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Background: Peginterferon α-2b plus ribavirin therapy in previously untreated patients with chronic
hepatitis C yields the highest sustained virological response rates of any treatment strategy but is
expensive.
Aims: To estimate the cost effectiveness of treatment with peginterferon α-2b plus ribavirin compared
with interferon α-2b plus ribavirin for initial treatment of patients with chronic hepatitis C.
Methods: Individual patient level data from a randomised clinical trial with peginterferon plus ribavi-
rin were applied to a previously published and validated Markov model to project lifelong clinical out-
comes. Quality of life and economic estimates were based on German patient data. We used a
societal perspective and applied a 3% annual discount rate.
Results: Compared with no antiviral therapy, peginterferon plus fixed or weight based dosing of riba-
virin increased life expectancy by 4.2 and 4.7 years, respectively. Compared with standard interferon
α-2b plus ribavirin, peginterferon plus fixed or weight based dosing of ribavirin increased life expect-
ancy by 0.5 and by 1.0 years with incremental cost effectiveness ratios of €11 800 and €6600 per
quality adjusted life year (QALY), respectively. Subgroup analyses by genotype, viral load, sex, and
histology showed that peginterferon plus weight based ribavirin remained cost effective compared with
other well accepted medical treatments.
Conclusions: Peginterferon α-2b plus ribavirin should reduce the incidence of liver complications,
prolong life, improve quality of life, and be cost effective for the initial treatment of chronic hepatitis C.

Worldwide, 170 million subjects have chronic hepatitis
C virus infection with four million in the USA and
five million in Western Europe.1–3 Because of its

prevalence and its progression to cirrhosis (albeit slowly and
not for all individuals), it is the most common reason for liver
transplantation.1 Although interferon α-2b (Intron; Schering-
Plough, Kenilworth, New Jersey, USA; ESSEX Pharma GmbH,
Munich, Germany) and ribavirin (Rebetol; Schering-Plough;
ESSEX Pharma GmbH) has been considered the standard of
care,3–5 a recent multinational randomised controlled clinical
trial6 showed that peginterferon α-2b (PegIntron; Schering-
Plough; ESSEX Pharma GmbH) and ribavirin yielded a higher
sustained virological response rate. In particular, on the basis
of a secondary analysis showing that peginterferon plus riba-
virin dosed at >10.6 mg/kg had the highest viral response
rates, the European Medicine Evaluation Agency approved
peginterferon at 1.5 µg/kg/week plus weight based dosing of
ribavirin for the treatment of chronic hepatitis C.

However, peginterferon plus ribavirin is relatively expensive.
In the past, demonstrated safety and higher efficacy would
have been sufficient for the adoption of a new treatment. With
rising medical costs and limited health care budgets, increasing
attention is being focused on the economic impact of new
drugs. Prior studies have shown that standard combination
interferon α-2b plus ribavirin treatment of chronic hepatitis C
is “cost effective” compared with other well accepted medical
interventions.7–10 Peginterferon plus ribavirin however costs
more than standard combination therapy, raising the question
of whether its additional clinical benefit (higher response rates
and convenient once a week dosing) supports this additional
cost. The aim of this study was to determine the cost effective-

ness of peginterferon plus ribavirin as initial treatment for
patients with chronic hepatitis C.

PATIENTS AND METHODS
Individual patient level data for 1530 adult patients enrolled in
an international randomised controlled clinical trial compar-
ing peginterferon α-2b plus ribavirin to interferon α-2b plus
ribavirin were used to determine virological treatment
response rates, adverse events, actual dosages of drugs
received, and actual duration of treatment. The details of this
study have been published previously.6 Briefly, inclusion crite-
ria required no prior treatment, RNA positivity for the hepati-
tis C virus, elevated transaminases, and a recent liver biopsy.
Study population characteristics included mean age 44 years,
66% men, 32% genotype 2/3, 15% mild hepatitis, 78% moder-
ate hepatitis or bridging fibrosis, and 7% cirrhosis. Patients
were randomised to the following groups: (1) interferon α-2b
(3 million units subcutaneously three times weekly) plus
ribavirin (1000–1200 mg daily) for 48 weeks; (2) peginter-
feron α-2b (1.5 µg/kg/week for four weeks and then 0.5 µg/kg/
week for the next 44 weeks subcutaneously) plus ribavirin
(1000–1200 mg daily) for 48 weeks; and (3) peginterferon
α-2b (1.5 µg/kg/week subcutaneously) plus ribavirin (800 mg
daily). For the first two groups, ribavirin dosing was based on
weight (1000 mg for weight <75 kg or 1200 mg otherwise)
and for the third group dosing of ribavirin was fixed.
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Patients in the 1.5 µg peginterferon plus ribavirin arm
achieved a significantly higher sustained virological response
(54%) compared with patients treated with standard combi-
nation therapy (47%) or with 0.5 µg peginterferon plus ribavi-
rin (47%). For the subgroup of patients in the 1.5 µg peginter-
feron plus ribavirin arm who received >10.6 mg/kg of
ribavirin daily (weight based dosing), sustained virological
response was 61%. We included 48 weeks of peginterferon
α-2b (1.5 µg/kg once weekly subcutaneously) plus weight
based ribavirin in our primary analysis to be consistent with
European drug approved labelling in which ribavirin dosing is
weight based. We also projected outcomes for no antiviral
therapy.

