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Abstract

Objective:

A pharmacoeconomic analysis was undertaken to determine costs, consequences, and cost-effectiveness
of a partially hydrolyzed 100% whey-based infant formula, NAN-HA®, manufactured by Nestlé S.A,
Switzerland -(PHF-W), branded under BEBA HA® in Switzerland, in the prevention of atopic dermatitis
(AD) in ‘at risk" Swiss children when compared to standard cow’s milk formula (SF).

Methods:

Based on a 12-month time horizon including 6 months of formula consumption, an economic model was
developed synthesizing treatment pathways, resource utilization, and costs associated with the treatment of
AD in healthy ‘at risk’ Swiss newborns who could not be exclusively breastfed. Model inputs were retrieved
from the literature, official formularies, and expert opinion. The treatment pathways considered a medical
treatment approach, supplemented in some instances by a change of formula. The final outcome was the
expected cost per avoided case of AD, yielding an incremental cost effectiveness ratio (ICER) for PHF-W vs
SF. Outcomes were presented from three perspectives: the Swiss public healthcare system (MOH), the
subject’s family, and society (SOC). A secondary analysis compared PHF-W to whey-based extensively
hydrolyzed formula (EHF) in prevention.

Results:

The model yielded 1653 avoided AD cases by selecting PHF-W over SF in a birth cohort of 22,933 ‘at risk’
infants. The base case analyses generated an expected ICER of CHF 982 from the MOH perspective as well
as savings of CHF 2202 and CHF 1220 from the family and SOC perspectives, respectively. PHF-W yielded
CHF 11.4M savings against EHF when the latter was assumed to be used in prevention. One-way and
probabilistic sensitivity analyses confirmed the robustness of the model.

Conclusion:

Under a range of assumptions, this analysis has established the dominance from the family and societal
perspectives and cost-effectiveness from the MOH perspective of PHF-W vs SF in the prevention of AD
among ‘at risk’ Swiss infants.

Introduction

One of the most common skin disorders seen in infants and children, atopic
dermatitis (AD) is an inflammatory, non-contagious, and pruritic skin disorder
which has its onset during the first 6 months of life'. The prevalence amongst
children aged 6-7 years as measured in the International Study of Asthma and

www.informahealthcare.com/jme  © 2012 Informa UK Ltd



Journal of Medical Economics Volume 15, Number 2 April 2012

Allergies in Childhood (covering 66 centers in 37 coun-
tries distributed throughout the world) ranged between
2.6-22%". The lifetime prevalence of AD in North
America and industrialized European countries is esti-
mated at 10-20% in younger school children’. Infants
who have a parent or sibling with a history of allergy are
deemed to be at higher risk of developing AD. For those
subjects, the risk of developing allergic manifestations is
roughly one in three, further increasing to 70% if both
parents have a history of allergy*®. Clinical and
experimental data indicate that early exposure to dietary
allergens may be crucial for the development of allergies
such as food allergies and AD’.

The World Health Organization (WHO) and numer-
ous regional and national guidelines (including those of
Switzerland) recommend exclusive breastfeeding for the
first 4-6 months of life®!°. When the infant cannot be
breastfed or breastfeeding duration is shorter than recom-
mended, Swiss infants are assigned infant formulas, in most
cases, standard cow’s milk-based infant formulas (SF).
Extensively hydrolyzed infant formulas (EHF) have been
indicated for treatment and, in some countries, prevention
of cow’s milk and food allergy. Amino acid-based formulas
(AAF) are available for allergy treatment, but at a much
higher cost.

Partially hydrolyzed formula is thought to have similar
hypoallergenic properties as EHF but is associated with
lower rates of discontinuation due to a host of factors
such as better taste, better texture, and less bitterness®”!*.
So far, only one specific brand of 100% whey-based par-
tially hydrolyzed formula, NAN HA®, manufactured by
Nestlé S.A, Switzerland (PHF-W) and branded under
BEBA HA® in Switzerland, has been shown in randomized
trials to be effective in the prevention of AD.

Early nutritional intervention with PHF-W or EHF in
‘at risk’ children has significant influence on the incidence
of AD and, in cases where breastfeeding was insufficient, a
hypoallergenic formula was advised'®. This statement is
supported by two recently published meta-analyses: the
first by Szajewska and Horvath'®, the second by
Alexander and Cabana'”. In the first meta-analysis, a sig-
nificantly higher relative risk (RR) of developing AD was
reported for subjects consuming SF vs PHE-W (RR of PHE-
W vs SF of 0.68 at 12 months, p-value =0.04)'°. The
second meta-analysis reported a statistically significant
risk reduction of 44% with PHF-W for atopic manifesta-
tions while a sub-group analysis of AD results yielded a
reduced incidence of AD by 55% [30-70%)] for PHF-W
vs SF'7.

In 2009, Bachler et al.® published, on behalf of the
Nutrition Committee of the Swiss Society of Pediatrics
and the Swiss Association of Pediatric Immunologists
and Allergists, a set of guidelines pertaining to the preven-
tion of allergic manifestations in early childhood in
Switzerland, with a particular emphasis on nutrition.

© 2012 Informa UK Ltd  www.informahealthcare.com/jme

In this set of guidelines, the authors argued that ‘at risk’
infants who are not exclusively breastfed should be fed
partially hydrolyzed formula as an alternative to SF, and
that EHF preparations should only be given in special
cases, after consulting a pediatrician.

According to the literature, treatment for AD accounts
for a significant amount of health services financial
resources and clinical time as well as placing a burden on
the child, family, and society'®. Kemp'” has concluded
that moderate-to-severe AD had a greater negative
impact than type 1 diabetes mellitus on the family of an
affected child. A 2006 study of 33 Italian children with AD
reported a mean cost of CHF 1254 per year for the family*.
Two studies were published for German settings. The first
was published in 1999 and estimated the annual cost of AD
to be DM 4827 from the societal perspective?!. The second
study (2003), based on 91 German children, reported
annual healthcare costs ranging from $164 in mild cases
to $911 in severe cases’’.

