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Abstract

Background and study aims : Hepatitis C virus (HCV) infection
often causes asymptomatic disease and patients are frequently
diagnosed at an advanced stage. Oral direct acting antivirals
(DAAs) are successful in treating HCV with high sustained
virologic response (SVR) and excellent tolerability. The aim of this
study is to evaluate cost-effectiveness of a broad screening strategy
proposing screening to all undiagnosed members of a population
(comprehensive HCV screening), in the general adult population,
emergency department (ED) attendees, men who have sex with
men (MSM) and people who inject drugs (PWID).

Patients and methods : We populated a theoretical model with
Belgian data. A decision tree model simulating HCV screening
and diagnosis was combined with a Markov state transition model
simulating treatment. There was one screening round per year
during five years. In the ED population only one screening round
was considered.

Results : The model calculated that more HCV patients could
be detected and treated with comprehensive screening compared
to the current situation. Incremental cost per incremental quality
adjusted life years (QALY) gained was lower than 10.000€/QALY
for one and for five screening rounds in the general population
(5.139 and 5.200 respectively), in ED attendees (one screening
round 5.967), in MSMs (4.292 and 4.302 respectively) and in
PWIDs (3.504 and 3.524 respectively).

Conclusion : A broad screening strategy combined with treat-
ment is likely to be a cost-effective strategy to detect and treat HCV
infected patients and diminish the HCV burden in Belgium. (Acta
gastroenterol. belg., 2019, 82, 379-387).

Key words : chronic HCV infection, comprehensive screening, cost-
effectiveness analysis.

Introduction

Hepatitis C virus (HCV) infection leads to a
chronic disease in approximately 75%-80% of HCV
patients. Severe comorbidities including cirrhosis and
hepatocellular carcinoma can develop over the course of
several years (1). Chronic HCV infection often remains
asymptomatic and undiagnosed until advanced liver
damage has developed (2,3). Therefore a large number
of individuals remain undetected and are diagnosed late.

It is estimated that HCV affects approximately 0,5%
to 0,8% of the Belgian population and is responsible
for about 30 liver transplantations, 300 hepatocellular
carcinomas and 450 deaths in Belgium annually (4,5).

Oral direct acting antivirals (DAAs) are successful
in treating HCV with high sustained virologic response
(SVR) and excellent tolerability. Increased HCV
screening to detect and treat infected individuals is a
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plausible health strategy. To date, no screening policy is
available in Belgium.

We considered the cost-effectiveness of a screening
policy where HCV screening is proposed by medical
doctors during a consultation for whatever reason to
all HCV undiagnosed individuals of a given target
population. This screening policy is hereafter referred to
as comprehensive HCV screening.

In order to compare cost and health outcomes of
comprehensive screening to the current situation (no
screening policy) in different target populations, we
used a theoretical model populated with Belgian data. A
decision tree model simulates the screening and diagnoses
pathway. Results of the screening model were combined
with a Markov transition state model, simulating the
course of HCV disease and comparing natural disease
progression (no treatment) to treatment with oral direct
acting antivirals (DAA).

People who inject drugs (PWID) are an obvious target
for increased screening as the estimated prevalence of
HCYV chronic infection in this small population of 10.100
Belgian PWIDs is 32% (6). It has been reported that men
who have sex with men (MSM), especially those infected
with human immunodeficiency virus (HIV) are at
increased risk for HCV exposure (7). As HCV spread in
non-HIV infected men might have gone unnoticed, it has
been suggested to offer routine testing to all MSM (8). In
the general adult population the risk for HCV exposure is
limited and estimated prevalence is low (0,5 to 0,8% of
the adult population) (4,5). However, we estimated that
half of the infected individuals are undiagnosed, meaning
that possibly 22.500 to 35.900 Belgian adults remain
unaware of their chronic HCV infection. Every year,
approximately 890.000 individuals consult an emergency
department (ED) (9). Therefore, these structures might
present an excellent opportunity to increase the screening
offer among asymptomatic HCV infected individuals
unaware of their HCV status.
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Figure 1. — Structure of the decision tree screening model (for readability, the decision tree has been split across three partial decision trees).
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Who to screen for hepatitis C?