Decision-analytic model
To extrapolate the long term outcomes resulting from each
treatment, we applied a previously published and externally
validated Markov model11 12 to estimate the future clinical
benefits and economic costs. In a Markov model, the natural
history of a disease is represented by a set of predefined health
states. Time was represented by annual cycles during which
cohort members may or may not progress or die from liver
disease or other causes.13 14 Health states were defined by clini-
cal symptoms, liver histology, and virological condition.
Histology was defined by the modified histology activity index
of Knodell.15 16 In the absence of cirrhosis, a Knodell periportal
inflammation score of 0–1 defined mild chronic hepatitis and
a score of 3–10 defined moderate chronic hepatitis. Regardless
of the Knodell inflammation score, a Knodell fibrosis score of
4 defined chronic hepatitis with cirrhosis. The likelihood of
histological progression, clinical decompensation, the mode of
decompensation, hepatocellular carcinoma, liver transplanta-
tion, and mortality were estimated from international studies
of the natural history of chronic hepatitis C and have been
published in detail elsewhere.8 11 A German epidemiological
expert panel reviewed these data for the appropriateness of
applying them to the German health care context. The annual
likelihood of liver transplantation for decompensated cirrhosis
was reduced to 2.2% (from 3.1%) to reflect the lower per capita
liver transplantation rates in Germany compared with the
USA.17 18 This figure agrees well with other European
estimations.17 19 20 By tracking the survival status, quality of life
related to the current health state, and annual health care
costs, the computer simulations estimated the average life
expectancy, quality adjusted life expectancy, and lifetime
direct cost for identical cohorts of patients who received each
treatment. Table 1 shows the transition probabilities, sus-
tained virological response rates, quality of life weights, and
costs in the model.

Health related quality of life
To reflect the morbidity associated with complications result-
ing from antiviral treatment and from hepatitis C, we also
decremented life expectancy for quality of life on a scale from
0 (dead) to 1 (perfect health).21 22 No prior quality of life stud-
ies in patients have estimated the effect of the various stages
of hepatitis C and treatment using patient preference
measures such as visual analogue scales or time trade off,23–26

so we conducted a cross sectional interview based quality of
life study in 348 consecutive German patients with chronic
hepatitis C at a single centre.27 Health state specific quality of
life weights (utilities) were determined using multivariate
regression analysis. For the base case, quality of life was based
on a transformed visual analogue scale,28 29 but we also exam-
ined EuroQoL27 and physician based estimates.8 11 Because
ribavirin has been found to be teratogenic in animals, we
assumed that ribavirin treated patients with an unplanned
pregnancy would have an elective abortion, so we decre-
mented their quality of life by one week.8 30 31 Table 1 shows the
health state specific quality of life estimates for the base case
analysis.

