
ORIGINAL RESEARCH ARTICLE

Cost-effectiveness of infant hypoallergenic formulas to manage cow’s milk 
protein allergy in France

Ana Teresa Paquetea, Rui Martinsa,b, Mark P. Connolly a,b, Marie Meullec, Nítida Pastord, Grégoire Benoiste 

and Patrick Tounianf

aHealth Economics Unit, Health Economics Consultants, Global Market Access Solutions, St-Prex, Switzerland; bUnit of 
PharmacoEpidemiology & PharmacoEconomics, Department of Pharmacy, University of Groningen, Groningen, The Netherlands; cBenckiser 
Healthcare France, Reckitt Benckiser, Paris, France; dMedical and Scientific Affairs, Nutrition, Reckitt Benckiser, 47721, Evansville, IN, USA; 
eDepartment of Pediatrics, CHU Ambroise Paré, APHP, 92100, Boulogne-Billancourt, France; fPediatric Nutrition and Gastroenterology 
Department, Trousseau hospital, APHP, Sorbonne University, Paris, France

ABSTRACT 
Background: Clinician’s choice of hypoallergenic formulas in the first-line management of cow’s 
milk protein allergy (CMPA) should be informed by evidence on clinical efficacy and cost- 
effectiveness.
Objective: We compare the cost-effectiveness of amino acid-based formula (AAF), extensively 
hydrolyzed casein formula with Lactobacillus rhamnosus Gorbach Goldin (EHCF+LGG), exten-
sively hydrolyzed whey formula (EHWF), and rice hydrolyzed formula (RHF) in non-breastfed 
children in France.
Methods: Immunotolerance and atopic manifestations’ prevalence were based on a prospective 
non-randomized study with a 36-month follow-up. Resource utilization was sourced from 
a survey of French clinicians, and unit costs were based on national data. Costs and health 
consequences were discounted at 2.5% annually. Results were reported using the Collective and 
French National Health Insurance perspectives.
Results: Children receiving EHCF+LGG were predicted to require less healthcare resources, given 
their reduced prevalence of CMPA symptoms at 3 years. In the base case, EHCF+LGG led to savings of 
at least €674 per child compared to AAF, EHWF, and RHF at 3 years, from both perspectives. Nutrition 
had the highest economic burden in CMPA, driven by hypoallergenic formulas and dietetic replace-
ments costs. Results were robust to one-way and probabilistic sensitivity analyses.
Conclusions: EHCF+LGG was associated with more symptom-free time, higher immune toler-
ance, and lower costs.
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Introduction

The benefits of maternal milk have been widely recog-
nized by the scientific community [1,2] but there are 
situations in which breastmilk is not sufficient or par-
ents choose not to breastfeed [3]. Therefore, formulas 
containing cow’s milk proteins (CMP) are given to 
infants and cow’s milk protein allergy (CMPA) can 
develop in few of them. When CMPA occurs, hypoaller-
genic formulas replace standard formulas. CMPA is one 
of the most common food allergies worldwide in the 
first year of life [4,5]. Its prevalence is thought to range 
from 0.5 to 3% in infants born in developed countries, 
although there is substantial variability depending on 
diagnostic criteria [6,7]. In studies using self-reported 
criteria, prevalence ranges from 1.2 to 17% [8] and 