A theoretical modal populated with Belgian data,
simulating HCV screening and treatment was used to
calculate cost-effectiveness of a broad screening strategy,
proposing screening to all HCV undiagnosed individuals
during a medical consultation (comprehensive screening)
compared to the current situation (no screening policy).
Cost-effectiveness of comprehensive screening was
evaluated in PWID and MSM at increased risk for HCV
exposure and in the general adult population and ED
attendees with a low HCV prevalence but a remaining
number of undiagnosed individuals.

Materials and methods

In order to determine the overall cost-effectiveness of
diagnosis followed by treatment of HCV in Belgium, a
screening model has been developed and combined with
a treatment model. These models have been populated
with Belgian data.

Model structure: The screening model is a decision
tree model simulating the screening process from
initial antibody test to diagnosis (Figure 1). A detailed
diagnosis pathway has been incorporated to reflect
a patient’s journey from screening to diagnosis and
treatment initiation. It includes the possibility of a patient
dropping out at any point along this diagnosis pathway.
There is one screening round per year for five years in
the general population, MSM and PWIDs. In the MSM

@ and PWID population there is a high ongoing likelihood
of infection and therefore repeat screening is appropriate.
In the general population, transmission rate is low but it
was assumed that only a small proportion of the general
population will be screened in one year. Repeating the
screening offer during five years will allow to reach more
individuals.

ED attendees are different individuals every year, only
one screening round is considered in this population.

Markov state transition model:

Model entry, : FO,F1, F2, F3, or F4

) SVR
mmm) Re-infection

) Di -specific mortality

381

The eligible screening population at any point in time
excludes individuals who have been diagnosed as HCV
positive and are aware of their status.

After a given round of screening, the eligible popula-
tion for the next round of screening are those who are
HCV-negative, plus those who are HCV-positive but
did not receive a final diagnosis. The number of new
infections since the last screening round are calculated
based on the target population incidence rate.

The treatment model is a Markov state transition
model simulating treatment with oral DAAs versus
natural disease progression (no treatment) (Figure 2).

Individuals with the diagnosis of HCV in the
screening model will enter the treatment model and a
defined proportion will receive treatment. Undiagnosed
HCV positive individuals will enter the treatment model
and follow natural disease progression. Individuals who
drop out of the screening pathway before a confirmed
diagnosis has been made, are split into HCV positive and
HCV negative cohorts according to the underlying disease
prevalence. HCV positive individuals follow the natural
disease progression, whilst HCV negative individuals
do not enter the treatment model. The costs of screening
of these HCV negative individuals is considered in the
screening model.

Results from the screening model are calculated and
then combined with results of the treatment model to
provide overall cost-effectiveness results for both the
diagnosis and treatment of HCV.

Time horizon and perspective of the analysis: Time
horizon of the screening model was five years with
one screening round per year. In the ED attendees time
horizon of the screening model was one year as only one
screening round was considered. The treatment model
has a time horizon of 60 years to account for the burden
of disease.

Liver Post-liver
[ e—
transplant transplant

d with having decompensated cirrhosis, liver transplant or hepatocellular carcinoma.

Figure 2. — Markov state transition treatment model.
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Table 1. — Input parameters for the screening model

General adult population ED MSM PWID
Population size 8.982.329 (11) 898.233 (9) 106.336 (17) 10.100 (6)
Prevalence of chronic HCV infection 0,6%* 0,6%* 4,6%"* (8,16,19) 32% (6)
HCV incidence (infections per 100 person years of exposure) 0,006 (4) 0,006 (4) 0,35% (4,6) 1,6 (6)
Spontaneous clearance rate 22% (20) 22% (20) 22% (20) 22% (20)
HCYV status awareness in HCV positive subpopulation 50% (2,13-15) 61,5% (10) 50%%* 52% (21)
Uptake probability per screening round initial antibody test 8%* 50%%* 25%* 65%*

$ Assumption derived from published data (8,16,19). ¢ Assumption derived from published data (4,6). * Assumption.