Cost data
Estimates of annual direct costs for each health state included
the frequency and costs for inpatient and outpatient visits,
diagnostic and laboratory testing, medications, and proce-
dures. Itemised costs were based on detailed analyses of the
actual variable costs and reimbursement costs in German
chronic hepatitis C patients in the German health care system.
For ambulatory care costs, reimbursement prices were
adjusted using a weighted average for (a) East and West Ger-
many and (b) social and private health insurance. For hospital
services, average per diem prices for different types of wards
were used. We based the frequency of clinic visits and labora-
tory testing during antiviral therapy (2, 4, 6, 8, 12, 18, 24, 32,
and 48 weeks) on product labelling and expert panel
consensus.32 All adverse events requiring a dosage change
incurred an additional visit and blood tests. Drug discontinu-
ation necessitated two additional visits and blood tests.
Women under the age of 50 years had a qualitative pregnancy
test prior to beginning ribavirin and every month thereafter.33

We assumed that ribavirin treated patients with chronic hepa-
titis C or their partners would use hormone contraception and
condoms for six months after discontinuation of ribavirin at
€25 per month, based on a patient survey. From trial data,34 we
assumed that 1.2% of patients would become pregnant and
would incur the costs of an abortion. Drug dosage was as
received in the trial, except that we discontinued treatment in
patients who were viral positive after 24 weeks of combination
therapy because of the low likelihood of a viral negative
response with an additional 24 weeks of treatment. As is rec-
ommended for pharmacoeconomic analysis,22 drug costs were
based on average wholesale costs: €5.15 per ribavirin capsule;
€11.01 per million units for interferon; and €1.96 per µg for
peginterferon, adjusted for package size and weight of the trial
patients. All non-drug costs were inflated to 2000 costs using
the medical care component of the Consumer Price Index.35 All
costs were converted to Euros using the fixed conversion
rate—that is, €1 equals 1.95583 German Mark. Effects of
health related quality of life, morbidity, mortality, and patient
time on patient preferences were assumed to be incorporated
in the quality adjusted life years. To avoid double counting,
indirect costs were not included in the numerator of the cost
effectiveness ratio.36

The cost effectiveness of each strategy was assessed by
determining its incremental cost effectiveness ratio, defined as
the incremental discounted cost divided by the incremental
discounted quality adjusted life expectancy to yield the cost to
increase life expectancy by one quality adjusted life year
(€/QALY). This analysis adopted the societal perspective and
discounted costs and clinical benefits at an annual rate of
3%.22 37 Most well accepted medical interventions have
incremental cost effectiveness ratios falling below about €50
000 per QALY gained,11 so we consider any ratios below this
threshold to be cost effective.

Statistical analyses
To assess the robustness of base case results, univariate sensi-
tivity analyses were performed for model parameters using
95% confidence intervals (CIs) or ranges published in the lit-
erature. Costs were halved and doubled to obtain lower and
upper limits. Antiviral treatment costs were inflated to
consider additional costs for side effects and complications.
The annual discount rate was varied from 0% to 5%.
Multivariate sensitivity analyses were performed on the likeli-
hood of histological progression and on treatment costs for
advanced liver disease. A multivariate analysis of utilities was
performed based on the limits of the 95% CIs for all utility
estimates to bias against or in favour of antiviral treatment.
Subgroup analyses examined the effects of age, sex, viral load,
initial histology, and genotype. Decision analytic calculations
were performed with DATA Professional (TreeAge Software
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Table 1 Model parameters with lower and upper limits: (a) transition probabilities, (b) treatment efficacy, (c) quality of
life data, and (d) costs

(a) Transition probabilities Annual probability

RefInitial state State after transition Base case Lower limit Upper limit

Mild chronic hepatitis C Viral negative (spontaneous remission) 0.002 0.000 0.005 54
Moderate chronic hepatitis C 0.041 0.022 0.060 55−57

Moderate chronic hepatitis C Compensated cirrhosis 0.073 0.051 0.095 55−57
Hepatocellular carcinoma 0.001 0.000 0.002 58

Compensated cirrhosis Diuretic sensitive ascites 0.025 0.018 0.032 58
Variceal haemorrhage 0.011 0.006 0.016 58
Hepatic encephalopathy 0.004 0.001 0.007 58
Hepatocellular carcinoma 0.015 0.010 0.020 58

Diuretic sensitive ascites Diuretic refractory ascites 0.067 0.040 0.094 58 59
Death from liver disease 0.110 0.077 0.143 59

