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the evidence for the effectiveness and cost-effectiveness of antiviral treatment (AVT) with
interferon (INF) or peginterferon (PegIFN) in combination with ribavirin (RBV) in
treatment-naı̈ve patients with chronic hepatitis C (CHC) and to apply these data in the
context of the German health-care system.
Methods: We performed a systematic literature search on effectiveness and
cost-effectiveness of AVT and summarized results using meta-analysis and evidence
tables. We applied the German Hepatitis C Model (GEHMO), a decision-analytic Markov
model, to determine long-term clinical effectiveness, costs, and incremental
cost-effectiveness ratios (ICER) of the examined treatment strategies. Model parameters
were derived from German databases, published international randomized clinical trials
(RCT), and a Cochrane Review.
Results: Overall, nine RCTs, two HTA reports, one Cochrane review, two meta-analyses,
and seven economic evaluations met the inclusion criteria. These studies indicate that
PegIFN + RBV achieved the highest sustained virological response rates (SVR)
(54–61 percent), followed by IFN + RBV (38–54 percent) and IFN monotherapy
(11–21 percent). Based on our meta-analysis, PegIFN + RBV reduced cases without SVR
by 17 percent compared with INF + RBV. International cost-effectiveness studies indicate
that INF + RBV is cost-effective when compared with INF monotherapy. For
PegIFN + RBV, our decision analysis yielded an ICER of €9,800 per quality-adjusted
life-year gained.
Conclusions: This HTA suggests that initial combination therapy prolongs life, improves
quality of life, and is cost-effective in patients with CHC. Peginterferon plus ribavirin is the
most effective and efficient treatment among the examined options. However, because not
all chronic hepatitis C patients will develop progressive liver disease, a thorough
assessment of the eligibility and appropriateness of treatment with combination therapy
must be performed in each individual patient.

Keywords: Chronic hepatitis C, Antiviral therapy, Health technology assessment,
Decision analysis

Chronic hepatitis C (CHC) is an emerging problem in pub-
lic health. Hepatitis C virus (HCV) infects an estimated
170 million persons world-wide, with 5 million in Western
Europe (55). In Germany, HCV prevalence has been esti-
mated to be 0.5 percent and incidence to be 5,000 newly
infected persons per year, resulting in more than 400,000
prevalent cases of CHC (40;42).

The virus imposes significant personal and social
burdens on infected individuals, as well as substantial
costs to society. Progression to chronic disease occurs in
the majority of HCV-infected persons (1). Approximately
20 percent of patients with CHC develop compensated
liver cirrhosis within 20–30 years (4;13;14;17;23;27;34;52),
which is associated with high mortality risk due to liver
failure.

Antiviral combination therapy with interferon alpha and
ribavirin has been considered the standard of care for treat-
ment naı̈ve patients with CHC infection and elevated ala-
nine amino transferase (ALT) levels (4;35;38), but recent
multinational randomized controlled clinical trials (18;32)
showed that combination therapy with peginterferon alpha
and ribavirin yielded higher sustained virological response
rates (SVR).

However, antiviral combination therapy is relatively ex-
pensive, raising the question of whether its clinical benefit
supports the costs. With rising medical costs and limited
health-care budgets, attention is increasingly being focused

not only on the clinical benefits of new drugs but also on their
economic impact.

Therefore, the German Agency for Health Technology
Assessment at the German Institute for Medical Documen-
tation and Information (DIMDI)/German Federal Ministry
of Health and Social Security commissioned this health
technology assessment (HTA). Its objectives were (i) to sys-
tematically review the evidence on effectiveness and cost-
effectiveness of initial antiviral combination therapy in
patients with CHC, (ii) to develop a decision-analytic Markov
model for treatment naı̈ve patients with CHC for the context
of the German health-care system, and (iii) to analyze the ef-
fectiveness and cost-effectiveness of initial antiviral therapy
in patients with CHC and elevated ALTs in Germany.

RESEARCH QUESTIONS

All research questions of this study were based on a pop-
ulation of treatment naı̈ve patients with CHC and elevated
ALT levels. The following specific research questions were
examined: (i) How does the effectiveness regarding SVR
compare between the evaluated antiviral treatment strate-
gies? (ii) How does the effectiveness compare between the
evaluated antiviral treatment strategies regarding the follow-
ing long-term outcomes: compensated liver cirrhosis, de-
compensated liver cirrhosis, hepatocellular carcinoma, liver
transplantation, CHC-related mortality, total mortality, and
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quality-adjusted life expectancy? (iii) What is the incremen-
tal cost-effectiveness of each antiviral therapy in comparison
to the next best strategy? (iv) Which antiviral therapy can be
recommended as standard therapy for the German health-
care context according to effectiveness and cost-effecti-
veness?

