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Abstract

Background and study aims : Chronic hepatitis C virus (HCV)
infection is a serious global health problem affecting 150 million
individuals worldwide. Although infection rates are decreasing, an
aging population with progressing disease is expected to result in
increased burden of advanced stage disease with high associated
costs. This analysis describes the current and projected future
economic impact of HCV sequelae in Belgium.

Methods : A previously described and validated model was pop-
ulated with Belgian inputs and calibrated to project the current
and future health and economic burden of HCV. Monte Carlo and
sensitivity analyses were run to quantify uncertainty. All estimates
exclude the cost of antiviral therapy.

Results : Costs associated with HCV were projected to peak in
2026 at €126M (€30M-€257M), while decompensated cirrhosis
and hepatocellular carcinoma costs were projected to increase until
2031 and 2034. The projected 2014-2030 cumulative cost of HCV
under current conditions was €1,850M. Scenarios to reduce the
burden of HCV could result in €70M-€400M in cumulative cost
savings. Starting treatment (1,000 patients) in 2015 could result in
€150M cost savings. The lifetime cost of HCV increases with life
expectancy, with highest future costs projected among young
females with early stage disease.

Conclusions : The economic burden of HCV and advanced stage
disease were projected to further increase. Cost reductions are
possible with timely interventions aimed at minimizing the health
burden of advanced stage disease. (Acta gastroenterol. belg., 2014,
77,285-290).

Background

Chronic hepatitis ¢ virus (HCV) infection is a serious
global health problem that has been called a viral time
bomb by the WHO due to its substantial prevalence, long
term and unpredictable disease progression, aging popu-
lation and low diagnosis and treatment rates (1-3). The
current standard of care is successful in curing only 40-
50% of patients (4), however new innovative and highly
effective antiviral therapies have recently entered the
market. These direct acting antivirals (DAAs) are pro-
jected to reach cure rates of 90-95% within the next
2-5 years.

Excluding costs associated with antiviral therapy, the
economic burden of HCV is high due to the management
of disease sequelae which present 20-30 years after in-
fection (5). In Belgium, peak HCV prevalence was
reached in 2003, suggesting that advanced stage disease
will continue to increase until 2023-2033 (1). To com-
pound the problem, due to significant limitations (includ-
ing complex regimens and the cost of treatment), many
diagnosed patients are currently left untreated or under-

treated (6) and the latter are at high risk of developing
severe complications requiring further (highly expen-
sive) treatment interventions and procedures (7,8).

This analysis aims to describe the current and project-
ed future costs associated with HCV sequelae in Belgium
and to explore the economic impact of disease burden
reduction strategies.

Methods

A previously described Microsoft Excel® (Redmond,
WA) based model (1,5) was populated with Belgian data
based on literature review, expert opinions and govern-
ment reports, and HCV-disease progression and cost bur-
den were modeled towards 2030. Monte Carlo simula-
tion and bootstrap analysis were performed using Crystal
Ball®, an Excel® add-in by Oracle®, to generate 95%
uncertainty intervals (UI). The model was calibrated
using the Excel® optimization add-in Solver®. Scenarios
aimed at reducing the disease burden of HCV were
developed and will be presented separately. A summary
of the scenario assumptions is provided in Figure 1. The
cost and cost savings associated with the modeled
scenarios will be presented here. The future lifetime cost
of chronic HCV was modeled by introducing 100 inci-
dent cases in 2014 and following the disease progression
and cost over time. The individual cost was calculated by
summing annual cost by disease sequelac from 2014-
2100, and dividing by 100. Lifetime cost was modeled by
age, gender and disease stage — Metavir fibrosis stages
0-3, cirrhosis, decompensated cirrhosis, HCC and liver
transplant — but will be primarily summarized for a 30-
34 year old, male patient.

Generally, costs were obtained from a 2012 analysis
of HCV cost data in Belgium (8) except in the instance of
liver transplant costs (Personal communication of Wim
Laleman) and post-transplant costs (9). Costs were ad-
justed for the percent of the population estimated to be
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diagnosed and were inflated to 2011 using medical CPI
data from Statistics Belgium (10). Adjusting for diagno-
sis was particularly important for fibrosis costs, because
only 20-25% of early stage cases are symptomatic (11),
suggesting that 75-80% of patients are not incurring costs
associated with their disease. Historical healthcare costs
associated with HCV related disease sequelaec were
modeled without consideration for antiviral treatment
cost. Additionally, future inflation was set at 1.

