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Background: An increase in the incidence of hepatocellular carcinoma (HCC) in Japan since the 1980s
suggests an imminent outbreak in other countries where viral spread occurred more recently. Interferon
therapy for chronic hepatitis C, in general, has been shown to prevent HCC.
Aims: To determine the scale of benefit in individual patients.
Subjects: Histologically proven chronic hepatitis C patients in the Inhibition of Hepatocarcinogenesis by
Interferon Therapy (IHIT) cohort (Ann Intern Med 1999;131:174), as updated in March 2003.
Methods: The lifetime risk for HCC was calculated based on HCC incidence rates, stratified by sex, age,
fibrosis stage, and outcome of interferon therapy. The gain in HCC free survival was defined as the
difference between expected HCC free survival with sustained virological response and that without.
Results: The gain in HCC free survival was greater when a patient was younger and fibrosis was more
advanced. For example, a 30 year old male with F3 fibrosis gained 12.4 years by attaining sustained
response while a patient with F1 fibrosis older than 60 years gained less than one year. For a treatment
protocol with a given sustained response rate, prior estimation of the gain can be obtained by multiplying
the calculated HCC free survival for responders by the response rate.
Conclusions: The gain in HCC free survival may serve as an indicator of the benefit of interferon therapy in
terms of HCC prevention and be useful in the consideration of indication and selection of treatment
protocol for individual patients.

arious studies have indicated that a nationwide spread
of hepatitis C virus (HCV) took place in Japan in the
1950s and 1960s.1 2 As a result, there has been a rapid
increase in hepatocellular carcinoma (HCC) incidence since
1980, now claiming more than 30 000 deaths each year.
Simultaneously, there was a decline in the number of deaths
assigned to cirrhosis. The decline may be partly due to
advances in HCC diagnosis but the major cause seems to lie
in the increasing risk of HCC as patients are getting older. The
time lag of 30 years between the peaks of infection spread
and HCC incidence corresponds to the observed interval
between the time of blood transfusion and carcinogenesis in
typical HCC patients.3 These data strongly suggest an
imminent outbreak of HCC incidence in other countries,
including the USA, where HCV infection is thought to have
been spread more recently.4 5
Shortly after the discovery of HCV in 1989,6 7 interferon
therapy was confirmed to be effective against HCV infection.8–10 We and other groups have shown that interferon
therapy significantly reduces the risk of HCC development
among chronic hepatitis C patients.11–15 In our previous study,
50% relative risk reduction, compared with untreated
patients, was observed for conventional interferon monotherapy that showed an overall sustained virological response
(SVR) rate of 33%, and a relative risk reduction to 20% was
revealed among patients who achieved SVR.15 As the antiviral
efficacy of interferon therapy has been improved by recent
advances such as combination with ribavirin16–18 and introduction of pegylated interferons,19–22 we can expect that the
efficacy on HCC prevention has also been strengthened.
We have also shown that cirrhosis gradually resolves once
SVR is achieved,23 suggesting that interferon therapy will also
prevent death due to liver failure or variceal rupture.
However, HCC is clearly the dominant cause of death in
patients with chronic hepatitis C, at least among our cohort

in Japan where the average age is over 50 years and most
patients abstain from heavy alcohol consumption.24 Thus we
have focused on HCC prevention as the primary object of
interferon therapy.
Considering the current status of therapeutics, interferon
therapy is clearly recommended only in a selected group of
patients.25 Since the benefit of antiviral therapy differs among
individual patients, the indication as well as the choice of
regimen should be decided based on the expected benefit for
each patient. Quantification of benefit requires reasonable
assessment of the lifetime risk of HCC and the expected
reduction in it with treatment. In this study, we propose an
indicator, the gain in HCC free survival, to quantify the
benefit specific to individual patients. The value is calculated
based on both life expectancy and individualised risk of HCC,
and applicable to distinct protocols with varying efficacy. It
may serve as the gold standard for the benefit of antiviral
therapy in terms of HCC prevention.