METHODS

Systematic Review

Electronic databases, HTA-information networks, and bib-
liographic sources were systematically searched to identify
randomized controlled trials (RCT), meta-analyses, or HTA
reports that evaluated initial antiviral combination therapy in
patients with CHC. The time horizon of the literature search
was limited from 1990 to 2002. Study quality and transfer-
ability to the German context were assessed with instruments
developed by the German Scientific Working Group Tech-
nology Assessment for Health Care (30;45;54). The infor-
mation was summarized in evidence tables (47). Results are
reported in country-specific currencies. To facilitate compar-
ison across countries, all results were additionally converted
to US dollars (US$) of the index year of each study. As
currency conversion methods in the individual studies were
poorly described, we used exchange rates expressed as na-
tional currency units per US$ instead of applying purchasing
power parities (37).

A meta-analysis of randomized clinical trials on the
medical effectiveness of antiviral combination therapy with
peginterferon plus ribavirin was performed using random
and fixed effects models. Based on the standards of the
Cochrane Collaboration (11), the pooled relative risk (RR)
for the outcome “No SVR” with its 95 percent confidence
interval (CI) was reported. Results were presented as a forest
plot.

Collaboration and HTA Expert Panel on
Hepatitis C

During this HTA, we collaborated with several institutions
and established the interdisciplinary HTA Expert Panel on
Hepatitis C, which included members of the German Hep-
atitis C Model (GEHMO) Group and further experts from
different areas who consulted information concerning actual
unpublished data and methodological issues. Names, affili-
ations, and assigned areas of the expert panel members are
listed in the Acknowledgments footnote.

Decision Analysis

A modified version of the German Hepatitis C Model
(GEHMO) was used for the decision analysis (see Figure 1).
This decision model was designed to include pooled effec-
tiveness data from meta-analyses, as well as benefits and
costs, for using different antiviral treatment strategies for pa-
tients with CHC. Pooled effectiveness data were derived from

meta-analyses performed by the Hepato-Biliary Cochrane
Group (24;25) and additional meta-analyses were performed
by the authors. GEHMO is a decision-analytic Markov model
based on a previously published and validated Markov model
for the natural history of disease (8;57;58) and modified for
the German health-care system and German hepatitis C–
specific practice patterns.

The model was used to determine long-term morbidity,
life expectancy, quality-adjusted life expectancy, lifetime
costs, and discounted incremental cost-utility ratios (ICUR)
of the following strategies: (i) no antiviral therapy, (ii) inter-
feron monotherapy (3×3 MU/week) for 48 weeks, (iii) com-
bination therapy with interferon (3 × 3 MU/week) and
ribavirin (1,000–1,200 mg/day) for 48 weeks, and (iv) com-
bination therapy with peginterferon (180 µg/week for pegin-
terferon alpha-2a; 1.5 µg/kg for peginterferon alpha-2b)
plus ribavirin (800–1,200 mg/day) for 48 weeks. Accord-
ing to the European guidelines (4), interferon monotherapy
was stopped after 12 weeks and combination therapies were
stopped after 24 weeks if no virological response was ob-
served at this time. Dosing was based on European recom-
mendations for patients with CHC and European drug
approved labeling (4).

Natural history data were estimated from several pub-
lished studies and have been described elsewhere (8;57;58).
Histological classification as mild or moderate chronic hep-
atitis or compensated cirrhosis was defined by the modi-
fied histology activity index of Knodell (12;26). For the
German context, demographic and clinical parameters as
well as utilities were based on original data from a quality-
of-life survey in CHC patients (n = 428) (46;48). Utility data
included empirically estimated relative reductions in short-
term quality-of-life due to positive HCV status (2 percent)
and adverse events during antiviral treatment (5 percent for
interferon plus ribavirin and 10 percent for peginterferon plus
ribavirin).

Our model included pooled short-term outcomes (overall
SVRs and respective relative risks) from recently published
RCTs and meta-analyses. Relative virological response rates
of interferon monotherapy and combination therapy with in-
terferon alpha plus ribavirin were based on a recently pub-
lished meta-analysis (24) and a Cochrane Review (25). We
performed a meta-analysis to derive pooled virological re-
sponse rates of combination therapy with peginterferon plus
ribavirin published in two randomized clinical multicenter
trials (18;32).