Diuretic refractory ascites Death from liver disease 0.330 0.280 0.380 59
Variceal haemorrhage (first year) Death from liver disease 0.400 0.334 0.466 60
Variceal haemorrhage (subsequent years) Death from liver disease 0.130 0.085 0.175 60
Hepatic encephalopathy (first year) Death from liver disease 0.680 0.659 0.701 61
Hepatic encephalopathy (subsequent years) Death from liver disease 0.400 0.378 0.422 61
Hepatocellular carcinoma Death from liver disease 0.860 0.837 0.883 11
Liver transplantation (first year) Death from liver disease 0.210 0.193 0.227 62–64
Liver transplantation (subsequent years) Death from liver disease 0.057 0.047 0.067 62–64
Decompensated cirrhosis (ascites, variceal
haemorrhage, hepatic encephalopathy)

Liver transplantation 0.022 0.011 0.033 17 18 65

(b) Treatment efficacy

SVR*

Ref

Base case Lower limit Upper limit

Antiviral treatment
Interferon 3×3 MU/week+ribavirin 1000–1200 mg/day 47% 42% 51% 6
Peginterferon 0.5 µg/kg/week+ribavirin 1000–1200 mg/day 47% 43% 52% 6
Peginterferon 1.5 µg/kg/week+ribavirin 800 mg/day 54% 49% 58% 6
Peginterferon 1.5 µg/kg/week+ribavirin >10.6 mg/kg/day 61% 53% 68% 6

(c) Health related quality of life

Quality of life weight

Source

Base case Lower limit Upper limit

Health state
Mild chronic hepatitis 0.95 0.90 1.00 †

Moderate chronic hepatitis 0.92 0.89 0.95 †

Compensated cirrhosis 0.89 0.82 0.92 †

Decompensated cirrhosis or hepatocellular carcinoma 0.81 0.76 0.87 †

Hepatocellular carcinoma 0.81 0.76 0.87 †

Liver transplantation 0.86 0.73 0.99 †

Death 0.00 0.00 0.00 †

Utility multiplier viral positive 0.98 0.93 1.00 †

Utility multiplier for interferon+ribavirin 0.95 0.92 0.98 †

Utility multiplier for peginterferon+ribavirin 0.90 0.84 0.96 †

(d) Costs

Annual costs (€)

Source

Base case Lower limit Upper limit

Health state
Mild chronic hepatitis C 127 63.5 254 ‡

Moderate chronic hepatitis C 130 65 260 ‡

Compensated cirrhosis 673 336.5 1346 ‡

Diuretic sensitive ascites 1914 957 3828 ‡

Diuretic refractory ascites 12 534 6257 25 068 ‡

Hepatic encephalopathy (first year) 7738 3869 15 476 ‡

Hepatic encephalopathy (subsequent years) 2793 1396.5 5586 ‡

Variceal haemorrhage (first year) 12 314 6157 24 628 ‡

Variceal haemorrhage (subsequent years) 3385 1692.5 6770 ‡

Hepatocellular carcinoma 17 244 8622 34 488 ‡

Liver transplantation (first year) 117 303 58 651.5 234 606 ‡

Liver transplantation (subsequent years) 16 965 8482.5 33 930 ‡

*SVR, sustained virological response rates—that is, proportion of viral negative patients six months after end of treatment (adjusted for histological stage
and viral negative rate at 24 weeks in the analysis).
†GEHMO quality of life database.
‡GEHMO cost database.
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Inc., Williamstown, Massachusetts, USA) and Decision Maker
7.0 (Pratt Medical Group, Boston, Massachusetts, USA). We
used SAS 8.1 (SAS Institute Inc., Cary, North Carolina, USA)
and Systat 10 (SPSS, Inc, Chicago, Illinois, USA) for statistical
analyses.

Assumptions of the model
As in prior analyses,8 11 when data were controversial or
incomplete, we attempted to bias model assumptions against
antiviral treatment. Although many studies suggest histologi-
cal improvement or reduced likelihood of hepatocellular carci-
noma in relapse patients,38 we assumed no long term benefit
from antiviral treatment relapse. We assumed that spontane-
ous or treatment induced loss of viraemia greatly reduces but
does not eliminate the risk of developing progressive liver
disease.39 Lastly, serial liver biopsies, which would have
increased the cost and morbidity for being viral positive, were
not considered.

Role of the funding source
This project was supported in part by a research grant from
ESSEX Pharma GmbH (German subsidiary of Schering
Plough Inc.) and Schering-Plough Corp. The authors had
independence from the funding company in study design,
analysis and interpretation of data, report writing, and publi-
cation, regardless of results.