A previously published pharmacoeconomic analysis
(PEA) by our group reported the cost-effectiveness of
PHF-W in the prevention of AD for ‘at risk’ children in
France?’. A review of the published literature did not yield
any economic evaluation on the prevention of AD in
Swiss children. The present study is a PEA focusing on
the Swiss setting with a view to determining the costs,
consequences, and cost-effectiveness of PHF-W vs SF in
the prevention of AD in ‘at risk’ children.

Methods

Product of interest

The product of interest was PHF-W and the main compar-
ator was SF. Whey-based EHF (EHF-Whey) and AAF
were included as alternatives to PHF-W or SF in some
treatment pathways of the base case economic model,
while EHF-Whey was also subject to secondary analyses
exploring a scenario wherein it was also indicated for pre-
vention. Casein-based EHF was not taken into account in
the present study since it is not indicated for younger chil-
dren in Switzerland.

Disease of interest

This study focused on AD as it was found to be the most
quantifiable of all allergic manifestations which could be
associated with milk consumption.

Population of interest

The study centered on healthy yet ‘at risk’ subjects ranging
from newborns to 3-year olds who were not exclusively
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breastfed; ‘at risk’ were children with at least one parent or
sibling with a diagnosed or reported history of allergies.

Perspective

Three perspectives were considered in this economic eval-
uation. The first perspective was that of the Swiss public
healthcare system, herein designated as the Ministry of
Health (MOH), in which all the resource utilization and
costs attributed to the MOH were taken into account.

Given the aforementioned economic and personal
burden that AD inflicts on the entire family of the affected
subjects, the second perspective focused on the costs
attributable to the family of the child. The third perspec-
tive, that of society as a whole, included both the MOH
and the family’s perspectives.

Time horizon

In the base case analysis, a time horizon of 12 months,
including an initial 6 months of formula consumption,
was adopted as it represented the time during which
most cases of AD first occur while extending beyond the
period of milk consumption. Sensitivity analyses (SAs)
were carried out by changing the time horizon
to 6 months (the period of initial milk consumption)
and to 3 years, at which point most AD symptoms would
have abated or may have started to develop into other
allergic manifestations such as atopic rhinitis or asthma.

Type of economic evaluation

A cost-effectiveness approach was chosen as it offered the
best means to measuring the costs and outcomes that are

most relevant to both the children and their parents as well
as the MOH.

Clinical outcomes

The occurrence of AD was determined by obtaining the
incidence rate of AD with one preparation, e.g., SF, and
the RR of developing AD when comparing one prepara-
tion to the other, e.g., PHFE-W vs SF. These incidence rates
and RRs were reported in a meta-analysis by Szajewska and
Horvath!®.

A recently published brief report by Iskedjian et al.”*
provided an explanation of how RRs of developing AD at
6, 12, 24, and 36 months in subjects who had consumed
PHEF-W vs SF, were extracted from both incidence and
cumulative incidence rates at those same time points.

The total cases of AD attributable to each formula of
interest were obtained and then converted into the final
clinical outcome of the model, i.e., the avoided cases
of AD when consuming PHF-W rather than SF.

Using avoided cases as a benchmark was required, as this

380  Economic evaluation of partially hydrolyzed infant formula in Switzerland /skedjian et al.

economic evaluation explored the prevention of AD when

PHF-W was consumed.

Economic outcomes and incremental ratios

The intermediate economic outcomes were the aggregated
costs associated with the MOH perspective, the perspec-
tive of the family, and the societal perspective.

The expected cost per avoided case of AD was the final
outcome of the cost-effectiveness analysis. This outcome
was expressed as an incremental cost per avoided
case of AD, which would serve as the incremental cost-
effectiveness ratio (ICER) of this economic evaluation.
The ICER in this study was the difference in costs between
PHF-W and SF divided by the negative value of the dif-
ference in the number of cases between PHF-W and SF.
The application of a negative coefficient is required as this
is an analysis of avoided or preventive cases. The simplified
mathematical formulation of the ICER is summarized
below:

ICER = Costpp-w — Costsr

—(Casespyp-w — Casessg)

Expert opinion

Expert opinion was sought by consulting a Swiss clinical
expert (Dr Dominique Belli) with an expertise in
Pediatrics and Nutrition at a teaching hospital. Expert
opinion was required in order to determine and authenti-
cate treatment pathways and secondly to identify and help
estimate resources utilized in the management of AD
symptoms in a Swiss setting.

Summary of model structure

The cost-effectiveness analysis was carried out by using MS
Excel® 2003 to construct a spreadsheet-based decision-
analytic economic model (presented in Figure 1), depict-
ing the medical practices associated with the treatment of
AD in Switzerland.

The model applied a series of 3-month cycles, starting
with the birth cohort. Subjects were assigned to one of two
arms receiving either PHF-W or SF allowing for a juxta-
position of costs and consequences between the two
formulas.

Using the AD incidence rates adapted by Iskedjian
et al.’* from the Szajewska and Horvath!'® meta-analysis,
subjects within each arm were then divided into two
groups: those subjects with AD and those subjects without
AD. For those subjects who were affected by AD, a disease
severity was assigned as per expert opinion.

Subjects with AD were sent to their first medical visit
and presented with an age-specific plan to manage
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Figure 1. Decision tree model depicting the treatment patterns of atopic dermatitis in Switzerland in a population ranging from newborns to 3-year olds.

their AD. At 6 months of age or younger, subjects were
treated in one of two ways: a medical treatment approach
or an approach combining the medical treatment approach
with one or more changes of infant formula. Beyond 6
months of age, AD symptoms were only managed using
the medical treatment approach.