Direct annual costs were calculated based on frequencies
of inpatient and outpatient visits, diagnostic and laboratory
testing, medication, and procedures related to the specific
health states (Table 1). Health resource utilization frequen-
cies were derived from a German expert panel (n = 10) and
an economic survey in CHC patients (n = 196). Costs were
derived from health-care databases and currently applicable
pharmaceutical prices (5) of interferon alpha, peginterferon
alpha, and ribavirin in Germany (Table 2).
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Figure 1. Simplified schematic of the German Hepatitis C Model (GEHMO). Each circle represents a health state of a patient
with chronic hepatitis C. Each arrow represents possible transitions between health states, which may occur each year. Dotted
arrows represent lower transition probabilities, reflecting the viral negative state. The two boxes represent the target population
defined by histological states and separated by viral-positive and viral-negative status. Histology-specific rates for no response,
relapse after response, and sustained response after antiviral treatment are applied to the three viral-positive health states: mild
hepatitis, moderate hepatitis, and compensated cirrhosis. In the model, separated states were considered for liver diseases
from decompensated cirrhosis, as variceal hemorrhage, hepatic encephalopathy, and liver transplant, separated into the first
year and subsequent years, and ascites, separated in diuretic-sensitive and diuretic-refractory ascites. Individuals in any health
state may die from causes related to their age and gender as occurs in the general population of Germany, and individuals with
decompensated cirrhosis, hepatocellular carcinoma, or liver transplantation may die from liver-related causes.

Table 1. Annual Treatment Costs for Hepatitis C Virus–
Related Health States

Health state Annual costs (€)

Mild chronic hepatitis C 125
Moderate chronic hepatitis C 128
Compensated cirrhosis 634
Diuretic-sensitive ascites 1,872
Diuretic-refractory ascites 12,714
Hepatic encephalopathy (first year) 7,856
Hepatic encephalopathy (subsequent years) 2,703
Variceal hemorrhage (first year) 12,653
Variceal hemorrhage (subsequent years) 3,380
Hepatocellular carcinoma 19,700
Liver transplantation (first year) 134,851
Liver transplantation (subsequent years) 19,503

Costs were based on frequencies of inpatient and outpatient visits, diagnostic
and laboratory testing, medication, and medical procedures associated with
the specific health states. All costs were converted to year 2002 Euros by
using the medical care component of the Consumer Price Index of Germany
(50).

A 5 percent deduction from pharmaceutical prices for
the proportion of persons insured by the social health insur-
ance in Germany was performed. For modeling the costs
of liver transplantation, a study (21) based on German
patient data for the year 1993 was used. All costs were con-
verted to year 2002 Euros (1 Euro = 1.95583 German mark)
by using the medical care component of the Consumer
Price Index for Germany (50). An annual discount rate of
3 percent was applied to costs and effectiveness based on

Table 2. Medication Prices for Antiviral Treatment (5)

Medication Application and dosage Price (€)

Interferon alpha-2a 12 injectors × 3 MU 595.75
Interferon alpha-2b 2 pens × 18 MU 647.42
Alfacon-1 12 injectors × 9 µg 569.93
Peginterferon alpha-2a 4 injectors × 180 µg 1,321.82
Peginterferon alpha-2b 4 injectors × 100 µg 1,305.31
Ribavirin (Copegus) 168 capsules × 200 mg 1,214.54
Ribavirin (Rebetol) 168 capsules × 200 mg 1,146.82
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international recommendations (16;20) and varied in sensi-
tivity analyses between 0 percent and 10 percent regarding
German recommendations (3). For detailed model parameter
tables, see the online HTA, the full text of which is available
at www.dimdi.de (49).

Model Validation

The decision model was validated on three levels: (i) tech-
nical validation (i.e., “clean up” of the software program
from potential programming bugs), (ii) internal validation
(i.e., comparison of model predictions with epidemiological
and clinical data used in the model), and (iii) external vali-
dation (i.e., comparison of model predictions with published
epidemiological data not used in the model).

The technical validation using different routine tests
(e.g., setting SVR equal for all strategies, eliminating antivi-
ral treatment costs, eliminating CHC-related mortality, and
so on) yielded the expected results. In the internal validation,
all data values used were reproduced exactly by the decision
model (e.g., SVR rates, progression incidences, background
mortality).

In the external validation, the incidence of developing
compensated liver cirrhosis in patients with mild CHC was
adjusted for the spontaneous HCV remission rate of 31 per-
cent in patients with acute HCV infection (2). The model
predicted a 20-year incidence of developing compensated
liver cirrhosis of 19 percent in patients with initial HCV in-
fection. This result is consistent with published data from
prospective studies (1;29).

As the spontaneous HCV remission rate and the inci-
dence of liver cirrhosis have been extracted from different
sources, using different values for spontaneous HCV remis-
sion could lead to a proportional deviation from the cirrhosis
incidence used in the validation. However, different rates for
spontaneous HCV remission would not influence results from
this model, because the target cohort of our analysis are
patients with CHC.

Sensitivity Analyses

To assess the robustness of base-case results, univariate sen-
sitivity analyses were performed for all model parameters
based either on 95 percent confidence intervals or on ranges
used in the literature. Costs were halved and doubled to obtain
lower and upper limits. In addition to univariate sensitivity
analyses, multivariate sensitivity analyses were performed
on the entire set of disease progression rates. As it has been
shown that the progression of hepatitis C observed in epi-
demiologic studies varies and strongly depends on the study
design (17), we performed conservative sensitivity analyses
with extremely low progression rates. Furthermore, we an-
alyzed a worst-case scenario using extremely conservative
estimates for benefits and costs for the combination therapy
with peginterferon and ribavirin.

