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Cumulative Risk of Hepatocellular Carcinoma in Hepatitis C Virns Carriers:

Statistical Estimations from Cross-sectional Data
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The probability of developing hepatocellular carcinoma (HCC) among hepatitis C virus (HCV)
carriers during their life-time is unknown. This paper addresses the estimation of the cumulative risk
of HCC among HCV carriers using cross-sectional data. Age-specific prevalences of HCV carriers
among the general population were estimated according to 5-year age group, based on the data of 2nd-
generation anti-HCV assay in blood donors resident in Osaka (33,226 males and 29,054 females),
Seropositivity of anti-HCV among 422 HCC cases, and the Osaka Cancer Registry data on HCC were
used in the estimations of 5-year age-specific incidence rates of HCV-linked HCC. Using these data,
the cumulative risk, i.e., the probability of contracting HCC within the following 15 years in 50-
year-old HCV carriers, was estimated as 28% for males and 6% for females.
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Since hepatitis C virus (HCV) was cloned and a
serologic assay for anti-HCV became available, several
case-control studies'” and clinical follow-up studies®®
have revealed that HCV is closely associated with an
increased risk of hepatocellular carcinoma (HCC). A
positive correlation was also demonstrated between the
prevalence of anti-HCV and the incidence rate of pri-
mary liver cancer (PLC) in Osaka, Japan.'? These find-
ings suggest that chronic HCV infection has an impor-
tant role in the development of primary liver cancer. It is
unclear, however, what proportion of HCV carriers will
develop HCC during their lifetime.

Osaka is one of the highest incidence areas for PLC
in the world,’” and about 70% of it is thought to be
associated with HCV infection.' Therefore, estimating
the risk of HCC in HCV carriers within the Osaka area
is very important from the viewpoint of prevention of
HCC. In order to evaluate exactly or directly the risk
of HCC in HCV carriers, a long-term follow-up study of
HCYV carriers should be conducted. To our knowledge,
however, no such study has been reported. This study
was therefore designed to estimate the cumulative risk
of developing HCC in HCV carriers based on estimated
age-specific incidence rates among HCV carriers in
Osaka, Japan.

SUBJECTS AND METHODS

In order to estimate the cumulative risk of HCC
among HCV carriers, we calculated the age-specific inci-
dence rates of HCC among HCV carriers by gendér.

Denominators were obtained from the prevalences of
HCV-RNA in voluntary blood donors, and numerators
were obtained from the incidence rates of HCV-RNA
positive HCC,

Prevalence of HCV-RNA in voluntary blood donors Prev-
alences of HCV-RNA in voluntary blood donors were
estimated from the screening data of anti-HCV in volun-
tary blood donors and its validity. They are given by;

AXBXI/C (X)

A: prevalence of anti-HCV in blocd donors; B: preva-
lence of HCV-RNA among anti-HCV-positive blood
donors; C: prevalence of anti-HCV among HCV-RNA-
positive blood donors.

We used the screening data in blood donors 45-64
vears of age who donated blood to the Osaka Red Cross
Blood Center voluntarily between February and October,
1992. All of the blood units were tested for anti-HCV by
passive hemagglutination assay (PHA, 2nd generation,
Dainabot Co. Ltd., Tokyo). The assay is based on a com-
bination of structural (core) and nonstructural (NS3-
NS4) recombinant HCV proteins (pHCV-34, C100-3,
and pHCV-31 antigens).” The blood samples from
repeat donors in the above period were eligible only if
they were initial specimens. The prevalence of anti-HICV
was calculated according to 5-year age group and sex
(“A”). *B” and “C” were obtained from the report of the
Japanese Red Cross Non-A, Non-B Hepatitis Research
Group.' They were reported as 81% and 99%, respec-
tively, determined by the nested double polymerase chain
reaction.
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Thus, for example, prevalence of HCV-RNA in male
blood donors aged 55-59 is estimated as follows:

419/6,090X0.81 X 1/0.99% (100%)}=75.63% (sce Table I}

Incidence rates of HCV-RNA-positive HCC
mated the rates as follows:

We esti-

incidence rate of HCC X prevalence of HCV-RNA positivity
among HCC patients= (D XE) X (FXGX1/H) (Y)

D: incidence rate of PLC; E: proportion of HCC
incident cases among PLC incident cases; F: prevalence
of anti-HCV among HCC patients; G: prevalence of
HCV-RNA among anti-HCV-positive HCC patients; H:
prevalence of anti-HCV among HCV-RNA-positive
HCC patients.