MATERIALS AND METHODS
Incidence rates of HCC
Crude data were obtained from the IHIT (Inhibition of
Hepatocarcinogenesis by Interferon Therapy) database,15 23 24
as updated on 31 March 2003. Every patient underwent liver
biopsy in 1990 or later, and liver fibrosis was staged according
to the classification system of Desmet and colleagues.26
Patients had no history of HCC, and were positive for HCV
antibody and negative for hepatitis B surface antigen. We
excluded those who developed HCC or dropped out of
surveillance within one year after liver biopsy, and the start
................................................................
Abbreviations: HCV, hepatitis C virus; HCC, hepatocellular carcinoma;
SVR, sustained virological response; NNT, number needed to treat
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HCC free survival
The probability that a patient remains free of HCC at nth year
of observation was calculated as:
(12Q1)(12P1)6(12Q2)(12P2)6(12Q3)6
(12P3)6 … 6(12Qn)(12Pn)
where Qi is the age and sex specific death rate in the general
population and Pi is the annual incidence of HCC specific to
the patient in the ith year. Age and sex specific death rates
were those published by the Ministry of Health, Welfare, and
Labour of Japan for the vital statistics surveyed in 2000.27 The
gain in HCC free survival by interferon therapy was defined
as the area between the cumulative HCC free survival curves.
This model is based on an assumption that fibrosis stage
remains constant with time (see model limitations in the
results section).
Statistics
Values are expressed as mean (SD) unless otherwise
specified. All statistical analyses were performed with SAS
Software version 6.12. We used an original program coded in
Object Pascal to calculate cumulative HCC free survival.
Table 1

RESULTS
Incidence rates of HCC
Demographic data of the patients analysed in the current
study are summarised in table 1, and observed HCC
development and deaths are shown in table 2, illustrating
that HCC was the major sequela among the cohort. Crude
incidences of HCC did not differ between the untreated group
and the non-SVR group in the corresponding category (data
not shown). Patients with advanced fibrosis (stages F3 or F4)
in the non-SVR group or in the untreated group showed a
very high incidence rate. In fact, values obtained were greater
than those found in 1999,15 suggesting that the risk of HCC
has increased with time. Fibrosis stage was determined at the
time of liver biopsy and had possibly progressed during the
observation period. As previously described, HCC incidence
rates were substantially lower in the SVR group.
Cox proportional hazard regression analysis revealed that
male sex, older age, and advanced fibrosis were associated
with a higher risk of HCC, both in the non-SVR groups
(table 3) and in the untreated group (data not shown).
Multivariate analysis showed that the risk ratio of non-SVR
to no treatment was 0.835 (95% confidence interval (CI)
0.625–1.1125; p = 0.2214). We previously showed that the
risk of HCC was decreased in patients who showed normalised serum alanine aminotransferase levels in spite of
continued viraemia after interferon therapy.24 However,
active hepatitis recrudesces not infrequently in a short
period28 and the effect on HCC prevention in those patients
appears to decline in the long run. Thus we assumed that
interferon therapy without attaining SVR had no effect on
HCC prevention. Table 4 shows the incidence rates of HCC, as
fitted to the crude data by the least squares method. These
values were used in modelling of the estimated HCC free
survival of individual patients.
HCC free survival
Using the fitted HCC incidence rates and the age and sex
specific death rates, we estimated the lifetime cumulative
HCC free survival with or without SVR. Figure 1 shows an
example of a 30 year old male patient with chronic hepatitis
C with stage F3 fibrosis. The area under the curve indicates
the expected HCC free survival and the area between the two
curves is the gain in HCC free survival when the patient
achieves SVR. The gain, or the area, was calculated to be
12.4 years in this case.
We similarly calculated the gain in HCC free survival under
various conditions (see fig 2, table 5). By definition, these
values are applicable only after SVR has been achieved. The
gain in HCC free survival that can be expected before the
virological outcome is known is the product of the value in
table 5 and the prior probability of achieving SVR.
The gain in HCC free survival was greater when a patient
was younger or fibrosis was more advanced. Judging by the
expected gain, indications for treatment are questionable in
patients with fibrosis stage F0 or F1 and older than 60 years
because they would gain less than one year even if they