Software

Decision analytic calculations were performed with DATA
Pro for Health Care (TreeAge Software, Inc., Williamstown,
MA). SAS 8.1 (SAS Institute, Inc., Cary, NC) was used for
statistical analyses of primary data.

RESULTS

Systematic Review

Twelve studies regarding the medical efficacy of combination
therapy with interferon plus ribavirin compared with inter-
feron monotherapy were included herein: two HTA reports
(19;44), one systematic Cochrane review (25), two meta-
analyses (24;36), and seven controlled randomized clinical
trials (7;10;28;31;35;38;39). Two controlled randomized
multicenter studies (18;32) regarding medical efficacy of
combination therapy with peginterferon and ribavirin com-
pared with interferon plus ribavirin were identified and in-
cluded.

All included studies reported significantly higher SVR
for combination therapy with interferon and ribavirin com-
pared with interferon monotherapy (38–54 percent versus
11–21 percent). Meta-analyses reported SVRs of 32–41 per-
cent for interferon in combination with ribavirin compared
with 8–16 percent for interferon monotherapy.

For peginterferon combined with ribavirin, multicenter
clinical trials reported SVRs of 54 percent vs. 47 percent
(p = .01) (32) and 56 percent versus 44 percent (p < .001)
(18) compared with standard combination therapy, respec-
tively. In a subgroup data analysis, one multicenter study
(32) showed that patients treated with a dose of 10.6 mg or
more ribavirin per kg body weight had higher SVRs. Sixty-
one percent of patients treated with peginterferon plus rib-
avirin compared with 48 percent of patients treated with
interferon plus ribavirin achieved an SVR. The pooled rel-
ative risk for the outcome “no SVR” for the combina-
tion therapy with peginterferon plus ribavirin versus inter-
feron plus ribavirin was 0.83 (95 percent CI, 0.76–0.91
for fixed effects model and 0.75–0.91 for random effects
model).

Seven studies, including one HTA report (9;41;43;44;
51;58;60) assessing cost-effectiveness of antiviral combina-
tion therapy with interferon and ribavirin in patients with
CHC, were identified in the search period of this HTA
(January 1990–December 2002), but no publications were
found examining cost-effectiveness of antiviral combination
therapy with peginterferon and ribavirin.

Incremental cost-effectiveness ratios varied over a wide
range, depending on discount rate, treatment duration, and
population characteristics (Table 3). In all these studies, an-
tiviral therapy with interferon plus ribavirin seemed to be
reasonably cost-effective. For full evidence tables and re-
sults on study quality and transferability, see the online
HTA, the full text of which is available at www.dimdi.de
(49).

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 21:1, 2005 59

https://doi.org/10.1017/S0266462305050075 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462305050075


S
iebertand

S
roczynski

Table 3. Discounted Incremental Cost-Effectiveness Ratios (ICER) and Discounted Incremental Cost-Utility Ratios (ICUR) for Combination Therapy with Interferon
Plus Ribavirin (24 or 48 Weeks) vs. Interferon Monotherapy (48 Weeks) in Treatment-Naive Patients with Chronic Hepatitis C

Original Currency Converted to US$Therapy
Currency Discount duration Age ICER ICUR ICER ICUR

Study (Reference) Country Year rate (%) (weeks) (years) Histology (costs/LY) (costs/QALY) (US$/LY) (US$/QALY)

Wong et al. (58) USA US$ 3 24 40 Mild n.a. 7,000 n.a. 7,000
1999

Buti et al. (9) Spain € 3 48 30 Mild 2,984 1,325 3,316 1,472
1998 3 48 45 Mild 8,515 2,558 9,461 2,842

3 48 60 Mild 36,171 5,581 40,190 6,201
Stein et al. (51) UK £ 6 48a n.a. Mild n.a. 5,900 n.a. 9,833

1998
Wong et al. (58) USA US$ 3 24 40 Mod n.a. 2,600 n.a. 2,600

1999
Buti et al. (9) Spain € 3 48 30 Mod 880 578 978 642

1998 3 48 45 Mod 2,172 1,172 2,413 1,302
3 48 60 Mod 7,575 2,885 8,417 3,206

Stein et al. (51) UK £ 6 48a n.a. Mod n.a. 2,735 n.a. 4,558
1998/9

Wong et al. (58) USA US$ 3 24 40 Cirr n.a. 2,600 n.a. 2,600
1999

Younossi et al. (60) USA US$ 3 24 45 Mild + Mod n.a. cs n.a. cs
1998

Sagmeister et al. (41) Switzerland € 3 48 42 Mild + Mod, G1 n.a. 7,135 n.a. 7,928
1998 3 48 42 Mild + Mod, G-non-1 n.a. 3,565 n.a. 3,961