Medical treatment approach

Upon entering this arm, subjects were prescribed medica-
tions and referred to a specialist according to the severity of
their AD. According to expert opinion, all mild cases were
to be treated by emollients only and, in case of no response
after 2 weeks, by Class II topical corticosteroids for another
2 weeks. Fifty per cent (50%) of moderate cases were to be
treated with Class II topical corticosteroids for a period of
2 weeks after which treatment was halted in the case of
response or upgraded to topical immunosuppressants
(tacrolimus or pimecrolimus) for a further 2 weeks in
case of non-response. In the remaining 50% of moderate
cases and 100% of severe cases, subjects were to be treated
for a period of 1 month with Class II or III topical corti-
costeroids followed by a pro-active management regimen
lasting 5 months and consisting of tapering down the use of
topical corticosteroids and replacing them by pimecroli-
mus or tacrolimus.

Combined management approach
In the combined approach to the management of AD
symptoms, subjects were also assigned a new infant formula

© 2012 Informa UK Ltd  www.informahealthcare.com/jme

(EHF-Whey) while being prescribed medications in accor-
dance to the medical treatment approach above. In case of
response, subjects continued consuming the new milk for-
mula until 6 months of age. For subjects who did not
respond, AAF was assigned.

Epidemiological and clinical parameters applied
in the model

The initial cohort entering the model represented the
target population of this study: the ‘at risk’ population of
newborn subjects who were not exclusively breastfed in
Switzerland. The number of infants born in Switzerland
in 2009 was obtained from the Office Fédéral de la Statistique
(OFS)®. The Swiss Federal Office of Public Health
reported the rates of exclusive breastfeeding for the first
6 months of age for the year 2003%°. Three studies provided
an approximation of the rate of newborns who were ‘at risk’
of developing AD*®. Thus, the initial cohort was defined
by the following mathematical formula:

(Birth cohort in Switzerland) x (1— Average Exclusive
Breastfeeding rate) x (Rate of ‘at risk’ infants)

Two main factors, namely, the age of the subject (which
was inherent to the model) as well as the severity (mild,
moderate, or severe) of the AD manifestation, were used to
characterize the cases of AD occurring in the model. These
rates were obtained from expert opinion. The medical
treatment approach and the combined management
approach were divided into first- to second-line
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treatments; expert opinion provided the expected average
response rates (defined as an improvement of AD symp-
toms) for each line of treatment.

Although AD does not affect mortality, general mor-
tality rates were applied in the dynamic model according to
published sources?’

Resource utilization and costs

In the base case analysis, it was assumed that infant for-
mulas used for prevention were covered at 90% by the
MOH as is currently the case in Switzerland with EHF-
Whey for treatment. This scenario where the cost of PHF-
W and SF is reimbursed by the MOH (although no milk
formula is currently reimbursed for prevention, and SF is
neither intended to replace breastfeeding nor would it be
appropriate for prevention of AD), made it possible to
carry out a direct comparison of the most commonly
used infant formula, SF, with the only 100% whey-based
partially hydrolyzed formula that has been proven effective
in prevention of AD symptoms, PHF-W/.

A set of SAs explored scenarios in which all infant
formulas were covered by the MOH at various rates or in
which PHF-W was included in a setting where no other
formula was reimbursed for prevention.

Although EHF-Whey is indicated for the treatment of
AD symptoms, not their prevention, some physicians may
choose to recommend EHF-Whey as a preventive measure.
This possibility was explored in a SA which is described in
the upcoming section ‘Comparisons with EHF-Whey’.

In the model, it was assumed that infant formulas were
consumed for the first 6 months of life. In the Szajewska
and Horvath'® meta-analysis, a wide variety of SF brands,
two specific brands of EHF-Whey (Profylac®, ALK,
Hgrsholm, Denmark and Cow and Gate Pepti Junior®,
Trowbridge, UK) and one brand of EHF-Casein
(Nutramigen®, Mead Johnson, Illinois, USA) were
included as comparators to PHE-W. Thus, for the present
analysis, with the absence of a specific brand as a compar-
ator, the cost of SF was based on the brand with the highest
market share in Switzerland, namely Aptamil-1®
(Danone, St-Ouen, France). Given that the two brands
which had been used by Szajewska and Horvath!® as
EHF-Whey comparators are not readily available in
Switzerland, the cost of EHF-Whey was based on the aver-
age cost of two common preparations: Althera® and
Alfaré® (Nestlé, Vevey, Switzerland). The cost of the
AAF was derived from Neocate (Nutricia, Schiphol, The
Netherlands). The price of each infant formula was
obtained from a survey of pharmacies. It was assumed
that SF, PHF-W, and EHF-Whey were covered at a rate
of 90%, whereas AAF was fully paid by the family, as is
currently the case in Switzerland. The mean daily quantity
of infant formula consumed in the dynamic model was
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determined according to an increasing scheme ranging
from 84.6-141 g over 6 months, based on the instructions
for the preparation of PHF-W, according to the propor-
tions of infants who were either fully or partially breastfed.

According to expert opinion, all first-line medical visits
are with a general pediatrician. Subsequently, 10% of sub-
jects with mild AD and all subjects with moderate or
severe AD are immediately referred to a specialist
(either a dermatologist or an allergist) for one visit in
the case of mild AD and two additional visits for moderate
or severe cases. In addition to medical visits, the clinical
expert indicated that 1.5% of moderate or severe cases
would be hospitalized for an average of 5 days. The esti-
mated cost of these interventions was obtained from
expert opinion.