Cost Inputs

A 2012 analysis of HCV cost data presents costs by
disease stage broken down by diagnosis, three years of
follow up and cost of therapy (8). Standard deviation, ob-
tained through bootstrapping, was published alongside
each estimate (8). For the purposes of this model, it was
important to have cost data presented annually and with-
out therapy cost for fibrotic and cirrhotic stage patients.
To achieve this transformation, Crystal Ball® was used to
generate a new standard deviation. The article cites a
non-normal distribution of costs ; however, the specific
distribution used was not disclosed (8). In the absence of
more complete information, a normal distribution was
assumed to generate standard deviations for use in the
model. To prevent the model from projecting negative
costs, the distribution was bounded on the low end at
20% of fibrosis and cirrhosis base estimates, and 80% of
decompensated cirrhosis and HCC estimates. Cost in-
puts, inflated to 2011, are presented in Table 1.

In 2011, the average cost of a liver transplant in
Belgium was €99,998 (Range: €71,566-€113,965)
(Personal communication of Wim Laleman) (12). The
annual cost of a year of post-transplant follow up was
obtained through an economic evaluation of HBV, in the
absence of HBV antiviral cost (9). For HBV patients
without antivirals, the 2006 average cost per patient was
€7,047 and the average cost of a year of non HBV-
related follow-up was €7,879 (9). These costs were
inflated to 2011 and averaged to generate the base cost
per patient for a year of post-transplant follow up.
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Results

Although the HCV population in Belgium peaked in
2003, the cost associated with chronic HCV will increase
until 2026, when peak costs were projected to reach
€126M (95% Ul: €30M-€257M) (Fig. 2). Costs
associated with decompensated cirrhosis and HCC were
projected to increase until 2031 and 2034 respectively,
when they peaked at €14M and €8M (Fig. 3). Although
costs were projected to decrease after 2026, by 2030
annual costs were estimated to be €119M (95% UI :
€29M-€237M), a 49% increase from the 2014 annual
cost of €80M (95% Ul : €22M-€181M).

Lifetime cost analysis indicates that future costs
associated with HCV are highest among individuals with
longer life expectancy. This includes females, younger
individuals and individuals with early stage disease or a
recent liver transplant. Future costs associated with HCC
are low as a result of increased HCC-associated mortali-
ty. For instance, in Belgium, a 30-34 year old male pre-
senting with fibrosis is projected to incur €93,120 (95%
Ul: €36,800-€185,310) in HCV-related costs over a
lifetime (Table 2, Fig. 4). By comparison, the same pa-
tient presenting with HCC would be expected to incur
€34,680 (95% Ul : €38,220-€94,970) in future costs.

Under today’s standard of care (treat 710 patients
annually with 40-65% SVR) the cumulative cost of HCV,
excluding treatment cost, will be approximately
€1,850 million between 2014 and 2030 (Fig. 5). A
scenario with cure rates of 90% was expected to reduce
cumulative costs associated with HCV disease sequelae
by €70M. A scenario modeling the start of treatment
beginning in 2015 (1,000 patients treated annually with
60-85% SVR), was expected to reduce cumulative costs
associated with HCV disease sequelaec by €150M. A
scenario to simultaneously increase cure rates and treat-
ment rates (2,050 patients treated annually with 90%
SVR) could result in €400M in cumulative cost savings,
if all oral therapies are available to the market by 2016.
Delaying access to therapies by 2-years will reduce the
economic impact of this scenario by €90M.

Table 1. — 2011 Model Estimated Costs

2011 Model Estimates Base Cost per Standard High
Pt per Year Deviation/Low

Mild Fibrosis (FO to F2)* € 1919 €2317

Moderate Fibrosis (F3)* € 1,690 € 27337

Compensated Cirrhosis (F4)* €2276 € 1,873

Decompensated Cirrhosis € 10,223 € 12,128

Hepatocellular Carcinoma € 12,362 € 9,983

Liver Transplant € 99,998 € 71,566 € 113,965
Liver Transplant - Subseq. Yrs € 8,564 € 8,087 € 9,041

*Indicates inputs that are modeled with annual adjustments for diagnosis rate
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Fig. 3. — Projected HCV sequelae cost : Belgium, 1950-2030
Discussion the prevalence estimate (12,13) accounted for an addi-

The cost of HCV and HCV-related disease sequelae in
Belgium was projected to increase for another 12-
20 years, despite reaching peak prevalence in 2003. By
2030, annual costs were projected to be 49% higher than
in 2014. This is consistent with a recent analysis from the
US, which suggested a three decade lag between peak
prevalence and peak healthcare cost (5).

