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LETTERS TO THE EDITOR

Effect of discounting on estimation of benefits determined
by hepatitis C treatment
Andrea Messori, Valeria Fadda, Dario Maratea, Sabrina Trippoli
Testing the other discounting assumptions confirmed
that the discount rate has a marked impact on the
magnitude of the model-estimated incremental benefit.
In conclusion, the results of our analysis can be helpful
to better interpret cost-effectiveness studies evaluating
new treatment for hepatitis C.
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The combination of either boceprevir or telaprevir
with ribavirin and interferon (triple therapy) has been
shown to be more effective than ribavirin+interferon
(dual therapy) for the treatment of genotype 1 hepatitis C. Since the benefit of these treatments takes place
after years, simulation models are needed to predict
long-term outcomes. In simulation models, the choice
of different values of yearly discount rates (e.g., 6%,
3.5%, 2%, 1.5% or 0%) influences the results, but
no studies have specifically addressed this issue. We
examined this point by determining the long-term benefits under different conditions on the basis of standard modelling and using quality-adjusted life years
(QALYs) to quantify the benefits. In our base case
scenario, we compared the long-term benefit between
patients given a treatment with a 40% sustained virologic response (SVR) (dual therapy) and patients given
a treatment with a 70% SVR (triple therapy), and we
then examined how these specific yearly discount rates
influenced the incremental benefit. The gain between
a 70% SVR and a 40% SVR decreased from 0.45 QALYs with a 0% discount rate to 0.22 QALYs with a 6%
discount rate (ratio between the two values = 2.04).
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TO THE EDITOR
The review by Tsubota et al[1] has examined the main options available for the treatment of hepatitis C, including
two antiviral drugs that have recently been marketed
in many countries. Focusing more thoroughly on these
two innovative agents is worthwhile because boceprevir
and telaprevir, along with other innovative agents, are
thought to be an important advancement in the treatment of this disease[2], although at a high cost.
Hepatitis C virus (HCV) genotype 1, which accounts
for 60% of all HCV-infected patients[3-5], is the target at
which these two new agents are directed in combination with ribavirin + interferon. Considering that the
combination of either boceprevor or telaprevir with
ribavirin+interferon (triple therapy) has been shown
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Table 1 Main characteristics of the Markov models

1

Expected outcome
Authors

Modelling details (base case)
[16]

Bennett et al 1997
Bennett et al[16] 1997
Bennett et al[16] 1997
Shepherd et al[17] 2004
Shepherd et al[18] 2007
Hartwell et al[19] 20112

Interferon
monotherapy

No treatment

Age = 35 yr; time horizon = lifetime; discount rate = 0% per year
Age = 35 yr; time horizon = lifetime; discount rate = 5% per year
Age = 35 yr; time horizon = lifetime; discount rate = 0% per year
Age = 36 yr; time horizon = 30 yr; discount rate = 1.5% per year
Age = 40 yr; time horizon = lifetime; discount rate = 1.5% per year
Age = 40 yr; time horizon = lifetime; discount rate = 3.5% per
year, dual therapy with PEG-interferon alpha-2a

Hartwell et al[19] 20112 Age = 40 yr; time horizon = lifetime; discount rate = 3.5% per
year, dual therapy with PEG-interferon alpha-2b

36.2 LYs
16.2 LYs
28.0 QALYs
21.464 QALYs
20.17 QALYs
NR (naïve patients),
10.74 QALYs (previously treated patients)
NR (naïve patients),
10.74 QALYs (previously treated patients)

37.7 LYs
16.4 LYs
31.7 QALYs
NR
NR
NR

NR

Dual treatment
NR
NR
NR
23.417 QALYs
From 20.94 to 22.48 QALYs
15.68 QALYs (naïve patients), 11.05 QALYs (previously treated patients)
13.89 QALYs (naïve patients), 11.14 QALYs (previously treated patients)

LY: Life year; QALY: Quality-adjusted life year; PEG: Pegylated; NR: Not reported. 1In a preliminary search on PubMed, we identified 47 articles describing
a simulation model for hepatitis C; the complete references for these studies can be obtained from the authors upon request; 2This study assessed also the
shortened duration regimen of PEG-interferon + ribavirin, the data of which have not been reported in this table.