The perspective of the analysis is the Belgian health
care payer (RIZIV/INAMI). Only direct costs related to
screening and treatment are considered in this analysis.
Costs related to promote HCV screening or to identify
and invite individuals for screening are not included in the
analysis. Screening would be proposed when individuals
have a contact with a health care professional such as the
general practitioner for any other reason.

Model inputs: The different parameters concerning
the target populations are based on published literature
(1,2,4,6,9-22). If data were unavailable assumptions
had to be made. Input parameters concerning the target
populations are presented in Table 1.

With comprehensive screening, it is aimed to propose
screening to all members of the target population.
The estimated proportion of individuals accepting the
screening offer is presented in table 1. Especially in the
adult general population we estimated that the proportion
of individuals accepting the screening offer would be
low (8%). Only a proportion of the Belgian adults have
a contact with a health care professional in one year and
some of those individuals will refuse the screening offer.

At the time of the study, there were restrictions
in Belgium for DAA treatment in patients with early
fibrosis stages. Therefore, it was assumed that 70% of
detected patients would be treated in the first year after
diagnosis in the current situation. We estimated that 85%
of detected patients would be treated in the first year
after diagnosis with comprehensive screening as these
restrictions disappeared in January 2019. This means that
from the start of the year 2019 all patients have access to
DAA treatment, independent of liver fibrosis stage.

Unit costs for the HCV testing are sourced from the
INAMI/RIZIV web application Nomensoft (accessed
April 2017). Cost is the INAMI/RIZIV cost for normally
assured ambulatory patients without patient co-payment.

In the treatment model costs related to HCV treatment
with direct acting antivirals (DAAs) and possible
severe complications of natural disease progression are
considered.

The cost of treatment of HCV with DAAs was aligned
with the estimated cost of treatment with DAAs for non-
cirrhotic patients mentioned in the KCE 276 report which
was 40.000€ (22).

Existing literature was the base for the cost of severe
complications in the liver due to chronic HCV infection
such as decompensated cirrhosis, hepatocellular carci-
noma and liver transplantation (23,24). All cost were
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discounted at 3% as recommended by the Belgian Health
Knowledge Centre (25).

Utility inputs were sourced from published literature
(26-28).

Model outcomes: Outcomes were expressed in terms of
clinical outcomes (number of individuals diagnosed) and
cost-utility outcomes: an incremental cost-effectiveness
ratio (ICER) indicating the incremental cost per
incremental quality adjusted life year (QALY). Outcomes
are discounted at 1,5% per year as recommended by the
Belgian Health Knowledge Centre (25).

Scenario analysis: A recent screening study in a
Flemish ED department with 2.330 individuals screened,
found 12 chronic HCV infections and a spontaneous
HCYV clearance rate of 29% (5). Based on these results
a scenario analysis was undertaken in the general adult
population. Model inputs for this scenario were HCV
prevalence of 0,5% and spontaneous HCV clearance of
29%. For this scenario a conservative estimation of 70%
of HCV infected individuals being aware of their positive
HCV status was made. A second scenario with these
inputs and a low estimated HCV prevalence of 0,15%
was also calculated.

As price erosion of DAA might occur a third scenario
in the general adult population was undertaken with the
cost of DAA treatment estimated at 30.000€.

Sensitivity analysis: Deterministic sensitivity analysis
(DSA) was conducted in order to identify input variables
having most impact on model results. In the deterministic
sensitivity analysis, all input variables were varied by +/-
20%.

A probabilistic sensitivity analysis was undertaken by
randomly drawing values from a distribution around each
of'the inputs during 1.000 simulations. The results of these
simulations were used to form a scatterplot of ICERs.
A cost-effectiveness acceptability curve was calculated
demonstrating the probability of cost-effectiveness at
different willingness-to-pay thresholds.