Demographic data for the patients analysed in the current study
Interferon treated

No of patients
Age (y)
Sex (M/F)
Fibrosis stage
(F0-1/F2/F3/F4) (n)
(F0-1/F2/F3/F4) (%)

Untreated

SVR

Non-SVR

395
55.0 (10.7)
204/191

836
47.7 (11.9)
583/253

1556
50.5 (6.4)
942/614

128/141/42/84
32/36/11/21

278/331/173/54
33/40/21/6

SVR, sustained virological response.
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of observation was set at exactly one year after liver biopsy.
Entry into the cohort was closed in 1999. The cohort
population analysed in this study consisted of 2392 patients
who received interferon monotherapy within one year of liver
biopsy, and 395 patients who did not. Among 2392 interferon
treated patients, 836 (34.9%) showed SVR, as determined six
months after cessation of interferon administration. After
undergoing liver biopsy, 90% of patients abstained from
alcohol except for infrequent social occasions, and only 2%
continued drinking alcohol (.80 g daily).
Patients underwent abdominal ultrasonography every
3–6 months, and contrast enhanced computed tomography
was also performed every 6–12 months in patients with
advanced fibrosis. A final diagnosis was made based on
haemodynamic patterns on contrast enhanced computed
tomography, abdominal angiography, or computed tomography during angiography. Ultrasound guided tumour biopsy
was performed in ambiguous cases. The SVR group showed
27 events of HCC development during an observation period
of 4767 person years; in the non-SVR group, 214 events in
9922 person years; and in the untreated group, 67 events in
2168 person years.
HCC incidence rates, stratified by age, sex, and fibrosis
stage at entry, were calculated in each group by the person
year method. Risk ratios were analysed using Cox proportional hazard regression. Age, as ranked by 10 years, and
fibrosis stage were represented by dummy variables in the
analysis. Adjusted HCC incidence rates were calculated so
that the sum of squares of differences between the adjusted
and observed values, weighted by the number of patients in
each category, was minimised while conserving the risk ratios
obtained by proportional hazard regression.

Benefit of interferon therapy

Table 2
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Incidence of hepatocellular carcinoma (HCC) and death in the study cohort
Interferon treated
SVR

Non-SVR

395
6.5 (2.8)
67
33
22

836
6.7 (3.0)
27
11
6

1556
7.4 (2.9)
214
89
59

4
7

1
4

8
22

*Includes deaths not directly related to HCC in patients who had developed the cancer.
SVR, sustained virological response.

attained SVR. On the other hand, patients with fibrosis stage
F3 or F4 and younger than 50 years will gain more than
10 years with SVR, and more than five years even if the
probability of attaining SVR is 50%.
Recently, the efficacy of interferon therapy has been
improved by the introduction of peginterferon and ribavirin.
However, more effective protocols will be accompanied by an
increase in cost and incidence of untoward effects. These
must be counterbalanced by an increase in expected benefit.
While the increase in cost is the same, that in benefit is
directly proportional to the values shown in table 5 and
differs in each patient. The SVR rate for type 1b genotype
high viral load infection was approximately 7% among the
current cohort where six months of interferon monotherapy
was the main protocol. The combination of peginterferon and
ribavirin for 48 weeks, which is still under clinical trials in
Japan, is expected to show a response rate of 40% or better
for those patients. This difference (33%) corresponds to five
years of the gain in HCC free survival in 40 year old patients
with fibrosis stage F4 and to approximately one year in
60 year olds with fibrosis stage F2 (one third of the values
given in table 5). Although these values are a hypothetical
extrapolation, they may be clinically useful in choosing
treatment protocols.
Model limitations
The model described in this article is based on several
assumptions. Firstly, we assumed that interferon therapy
Table 3
sex