there is some evidence suggesting that the condition 
is becoming more frequent in adulthood [6]. CMPA 
manifests in a range of gastrointestinal, dermatological, 
and respiratory symptoms that can be detrimental to 
children’s nutritional status and development, leading 
to unforeseen health costs [6,9]. CMPA is regularly cate-
gorized into immunoglobulin E (IgE)-mediated and 
non-IgE-mediated symptoms. IgE-mediated reactions 
are characterized by the occurrence of atopic manifes-
tations (AM) within 1 to 2 hours after the allergen’ 
ingestion. Non-IgE-mediated symptoms present within 
hours to days [10]. European directives recommend the 
use of an extensively hydrolyzed formula as the first- 
line management of CMPA in non-breastfed children 
except in infants with anaphylactic reactions or severe 
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enteropathy suggested by faltering growth for whom 
an amino acid-based formula (AAF) is primarily recom-
mended [9,11]. Because several formulations are avail-
able, clinician prescription should be informed by 
efficacy and cost-effectiveness data, ensuring the best 
use of resources [12]. One prospective non-randomized 
study found extensively hydrolyzed casein formula 
(EHCF) with or without added Lactobacillus rhamnosus 
Gorbach Goldin (LGG), now renamed Lacticaseibacillus 
rhamnosus, increased the likelihood of cow’s milk tol-
erance compared with AAF, rice hydrolyzed formula 
(RHF), and soy formula at the 12-month follow-up [13]. 
At a later stage, a randomized control trial recruiting 
children with IgE-mediated CMPA found that EHCF 
+LGG was associated with a 23% (95% CI, 10 to 36%) 
reduction in the incidence of AM and a 20% higher 
probability of becoming cow’s milk tolerant (95%CI, 22 
to 43%) at 36 months follow-up, compared to EHCF 
alone [14]. A recent prospective cohort study compared 
the incidence of AM and cow’s milk tolerance over 
36 months, in children using different formulas. At this 
timepoint, children receiving EHCF+LGG were statisti-
cally significantly less likely to have any AM and had 
a higher probability of being tolerant to cow’s milk [15].

Health technology assessment has been widely used 
in France as a decision-making tool informing the com-
missioning of medical technologies. Assessments have 
been mostly focused on innovative drugs and medical 
devices. Since its creation in 2005 [16] the Haute 
Autorité de Santé (HAS) has greatly contributed to 
developing methodological guidance in the use of eco-
nomic evaluation [17] and promoting transparency in 
evidence-based healthcare decision-making [12]. 
However, non-prescription healthcare products are 
commonly out of scope for HAS decision-making as 
they are generally not reimbursed, representing 
a burden for patients and families. This emphasizes 
the importance of including the Collective perspective 
in cost-effectiveness analyses of these products, depict-
ing the consequences of efficient clinical prescriptions 
along with families’ out of pocket expenses.

When CMPA is developed, hypoallergenic formulas 
replace standard infant formulas and it is essential that 
clinical prescription of these formulas is enlightened by 
rigorous criteria of both efficacy and cost-effectiveness. 
Two economic evaluations of whey-based hydrolyzed 
formula have been published before in the French set-
ting, concerning its impact on atopic dermatitis preven-
tion [18,19]. However, these studies became outdated 
as new hypoallergenic formulas were introduced in the 
market and not all comparators are considered in these 
studies.

Previous health economic analyses have explored 
the head-to-head cost-effectiveness comparison of 
hypoallergenic formulas in acquiring tolerance to CMP 
in Italy [20], Spain [21], Poland [22] and the UK (UK) [23] 
but no such study exists in France. The objective of this 
economic evaluation is to assess the cost-effectiveness 
of commonly used hypoallergenic formulas (AAF, EHCF 
+LGG, extensively hydrolyzed whey formula [EHWF], 
and RHF) in infants and young children presenting 
with IgE-mediated CMPA in France, applying the most 
recent evidence in the field, at time of publication. The 
Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) framework for reporting economic 
evaluations was used to prepare this report [24].

Materials and Methods

Model structure

We developed a trial-based decision analytic cohort 
model in Microsoft Excel to simulate the use of hypoal-
lergenic formulas to manage IgE-mediated CMPA in 
non-breastfed children in France. The model structure 
was based on a published cost-effectiveness analysis in 
the UK [23]. The analysis uses the annual probabilities 
of AM and acquisition of tolerance to CMP from 
a prospective non-randomized trial, over 3 years. The 
trial informing the model compares the use of AAF, 
EHCF+LGG, EHWF, and RHF [15]. Infants and children 
usually present CMPA and potentially acquire tolerance 
over a 3-year period, which aligns with the duration of 
follow-up used by a recent publication [25]. Soy formu-
las are no longer available in France and were not 
included in the analysis.