According to the expert panel, all subjects would have
initiated the use of emollient creams for a period of
2-3 months for mild cases and a period of 6 months for
moderate and severe cases, twice daily, at a rate of 250 g of
emollient cream per 3-month period. Applied in the model
was the only brand of emollient which is always reimbursed
(at a rate of 90%) by the MOH.

Also, according to expert opinion, treatment of AD
symptoms may consist of only emollients, Class II or III
topical corticosteroids, and/or immunosuppressants (tacro-
limus or pimecrolimus), depending on the age of the sub-
ject, the severity of AD symptoms, and the success of each
line of treatment. The cost of medications and emollients
was obtained from the Compendium Suisse des
Médicaments®®.

According to expert opinion, 40% of subjects with
moderate or severe AD would be administered the
Specific IgE Test and the Prick Test, while 5% of subjects
with severe AD would also be administered the Oral
Provocation Test. The costs of these laboratory tests
were obtained from a survey of a medical laboratory in
Canton Fribourg.

When analysing the family and societal perspectives,
indirect costs due to leisure time and/or productivity loss
were included in the model. These indirect costs were
determined by taking into account the population rate of
participation in the workforce in Switzerland (published
by the OFS for 2009)% as well as the average gross hourly
wage and weekly hours of work for each economic activity
in Switzerland published for 2008 by the International
Labour Organization’*!.

The cost of travel to and from the physician’s office, for
an assumed distance of 10 km, was established by using an
average of the cost of public transportation (bus and
metro), the cost of using a taxi, and the cost of operating
a personal car in Geneva®>?’. The cost of operating a per-
sonal car was approximated by using the per kilometer rate
for a taxi (i.e., excluding service charges and the additional
fare for waiting in traffic).
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Discounting

All costs beyond 1 year were discounted, but outcomes
were analyzed with or without discounting given that the
discounting of outcomes is still controversial’*. Discount
rates of 2.5, 5, and 10% were applied as per the draft guide-
lines of the Swiss Federal Social Insurance Office®”.

Comparisons to EHF-Whey

A secondary analysis was undertaken to explore a scenario
wherein EHF-Whey was assumed to be used in prevention.
The Szajewska and Horvath'® meta-analysis had reported
no significant difference between the RR of PHF-W vs
EHF-Whey, which implied the same efficacy to be
applicable to both formula preparations. Accordingly,
this secondary analysis consisted of a cost-minimization
exercise based on the difference in the acquisition cost of
the formula itself. The same combined management
pattern was applied to subjects consuming PHF-W,
whereas  subjects consuming a  preparation  of
EHF-Whey were assumed to be switched to AAF

immediately.

Variability and uncertainty

To address previously discussed as well as other uncertain-
ties in the model, the effect of various parameters on the
outcomes of the economic model was determined by car-
rying out a series of one-way SAs. One additional set of
SAs explored the impact of introducing PHF-W as a new
program wherein PHF-W would be the first infant formula
to be covered by the MOH. Sensitivity analyses were com-
pleted wherein the MOH paid for 100%, 60%, 35%, and
15% of PHF-W costs, while an additional SA was carried
out with the MOH only paying the difference between
PHF-W and SF costs.

Furthermore, probabilistic SAs were carried out by
simultaneously varying multiple parameter values. As
such, a set of 10,000 Monte Carlo simulations was carried
out using Oracle Crystal Ball® 11.1.2 to test the robustness
of the economic model by simultaneously varying key
parameter values according to pre-set ranges and types of
distribution.

Results

Base-case analysis

For a birth cohort of 80,000 newborns in Switzerland in
2009, the starting cohort entering the model had 22,933 ‘at
risk’ newborns, assumed to be taking either PHF-W or SF.
The epidemiological and clinical parameters that were

© 2012 Informa UK Ltd  www.informahealthcare.com/jme

assigned to the model and the list of economic inputs are
presented in Tables 1 and 2.

Table 3 presents the results of the base case analysis
from three different perspectives (MOH, family, and soci-
ety) when comparing subjects who consumed PHF-W to
those who consumed SF. The expected numbers of cases
attributed to PHF-W and SF were 2287 and 3940, respec-
tively, yielding a total of 1653 avoided cases of AD by
selecting PHF-W over SF.

The total direct and indirect costs associated with PHE-
W and SF were CHF 21,620,537 and CHF 23,636,558,
respectively, yielding savings with PHE-W. From the
MOH and societal perspectives, the highest cost was
attributable to formula while the cost of time lost was
the main cost driver from the perspective of the subject’s
family. The expected incremental costs per avoided case of
AD (i.e., the expected ICERs) were CHF 982, —CHF 2202
(savings) and —CHF 1220 (savings) from the MOH,

family, and societal perspectives, respectively.

PHF-W vs EHF analysis

PHF-W was dominant over EHF-Whey in the scenario
where the latter was used in the prevention of AD symp-
toms given the assumption that both formulas are equally
effective in the prevention of AD'®**. The savings for the
cohort with the use of PHE-W over EHF-Whey amounted
to ~CHF 11.4 million, including savings of CHF 10.2 mil-
lion from the MOH perspective.

One-way sensitivity analyses

Table 4 presents the results of most of the one-way SAs
which were undertaken to evaluate the effect of key
parameters on the outcomes of the economic model. The
greatest variation from the base case ICERs of the MOH
and societal perspectives was observed when applying the
upper bound of the 95% CI of the RR of developing AD. In
that SA, the advantage of PHF-W over SF in prevention
was greatly diminished. From the perspective of the family
of the subject, the greatest variation from the base case
ICER was noted in the SA, wherein the MOH did not
cover the cost of infant formulas, thus shifting this cost
driver over to the family.