Five-year age specific average annual incidence rate of
PLC in 1987-89 (“D”) was obtained from the Osaka
Cancer Registry.’ “E” was estimated as 96% using the
incident cases classified into ICD-9; 1550 in the Osaka
Cancer Registry in 1988.'9

To calculate 5-vear age specific prevalence of anti-
HCV among HCC patients (“F”), we collected data on
the seropositivities of anti-HCV and HBsAg in the 422
HCC patients (347 males, 75 females) who were treated
in six teaching hospitals in the Osaka area (Center for
Adult Diseases, Osaka; Osaka University Hospital;
Osaka Prefectural Hospital; Osaka National Hospital;
Osaka Kouseinenkin Hospital and Hyougo Prefectural
Nishinomiya Hospital) in 1990-91. All the patients were
diagnosed histologically and/or by a combination of
angiography, computed tomography and ultrasonogra-
phy. Anti-HCV was tested by enzyme-linked immuno-
sorbent assay (ELISA), which employed the Cl100-3
HCYV protein. When we calculated the prevalence of
anti-HCV among HCC patients, the cases which were
both HBsAg- and anti-HCV-positive were excluded from
both numerator and denominator because of uncertainty
as to whether they were linked with HBV or HCV.

“G” and “H” were calculated from the data reported
by Hayashi et al'” who examined the presence of anti-
HCV (ELISA C100-3 assay} and HCV-RNA in 96
Japanese HCC patients, We determined “G” to be 79%
(46/58) and “H” to be 79% (46/58).

For example, the estimated incidence rate of HCV-
RNA-positive HCC in males aged 55-59 is calculated as
follows:

(212.7X0.96) X (0.764 X 0.79 X 1/0.79}=156.0
(see Tables II and IIT)

Estimation of the cumulative risk of HCC among HCV
carriers Cumulative risk is the risk for an individual to
develop the disease in question during a certain age
period if no other cause of death intervenes. If the
instantaneous incidence rate at an age ¢ is given by I(),
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then the cumulative risk between ages , and 5, is given
by:

1—exp (— Jhl(z)dt) (see ref. 18)

The expression inside the exponential is closely
approximated by the sum of the age-specific incidence
rates for each year of age between f and & We used
“I()” from 5-year age specific incidence rates of HCC
among HCV carriers. It is given by:

(the number of incident cases of HCV-RNA-positive
HCC per 100,000 population)/(the number of HCV-
RNA positives per 100,000 population) X 100,000 (Z)

Here, the denominator is given by expression (X), and
the numerator is obtained from expression (Y).

RESULTS

Since blood donors were limited to individuals 16-64
vears old, and the number of HCC cases aged 44 or
under obtained from the six teaching hospitals was small,
incidence rates were calculated for individuals aged 45 to
64. Table I presents the prevalence of anti-HCV (PHA)
and estimated prevalence of HCV-RNA in voluntary
blood donors within Osaka Prefecture. The estimated
prevalence increased with age from 1.90% in the 45-49
age group to 7.99% in the 60-64 age group among males,
and from 2.35% to 6.49% among females in the same
age groups. Table II indicates the prevalences of anti-
HCV (ELISA C100-3 assay) and HCV-RNA positives
among HCC patients in the Osaka area. In both genders,
the prevalence tended to be higher with increased age.
Five-year age-specific average annual incidence rates of
PLC, HCC and those of HCV-RNA-positive HCC are
presented in Table I11.

Table I. Prevalence of Anti-HCV® and HCV-RNA in
Voluntary Blood Donors by Sex and Age

Age No. of Anti-HCV+ Anti-HCV+ HCV-RNA +
blood donors (%) (%)

Male

45-49 12,894 299 2.32 1.90

50-54 10,803 300 2.78 2.27

55-59 6,090 419 6.88 5.63

60-64 2,627 256 9.74 7.97
Female

45-49 9,866 283 2.87 2.35

50-54 9,860 378 3.83 114

55-59 6,436 410 6.37 5.21

60-64 2,892 229 7.92 6.48

@) Second-generation PHA. assay.
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Table II.  Prevalence of Anti-HCV® and HCV-RNA among HCC Patients in Six Teaching Hospitals

by Sex and Age

No. of . HBsAg + Anti-HCV | HCV-RNA |

Age HCC Anti-HCV + Anti-HOV + (%) HCC (%)
Male

45-49 26 10 2 33.3 33.3

50-54 44 18 3 36.6 36.6

55-59 127 98 4 76.4 76.4

60-64 150 124 4 82.2 82.2
Female

45-49 2 0 0 — -

50-54 5 3 0 60.0 60.0

55-59 22 16 0 72.7 727

60-64 46 38 4 81.0 81.0

a) First-generation ELISA assay using C100-3 peptide,
Prevalence of anti-HCV and HCV-RNA among HCC patients was considered to be the same because
the positive predictive value and the sensitivity of anti-HHCV were the same (see “Subjects and

Methods™).