The model simulates a cohort of 5-month-old com-
munity-based infants with IgE-mediated symptoms of 
CMPA, who may develop other AM (eczema, asthma, 
rhinoconjunctivitis, or allergic urticaria) or may become 
symptom free [15]. Health states were modelled as 
mutually exclusive and exhaustive, with annual prob-
abilities of belonging to each health states adding to 1. 
CMPA management costs such as those for health care 
and dietetic replacements were attributed to infants in 
each health state and accumulated over time. Because 
we had no information of the number of children hav-
ing multiple symptoms, we specifically modelled chil-
dren according to their main AM, as defined in the 
clinical trial. Similarly, no information was provided 
about the proportion of infants presenting with AM 
after symptom-free periods so this was not modelled 
directly. Those becoming immunotolerant were 
assumed not to present AM and were discontinued 
from hypoallergenic formula. Mortality due to CMPA 

2 A. T. PAQUETE ET AL.



or hypoallergenic formula intake (unlikely event) was 
not considered in the analysis, as any difference 
between cohorts would be negligible. The model struc-
ture is represented in Figure 1.

Health resources used were obtained from French 
pediatricians experienced in the management of 
CMPA and AM, using a purpose-built questionnaire. 
The analysis considered two perspectives of costs:

1) Collective: The French National Authority for 
Health (HAS) refers to the ‘Collective’ perspective [12] 
as that including “all the individuals or institutions 
affected in the production of an intervention. In the 
present analysis, this perspective includes overall costs 
incurred by the families, mutual private insurance com-
panies, and the French National Health Insurance (NHI) ;

2) FNHI: Includes costs incurred by the FNHI alone. 
RHF was not considered in the FNHI perspective as it is 
not reimbursed in France [26].

Transport costs and indirect costs from care-related 
parental time off work were not considered.

Model inputs

Atopic manifestations and developing tolerance to 
cow’s milk proteins

The probabilities of AM and acquired tolerance to 
CMP were based on a prospective cohort study com-
paring AAF, EHCF+LGG, EHWF, RHF, and soy formula, 
over 3 years [15]. To the best of our knowledge (and 
considering the results of a recent systematic review 
[27]), this is the sole study providing a direct 

comparison between the relevant hypoallergenic for-
mulas considered in the current analysis, and reporting 
on AM and probability of CMP tolerance over a 3-year 
follow-up.

The study protocol and methodology are described 
in detail in a previous publication [15]. Briefly, the study 
on which the economic model was based recruited 365 
non-breastfed infants (73 per intervention) aged less 
than 1 year with symptoms likely attributed to IgE- 
mediated CMPA. All children were symptom free at 
enrolment, and started on a hypoallergenic milk for-
mula for 15–30 days by the clinician referring them to 
a tertiary specialist center and were receiving a diet free 
from cow’s milk. At baseline, IgE-mediated CMPA status 
was confirmed. Data on allergic manifestations were 
collected at follow-up visits occurring in 12 month. To 
check for tolerance to cow’s milk, the researchers also 
performed an oral food challenge, and a skin prick test 
to cow’s milk. Primary and secondary study outcomes 
for years 1 and 2 were extracted from the original 
publication using Engauge Digitizer software [28]. The 
3-year follow-up results were based on the reported 
outcomes. Annual probabilities of being symptom free 
were estimated as one minus the sum of the probabil-
ities of any AM for that year. The efficacy parameters, 
except for RHF were previously published in a cost- 
effectiveness analysis for the UK [29], and are depicted 
in Table 1.