3 24 42 Mild + Mod, G1 n.a. 13,464 n.a. 14,960
3 24 42 Mild + Mod, G-non-1 n.a. cs n.a. cs

Wong et al. (58) USA US$ 3 24 40 Mild + Mod + Cirr n.a. 5,400 n.a. 5,400
1999 3 48 40 Mild + Mod + Cirr n.a. 7,700 n.a. 7,700

Shepherd et al. (44) UK £ 6 24 n.a. CHC 10,086 6,839 16,180 11,398
n.a.(1) 6 48 n.a. CHC n.a. 16,810 n.a. 26,967

Stein et al. (51) UK £ 6 48a n.a. CHC n.a. 3,485 n.a. 5,808
1998/9

Stein et al., 2002 UK £ 6 48 n.a. CHC; G-1 n.a. 8,626 n.a. 14,377
1998/9 6 24 n.a. CHC; G-non-1 n.a. 872 n.a. 1,453

Wong et al. (58) USA US$ 3 24 40 Mild + Mod + Cirr, G-1 n.a. 11,600 n.a. 11,600
1999 3 24 40 Mild + Mod + Cirr, G-non-1 n.a. cs n.a. cs

Sennfält et al. (43) Sweden US$ 3 24 43 Mild + Mod + Cirr, G-1 6,800 1,400 6,800 1,400
n.a.(2) 3 48 43 Mild + Mod + Cirr, G-1 21,900 6,000 21,900 6,000

3 24 43 Mild + Mod + Cirr, G-non-1 cs cs cs cs
3 48 43 Mild + Mod + Cirr, G-non-1 5,200 1,800 5,200 1,800

LY, Life years; QALY, quality-adjusted life year; n.a., not available; Mild, mild chronic hepatitis C; Mod, moderate chronic hepatitis C; Cirr, compensated cirrhosis; CHC, chronic hepatitis C; G-1, genotype
1; G-non-1, genotype >1; cs, cost-saving. Exchange rates expressed as national currency units per US$ were used to convert all results to US$ (37).
(1) Assumed index year 1998, (2) assumed index year 1999.
a Therapy duration for genotype 1 (other genotypes 24 weeks).
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Table 4. Undiscounted Therapy Costs and Lifetime Costs in € (Base-Case Analysis)

No antiviral
Costs for therapy Interferon Interferon + ribavirin Peginterferon + ribavirin

Antiviral medication 3,598 15,040 23,555
Initiation of therapya 596 627 654
Outpatient visits + lab testsb 282 355 382
Otherc 153 410 437

Total therapy costs 4,630 16,433 25,028

Total lifetime costs 26,923 28,228 34,946 38,578

a Including pretreatment diagnostic tests (pregnancy test, quantitative HCV-RNA test, thyroid-stimulating hormone, thyroxine, liver biopsy)
and inpatient therapy initiation.
b Including outpatient visits and lab-tests (routine visits), periodic tests (qualitative HCV-RNA test, thyroid-stimulating hormone, thyroxine).
c Including therapy-related pregnancy tests, condoms, hormonal contraception, and abortion.

Decision Analysis for the German
Health-Care Context
Based on our decision analysis, initial antiviral therapy in
patients with CHC had the potential to prevent a substan-
tial fraction of clinical events such as progression to cir-
rhosis, decompensated cirrhosis, hepatocellular carcinoma,
liver transplantation, and death due to liver failure. For each
of these outcomes, the number needed to treat to prevent one
clinical event during 20 years was approximately 8 for in-
terferon monotherapy, 3 for interferon plus ribavirin, and 2
peginterferon plus ribavirin, when compared with no antivi-
ral therapy. Compared with no antiviral therapy, interferon
monotherapy saved 1.1 life years, interferon plus ribavirin
saved 2.9 life years, and peginterferon plus ribavirin saved
4.6 life years. Compared with no antiviral therapy, interferon
monotherapy saved 1.2 quality-adjusted life years (QALY),
whereas combination therapy with interferon and ribavirin
saved 3.0 QALYs, and peginterferon plus ribavirin saved
4.8 QALYs.

Table 4 shows undiscounted treatment costs and life-
time costs. After discounting for future benefits, interferon
monotherapy gained 0.53 QALYs with additional costs of
€2,800 resulting in an ICUR of €5,300 per QALY com-

pared with no antiviral therapy (Table 5). Moving from in-
terferon monotherapy to interferon plus ribavirin was associ-
ated with 0.78 QALYs gained, additional costs of €9,000,
and an ICUR of 11,600 €/QALY. Compared with inter-
feron monotherapy (as the next best nondominated strat-
egy), peginterferon plus ribavirin gained 1.53 QALYs and
increased costs by €14,900 yielding an ICUR of 9,800
€/QALY. Therefore, combination therapy with peginterferon
plus ribavirin was the most effective treatment strategy and
was more efficient than interferon plus ribavirin. To facili-
tate comparison with ICURs presented in Table 3, we con-
verted the model-based ICURs for Germany to 2002 U.S. dol-
lars using the currency exchange rate (US$1 equals €1.07)
(37). When compared with interferon monotherapy, the
ICURs of interferon plus ribavirin and peginterferon plus
ribavirin were 10,800 US$/QALY and 9,200 US$/QALY,
respectively.