that failed to achieve SVR had no beneficial effect, as
described above, and this may result in underestimation of
the benefit. However, the difference cannot be large: a
30 year old male with fibrosis stage F4 has a gain of
16.59 years instead of 15.98 years, and an 80 year old male
with fibrosis stage F0/1 has a gain of 0.18 years instead of
0.15 years if we based the calculations on the incidence
observed in the untreated group.
Secondly, we assumed that the benefit of interferon
therapy was limited to HCC prevention. This is certainly an
underestimation: successful interferon therapy improves liver
function and may prevent death from liver failure. Several
studies, failing to find an effect on HCC incidence, still
indicated improvement in liver function with interferon
therapy.29 30 However, hepatic death without developing HCC
was rare in the current cohort; one patient in the SVR group
(variceal rupture (n = 1)), eight in the non-SVR group (liver
failure (n = 4), variceal rupture (n = 3), not specified
(n = 1)), and four in the untreated group (liver failure
(n = 2), variceal rupture (n = 2)) died of a liver related cause
without developing HCC, indicating annual mortality rates of
0.02%, 0.08%, and 0.18%, respectively (table 2). These values
were small relative to the observed incidence of HCC.
Thirdly, we assumed that fibrosis stage remained constant,
with the risk of HCC unchanged except for the increment due
to aging. This may not be true: in fact, we previously
indicated fibrosis progression in untreated patients and
amelioration in interferon responders.23 However, we did

Annual hepatocellular carcinoma (HCC) incidence rates according to age and

Age (y)
SVR, male
(39
40–49
50–59
60+
SVR, female
(39
40–49
50–59
60+
Non-SVR, male
(39
40–49
50–59
60+
Non-SVR, female
(39
40–49
50–59
60+

F0/1

F2

F3

F4

0.05%
0.05%
0.39%
0.70%

(0/65)
(0/57)
(0/38)
(3/29)

0.09%
0.09%
0.69%
1.18%

(0/59)
(0/66)
(3/62)
(3/38)

0.16%
0.16%
1.21%
2.01%

(0/14)
(1/29)
(5/51)
(4/35)

0.24%
0.24%
1.86%
3.20%

(0/4)
(0/9)
(1/18)
(1/9)

0.02%
0.03%
0.23%
0.40%

(0/32)
(0/25)
(0/20)
(0/6)

0.05%
0.05%
0.41%
0.71%

(0/38)
(0/23)
(1/33)
(1/18)

0.10%
0.10%
0.73%
1.25%

(0/7)
(0/3)
(1/20)
(0/14)

0.15%
0.15%
1.12%
1.93%

(0/1)
(1/1)
(1/6)
(1/6)

0.05%
0.35%
0.82%
1.03%

(0/83)
(2/85)
(6/82)
(4/36)

0.13%
1.00%
2.33%
2.93%

(0/72)
(4/101)
(19/111)
(13/59)

0.28%
2.16%
5.06%
6.35%

(2/29)
(7/46)
(26/74)
(17/64)

0.56%
4.26%
10.0%
12.5%

(0/6)
(10/32)
(17/33)
(15/29)

0.02%
0.18%
0.42%
0.52%

(0/37)
(0/41)
(1/53)
(1/23)

0.07%
0.51%
1.19%
1.49%

(0/21)
(2/44)
(8/96)
(11/64)

0.14%
1.10%
2.57%
3.23%

(0/10)
(3/18)
(19/80)
(10/60)

0.29%
2.17%
5.08%
6.37%

(0/2)
(0/6)
(5/32)
(12/27)