Costs and resource use

To estimate resource use in the clinical management 
of CMPA, a survey based on clinician experience was 
designed in collaboration with French clinicians, who 
selected six pediatricians and two pediatric gastroen-
terologists to participate in the survey, based on their 
experience managing children with CMPA. The sur-
veyed clinicians were selected according to their dis-
tribution around the country, including those in rural 
and urban areas, and their practice, considering hos-
pital and community-based clinicians. The question-
naires were sent to the clinicians in advance, 
allowing them to prepare their answers, being com-
pleted at a later stage with the help of a facilitator 
familiar with the context of the analysis. Additional 
clarifications were requested as appropriate. In 
France, general pediatricians are usually the first 
point of contact for children with milk allergy symp-
toms, being responsible for the initial management 
and referral to other specialties, as dictated by 
European guidance [9]. Due to the nature of the sur-
vey used in this study, approval by an ethics commit-
tee was not required. According to the French law 

Figure 1. Model structure22.
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no. 2012–300 of 5 March 2012 [30], and the Institut 
National de la Santé et de la Recherche Médicale 
(INSERM) guide [31], this study was not research invol-
ving human subjects. The survey informing health 
resource consumption collected the anonymized opi-
nion of experts on treatment practices, however no 
patient-level data was required or collected during the 
interview process.

Monthly requirements of hypoallergenic formula in 
the first 6 months were based on the EHCF+LGG for-
mulary decision guide (876 ml per day, estimated from 
an average of 10 cans per month) [32]. Estimated 
requirements after 6 months were collected in the clin-
ician survey.

Costs associated with the diagnosis and manage-
ment of the first CMPA’s symptoms were applied at 
baseline, to all infants. The incidence of urticaria symp-
toms in years 2 and 3 was assumed to be due to 
accidental exposure to cow’s milk or allergic reactions 
to other foods (as part of the atopic condition), as we 
had no data informing the incidence of infectious urti-
caria. Packed lunches and CMP-free desserts were 
assumed to be required 5 days per week.

The duration of the various AM was not reported 
by Nocerino and colleagues {Nocerino, 2021 #44} and 
could not be sourced elsewhere. Consequently, it was 
assumed that one average course of treatment/num-
ber of appointments was required to handle the 
annual spell of AM. Costs were obtained by multi-
plying the average number of resources per year by 
the unitary costs. Resource unitary costs were sourced 
from nationally available sources. Unitary costs were 
inflated to current values using the Consumer Price 
Index for Health Services [33] and presented as Euros 

2021. Unit costs and reimbursement rates for pedia-
tricians and specialties’ consultations and tests were 
based on official public administration and FNHI data 
[34,35]. We assumed all pediatrician visits were fol-
low-up as infants have recommended appointments 
by the 8th day of life. For specialist visits we assumed 
that only 10% were first visits. Due to the lack of real- 
world data, we conservatively assumed that the cost 
of a private sector appointment or test for physicians 
with uncapped fees was the same as for those with 
capped fees. These costs were combined with the 
rates of reimbursement to adjust the unit costs of 
a physician appointment to the different perspectives 
in the model. Dietitian visits were assumed to have 
the same cost as specialist visits and were assumed 
to be free to families and supported by the FNHI. The 
unit costs for emergency department visits and 
laboratory tests were based on official FNHI prices 
[36,37]. Laboratory test costs included the costs of 
a hemogram and biochemistry and the costs of 
blood collection. The cost of hospital admission was 
based on the costs per admission due to various 
nutritional disorders in children [38].

Unit costs of hypoallergenic formulas were based on 
the average price per 100 ml of reconstituted formula, 
weighted by the market share per hypoallergenic for-
mula category [39]. Formula costs for FNHI and diet 
supplements prescribed were based on official tariffs 
paid according to hypoallergenic formula category 
[40,41]. Unit costs and market shares of hypoallergenic 
formulas are presented in Supplemental Data (Table 
S2). The cost of packed lunches was based on the low-
est prices on large-scale retail outlets in France [42]. 
Unit costs of prescribed medicines were based on 

Table 1. Annual probabilities of atopic manifestations, being symptom free and cumulative incidence of being tolerant to cow’s 
milk per comparator.