In sensitivity analyses, results were robust when varying
most relevant model parameters. Even when reducing SVR
to 50 percent, combination therapy with peginterferon plus
ribavirin was still the most effective strategy. Peginterferon
plus ribavirin remained the most effective and cost-effective
strategy when varying the proportion of patients with

Table 5. Base-Case Analysis: Absolute and Incremental Discounted Costs and Efficacy, Discounted Incremental Cost-
Effectiveness Ratio and Discounted Incremental Cost-Utility Ratio for Different Treatment Strategies at Annual 3% Discount
Rate

No antiviral Interferon Interferon + ribavirin Peginterferon + ribavirin
therapy (vs. no therapy) (vs. interferon) (vs. interferon)

Costs (€) 14,800 17,600 26,600 32,500
Incremental costs (€) — 2,800 (9,000) 14,900

Life expectancy (years) 17.97 18.45 19.19 19.90
Incremental life expectancy (years) — 0.48 (0.73) 1.45
Incremental cost-effectiveness ratio (€/year) — 5,800 (12,300) 10,300

Quality-adjusted life expectancy (QALY) 16.07 16.60 17.38 18.13
Incremental quality-adjusted life expectancy (QALY) — 0.53 (0.78) 1.53
Incremental cost-utility ratio (€/QALY) — 5,300 (11,600) 9,800

Values are rounded. Values in parentheses indicate dominated situations.
QALY: quality-adjusted life year.
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compensated cirrhosis from 0 percent to 52 percent, the pro-
portion of male CHC patients from 20 percent to 100 percent,
or when body weight was increased by 20 percent.

Several sensitivity analyses were performed on progres-
sion rates. In a conservative scenario, the 20-year incidence
of compensated cirrhosis was set to 7 percent as reported in a
meta-analysis of results from community-based studies (17).
This scenario is conservative, because the study population
of community-based studies included 38 percent of patients
with normal ALT levels, which is associated with a reduced
risk of developing liver cirrhosis compared with our target
population of CHC-patients with elevated ALT levels (33).
In this scenario, peginterferon plus ribavirin was the most
effective therapy and, with an ICUR of 21,150 €/QALY, was
still reasonably cost-effective. When we further removed the
2 percent quality-of-life reduction due to HCV infection in
viral-positive CHC patients in this conservative scenario, the
ICUR increased to 26,200 €/QALY.

In the worst-case scenario, which was performed to ob-
tain extremely conservative estimates for benefits (e.g., SVR)
and costs for the combination therapy with peginterferon
and ribavirin, peginterferon plus ribavirin was the most ef-
fective treatment strategy and resulted in an ICUR of 27,300
€/QALY compared with the next best nondominated strategy
(i.e., interferon monotherapy).

DISCUSSION

In this health technology assessment, a systematic evaluation
of the medical efficacy and cost-effectiveness of antiviral
combination therapy as an initial treatment for patients with
CHC was performed. In addition, a modified version of the
GEHMO was applied to predict the 20-year risks of CHC-
related liver diseases, life expectancy, quality-adjusted life
expectancy, lifetime costs, and incremental cost-utility ratio
for different antiviral treatment strategies and for the German
health-care context.

Several randomized trials (7;10;28;31;35;38;39) and
meta-analyses (24;25;36) reported combination therapy with
interferon plus ribavirin to be more efficient than inter-
feron monotherapy (SVR: 32–54 percent versus 8–21 per-
cent). Two randomized multicenter studies (18;32) reported
a higher SVR for peginterferon plus ribavirin compared
with combination therapy with interferon plus ribavirin (54–
56 percent versus 44–47 percent). In terms of life expectancy
and quality-adjusted life expectancy, combination therapy
with interferon plus ribavirin was more effective and also
reasonably cost-effective when compared with interferon
monotherapy, based on international cost-effectiveness stud-
ies (9;41;43;44;51;58;60).

In our decision analysis for the German health-care
system, initial antiviral therapy with interferon and rib-
avirin compared with interferon monotherapy had a dis-
counted ICUR of 11,600 €/QALY. Compared with interferon
monotherapy, peginterferon plus ribavirin cost €14,900 and

gained 1.53 QALYs, resulting in an ICUR of 9,800 €/QALY.
Therefore, peginterferon plus ribavirin was the most effective
and cost-effective treatment strategy. Compared with other
well-accepted medical interventions, for example, hemodial-
ysis (53) or coronary artery bypass grafts (59) with ICURs of
50,000 to 60,000 €/QALY, combination therapy with pegin-
terferon and ribavirin can be considered as cost-effective.