Results

The number of patients with chronic HCV infection
detected: Based on the current model inputs and
assumptions and as expected, more individuals are
detected with comprehensive screening compared to
the current situation. During the first screening round
in the general population the model calculated that
716.430 individuals would accept the screening offer and
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Table 2. — Number of patients with chronic HCV infection detected with comprehensive screening versus the current situation

Population First screening round Five screening rounds (cumulative number of patients)
Comprehensive screening Current situation Comprehensive screening Current situation

General adult population 1.826 867 8.310 4.231

ED 878 68 Not evaluated Not evaluated

MSM 508 254 2.273 1.364

PWID 714 516 1.629 1.492

Table 3. — ICER after one and after five screening rounds with comprehensive screening versus the current situation

ICER for the first screening year (€/QALY) ICER for 5 screening years (€/QALY)
General adult population 5.139 5.200
ED 5.967 Not evaluated
MSM 4.292 4.302
PWID 3.504 3.524
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Figure 3. — Probabilistic sensitivity analysis for one screening round.

1.826 (0,25%) individuals with chronic HCV infections
would be diagnosed compared to the current situation
with 340.304 individuals screened and 867 (0,25%)
individuals diagnosed. In the ED populations with
comprehensive screening 447.459 individuals would be
screened and 878 (0,20%) infected individuals diagnosed
compared to the current situation with 34.007 individuals
screened and 68 (0,20%) individuals diagnosed. In the
MSM population with comprehensive screening 25.973
men would be screened and 508 (1,96%) men diagnosed
compared to 12.986 men screened and 254 (1,96%) men
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diagnosed with the current situation. Finally in the high
risk PWID population, with comprehensive screening
5.473 PWIDs would be screened and 714 (13,05%)
PWIDs diagnosed compared to the current situation with
3.957 screened PWIDs and 516 (13,04%) diagnosed
PWIDs.

After five screening rounds the number of diagnosed
individuals with comprehensive screening would be
8.310 compared to 4.231 with the current situation in
the general adult population. In the MSM population
2.273 compared to 1.364 infections would be diagnosed
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with comprehensive screening and in the current
situation respectively. Finally in the PWID population
1.629 and 1.492 individuals would be diagnosed with
comprehensive screening and in the current situation
respectively.

The number of individuals diagnosed after 1 screening
round and cumulatively after 5 screening rounds with
comprehensive screening and with the current situation
are represented in Table 2.

The incremental cost per incremental QALY of
comprehensive screening: The calculated ICERs after
one and after five screening rounds with comprehensive
screening versus the current situation are below 10.000€/
QALY in the general population and the ED attendees
(one screening round) and below 5.000€/QALY in
the known risk populations MSMs and PWIDs. This
suggests that comprehensive screening combined with
HCYV treatment is a cost-effective intervention compared
to the current situation in the general adult population
and ED attendees as well as in the populations with
known increased risk for HCV infection (Table 3).

Sensitivity analysis: In all populations, cost-effective-
ness was most sensitive to HCV prevalence, awareness
of HCV positive status, treatment initiation and the
acceptance of initial antibody test. In all estimates, the
ICER remained lower than 10.000€/QALY.

Results of the probabilistic sensitivity analysis are
presented in figure 3.

At the willingness to pay threshold of 10.000€/QALY,
the probability of comprehensive screening and treatment
being cost effective after one and five screening rounds
was 81% and 84% respectively in the general population,
80% (first round) in ED attendees, 83% and 87%
respectively in MSM and 79% and 82% respectively in
PWIDs.

Scenario analysis : In the scenario analysis with the
general population based on the results of the recent
screening study (5) and an estimated awareness of HCV
positivity of 70%, the calculated ICER for one screening
round was 6.105€/QALY and for five screening rounds
6.150€/QALY. The calculated number of chronic HCV
infected individuals detected was 913 for 716.071
individuals screened with comprehensive screening
compared to 433 individuals for 340.134 individuals
screened in the current situation during the first screening
round. Cumulative number of individuals detected
after five screening rounds was 4.324 individuals with
comprehensive screening compared to 2.200 individuals
in the current situation.