The percentages indicate the annual incidence rates fitted by the least squares method using the risk ratios shown in
table 4. Numbers in parentheses are the observed events/number at risk in each category.
SVR, sustained virological response; F0–F4, fibrosis stage.
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No of patients
Follow up (y)
HCC development (n)
Death (n)
With HCC (n)*
Hepatic deaths
Without HCC (n)
Non-hepatic deaths (n)

Untreated
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Table 4

Risk of hepatocellular carcinoma (HCC) development
Relative risk (95% CI)
SVR

Male v female
Age (y)
(39
40–49
50–59
60+
Fibrosis stage
F0/1
F2
F3
F4

Non-SVR

1.66 (0.67–4.13)

1.97 (1.48–2.62)

1
1
7.67 (1.69–34.72)
13.20 (2.93–59.53)

1
7.61 (1.81–31.93)
17.84 (4.39–72.49)
22.36 (5.48–91.26)

1
1.76 (0.47–6.67)
3.10 (0.86–11.26)
4.78 (1.13–20.18)

1
2.86 (1.59–5.13)
6.19 (3.50–10.95)
12.23 (6.81–21.95)

Relative risks were calculated by Cox proportional hazard regression separately in each group.

1
0.8

SVR

0.6
0.4

A

Males

20
F4

15

F3

10

F2

5

F0-1

0
30

40

50

60

70

80

90

100

80

90

100

Age (years)

Non-SVR
Gain in

0
30

HCC free survival
40

50

60

70

80

90

100

Age (years)

Figure 1 Gain in hepatocellular carcinoma (HCC) free survival by
interferon therapy. The case of a 30 year old male patient with fibrosis
stage F3. Cumulative HCC free survival curves were determined based
on the patient specific HCC incidence rates and age and sex specific
death rates in case of sustained virological response (SVR) and non-SVR.
The area surrounded by the two curves indicates the gain in HCC free
survival obtained by achieving SVR.
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0.2

Gain in HCC free
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To date, large scale cohort studies conducted in Japan,
including ours, have unanimously indicated that by far the
most important sequela of chronic hepatitis C is HCC
development, and that interferon therapy significantly
reduces its incidence. In contrast, several studies performed
in Western countries found that HCC was less common, and
interferon therapy did not have significant effects. The reason
for this discrepancy has not been clarified. In this study, we
showed that the risk of HCC substantially increased with age
when patients of the same sex and fibrosis stage were
compared (table 2). The prevalence of HCV infection in Japan
is highly skewed to the older generations, and this may partly
explain the high incidence of HCC in Japan. If this is the case,
HCC incidence will increase substantially in Western countries in the near future, as it did in Japan in the 1980s.
The clinical importance of interferon therapy should be
measured in terms of its efficacy in HCC prevention, at least
in countries where HCC is the predominant complication of

survival (years)

DISCUSSION

HCV infection. A popular indicator of efficacy of therapy in
preventing a disease is the number (of patients) needed to
treat (NNT), which is identical to the inverse of absolute risk
reduction. Mathematically, NNT for one decrement in HCC
development during a lifetime is equivalent to the life
expectancy divided by the gain in HCC free survival.
Supposing that the SVR rate is 100%, NNT is 3.92 (48.7/
12.4; table 5) for a Japanese 30 year old male patient with
fibrosis stage F3. This value should be divided by the
expected SVR rate if the outcome is not known. As NNT is
directly proportional to life expectancy, older patients have
smaller values for NNT, indicating ‘‘higher efficacy’’, if the
gain in HCC free survival is the same. This may not be
intuitive for individualised consideration of indications for
treatment.
Several authors have performed cost effective analyses of
interferon therapy for chronic hepatitis C based on the
Markov model.31–35 In fact, our current model can be
considered as a simplified Markov model where a chronic
hepatitis C patient either achieves or does not achieve SVR
with interferon therapy, and has the corresponding risk of
HCC thereafter. Also, the HCC free survival is equivalent to
the gain in quality adjusted life year, where a year before HCC
development scores 1 and one after it scores 0. Owing to
those simplifications, the model is not dependent on
assumptive parameters but on observed data.
In conclusion, by using data obtained in a real cohort, we
established an indicator of the benefit of interferon therapy—
the gain in HCC free survival. This indicator may be useful in
assessing the indications for interferon therapy and in
selecting the best treatment protocol for individual patients.