RESULTS
Base case analysis
Incidence of liver complications, life expectancy, and
quality of life
Because the response rates and model results for the “induc-
tion dosing” strategy peginterferon α-2b (1.5 µg/kg/week and
then 0.5 µg/kg/week) plus ribavirin (results available from
authors) were approximately the same as for interferon α-2b
plus ribavirin, for simplicity our text will focus on the remain-
ing strategies. The Markov model projected the sustained
response rates into 20 year risks for liver related complications
for each strategy (table 2). Note that the relatively high risks in
table 2 reflect the large proportion of patients with histologi-
cally moderate hepatitis, bridging fibrosis, or compensated
cirrhosis (84.9%) in the trial. For comparison, if all chronic
hepatitis C patients had mild hepatitis, the Markov model
projected a 27% 20 year risk of cirrhosis, and if 31% of patients
with acute hepatitis C resolve their infection spontaneously,2

the model projected that 19% of patients with post-
transfusion hepatitis C would develop cirrhosis after 20 years,
which is consistent with published reports.40 41

The model translated higher treatment induced sustained
response rates into reduced risk for future liver complications
(table 2); antiviral treatment reduced the 20 year absolute risk
of dying from liver complications by at least 10%. The model

also translated these reduced risks into gains in life
expectancy and quality adjusted life expectancy; antiviral
therapy increased life expectancy by at least 3.6 years.
Compared with standard combination therapy, peginterferon
plus fixed ribavirin increased life expectancy by 0.5 years, and
peginterferon plus weight based ribavirin increased life
expectancy by 1.0 year.

Costs
To achieve these clinical benefits, peginterferon plus weight
based ribavirin costs about €4700 more than standard combi-
nation therapy (table 3). Although a complete 48 week course
of treatment would cost €21 601 for fixed and €23 716 for
weight based ribavirin plus peginterferon, expected costs were
33% lower at €14 528 and €15 938, respectively, because of
dose reductions or discontinuations for side effects, as
occurred in the trial, or for the absence of a viral response after
24 weeks. Table 3 shows the lifetime cost of each strategy,
including future costs due to hepatitis C complications. Com-
pared with standard combination therapy, savings from
reduced future liver complications with peginterferon plus
fixed ribavirin therapy offset 47% of the higher initial
treatment cost. Over a lifetime, peginterferon plus fixed riba-
virin therapy would cost €1800 more than standard combina-
tion therapy and would increase life expectancy by 0.5 years.
Similarly, 66% of the higher cost of peginterferon plus weight
based ribavirin therapy was offset by reductions in future liver
complications, so life expectancy was increased by 1.0 year at
an additional lifetime cost of €1600.

Discounting and cost effectiveness
Discounting reflects the higher value of money spent now as
opposed to in the future. Similarly, discounting also weights
quality of life deficits experienced now (for example, antiviral
therapy) more heavily than those experienced in the future
(hepatitis C complications). Applying an annual discount rate
of 3%, table 4 shows that peginterferon plus weight based
ribavirin and peginterferon plus fixed ribavirin had incremen-
tal cost effectiveness ratios of €6600 and €11 800 per QALY
gained, respectively, compared with interferon plus ribavirin.
Moving from fixed to weight based dosing of ribavirin would
cost €2100 per QALY gained. Because €2100 is lower than the
€11 800 with fixed dose ribavirin, peginterferon plus weight
based ribavirin is a more efficient use of resources.

Sensitivity analysis
We examined the effect of applying results observed for clini-
cal subgroups from the trial and of varying each parameter
used in the analysis or multiple parameters simultaneously
over a wide range to determine their effect on cost
effectiveness ratios. The tornado diagram in fig 1 presents the
most important results. These sensitivity analyses showed that

Table 2 Twenty year risks of incident liver complications, life expectancy, and
quality adjusted life expectancy depending on antiviral treatment (rounded
undiscounted values)

No antiviral
treatment

Interferon plus
ribavirin

Peginterferon
plus fixed
ribavirin

Peginterferon plus
weight based
ribavirin

20 year risk (%)
Compensated cirrhosis 62 34 29 25
Decompensated cirrhosis 24 14 12 11
Hepatocellular carcinoma 9.7 5.8 5.3 4.7
Liver transplantation* 2.3 1.3 1.2 1.1
Liver-related death 24 14 13 11

Life expectancy (years) 25.8 29.4 30.0 30.5
Quality adjusted life expectancy
(QALY)