SVR
SVR
SVR
SVR

13.467
12.820
12.604
11.309

6%

17.625
16.773
16.489
14.785

3.5%

=
=
=
=

patients, decision-makers will have to face the competition for the same pharmaceutical budget between oncologic innovative treatments approved recently (e.g., ipilimumab for metastatic melanoma) and the triple therapy
for genotype-1 hepatitis C.
The typical benefit of the latest oncologic treatments
is a gain of 2-4 mo of survival per patient[8]; their pharmacoeconomic profile suggests an expenditure of 20 000 euros to gain up to a 4-mo survival, i.e., a cost-effectiveness
ratio of 5000 euros per month or 60 000 euros per year.
Contrasting the cost-effectiveness between oncologic
treatment and the triple therapy implies the need to compare the short-term benefits observed in oncologic patients (e.g., survival prolongation in metastatic melanoma
from 6 mo without ipilimumab to 10 mo with ipilimumab) with the benefits in HCV patients that are instead
known to take place at least 10 years after treatment.
The discount rate is the typical method employed
in cost-effectiveness studies to convert future clinical
benefits into their present value[9-14]. In the United States,
rates around 5% or 6% per year were suggested nearly
20 years ago, but later various panels of experts revised
this suggestion by proposing an annual rate of 3%[9,10].
In the United Kingdom, the National Institute of Clinical Excellence initially chose to use 3.5% per year[11], but
in August 2011 this value was re-determined as 1.5% per
year at least in some cases[15].
Several years ago, the pharmacoeconomic studies
comparing dual therapy vs interferon alone led to the development of numerous models[16-19] based on the Markov
technique that were aimed at predicting the natural history
of the disease with or without achievement of post-treatment sustained virologic response (SVR). Although the
number of simulation models for hepatitis C published
in the past is exceedingly high, the systematic review by
Hartwell et al[19] confirms that the models initially developed by Bennett et al[16] and by Shepherd et al[17,18] remain
still valid to carry out a thorough comparative assessment of the new vs old treatments.
The choice of specific values of yearly discount rates

100%
70%
40%
0%

21.142
20.117
19.776
17.727

2.0%

22.541
21.448
21.083
18.897

1.5%

0%

23.128
10

15

20
QALYs per patient

25

27.600
26.258
25.811
30

Figure 1 Estimation of the values of quality-adjusted life expectancy per
patient under different modelling assumptions (time horizon = 30 years).
The y-axis shows five different assumptions of yearly discount rate. QALYs:
Quality-adjusted life years; SVR: Sustained virologic response.

to be more effective than ribavirin + interferon (dual
therapy) in genotype 1[1-3], in the near future the dual
therapy is expected to be replaced by the triple therapy
in a certain proportion of these cases. The debate is still
ongoing to set appropriate criteria to identify the best
candidates for the triple therapy, and this selection will
depend on a number of factors including pretreated vs
naive condition[3] and interleukin 28B polymorphism[6] .
The economic impact of this new approach to HCV
treatment can be very substantial since it has been estimated that around 120 million euros per year are needed in a
country with 60 million inhabitants[5], and this figure seems
to be confirmed by the recent sales in the United States
where these “third” drugs have already been available[7].
The predicted expenditure for the “third” drug (irrespective of whether it is boceprevir or telaprevir) is likely
to be at least 20 000 euros per patient[5]. Since this is also
the typical expenditure for target therapies in oncologic
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is the key factor influencing the model’s outcome (Table 1).
For this reason, we have summarized the different effects
determined by the choice of different discount rates using a single simulation model among those reported in the
literature.
The results of our analysis are shown in Figure 1. The
values of quality-adjusted life years (QALYs) per patient
have been calculated by examining five different assumptions of yearly discount rates (6%, 3.5%, 2%, 1.5% and
0%) and four SVR rates (0%, 40%, 70% and 100%). With
regard to the SVR rates, the assumption of a 100% SVR
has, of course, a purely hypothetical function, whereas the
assumption of 0% SVR represent the option of no treatment. More importantly, the assumption of 40% SVR
represents the typical outcome of dual treatment while
70% SVR is used to estimate the outcome of triple treatment, as well as other treatments that are currently under
investigation, but will become available quite soon[2].
The information shown in Figure 1 clearly indicates
that the effect of choosing different discount rates is
very substantial. The gain between 100% SVR and 0%
SVR (a purely hypothetical comparison) decreases from
4.47 QALYs with a 0% discount rate to 2.16 QALYs
with a 6% discount rate (ratio between the two values
=2.07). On the other hand, the gain between 70% SVR
and 40% SVR decreases from 0.45 QALYs with a 0%
discount rate to 0.22 QALYs with a 6% discount rate
(ratio between the two values =2.04). These simulations
have a general validity because they are only based on
the clinical end-point of SVR, and therefore do not rely
on specific assumptions in the patients whether are naive
or pretreated. As shown in Figure 1, we could compute
the value of QALYs per patient for any intermediate
value of SVR (SVRNN%) in a range from 0% to 100% according to the equation: QALYs SVRNN% = [QALYSVR100%
× NN + QALYsSVR0% × (100-NN)]/100. It should be
noted that, in real practice as well as in model-based estimations, the favorable economic results of these treatments do not result only from the economic countervalue of the clinical benefit, but also from the savings
derived from reduced morbidity. However, the latter
factor was beyond the purposes of the present study.
In conclusion, our analysis has exclusively focused on
the consequences of choosing different discount rates
in estimating the magnitude of the clinical benefit of
treatments for hepatitis C. Our results indicate that varying the discount rate within commonly accepted values
can produce more than 2-fold variations in the estimates
of the incremental benefit. This point should be kept in
mind when regulatory agencies or third-part payers will
be asked to determine the value-based price for the new
treatments in this area.
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