Table IIL.  Incidence Rates of PLC, HCC and of HCV-RNA Positive HCC in Osaka, 1987-89 (per

160,000)
Male Female
Apge HCV-RNA 4+ HCV-RNA +
PLC HCC HCC PLC HCC HCC
45-49 27.0 25.9 8.6 5.0 4.8 -
50-54 85.7 82.3 30.1 9.8 5.4 5.6
55-59 212.7 204.2 156.0 27.3 26.2 19.1
60-64 260.0 249.6 205.2 52.8 50.7 41.1
Fig. 1 shows the estimated 5-year age-specific inci- 5,000
dence rates of HCC among HCV carriers, given by
expression (Z). They were over 1,000 among male HCV 3,000 |- 2,772 2575
carriers aged 50 years or more; on the other hand they 8
were less than 1,000 for all ages (45-64) among female T @ 2,000 -
HCYV carriers. The incidence rate increased with age to g =
35-59 years among male carriers. We could not find a ™ 3
peak in female HCV carriers aged up to 64 years. 83 1,000
Using the estimated 5-year specific incidence rates of 5 T
HCC among HCV carriers, cumulative risk of HCC v g
among HCYV carriers was calculated (Table IV). Therisk & 3 800
from age 50 to 64 among male carriers was 28%, which 82
was about 5 times higher than that among female HCV g E.g_ 300 .
carriers (6%). 2 oo | 179,77
o
DISCUSSION
‘ It has been reported tl}ai_t in some cases of posttransfu- 100 45_| 49 50_!5 4 55159 6016 4
sion non-A, non-B hepatitis (PTNANBH) (most of them Age

were thought to have been caused by HCV infection),
patients developed HCC 20-40 years after they were
transfused.® *?" As there are considerable numbers of

Fig. 1. Five-year age-specific incidence rates of HCC among
HCY carriers by sex.
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Table IV. Cumulative Risk of HCC among HCV Carriers

Age Male Female
45-64 30% -
50-64 28% 6%

HCYV carriers who do not have a history of blood trans-
fusion, it is supposed that not only the HCV carriers who
were infected by blood transfusion but also those who
were infected from other sources may possibly contract
HCC. Estimating the cumulative risk of HCC in HCVY
carriers is very important for public health, especially in
Japan, where there are quite large numbers of HCV
carriers.™

The present study suggests that 28% of 50-year-old
male HCV carriers in Osaka will contract HCC by age
64 if no other cause of death intervenes, and indicates
that the risk is approximately 5 times greater in male
HCYV carriers than in female HCV carriers. Tsukuma et
al® reported in a clinical follow-up study that the 5-
year cumulative risk of HCC was 13.39% for 301 patients
with anti-HCV-positive chronic hepatitis. Using cross-
sectional data in Japan, the cumulative risk of HCC
among HBsAg carriers was estimated as 20% for males
and 5.6% for females.” Although we cannot directly
compare these findings with our results, they may suggest
the possible extent of the cumulative risk among HCV
carriers. We should next consider the limitations in the
present estimation.

It is assumed in the present estimation that HCV is not
eradicated naturally during the HCV carrier’s life. We do
not have definite evidence on this issue. However, it was
reported that HCV-RNA remained positive in hepatitis C
patients even after the biochemical resolution.”*?® This
finding suggests that many HCV carriers will continue to
have persistent infection, regardless of the status of liver
inflammation.

We estimated the prevalence of HCV carriers in a
general population using the data from voluntary blood
donors. Because blood donors are likely to be more
healthy and to have fewer symptoms or diseases than
subjects who are randomly selected, there is a possibility
of underestimating the prevalence of HCV carriers,
which might lead to overestimating the incidence of
HCC among HCV carriers. Further studies, using a large
number of subjects collected randomly from the general
population, are required.

Various factors which might be related to the develop-
ment of HCC among HCV carriers, such as the subjects’
age at the time of transmission, potential source of expo-
sure to HCV, genotype of HCV and serum HCV-RNA
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levels, were not taken into consideration in this study. If
the distributions of such factors were different among
birth cohorts, the cumulative risk might have been
modified by these factors.

A study of PTNANBH cases (most of which are
thought to have occurred by HCV infection) conducted
in the United States? has shown that there was some
mortality from liver diseases and HCC (19/568 and
1/568 respectively, average 18-year follow-up). The
authors pointed out that the observation periocd might
be too short to detect an increase in mortality and that
the death certificates they used to determine the cause
of death were less than ideal. In addition, we suppose
that the rather advanced age at the time of transfusion
(49.1112.6 years) and poor prognosis of the subjects
(51% died in the follow-up period) might have in-
fluenced the cumulative mortality of HCC in this report.,
Moreover, differences in HCV genotype?” and potential
environmental factors which might influence the devel-
opment of HCC might produce different risks of HCC in
the two countries.

The present study suggests that there is a different risk
of developing HCC among male and female HCV car-
riers. It has been reported that serum testosterone level,?®
and parity number?*? are positively related to the risk of
HCC. There is evidence of a positive association between
oral contraceptive use and primary liver cancer? 3336
These findings suggest that hormonal difference in-
fluences the occurrence of HCC, and may cause the
difference in the development of HCC among male and
female HCYV carriers. Differences in alcohol consumption
and smoking habits, which are possible risk factors of
HCC,”* may partly explain the discrepant risk of HCC
between males and females in Japan.

Although there were some methodological limitations
as mentioned above, we estimated the cumulative risk of
developing HCC in HCV carriers using cross-sectional
data of the Japanese population. Gender appears to be an
important factor for HCC in HCV carriers. To obtain
more exact information, a prospective study observing a
large number of HCV carriers is needed.
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