In the one-way SA where PHF-W was introduced into a
new program where there was no formula previously cov-
ered for prevention of AD under the MOH (i.e., SF was not
covered), an ICER of —CHF 1220 was again obtained
when viewed from the perspective of society as a whole.
However, from the MOH perspective, the ICERs were
higher than the base case when the MOH paid 90%,
60%, 35%, and 15% of PHF-W costs (CHF 8541, CHF
5639, CHF 3220, and CHF 1286, respectively), but similar
to the base case when the MOH covered the difference of
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Table 1. Epidemiological and clinical parameters applied in the model.

Quantity applied Reference
Initial Cohort
Newborns in Switzerland in 2009 80,000 2
Exclusively breastfed infants in Switzerland 14% 26
Percentage of ‘at risk’ newborns 33% 46
Infants forming starting cohort 22,933 Calculation
0f formula-fed infants in Switzerland, average percentage who are exclusively formula-fed 7% Calculation®®
0Of formula-fed infants in Switzerland, average percentage who are both formula-fed and breastfed 93% Calculation®®
Relative Risk of developing AD (PHF-W vs SF)
Time points
0-3 months 0.25 16.24
3-6 months 0.35 1624
6-12 months 0.81 16,24
12-18 months 0.82 1624
18-24 months 0.83 1624
24-30 months 0.84 16.24
30-36 months 1.06 1624
Incidence rates of AD
With SF
0-3 months 3.87% 16,24
3-6 months 3.87% 16,24
6-12 months 4.73% 16.24
12-18 months 1.17% 16,24
18-24 months 1.17% 16,24
24-30 months 1.76% 1624
30-36 months 1.76% 1624
With PHF-W
0-3 months 0.97% 1624
3-6 months 1.35% 16,24
6-12 months 3.83% 16,24
12-18 months 0.96% 1624
18-24 months 0.97% 1624
24-30 months 1.48% 16,24
30-36 months 1.86% 1624
Distribution of cases of AD
Mild 75% EO
Moderate 15% EO
Severe 10% EO
Treatment approach of infants less that 6 months old
Medical treatment approach
Mild 100% EO
Moderate 90% EO
Severe 90% EO
Combined treatment approach
Mild 0% EO
Moderate 10% EO
Severe 10% EO
Estimated response rates to first-line treatment
Mild 90% EO
Moderate 88% EO
Severe 80% EO
Estimated response rates to second-line treatment
Mild 100% EO
Moderate 100% EO
Severe 100% EO
Mortality rate in the general Swiss population
At the end of the first year of life 0.48% 2z
At the end of the second year of life 0.04% 7

Note: Expert opinion was provided by Dr Dominique Belli.
AD, Atopic dermatitis; EO, Expert opinion; PHF-W, Nestlé brand of 100% whey-based partially hydrolyzed formula; SF, Standard cow’s milk formula.
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Table 2. Economic parameters applied in the model.

Quantity applied Reference Cost per unit Reference
Formula
PHF-W (Nestlé — Beba HA®) Varied with the age of the subject Calculation CHF 34.70/1000¢g b
SF (Danone — Aptamil 1%) and with the rate of partial Calculation CHF 30.30/1000¢g b
EHF-Whey (Nestlé — Althera®; Alfaré) breastfeeding® Calculation CHF 59.50/1000 g b
Amino Acid Based Formula (Nutricia — Calculation CHF 164.50/1000 g b
Neocate®)
Medical visits
General pediatrician, Dermatologist or 1 visit for 90% of mild cases, 2 EO CHF 65.00/initial visit; CHF 32.50/  EO
allergist visits for 10% of mild cases and subsequent visits
3 visits for moderate or severe
cases
Hospitalization 1.5% of moderate or severe cases  EO CHF 6017.75/hospitalization EO
Treatment
Emollient cream (Excipial Lipolotion® or 250 g per 3-month period, used for ~ EO CHF 12.70/200 g tube %
Excipial Hydrolotion®) 2-3 months in mild AD and 6
months in moderate or severe
AD
Class Il topical corticosteroids Mild cases and 50% of moderate EO
cases use 30 g; the remaining
50% of moderate cases and all
severe cases use 1009
Betamethasone dipropionate CHF 15.15/30 g tube 2
(Diprosone Créme® CHF 36.85/100 g tube 2
Mometasone (Elocom Créme®) CHF 17.95/30 g tube 2
CHF 26.75/50 g tube 2
Class lll topical corticosteroids Severe cases above 1-yearolduse  EO
1009
Betamethasone dipropionate (Diproléne CHF 15.90/30 g tube %
Créeme®)
Methylprednisolone aceponate CHF 25.00/50 g tube %
(Advantan®)
Immunosuppressants 50% of moderate cases use 30g;
the remaining 50% moderate
cases and all severe cases use
two 60 g
Pimecrolimus (Elidel®) EO CHF 64.00/30 g tube 2
CHF 99.00/60 g tube 2
Tacrolimus (Protopic™) EO CHF 72.95/30 g tube 28
CHF 115.85/60 g tube 2
Laboratory tests
Specific IgE Test Used once in 40% of moderate or ~ EO CHF 41.59/test ¢
severe cases of AD
Prick Test Used once in 40% of moderate or ~ EO CHF 55.79/test ¢
severe cases of AD
Oral Provocation Test Used once in 5% of severe cases EO CHF 274.48/test ¢
of AD
MOH reimbursement rates
Infant formulas (except amino-acid based  90% Assumption
formula)
Amino-acid based formula 0% EO
Prescribed medication 90% EO
Emollients 90% EO
Medical visits, laboratory testing, and 90% EO
hospitalization
Participation in the workforce in 57.80% 2
Switzerland
Time loss
Physician visits and laboratory testing 4 h for each visit Assumption  CHF 38.26/hour 30,31
Child care for 2 days after the initial 8 h per day Assumption  CHF 38.26/hour 30,31
medical visit
Application of emollient cream 20 min daily over the application Assumption  CHF 38.26/hour 30,31
period
Application of topical medications (corti- 10 min daily over the application Assumption  CHF 38.26/hour 30,31
costeroids and immunosuppressants) period
(continued)
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Table 2. Continued.