Formula Time Allergic urticaria1 Eczema1 Asthma1 Rhinoconjunctivitis1 Symptom free2 CM tolerance3

AAF4 Year 1 0.151 0.289 0.000 0.178 0.381 0.016
Year 2 0.097 0.082 0.069 0.138 0.615 0.099
Year 3 0.041 0.041 0.192 0.041 0.685 0.192

EHCF+LGG4 Year 1 0.026 0.000 0.001 0.000 0.972 0.411
Year 2 0.056 0.096 0.014 0.053 0.782 0.641
Year 3 0.041 0.041 0.109 0.056 0.753 0.809

EHWF4 Year 1 0.081 0.220 0.083 0.082 0.535 0.195
Year 2 0.055 0.014 0.055 0.069 0.807 0.314
Year 3 0.083 0.055 0.138 0.152 0.572 0.425

RHF Year 1 0.082 0.096 0.001 0.095 0.726 0.153
Year 2 0.151 0.137 0.109 0.110 0.493 0.264
Year 3 0.041 0.083 0.151 0.138 0.586 0.412

AAF, amino acid-based formula; CM, cow’s milk; EHCF+LGG, extensively hydrolyzed casein formula with added Lactobacillus rhamnosus Gorbach Goldin; 
EHWF, extensively hydrolyzed whey formula; RHF, rice hydrolyzed formula. 

1Sourced from Nocerino et al [15]. 
2Calculated as one minus the sum of the annual probabilities of allergic urticaria, eczema, asthma and rhinoconjunctivitis for that cycle. 3Cumulative 

probabilities. 
4Annual probabilities previously published in Martins et al. [29]. 
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official prices and reimbursement rates [43,44]. The cost 
of emollients without corticosteroids and spacers for 
inhaled medicines were based on online pharmacy 
prices in France. Table 2 describes the unit costs used 

in the model and the respective sources. Estimated 
costs were discounted at 2.5% rate after year 1, as per 
the French guidelines for the economic evaluation of 
health care technologies [12].

Table 2. Unit costs of healthcare resources and nutrition, per perspective.
Unit Cost (€)

SourcesPerspective Collective1 FNHI Families

General pediatrician (child < 2 years)
Hospital 32.0 32.0 - [34,35]
Private practice with capped fees 32.0 22.4 9.6
Private practice with uncapped fees2 32.0 19.6 12.4
General pediatrician (child 2 to 16 years)
Hospital 32.0 32.0 -
Private practice with capped fees 32.0 22.4 9.6
Private practice with uncapped fees2 32.0 16.1 15.9
Initial visit Specialist
Hospital 50.0 50.0 -
Private practice with capped fees 50.0 35.0 15.0
Private practice with uncapped fees2 50.0 35.0 15.0
Follow-up visit Specialist
Hospital 30.0 30.0 -
Private practice with capped fees 30.0 21.0 9.0
Private practice with uncapped fees2 30.0 16.1 13.9
Initial visit dietitian Assumption
Hospital 50.0 50.0 -
Private practice2 50.0 0.0 50.0
Follow-up visit dietitian
Hospital 30.0 30.0 -
Private practice2 30.0 0.0 30.0
Accident & emergency attendance 48.0 48.0 - [36]
Hospital admission3 1742.3 1742.3 - [38]
Allergy and laboratory tests2 [37,45]
Skin prick 37.2 26.0 11.1
IgE 16.0 11.2 4.8
Oral food challenge 42.7 42.7 -
Hemogram 10.0 7.0 3.0
Biochemistry 5.8 4.1 1.7
Blood test collection 4.0 4.0 -
Chest X-Ray 31.7 22.2 9.5
Nasal endoscopy 30.8 30.8 -
Medicines
Emergency food allergy kit
H1 antihistamines 1.84 0.50 1.35 [43]
H1 antihistamines + adrenaline autoinjector 59.02 37.66 21.36
Emergency asthma kit
β2 + spacer 19.63 9.32 10.31 [43,44,46]
β2 + spacer + oral corticosteroid 20.87 10.13 10.74
Emollients (cost per tube) 10.65 0.09 10.56 [43,47–49]
Topical corticosteroids (cost per tube) 1.42 0.92 0.50 [43]
Monthly prescription for antihistamines 2.45 0.59 1.86
Monthly prescription for inhaled corticosteroids 12.03 7.19 4.84
Diet
CM free packed lunch 1.63 - 1.63 [42]
CM free dessert4 0.36 0.31 0.05 [50]
Infant hypoallergenic formulas5 