As is the case with all model-based cost-effectiveness
analyses, ours has several limitations due to the availability
of data on the natural history of CHC. The risk of progres-
sion to cirrhosis is especially controversially. In a recently
published review of fifty-seven studies on the natural history
of hepatitis C (17), the authors classified the identified stud-
ies into four categories of study design and used regression
analysis to derive pooled progression estimates for each cate-
gory. The estimated 20-year risk of cirrhosis was 24 percent
for posttransfusion cohorts, 22 percent for liver clinic series,
7 percent for community-based cohorts, and 4 percent for
blood donors. Adjusting for demographic and clinical char-
acteristics explained only a small part of the heterogeneity. It
has been argued that biases such as referral bias and selection
bias may explain the high cirrhosis risks in liver series and
posttransfusion cohorts as well as the low estimates in blood
donors (14). The fraction of patients with elevated ALT lev-
els varied between these different settings and was as low as
62 percent in the community-based studies (17).

The target population of our study was a patient cohort
with elevated ALT values and a mix of different histological
stages as observed in clinical trials and routine clinical prac-
tice in the absence of systematic screening. Posttransfusion
studies were the only category that required the presence
of clinical or biochemical hepatitis and, thus, may be the
category that best represents the advanced disease stage of
the population we studied. However, transfusion may be as-
sociated with underlying chronic disease, which itself may
influence the progression of hepatitis (14). In community-
based studies, most patients had normal ALT values, and
some studies included patients with acute hepatitis C. Thus,
these studies do not reflect the decision context and the popu-
lation we studied. However, even after reducing the progres-
sion rates of our model to the extent that 20-year cirrhosis
risk was only 7 percent (i.e., reflecting the community-based
estimate), the ICUR for combination therapy with peginter-
feron plus ribavirin remained below 22,000 €/QALY. This
finding indicated the robustness regarding the optimal choice
among the evaluated strategies even under very conservative
assumptions.

However, the results may be different for patients with
normal ALT levels, with acute hepatitis C, or in populations
in which a systematic screening for HCV was performed
(leading to a detection in a very early stage of the disease).
For an evaluation in these populations, the decision model
and its data must be adapted to the specific context. In par-
ticular, this means that, even if future studies yield good
SVRs in screened patients or patients with normal ALT
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values, long-term effectiveness or cost-effectiveness cannot
be automatically inferred from these results without addi-
tional decision analyses.

Severe adverse events may occur more frequently in pa-
tients treated with peginterferon plus ribavirin than in patients
treated with interferon plus ribavirin (18;32). As the absolute
number of adverse events was small and no utility data were
available for each type of adverse event, we were unable to
develop a micromodel for severe adverse events. Instead, we
empirically estimated the overall relative reduction in quality
of life due to different antiviral treatment regimens from the
German CHC quality-of-life survey.

Our economic analysis likely underestimates disease-
related costs for several reasons and, therefore, likely under-
estimates treatment-related savings due to prevented future
complications. First, we used variable costs and did not con-
sider fixed costs nor costs due to productivity loss. Second,
our model does not include the cost of future liver biopsies
and further therapy for nonresponders. Third, we did not
consider histology normalization in responders, nor reduced
incidence of hepatocellular carcinoma in nonresponders.

Country to country differences in sociodemographic
structure, distribution of patient’s clinical characteristics,
utility profiles, resource utilization, and prices make it dif-
ficult, if not impossible, to transfer the results of our qual-
itative review of economic evaluations to other health-care
systems and countries (6;15;22;54;56). However, the cost-
effectiveness patterns for interferon and ribavirin in other in-
dustrialized countries were similar to the results derived from
the German decision model. As none of the included eco-
nomic evaluations examined the cost-utility ratio of peginter-
feron plus ribavirin, the German model results are currently
the only data for this new treatment.

Future studies should examine the efficacy and the need
for antiviral therapy in patients with normal ALT levels, with
histological mild hepatitis C, and with certain risk and comor-
bidity profiles (e.g., HIV infection, intravenous drug users,
hemophilia). All clinical trials used the SVR as a surrogate
marker for the clinical efficacy. Further epidemiological stud-
ies evaluating long-term clinical outcomes (e.g., incidence of
cirrhosis, mortality) should be performed to provide more ev-
idence on the long-term benefit of antiviral therapy.

Furthermore, further research is needed regarding the
natural progression of the disease considering different prog-
nostic factors. More observational long-term studies on the
natural history of hepatitis C and the medical effectiveness of
different therapeutic strategies should be performed, as well
as prospective studies assessing actual cost for treatment and
side effects in the routine health care setting.