Quantity applied Reference Cost per unit Reference
Hospitalization 5 days, 7.27 h per day EO CHF 38.26/hour 30,81
Travel Travel to and from physician visits ~ Assumption  CHF 37.45/2-way trip 3233

or laboratory testing (10 km

each way)

The full breakdown of the daily quantity of formula consumed over 6 months is available upon request.

PBased on a survey of costs in pharmacies.
Based on a survey of a laboratory clinic in Canton Fribourg, Switzerland.
Note: Expert opinion was provided by Dr Dominique Belli.

AD, Atopic dermatitis; EHF, Extensively hydrolyzed formula; EO, Expert opinion; MOH, Ministry of Health; PHF-W, Nestlé brand of 100% Whey-based partially

hydrolyzed formula; SF, Standard cow’s milk formula; Tx, Treatment.

Table 3. Base case results presented from the perspective of the Ministry
of Health, of the family of the subject and of society as a whole.

PHF-W SF
Outcomes
Number of cases 2287 3940
Avoided cases 1653
Costs

Ministry of Health perspective

Cost of formula CHF 14,398,641 CHF 12,519,931

Physician costs CHF 173,830 CHF 299,444
Treatment costs CHF 109,013 CHF 196,925
Hospitalization costs CHF 46,457 CHF 80,029
Costs of lab tests CHF 10,844 CHF 18,681
Total cost CHF 14,738,785 CHF 13,115,010
Incr cost CHF 1,623,775
Incr G/AC (ICER) CHF 982

Family perspective

Cost of formula CHF 1,602,980 CHF 1,402,632

Physician costs CHF 19,314 CHF 33,272

Treatment costs CHF 12,113 CHF 21,881

Hospitalization costs CHF 5162 CHF 8892

Costs of lab tests CHF 1205 CHF 2076

Cost of time lost CHF 5,019,849 CHF 8,672,290

Travel costs CHF 221,129 CHF 380,506

Total cost CHF 6,881,752 CHF 10,521,547

Incr cost —CHF 3,639,795

Incr G/AC (ICER)* —CHF 2202
Societal perspective

Total cost CHF 21,620,537 CHF 23,636,558

C/AC CHF 1047 CHF 1244

Incr cost —CHF 2,016,021

Incr C/AC (ICER)* —CHF 1220

*Negative ICERs are indicative of cost savings due to the prevention of AD
cases with PHF-W vs. SF, and hence indicate dominance of PHF-W over SF.
G/AC, Cost per avoided case; Incr, Incremental; ICER, Incremental cost-
effectiveness ratio; PHF-W, Nestlé brand of 100% Whey-based partially
hydrolyzed formula; SF, Standard cow’s milk formula.

PHF-W and SF costs (CHF 1061). A cost-neutral ICER was
observed when the MOH paid for 1.71% of PHE-W costs.

Probabilistic sensitivity analyses

The parameters which were varied in the probabilistic
SAs, their distributions, and their ranges are presented in

386  Economic evaluation of partially hydrolyzed infant formula in Switzerland /skedjian et al.

Table 5. Also presented in Table 5 and Figure 2 are the
results of these probabilistic SAs from all three perspec-
tives (MOH, the subject’s family, and society). The aver-
age Monte Carlo ICER from the MOH perspectives was
CHEF 675, with a 99% probability of cost-effectiveness of
PHE-W vs SF. From the perspectives of the family and
society, the average Monte Carlo ICERs displayed savings
(and probabilities of showing cost-effectiveness or domi-
nance) of CHF 994 (20.5%, 79.3%) and CHF 319 (44.6%,
55.2%), respectively.

Median ICERs of CHF 672, —CHF 928, and —CHF 183
were observed from the MOH, family, and societal per-
spectives, respectively, with a 72%, 12%, and 19% proba-
bility for Monte Carlo results to fall below a line linking
the base case ICERs to the origin.

Discussion

To our knowledge, this is one of the first studies based on a
Swiss setting pertaining to the cost-effectiveness of PHF-
W in the prevention of AD in ‘at risk’ children. This study
falls in line with a previous study that was undertaken for
France®’.

The obtained incremental cost per avoided case of AD
was very attractive at CHF 982 from the MOH perspec-
tive, while PHF-W demonstrated dominance over SF from
the family and societal perspectives.

The robustness of the model was confirmed by both the
one-way SAs and Monte Carlo simulations, as most
yielded ICERs were similar to or in line with those
obtained in the base case. There was, however, one excep-
tion, namely the one-way SA wherein the upper bound of
the 95% confidence interval of the RR of developing AD
symptoms when using PHF-W vs SF, i.e., the case where
the efficacy was minimized. In that scenario, SF was dom-
inant over PHF-W as it had been granted greater efficacy
than PHE-W in preventing AD symptoms, a situation that
two meta-analyses have deemed improbable'®!7. This was