For an estimated prevalence of 0.15% and an estimated
awareness of HCV positivity of 70%, the ICER for the first
screening year was 10.647€/QALY and for five screening
years 9.758€/QALY. The calculated number of chronic
HCV infected individuals detected was 274 for 717.832
individuals screened with comprehensive screening
compared to 130 individuals for 340.970 individual
screened in the current situation during the first screening
round. Cumulative number of individuals detected
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after five screening rounds was 1.540 individuals with
comprehensive screening compared to 779 individuals in
the current situation.

In the scenario analysis with the general population
with an estimated cost for DAA treatment of 30.000€, the
calculated ICERs for one and for five screening rounds
were 3.987€/QALY and 4.048€/per QALY respectively.

Discussion

At this moment there is no HCV screening policy
implemented in Belgium. Based on the number of
performed HCV antibody tests, we can estimate that every
year approximately 4% of the adult general population
receives an HCV antibody test (12). In MSM and
PWIDs this proportion is certainly higher as individuals
with known HIV infection are screened for HCV (16).
Also screening is proposed by centers engaged in harm
reduction programs for PWIDs. We also estimated that
at least 50% of the HCV infected individuals are already
aware of their HCV positive status and those individuals
will not enter the screening model. We evaluated the cost-
effectiveness of comprehensive screening, proposing
screening to all members of the target population,
followed by treatment with DAAs.

With comprehensive screening, asymptomatic chronic
HCV infected individuals can be diagnosed and treated.

Model results suggest that comprehensive screening
could increase the number of detected and treated
individuals and that this health strategy is cost-effective
in the general adult population and ED attendees (one
screening round) as well as in the risk populations MSM
and PWIDs.

It should be noted that only direct costs related
to HCV screening and treatment were considered.
Screening therefore would be proposed during a contact
with a health care professional for any other reason.
Additional costs to identify high risk individuals and to
invite them for screening were not included. Therefore,
in this analysis, cost incurred for HCV antibody negative
individual accepting screening is limited.

The United States Centers for Disease Control and
Prevention recommends that adults born between 1945
and 1965 should be tested once. Few data are available
concerning HCV prevalence in the Belgian baby boom
population. Recently results of economic models in
the general population have been published. A study in
the US found that universal 1-time screening of adults
was cost-effective compared with either no screening
or screening of the baby boom birth cohort (29). A
Canadian study concluded that one time screening was
likely to be cost effective in the birth cohorts from
people aged 25-64 or people aged 45-64 (30). Results of
a Dutch study comparing screening and treatment to no
intervention were less conclusive. However this study
also included costs for nationwide awareness and case
finding campaigns (31). Results of HCV prevalence
studies in Belgium vary widely. Therefore we performed
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a scenario analysis with an estimated HCV prevalence
of 0,15% and only 30% of infected individuals being
unaware of their HCV infection. In this scenario with
comprehensive screening 717.832 individuals would be
screened to detect 274 (0,04%) undiagnosed individuals
during the first screening round. The calculated ICER
was 10.647€/QALY. After completion of our analysis,
results of a Belgian HCV prevalence study on residual
sera became available. In this study among individuals of
20 years and older, estimated prevalence of chronic HCV
infection was 0,13% (32).

Results from two Belgian HCV screening studies
among patients admitted in Emergency Departments
including patients born between 1945 and 1965 became
recently available. Both studies were performed in the
Dutch speaking part of Belgium. In a Belgian university
hospital 1.106 patients admitted at the ED agreed for HCV
screening and a HCV antibody blood test was performed.
Positive HCV antibody prevalence was 1,9%. There was
no positive correlation found between a positive HCV
test and age (33).

A screening study in an ED department of a large non-
university Belgian hospital evaluated HCV prevalence
and the risk factors associated with HCV infection.
Of 2.913 contacted patients, 2.330 patients agreed for
screening, 12 patients presented with chronic HCV
infection. None of these patients were in follow-up
in a hepatology department. Results of the multiple
logistic regression model showed that age (by gender),
drug use, intravenous drug use and being born in a high
endemic birth country were significant risk factors for
HCV infection and the study outcome suggested that
screening in drug users, immigrants from high-endemic
countries and individuals born between 1948 and 1967 is
recommended (5).