22.8 26.6 27.1 27.7

*Only first transplantations included (no retransplantations).
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peginterferon plus weight based ribavirin remained the best
treatment and was cost effective compared with standard
combination therapy, even if the sustained response rate was
only 50% or if the likelihood of liver disease progression was
reduced such that the 20 year cirrhosis incidence was halved.
Peginterferon plus fixed ribavirin remained cost effective
except for the subgroups genotype 2/3 and high viral load.
Peginterferon plus weight based ribavirin however remained
cost effective, even for traditionally difficult to treat subgroups
such as patients with high viral load. Although antiviral treat-
ment of younger patients was more cost effective than
treatment of older patients, peginterferon plus fixed ribavirin
remained cost effective for patients up to age 60 years and
peginterferon plus weight based ribavirin remained cost
effective for patients up to age 69.

Using an alternative quality of life metric (the EuroQoL
estimated from the same German chronic hepatitis C patients
survey), fixed and weight based ribavirin plus peginterferon
had discounted incremental cost effectiveness ratios of
€14 500 and €8000 per QALY gained compared with standard
combination therapy. With previously published physician
based quality of life estimates,8 11 these discounted incremen-
tal cost effectiveness ratios improved to €8400 for fixed and
€4900 for weight based ribavirin plus peginterferon.

Finally, because response rates for weight based dosing for
ribavirin were obtained from a subgroup, we analysed the fol-
lowing worst case scenario. If weight based dosing did not
improve the sustained response rate in the 323 of 511 patients
who received <10.6 mg/kg of ribavirin, the cost effectiveness
ratio for peginterferon plus weight based ribavirin would be
€16 900 per QALY gained compared with standard combina-
tion therapy.

DISCUSSION
Because of the high worldwide prevalence of hepatitis C and
its slowly progressive natural history, numerous studies
suggest that future population morbidity and mortality from
hepatitis C may double over the next 10–20 years.42–45 On an
individual level, although not all patients develop liver
complications, numerous studies have documented quality of
life decrements, and in particular for patients who develop
decompensated cirrhosis or hepatocellular carcinoma the
effects of the disease can be particularly life shortening in the
absence of liver transplantation.41 46 Although long term data
from randomised clinical trials on hard clinical endpoints
such as survival or cirrhosis are lacking, mounting evidence
suggests that viral eradication leads to improved histology,
decreased risk of hepatocellular carcinoma, decreased liver
disease progression, and perhaps improved survival.38 39 47 Thus
the higher viral eradication rates of 54–61% seen with
peginterferon and ribavirin should decrease future liver com-
plications and extend average life expectancy by over 4–5
years, well beyond the benefit of most medical
interventions.48

Accounting for dose reductions and discontinuations,
peginterferon plus weight based ribavirin treatment costs on
average approximately €15 900 or €4700 more than interferon
and ribavirin. To put these treatment costs in perspective with
the burden of the disease, 1997 US direct and indirect expen-
ditures for hepatitis C were estimated to be $5.5 billion.49 In
the absence of antiviral treatment, annual direct medical care
costs for hepatitis C may double over the next 10–20 years.45

When considering lifetime costs, the higher sustained
response rate with peginterferon and ribavirin should lead to

Table 3 Undiscounted cost of treatment in € (base case analysis). All treatments were for 48 weeks using the following
stop criteria: stop antiviral therapy if viral positive after 24 weeks of treatment

No antiviral
treatment

Interferon plus
ribavirin

Peginterferon plus
fixed ribavirin

Peginterferon plus weight
based ribavirin*

Cost of antiviral drugs†
Interferon α-2b 3324 — —

Peginterferon α-2b — 8029 8185
Ribavirin 6508 5056 6295

Total cost of antiviral drugs 9832 13 085 14 480

Initiation of treatment costs‡ 473 473 473
Office visits+laboratory testing§ 483 546 557
Reproductive services¶ 411 424 428
Total treatment related cost 11 199 14 528 15 938

Total lifetime cost including treatment of future
complications (rounded values)

25 500 25 900 27 600 27 400

*The amount of peginterferon and ribavirin used in the subgroup receiving >10.6 mg/kg ribavirin was increased to match the weight distribution in the
entire peginterferon plus fixed ribavirin treatment arm (that is, peginterferon doses were identical and ribavirin capsule use in the subgroup were multiplied
by 1.26).
†Based on the actual dosages administered in the trial (including dose reductions and discontinuations for side effects or for absence of viral response
after 24 weeks).
‡Includes pre-therapeutic diagnostics (pregnancy test, quantitative HCV-RNA, thyroid stimulating hormone, thyroxine, liver biopsy), and partial inpatient
cost for initiation of treatment.
§Includes office visits and laboratory tests for routine visits and adverse events as well as periodic thyroid stimulating hormone, thyroxine, and qualitative
HCV-RNA.
¶Includes pregnancy tests, condoms, hormone contraception, and elective abortions.