(per 100 ml of reconstituted formula)
[39,40,50]

AAF 2.13 1.79 0.34
EHCF+LGG 0.76 0.49 0.27
EHWF 0.69 0.47 0.22
RHF 0.49 - 0.49

AAF, amino acid-based formula; β2, beta-2 adrenergic receptor agonist; CM, cow’s milk; EHCF+LGG, extensively hydrolyzed casein 
formula with added Lactobacillus rhamnosus Gorbach Goldin; EHWF, extensively hydrolyzed whey formula; FNHI, French National 
Health Insurance; IgE, immunoglobulin E; RHF, rice hydrolyzed formula. 

1The Collective perspective combines costs incurred by the FNHI and families. 
2In the base case, uncapped fees are assumed the same as capped fees and the cost of a private appointment is assumed to be equal 

to an appointment at the hospital. This was conservatively assumed in the base case, as there is no data informing how much higher 
these costs would be on average for families. 

3The cost of a hospital admission was calculated as the average of costs per admission due to various nutritional disorders in children 
with severity level 1 in 2018, and admissions with a very short duration. 

4It was assumed that each child would consume 100 g per day (4.6 g of Neocate Spoon®) powder. 
5Infant hypoallergenic formula unit costs and market shares are presented in Supplemental Data (Table S2). 
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Measures of effect

This analysis used the probability of acquiring cow’s 
milk tolerance and the absence of AM of CMPA as the 
main measures of effect. The probability of being free 
from AM was determined as one minus the sum of the 
probabilities of having any AM at the 3-year follow-up 
of the study [15]. The probability of being cow’s milk 
tolerant used previously reported estimates [15]. Time 
free from symptoms and time being tolerant to CMP 
were also analyzed, considering the 3-year time horizon 
since formula feeding initiation. Estimating preference- 
based measures of quality of life in children is 
a complex subject in the field of health economic eva-
luation, this is particularly difficult before the age of 
6 years old [51], therefore quality-adjusted life years 
(QALYs) were considered inappropriate for this analysis. 
Health consequences were discounted annually at 
a 2.5% rate [12].

Sensitivity analyses

Sensitivity analyses are essential in health economic 
evaluation studies, in order to assess the impact of 
any biased parameters on the robustness of the results 
[12,52]. Clinical outcomes based on a prospective non- 
randomized study and resource use data based on 
clinicians’ survey increase the potential for uncertainty. 
Parameters uncertainty was explored by subjecting, all 
effect and cost parameters to one-way and probabilistic 
sensitivity analyses.

The parameters with a higher impact on the model 
results were summarized in a tornado diagram, based 
on the 95% confidence intervals of the deterministic 
inputs (one-way sensitivity analyses). To explore bias 
around the type of fees (capped or uncapped) charged 
by clinicians operating in the private sector, uncaptured 
variance in resource utilization, and country-wide var-
iance in costs, we have conducted a scenario where 
total health-care costs were raised by 40%.