POLICY IMPLICATIONS

This HTA suggests that initial combination therapy for CHC
prolongs life, improves quality-adjusted life expectancy, and
is cost-effective. The combination of pegylated interferon

and ribavirin is currently the most effective and efficient an-
tiviral treatment regimen for treatment-naı̈ve patients with
chronic hepatitis C. For these reasons, it should be the pre-
ferred antiviral treatment strategy for this patient population.
However, because not all chronic hepatitis C patients will
develop progressive liver disease, a thorough assessment of
the eligibility and appropriateness of antiviral treatment with
combination therapy requires a careful discussion between
patients and physicians. This discussion must consider the
demographic and clinical characteristics of the patient and
the trade-offs between the expected prognosis, side effects,
and the willingness to consider antiviral treatment to prevent
potential future liver complications.

Further interdisciplinary research is needed to tailor drug
dosage and treatment duration based on HCV genotype and
individual patient characteristics as well as to assess clinical
effectiveness, severe adverse events, and economic outcomes
of antiviral treatment in specific subgroups such as children,
intravenous drug users, patients with HIV/HCV coinfection,
patients with normal ALT levels, and relapsers or nonrespon-
ders to prior antiviral therapy. The results of this research
should provide useful information to aid in updating guide-
lines for hepatitis C.
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heitsökonomie Qualitätsmanagement. 1999;4:A62-A65.

4. Anonymous. EASL International Consensus Conference on
Hepatitis C. J Hepatol. 1999;30:956-961.

5. Anonymous. Rote Liste: Arzneimittelverzeichnis für Deutsch-
land. 2002. Available at: http://www.rote-liste.de.

6. Baltussen R, Ament A, Leidl R. Making cost assessments
based on RCTs more useful to decision-makers. Health
Policy. 1996;37:163-183.

7. Barbaro G, Di Lorenzo G, Soldini M, et al. Evaluation of long-
term efficacy of interferon alpha-2b and ribavirin in combi-
nation in naive patients with chronic hepatitis C: An Italian
multicenter experience. Ribavirin-Interferon in Chronic Hep-
atitis Italian Group Investigators. J Hepatol. 2000;33:448-455.

8. Bennett WG, Inoue Y, Beck JR, et al. Estimates of the cost-
effectiveness of a single course of interferon-alpha 2b in patients
with histologically mild chronic hepatitis C. Ann Intern Med.
1997;127:855-865.

9. Buti M, Casado M, Fosbrook L, Wong JB, Esteban R. Cost-
effectiveness of combination therapy for naive patients with
chronic hepatitis C. J Hepatol. 2000;33:651-658.

10. Chemello L, Cavalletto L, Bernardinello E, et al. The effect
of interferon alfa and ribavirin combination therapy in naive
patients with chronic hepatitis C. J Hepatol. 1995;23(Suppl 2):
8-12.

11. Cochrane Collaboration. Cochrane Collaboration open learn-
ing material for reviewers. 2002. Available at: http://www.
cochrane-net.org/openlearning/HTML/mod11-4.htm.

12. Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ.
Classification of chronic hepatitis: Diagnosis, grading, and stag-
ing. Hepatology. 1994;19:1513-1520.

13. Di Bisceglie A, Goodman Z, Ishak K, et al. Long-term clini-
cal and histopathological follow-up of chronic posttransfusion
hepatitis. Hepatology. 1991;14:969-974.

14. Dore G, Freeman A, Law M, Kaldor JM. Is severe liver dis-
ease a common outcome for people with chronic hepatitis C?
J Gastroenterol Hepatol. 2002;17:423-430.

15. Drummond M, Bloom BS, Carrin G, et al. Issues in the cross-
national assessment of health technology. Int J Technol Assess
Health Care. 1992;8:671-682.

16. Drummond MF, O’Brien B, Stoddart GL, Torrance GW. Meth-
ods for the economic evaluation of health care programmes.
New York: Oxford University Press; 1997.

17. Freeman A, Dore G, Law M, et al. Estimating progression to
cirrhosis in chronic hepatitis C virus infection. Hepatology.
2001;34:809-816.

18. Fried M, Shiffman M, Reddy R, et al. Peginterferon Alfa-2a
plus ribavirin for chronic hepatitis C virus infection. N Engl J
Med. 2002;347:975-982.

19. Gebo K, Jenckes M, Chander G, et al. Management of hepatitis
C. Evidence Report/Technology Assessment. No. 60 (Prepared
by the John Hopkins University Evidence-based Practice Center
under Contract No 290-97-0006). AHRQ Publication No. 02-
E030. Rockville, MD: Agency for Healthcare Research and
Quality; 2002.

20. Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-
effectiveness in Health and Medicine. New York: Oxford Uni-
versity Press; 1996.
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