained in patients with inherited bleeding disorders and hepatitis C, where the main
cause of death was HIV/AIDS28. Moreover, there was no significant difference between
patients with and without hepatitis C in the overall mortality rates in the study by Seeff et al.
In contrast, our study showed that all-cause mortality and liver-related mortality with or
without HCC were significantly higher in the HCV carrier group than in the noncarrier
group. The incidence of HCC in Caucasian patients with HCV-related cirrhosis has been
reported to be 1.2% in the United States?®, whereas the incidence in Japanese patients is
reportedly between 6 and 7%3C. Furthermore, HCV-related cases in some studies included
subjects with previous HCV infections!® 27, Ethnic- and racial-dependent variation in the
rates of HCC, the composition of the comparisons groups, and/or complications unrelated to
liver disease, such as tuberculosis sequelae or HIV/AIDS, may have resulted in differences
in the patient prognoses between our study and previous studies.

It has been reported that HCC was the main cause of liver-related death in patients with
compensated cirrhosis due to HCV infection3!: 32, Kasahara et al. found that 81% of HCC of
liver-related death in patients with chronic hepatitis C who had not received interferon
therapy was due to HCC33, Although HCC was more frequently observed than other liver-
related deaths in our study, the proportion of HCC among all liver disease deaths (64% in
the HCV carrier group) was relatively low compared to that study33. This occurrence may
have been because the causes of death were obtained from death certificates in our study and
cases of severe hepatic failure due to HCC may have been classified as liver disease
excluding HCC.

A large community-based linkage study that included 78,438 people with hepatitis C
indicated that the risk of dying from drug-related causes was significantly greater than from
liver-related causes; however, the incidence of liver-related deaths was greater than that of
drug-related deaths in patients older than 45 years’. In addition, other studies have shown
that age appears to be an important risk factor that affects HCC development4 and that the
risk of cirrhosis is related to the patient’s age at the time of infection and to disease
activity34 35, These reports, which focused on patients with transfusion-associated chronic
hepatitis C, suggest that the younger the patients are at the time of infection, the lower the
rate of progression. Although the exact dates of infection and HCC diagnosis were not clear
in our study population, the median age at enrollment was older than 60 years. Thus, the
incidence of liver-related deaths might be expected to be greater than that of other cause of
deaths.
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In our study, HCV serotype I, which included HCV genotypes 1a and 1b, was found in
64.5% of the HCV carrier subjects in whom serotype was measured; whereas serotype 2,
which included genotypes 2a and 2b, was detected in 30.6% of patients. These results agree
with the overall distributions of HCV genotypes and serotypes in the entire Japanese
population, which show that genotype 1b is the most prevalent genotype at 70%35. Several
studies have demonstrated that genotype 1b is associated with severe liver disease, including
cirrhosis and HCC37: 38, In the current study, there was an apparent association between
HCYV serotype | infection and mortality due to HCC. Other studies, however, have not found
an effect of HCV genotype on liver disease development3?: 40, In addition, although an
association of indeterminate serotype with mortality was observed (HR=3.6), the reason for
this finding is not clear. A larger study is needed to elucidate the role of genotype in the
prognosis of HCV infection.

HCV RNA levels have also been reported to be associated with the progression of chronic
hepatitis C*1: 42, Although the level of HCV RNA was not quantified in the current study,
HCVcAg levels, which are known to correlate with HCV RNA levels?!, were assessed by
fluorescence enzyme immunoassay. We observed that high HCVcAg levels were predictive
of liver-related mortality, including death due to HCC, in the HCV carriers. The precise
mechanism underlying HCV infection-dependent hepatocarcinogenesis is not clear.
However, a study of transgenic mice that express the HCV core protein demonstrated that
this protein was important in HCC development?3. Of interest, Moucari et al. reported that
insulin resistance is a specific feature of chronic hepatitis C and associated with high serum
HCV RNA levels**. A significant increase in the incidence of diabetes also has been seen in
subjects with high titer of HCV core compared to anti-HCV-negative subjects#>. Moreover,
significant fibrosis is associated with insulin resistance*4, and diabetes mellitus is known to
increase the risk of primary liver cancer in the presence of other risk factors such as hepatitis
C*. Thus, HCVcAg levels might be associated with liver-related mortality through the
development of HCV-induced insulin resistance or diabetes mellitus.

We have previously shown that elevated ALT levels are an important predictor of HCC
among HCV carriers in this study population!®. In the current analysis, ALT, AST, and v-
GTP levels at enrollment were significantly higher in subjects who died due to a liver-
related disease compared with subjects who died from other causes (data not shown). In
addition, after adjusting for age and gender, overall mortality (HR, 2.23) and liver-related
death (HR, 11.0) were significantly higher for HCV carriers with persistently elevated ALT
than for those with persistently normal ALT.