confirmed by the probabilistic SA in which dominance of
SF over PHF-W was only observed in only 0.18% of Monte
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Table 5. Parameter estimates and distributions for variables tested in the Monte Carlo sensitivity analysis.
Parameter Distribution type? Selected range
MOH milk program coverage for prevention Uniform 13.98-100%
Alternative to PHF-W in case of discontinuation Uniform PHF-W 50-100%, SF and EHF-Whey 0-25%
Relative risk Log Normal Within the 95%Cl
Incidence rates consideration Triangular Most likely = BC, minimum and
maximum = LB and UB of the 95%ClI
Rounding down or up the number of cans used DUD Round down or up
MOH medication coverage Uniform 80-100%
MOH hospitalization coverage Uniform 80-100%
MOH physician coverage Uniform 80-100%
MOH lab test coverage Uniform 80-100%
Cost of laboratory tests Uniform 0-100% of BC costs
Transportation costs Uniform 0-150% of BC costs
Cost of time lost Uniform 0-150% of BC costs
Cost of time lost for laboratory tests Uniform 0-100% of BC costs
Days lost due to child at home DUD 1 or 2 days
Cost of hospitalization Uniform 0-150% of BC costs
Time horizon DUD 6 months, 1 year, 3 years
Discount rate beyond 1 year DUD 2.5%, 5%, 10%
Discounting of outcomes beyond 1 year DUD Include or exclude
Monte Carlo Results MOH Family Society
PHF-W
Average costs CHF 9,242,558 CHF 11,015,777 CHF 20,259,011
Average number of AD cases 2,598 2,598 2,598
SF
Average costs CHF 8,248,899 CHF 12,478,118 CHF 20,728,081
Average number of AD cases 4,070 4,070 4,070
Monte Carlo ICERs®* CHF 675 —CHF 994 —CHF 319
Median ICERs®* CHF 672 —CHF 928 —CHF 183
Distribution”
Quadrant 1 99.28% 20.49% 44.60%
Quadrant 2 0.18% 0.18% 0.18%
Quadrant 3 0.00% 0.00% 0.00%
Quadrant 4 0.54% 79.33% 55.22%

A uniform distribution was applied when only two data points were available with an assumed equal likelihood for all points in between while a discrete uniform
distribution was applied when only two or three specific data points were considered likely. A triangular distribution was used when determining whether to use the
base case incidence rates or the upper or lower bound of the 95% confidence interval as reported by Iskedjian et al.>* As these data points were not distributed
normally, a triangular distribution, which appeared to best fit the data set, was applied. As argued by Briggs et a/.>¢, a log normal distribution was applied to the
relative risk of developing AD.

®These Monte Carlo ICERs were obtained by dividing the average incremental costs by the average avoided cases of AD which were generated from the 10,000
Monte Carlo simulations.

“These median ICERS were generated from each Monte Carlo simulation (accounting for the incremental costs and outcomes of each simulation).

The four quadrants are depicted in Figure 2. Quadrant 1 is associated with potential cost-effectiveness of PHF-W as it displays positive incremental costs and
avoided cases. Quadrant 2 represents dominance by SF, as incremental costs for PHF-W vs SF are positive while avoided cases are negative. Quadrant 3 represents
the unlikely scenario where incremental costs are negative but so are avoided cases. Quadrant 4 denotes dominance by PHF-W over SF as incremental costs and
avoided cases are both negative.

*Negative ICERs indicate dominance of PHF-W over SF.

AD, Atopic dermatitis; BC, Base case; Cl, Confidence interval; DUD, Discrete uniform distribution; EHF, Extensively hydrolyzed formula; ICER, Incremental cost-
effectiveness ratio; LB, Lower bound; MOH, Ministry of Health; PHF-W, Nestlé brand of 100% Whey-based partially hydrolyzed formula; SF, Standard cow’s milk
formula; UB, Upper bound.

Carlo simulations while the opposite, i.e., dominance of
PHEF-W over SF, resulted in 55.2% of cases. Incremental
cost-effectiveness of PHF-W vs SF was observed in
~44.6% of cases. The probabilistic SA seems more con-
servative, yet possibly more plausible, than the base case
analysis because of the range of parameter values applied.
This range tended to push the model towards being more
conservative by presenting higher probabilities of the sim-
ulations, randomly selecting values lower than those of the

© 2012 Informa UK Ltd  www.informahealthcare.com/jme

base case. Accordingly, an average ICER of CHF 675 from
the MOH appears very attractive for reimbursement. The
observed incremental ratios were similar to those observed
in a similar cost-effectiveness analysis which was under-
taken in a French setting (where the base case expected
ICERs were €1343, —€624 and €729, from the MOH,
family, and societal perspectives, respectively)?’, and com-

parable to previously published European estimates of the
burden of AD**?’.
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Figure 2. Results of the Monte Carlo simulations from the Ministry of Health, family, and societal perspectives. These findings are presented for a population
of 80,000 newborns (as in Switzerland in 2009), of which 22,903 were deemed to be ‘at risk’ and not exclusively breastfed. The presented incremental cost-
effectiveness ratios were obtained by dividing the average incremental costs by the average avoided cases of AD which were generated from the 10,000
Monte Carlo simulations. The base case incremental cost-effectiveness ratios were CHF 982, —CHF 2,202, and —CHF 1,220 from the MOH, family, and

societal perspectives, respectively.
MOH, Ministry of Health.

The main cost driver from the MOH and societal per-
spectives was the cost of infant formula. From the perspec-
tive of the family, the main cost driver was the cost of time
lost, defined as costs incurred due to either productivity or
leisure time loss due to child care, based on whether the

390 Economic evaluation of partially hydrolyzed infant formula in Switzerland /skedjian et al.

family members participate in the workforce in
Switzerland or not. All productivity costs were attributed
to the family even though some families would have access
to paid ‘sick days’ or ‘family days’ through their employers,
and would not technically have to suffer a loss of revenue

www.informahealthcare.com/jme  © 2012 Informa UK Ltd
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because of time spent on child care. This approach was
adopted as not all parents have access to these social ben-
efits (these services might not be offered by the employer,
or the parents may be self-employed), and parents who
take paid time off for child care might have to make up
their lost productivity time by staying longer at work upon
their return, which would simply transfer past productivity
loss to future productivity or time loss.
Alternatively, the cost associated with these ‘sick days’
or ‘family days’ could be applied to a third party, the
employers, which would increase the expected ICERs
from the family perspective but would not affect the
expected ICERs from the societal perspective as overall
costs would remain the same (as demonstrated in the SA
where the cost of leisure time was excluded while the cost
of productivity time lost was shifted to the employers, i.e.,
society). Hence, in the interest of an effective and stream-
lined base case analysis, it was assumed that all costs of
productivity and leisure time loss would be attributable to
the family of the subject.