Table 4 Base case analysis: life expectancy, quality adjusted life expectancy, and
direct lifetime costs discounted at 3% (rounded values).

No antiviral
treatment

Interferon
plus ribavirin

Peginterferon
plus fixed
ribavirin

Peginterferon
plus weight
based ribavirin

Costs (€) 14 100 19 300 21 800 22 400
Life expectancy (y) 17.0 18.6 18.8 19.1
Quality-adjusted life expectancy (QALY) 15.1 16.8 17.0 17.3
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cost savings from the prevention of future liver related
complications and should offset the majority of the higher
antiviral costs. Even in subgroup analyses, peginterferon plus
weight based ribavirin remained preferred and cost effective.
Relative to haemodialysis50 or to coronary artery bypass
surgery51 with incremental cost effectiveness ratios of about
€66 000 per QALY saved (conversion rate 1.1 €/US$), peginter-
feron plus weight based ribavirin is about 10 times more “cost
effective”—that is, spending €66 000 on hepatitis C treatment
would result in 10 healthy life years gained compared with
one healthy life year gained with bypass surgery or haemodi-
alysis.

This study has several limitations. Firstly, European
labelling permits treatment with peginterferon and ribavirin
for 24 weeks based on interferon and ribavirin trial results for
patients with genotype 2/3. Because the peginterferon and
ribavirin trial began prior to these latter results becoming
known, it did not include a 24 week treatment arm. Thus we
could not examine a 24 week treatment duration because
relapse rates are unknown. Such an approach would reduce
initial antiviral drug treatment costs and make antiviral treat-
ment even more “cost effective” although the proportion of
patients relapsing and their retreatment costs would reduce
those savings. Future studies will need to determine the sus-
tained response rates and cost effectiveness of 24 weeks of
treatment. Finally, our results assume that the efficacy of
peginterferon plus ribavirin observed in a subgroup of
individuals who received >10.6 mg/kg ribavirin daily would
be achievable for the entire study population. Although this
assumption requires confirmation from ongoing prospective

clinical trials, increased viral response rates observed in logis-
tic regression analysis6 support the rationale behind weight
based ribavirin dosing in European labelling.

Our economic analysis likely underestimates disease related
costs for several reasons. Firstly, we used variable costs (the
cost to treat one additional patient with a disease) and did not
consider fixed costs (such as buildings, maintenance, and
administrative personnel) or indirect or productivity costs.
Secondly, we did not consider the cost of future liver biopsies
and further therapy for non-responders. Thirdly, we did not
consider the reduced incidence of hepatocellular carcinoma in
non-responders or histological normalisation in responders.
Our analysis applied average age, sex distribution, and
histologies to avoid potential biases related to patient level
variation in the different treatment groups of the trial and
applied a consistent resource utilisation structure in the model
and institutional assignment (where different institutions or
countries may vary in their economic efficiencies and
accounting practices).52 53

Because not all chronic hepatitis C patients will develop
progressive liver disease, assessment of the eligibility and
appropriateness of peginterferon and ribavirin treatment
requires a careful discussion between patients and physicians
regarding prognosis and willingness to consider antiviral
treatment to prevent potential future liver complications. For
chronic hepatitis C patients similar to those in the clinical
trial, our analysis suggests that two patients will need to be
treated to prevent one case of cirrhosis and four patients will
need to be treated to prevent one case of decompensated
cirrhosis or one death from liver disease. To achieve these ben-
efits, patients must be willing to accept the risk of side effects
and to be monitored for haemolysis and the risk of teratogenic
effects. Nevertheless, these results suggest that peginterferon
plus either fixed dose or weight based dosing of ribavirin
should reduce the incidence of liver complications, prolong
life, improve quality adjusted life expectancy, and be cost
effective.
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