We included the ED population as a separate population
in the analysis. ED could contribute to increase screening
as those departments have access to a broad range of the
Belgian population. If implemented in all Belgian EDs, a
high proportion of individuals could be offered screening.
In the Belgian prevalence study conducted in a non-
university ED department, of the 2.913 patients invited
for HCV screening, 2.330 (79,7%) patients accepted the
screening offer (5). Therefore, the assumed proportion of
50% of ED attendees accepting the screening offer might
be a conservative estimation.

A high HCV prevalence has been observed in ED
departments in studies conducted in Germany and the
United States (34,35). Both studies were conducted in
an urban setting and it is uncertain to what extent these
findings are generalizable to other ED. Therefore, we
assumed the same HCV prevalence in the ED population
as in the general population in Belgium.

The Belgian number of MSM is estimated at 106.336,
based on the publication of Marcus et al. which was
larger than 3% of the total male population. This could
be an overestimation (17).
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In the PWID population, HCV antibody testing is
currently proposed by centers engaged in harm reduction
programs. However, there is no general policy to screen
or re-test this high-risk group in Belgium. HCV RNA
test are only reimbursed once. This impedes screening
efforts.

Our estimate of the proportion of PWIDs currently
having access to HCV antibody testing is 47% based
on the proportion of PWIDs engaged in harm reduction
programs as screening is often only proposed in these
programs (6). We assumed that the proportion of PWIDs
accepting screening can attain 65% with comprehensive
screening. In a recent screening study among PWIDs,
all persons visiting a London Drug Treatment Unit were
invited for screening and 28% declined the screening
offer (36). Expanding harm reduction services to reach
more PWID will furthermore decrease the risk of new
infections (6).

In the relatively small target group of 10.100 PWIDs in
Belgium, it is estimated that after 5 years comprehensive
screening 1.629 individuals will be detected compared to
1.492 individuals with current screening or a difference of
137 detected individual. Results of a Belgian study with
an HCV transmission model to track HCV incidence and
prevalence among active PWID in Belgium indicates that
treatment of > 10% of HCV infected PWIDs was needed
to deplete the viral pool and prevent new infections
(6). Results of other economic models in the PWID
population are in agreement with our results (31,36).

This study was performed at the time that for HCV
infected patients with early fibrosis stages, there were
some reimbursement restrictions for DAA treatment. This
is no longer the case as these restrictions disappeared in
January 2019 and DAA treatment is available to all HCV
patients. We assume a higher proportion of identified
patients that will be treated with DAAs in the first year
after diagnosis with comprehensive screening (85% of
identified patients) compared to the current situation
(70% of identified patients). In the DSA, treatment
initiation was shown to be a parameter influencing the
ICER and an increase of the proportion of patients with
treatment initiation during the first year after diagnosis
would increase the impact of comprehensive screening.

Our analysis has some limitations. A number of
assumptions had to be made such as HCV prevalence
or screening and treatment uptake and model results are
based on these assumptions. The model assumes that
the populations are stable and does not anticipate for an
evolution of the number of PWIDs over time or for the
effect of immigration.

Also, the treatment model does not exactly match with
the screening model. The treatment model considered
patients infected with genotype 1 HCV. Although this is
the most prevalent strain among individuals in the target
group, the potential benefits of screening and treatment
in patients with non-genotype | infection is an important
area of future research. The treatment model simulates
the natural disease progression in individuals without
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additional risk factors such as HIV co-infection, drug or
alcohol use. Finally, it should be noted that this analysis
is a cost-effectiveness analysis and the budget impact of
comprehensive screening and treatment in the different
target populations is not evaluated.

Conclusion

The results of this cost-effectiveness analysis,
including only direct costs for HCV screening and
treatment, suggest that public health efforts to implement
HCYV screening in the general adult population and ED
attendees is a cost-effective health policy to detect and
treat HCV infected individuals. Public efforts to screen
high risk populations, PWID and MSM, is also cost-
effective and efforts should continue to decrease the
burden of chronic HCV infection in these populations.
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