In order to be conservative, this study did not take into
account broader allergic manifestations such as atopic rhi-
nitis or asthma due to the lack of clearly demonstrable
evidence linking these disorders to the population of inter-
est. Furthermore, intangible outcomes such as pain or suf-
fering were not monetized in this cost-effectiveness
analysis. A literature search yielded two studies reporting
utility scores for AD*"?®, However, upon reviewing those
studies, the published utility scores could not be deemed
reliable or adaptable enough to serve in a cost-utility
approach for a study in infants. In any case, the results of
this cost-effectiveness analysis suggest the PHF-W would
be an appropriate candidate for adoption by public pro-
grams when prescribed in the prevention of ‘at risk’ infants
who have not been exclusively breastfed.

A further analysis comparing PHF-W and EHF-Whey
in the prevention of AD symptoms yielded a cost saving of
~CHF 11.4 million which entails for the cohort ~CHF 2.7
per child per day of milk consumption. That amount takes
into account the increased costs of the replacement for-
mula, i.e., EHF-Whey for PHF-W and AAF for EHF-
Whey, for ~3% of the cohort who present AD symptoms.
This suggests that EHF-Whey may be appropriate for use as
treatment but not in prevention, particularly when one
takes into account issues such as non-compliance due to
taste or texture.

leisure

Limitations

As in all predictive modelling exercises, the current model
may contain a certain amount of bias. Nevertheless, when-
ever possible, the base case analysis was undertaken by
selecting the more conservative approach that applied
the bias against the product of interest (PHF-W).

© 2012 Informa UK Ltd  www.informahealthcare.com/jme

Moreover, numerous SAs (both one-way and probabilistic
in nature) which were performed in order to observe the
effect of particular parameters on the overall output of the
model confirmed its robustness.

The first limitation of the model was the fact that it was
limited to infants who were at risk of developing AD symp-
toms. This limitation, however, did not present a bias in
favor of PHF-W as it downplayed its preventive nature by
minimizing the starting cohort of the model. A broader
rate of infants ‘at risk’ of developing AD for other reasons
than heredity could not be found in the available
literature.

In the Szajewska and Horvath'® meta-analysis, some of
the included studies limited their scope to exclusively for-
mula-fed infants while other studies included infants who
were not exclusively formula-fed. Nonetheless, these latter
studies did not report a difference in the breastfeeding rates
between PHF-W and comparator arms. Hence, in the pre-
sent study, it was assumed that breastfeeding did not
impact on the clinical efficacy of infant formulas that
were consumed at the same time.

The Szajewska and Horvath'® meta-analysis from
which the clinical efficacy rates were derived might have
contributed a certain bias as it included a wide variety of
randomized controlled trials with differing sizes and vari-
ability in samples. Yet, the very fact that these studies were
synthesized using a meta-analytic approach should limit
the bias inherent in those data and make them more
attractive when compared to the results of a single clinical
trial.

Incidence rates of AD are believed to be higher earlier
in life. Thus, a bias might have been introduced against
PHE-W by assuming equal incidence rates for adjoined
3-month intervals between the periods of 0—6 months
and 6-12 months because this would defer some of the
incidence to a later point in life which would in turn
limit the preventive impact of PHF-W in the first
months. Furthermore, a similar bias against PHF-W may
have been introduced to the model due to the fact that
events were accounted for at the mid-point of each 3-
month interval, for ease of mathematical modelling.

In the base case analysis, from the MOH perspective,
the main cost driver was the cost of formula, implying that
any limitation associated with the computation of infant
formula in the model needed to be tested. One such lim-
itation is the fact that the daily quantity of formula con-
sumed by the subjects in the model was assumed to be
equal throughout for all formulas, although it may not be
the case in practice. Moreover, following a discontinua-
tion, subjects were assumed to change to a different brand
of the same formula preparation type of equal price to that
of the initial brand. One-way SAs, which were undertaken
on the utilization and costs of milk formula, generated
ICERs comparable to those found in the base case analysis,
again confirming the robustness of the model.
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Another bias against PHF-W may have been intro-
duced by assuming that the occurrence of flare-ups coin-
cided with the time of treatment, thus not requiring
additional resource utilization or costs. In a real-life set-
ting, flare-ups are believed to happen at any time, within
the period of treatment or afterwards.

Finally, the boundaries of the values assigned to the
parameters of the Monte Carlo simulations rendered
the multivariate analysis even more conservative than
the base case analysis, especially that the nature of the
uniform distribution signified that the values selected for
the Monte Carlo simulations were skewed, resulting in a
more conservative approach than the base case.

Finally, the findings of the present analysis are specific
to the brand of partially hydrolyzed formula being the focus
of the present study, as well to practices and settings within
the Swiss healthcare system. Accordingly, caution should
be taken before any attempts for generalizability and trans-
ferability of results.

Conclusions

Under a certain range of assumptions, this analysis
based on predictive modelling has established the cost-
effectiveness of BEBA HA®, a specific brand of 100%
whey-based partially hydrolyzed formula in the prevention
of atopic dermatitis in infants and very young children in
Switzerland. PHF-W demonstrated dominance over SF
from the family and societal perspectives and attractive
cost-effectiveness at CHF 982 from the MOH perspective.
PHF-W was also dominant over EHF-Whey from the
MOH perspective.
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