Gain in HCC free

not have enough samples to calculate age stratified rates of
fibrosis progression. The long term changes in HCC risk in
interferon responders have not yet been clearly elucidated.
Thus using the incidence rates observed in the seven year
observation period was a compromise. All of the assumptions
listed here may have underestimated, but not overestimated,
the benefit of interferon therapy.
Lastly, we did not analyse the effect of alcohol consumption as there were very few heavy drinkers among the cohort.
Alcohol is one of the major risk factors for HCC development
and liver failure. The merit of successful interferon therapy
may be greater in drinkers if they wish to continue alcohol.
However, we recommend abstention to chronic hepatitis C
patients whether or not they receive antiviral therapy.

Females

20
F4

15
F3

10
F2

5
0
30

F0-1

40

50

60

70

Age (years)

Figure 2 Gain in hepatocellular carcinoma (HCC) free survival by
sustained virological response as a function of age and fibrosis stage.
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Table 5 Gain in hepatocellular carcinoma (HCC) free survival by sustained virological
response as a function of age and fibrosis stage

Males
30
40
50
60
70
80
Females
30
40
50
60
70
80

Life expectancy

F0/1

F2

F3

F4

48.7
39.1
29.9
21.4
14.0
8.0

2.48
2.52
1.68
0.84
0.40
0.15

7.66
7.68
5.75
3.38
1.70
0.67

12.40
12.41
9.45
5.95
3.26
1.40

15.98
15.96
12.14
8.14
4.98
2.38

55.3
45.5
36.0
26.9
18.2
10.6

1.45
1.46
0.93
0.44
0.22
0.08

5.60
5.61
4.24
2.52
1.30
0.52

10.52
10.51
8.17
5.17
2.81
1.18

15.73
15.69
12.44
8.39
4.95
2.24

Expressed in years, life expectancy was that in the Japanese general population in 2000. The gain in HCC free
survival was the difference in expected cumulative HCC free survival with and without attaining a sustained
virological response.
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GI SNAPSHOT
Answer
From question on page 386
Figure 1 shows a water soluble contrast enema, which revealed obstruction at the
rectosigmoid, apparently caused by an extrinsic pelvic mass.
An emergency laparotomy for large bowel obstruction was carried out. At operation she
was found to have a dilated small and large bowel with a cut off at the rectosigmoid. The
cause of the obstruction was a hugely enlarged fibroid uterus which was incarcerated in the
pelvis. A subtotal hysterectomy was performed to relieve the obstruction. The compressed
large bowel was found to be healthy and did not necessitate resection. She eventually made a
complete recovery, enjoying normal bowel function.
Histology confirmed a hugely enlarged uterus distorted by a single 116967.5 cm
leiomyoma with no evidence of dysplasia or malignancy.
Gynaecological disease and its treatment is a relatively common cause of bowel
obstruction. The commonest cause is gynaecological malignancy, particularly that of the
ovaries and complications of treatment such as adhesions and radiotherapy.
Leiomyomas or fibroids are benign smooth muscle tumours of the uterine myometrium and
are a common condition in women especially over the age of 40 years. Small leiomyomas
are present in more than 20% of women over the age of 40 years and usually remain
asymptomatic. However, bowel obstruction secondary to benign uterine leiomyomas may
occur, albeit rarely.
This should be considered early in female patients and if rapid sustained resolution of the
clinical features of obstruction does not occur, the condition should be treated aggressively
with surgical intervention.
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