Sensitivity analysis identified the cost of mild fibro-
sis (8) as the key driver for variability in 2014 cost, ac-
counting for 58% of the variance. The range surrounding
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tional 20% of variance.

This analysis exploring the costs associated with HCV
(including cost of complications and excluding cost of
antivirals) showed high lifetime costs associated with
HCV. For a hypothetical male patient 30-34 years of age
with fibrosis, cirrhosis or decompensated cirrhosis the
estimated future cost was €93,000. This finding was
surprising as a similar analysis in Canada, showed costs
increasing incrementally from fibrosis to decompensated
cirrhosis (14). This discrepancy is most likely driven by
the high cost of fibrosis in Belgium. A key insight,
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Table 2. — Estimated future lifetime cost of a 30-34 year old male
Future Lifetime Cost (in Euros) Base Low High
for a 30-34 year old Male Patient
Chronic HCV (F0) 93,120 36,800 185,312
Fl 94,289 43,539 202,033
F2 94,990 50,979 179,961
F3 94,025 53,596 188,844
Compensated Cirrhosis 93,834 57,621 186,771
Decompensated Cirrhosis 89,996 70,574 216,733
Hepatocellular Carcinoma 34,679 24 054 94,970
Liver Transplant 151,229 131,491 161,943
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Fig. 4. — Estimated future lifetime cost of a 30-34 year old male, with 95% uncertainty interval, by disease stage
however, is the correlation between life expectancy and €2.000
cost. Younger, early stage cases in Belgium are projected €70
to incur higher costs over a lifetime than older, late stage m
. . . . €1.600 -
cases primarily due to increased mortality of the latter .
group. This suggests that although treatment of late stage '
patients is necessary to improve quality of life and pre- €1200
€400

vent mortality, there is substantial benefit to treating
young patients before they progress to advanced and
costly stage illness.

Healthcare cost savings associated with scenarios to
reduce the burden of HCV in Belgium, have been pre-
sented here. Over the next 16 years, the costs associated
with the current standard of care will be roughly
€1,850M. The largest cost savings are associated with a
scenario to treat nearly three times more patients with
90% SVR therapies. A two year delay in treatment access
could result in a €90M loss in potential cost savings.
Treating the same number of patients as today, with high-
er SVR therapies would result in €70M in cost savings,

Cumulative Cost, 2014-2030
(in M Euros)

€800 -
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Current SOC  90% SVR  90% SVR, 90% SVR, 90% SVR,
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1,000}

Fig. 5. — Cumulative cost of current therapy, with cost savings
associated with disease control strategies 2014-2030.
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and treating 1,000 patients annually would result in
€150M in cost savings.

Limitations

There are a few notable limitations surrounding the
model inputs and analysis. The study used for cost
estimates was well conducted and reliable, however the
distribution used to generate estimates of uncertainty was
not stated. Thus, choosing the same distribution for the
analyses presented here was not possible. To avoid
negative cost projections, the distribution was bounded
on the low end. The primary impact of this limitation is a
very broad 95% uncertainty interval surrounding cost
projections.

Additionally, this analysis assumes that the average
cost of treatment for fibrotic and cirrhotic patients is de-
pendent on the rate of diagnosis among these popula-
tions. For example, if 20% of fibrotics are diagnosed, this
20% is assumed to incur €1,919 in costs. Meanwhile, the
remaining 80% of the population is assumed to incur €0
in costs. On average this equates to approximately €383
per case (diagnosed or undiagnosed). If, however, 100%
of fibrotics are diagnosed, then the average cost per case
would be €1,919. While this is a more accurate represen-
tation of costs associated with these disease stages, there
may be variability in the true diagnosis rate in these
populations.

Furthermore, this analysis excludes costs associated
with antiviral treatment of HCV as well as future infla-
tion to avoid making projections on future costs associ-
ated with treatment. Thus these estimates may be conser-
vative projections. Additionally analysis does not take
into account the indirect costs (sick days, lower produc-
tivity, etc.) associated with HCV and which are also
assumed to be significant.

Despite decreasing HCV infection rates, the clinical
and economic impact of chronic HCV infection is
expected to grow in the coming decades as previously
infected individuals progress to advanced stage disease.
Currently, HCV is a leading cause of liver transplants
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worldwide, with high average costs and long waiting lists
for transplants. Curing patients of HCV prior to progress-
ing to advanced stage disease and so before needing a
transplant would significantly reduce the burden on the
healthcare system and patients alike. Thus, more effec-
tive treatment options and timely care are crucial for
addressing the costs and public health impact of HCV.
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