Our study had several limitations. First, data regarding liver histology were lacking. It is
likely that HCV carriers had more cirrhosis than did HCV noncarriers, given that more HCV
carriers died of HCC and non-HCC liver deaths (Table 2). However, we were unable to
examine this possibility directly. Information on platelet counts, which are generally
inversely correlated with hepatic fibrosis, was available for a subset of subjects. Based on
data obtained in 1996, mean platelet counts were significantly lower in HCV carriers
(n=539; 18.4 [x10%/ul] +5.6) than in HCV noncarriers (n=277; 21.3+6.0). In addition, data
from the last examination attended after 2001 showed that the PAALT group had lower
mean platelet counts (n=94; 14.5 [x10%/ul] #5.5) than did the PNALT group (n=123;
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21.8+7.3). These findings suggest that the presence of viremia may increase the rate of
hepatic fibrosis, especially in HCV carriers with high ALT levels.

Second, although the effect of interferon therapy may have implications with respect to the
overall death rates in the study population, information on treatment was limited. However,
the proportion of treated subjects with an observed sustained viral response to interferon was
small (7%). Data on socioeconomic factors, which are strongly related to mortality
outcomes?’, also were not available in this study. We would not expect much variation in
socioeconomic status in the study population, since the cohort included only Japanese
subjects who resided in a small rural community where farming is the principal occupation.
In addition, all subjects in the study population had health insurance. Thus, we believe that
socioeconomic factors and interferon therapy likely did not greatly affect the rate of
mortality in our study population.

In conclusion, the results of this prospective 10-year follow-up study showed a strong effect
of HCV carrier status on liver-related mortality among anti-HCV seropositive individuals.
Moreover, high HCVcAg and ALT levels were important predictors of liver-related death in
this population. Monitoring HCV load and ALT level in HCV carriers may be important for
identifying those individuals at increased risk for HCC or other liver disease, particularly
among older carriers who are less likely to respond to HCV treatment.
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Figure 1.

Cumulative incidence of all-cause deaths in HCV carriers and noncarriers.
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Table 1

Baseline Characteristics of Anti-HCV Antibody-Positive Subjects in Town C HCV Study

All Patients HCV Carriers  HCV Noncarriers
Characteristics (n=1125) (n =758) (n=367) P Value
Age (years)
Mean (+SD) 64.2 (+11.1) 64.9 (+10.6) 62.6 (+11.9) 0.007
Range 28-97 32-97 28-90
Sex
Male 456 (40.5%) 313 (41.3%) 143 (39%) 0.46
Female 669 (59.5%) 445 (58.7%) 224 (61%)
ALT (IU/L) 40+42.8 (1062) 47 +47.5 (719) 25.3 + 25 (343) <0.001
GGT (IU/L) 35.8+46 (912) 39.1+50.7 (612) 29.2+33.6(300)  <0.001
HCV core antigen level (pg/mL)
Mean (+SD) 207.5 (+208.4) -
Median 140 -
Range 20-1445 -
HCV serotype
I 463 (64.5%) -
1 220 (30.6%) -
Indeterminate 35 (4.9%) -
HBs antigen
Positive 6 (0.6%) 4(0.6%) 2 (0.6%) 0.99
Negative 948 (99.4%) 638 (99.4%) 310 (99.4%)
History of alcohol intake
Daily 365 (34.3%) 236 (32.9%) 129 (37.2%)
Occasionally 206 (19.4%) 140 (19.5%) 66 (19.0%) 0.37
None 493 (46.3%) 341 (47.6%) 152 (43.8%)
History of blood transfusion
Yes 165 (15.7%) 101 (14.3%) 64 (18.6%) 0.07
No 885 (84.3%) 605 (85.7%) 280 (81.4%)

Page 13

Abbreviations: ALT, alanine aminotransferase; GGT, gamma-glutamyltranspeptidase; HBs antigen, hepatitis B surface antigen; HCV, hepatitis C

virus.
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Table 2

Cause of Death in Subjects Positive for Anti-HCV Antibody

Page 14

Cause of Death All Patients HCV Carriers  HCV Noncarriers
All causes 231 176 55
1. All liver-related deaths 76 70 6
a. HCC 45 41 4
b. Non-HCC 31 29 2
2. Neoplasms excluding HCC 41 28 13
3. Stroke 30 20 10
4. Heart disease 22 13 9
5. Pulmonary disease excluding lung cancer 32 22 10
6. Other/unknown 30 23 7

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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Table 3

Page 15

The Association of HCV Viremia with Causes of Mortality Among Anti-HCV Antibody-Positive Subjects in

Town C HCV Study

Cause of Death HR 95% ClI
All causes 153 (1.13,2.07)
1. All liver-related deaths 594 (2.58,13.7)
a. HCC 485 (1.73,135)
b. Non-HCC 8.11 (1.94,33.8)
2. Neoplasms excluding HCC 1.04 (0.54,2.02)
3. Stroke 0.89 (0.41, 1.90)
4. Heart disease 0.68 (0.29, 1.60)
5. Pulmonary disease excluding lung cancer  1.05  (0.50, 2.22)
6. Other/unknown 159 (0.68,3.71)

Abbreviations: ClI, confidence interval; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio.
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