In probabilistic sensitivity analysis, model inputs 
were applied distributions in order to sample 1,000 
Monte Carlo simulations. Annual probabilities of AM 
and being symptom free were sampled from Dirichlet 
distributions using events of interest and complements 
reported previously [15]. Annual probabilities of being 
cow’s milk tolerant were sampled from beta distribu-
tions also by using frequency of the event of interest 
and complement [52]. Uniform distributions were 
applied to costs, varying the mean estimates by 40%, 
as no variance measures were publicly available and 
unitary prices for products with the same active princi-
ple are subject to variability.

Results

Survey of clinicians

The survey elicited the average number of annual con-
tacts with medical services required to manage CMPA 
and specific AM, according to children’s age, and time 
since formula feeding initiation. Data were collected on 
the frequency of pediatricians’ appointments, emer-
gency department attendances, hospital admissions, 
referrals to other specialties, medical tests, medicines, 
and dietetic replacements. Table 3 summarizes the esti-
mated amount of health resources used in the model. 
The distribution of patients attending hospital appoint-
ments paying capped or uncapped clinician fees were 
also captured by the survey and are presented in 
Supplemental Data (Table S1). The clinician-reported 
hypoallergenic formula requirements averaged 563 ml 
per day from 6 to 12 months and 413 ml per day after 
12 months of age.

Base case

Children receiving EHCF+LGG were associated with 
a higher probability of being symptom free and tolerant 
to CMP after 3 years [15]. For the overall 3-year time- 
horizon, EHCF+LGG was also related to an increase in 
time free from AM and in time tolerant to cow’s milk 
proteins. Children receiving EHCF+LGG were predicted 
to incur lower total costs from the Collective and FNHI 
perspectives, compared to children on EHWF or AAF. The 
strategy using EHCF+LGG was therefore considered domi-
nant for all assessed outcomes, being associated with less 
incremental costs and more incremental effects. From the 
Collective perspective, with RHF being included in the 
analysis, EHCF+LGG remained the dominant strategy.

Table 4 depicts the deterministic results of the model 
per considered perspective. The ratios of incremental 
costs to incremental benefits (symptom free or toler-
ance to cow’s milk) – incremental cost-effectiveness 
ratios (ICER), are not depicted as their negative results 
due to savings related to EHCF+LGG use would be 
misleading. A net monetary benefit was not estimated 
because there are no formal willingness to pay (WTP) 
thresholds for child per life years free from symptoms or 
for child tolerant to CMP outcomes.

Base case deterministic results per symptom free and 
tolerance to cow’s milk, and perspective (discounted) ≫

Total costs per healthcare resources are represented 
in Figure 2 and in Supplemental Data (Table S3). From 
the Collective perspective, hypoallergenic formulas 
were responsible for the largest proportion of overall 
costs averaging 69% across all comparators, with 
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Table 3. Estimates of resource use in the model (experts panel).
Mean units per average child, per year

Symptoms
CMPA 

(upfront) Eczema
Allergic urticaria and 

other signs Asthma Rhinoconjunctivitis

Time since formula feeding initiation Year 1 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

General pediatrician visits 4.88 3.63 1.88 1.13 1.13 0.88 0.75 3.25 2.63 1.81 0.13 0.63 1.00
Pediatric allergist visits 0.41 0.04 0.03 0.02 1.03 1.06 0.59 0.46 0.42 0.41 0.44 0.44 0.44
Pediatric gastroenterologist visits 0.19 - - - - - - - - - - - -
Pediatric dermatologist visits - 0.62 0.57 0.55 - - - - - - - - -
Pediatric pulmonologist visits - - - - - - - 0.69 0.59 1.66 - - -
Otolaryngologist visits - - - - - - - - - - 0.01 0.09 0.24
Ophthalmologist visits - - - - - - - - - - 0.01 0.01 0.01
Dietitian visits 0.06 - - - - - - - - - - - -
Accident and emergency attendances 0.54 0.08 0.06 0.18 0.16 0.14 0.08 1.43 0.69 0.44 0.00 0.00 0.00
Hospital admissions 0.02 - - - 0.06 0.04 0.01 0.51 0.38 0.17 - - -
Emergency food allergy kit prescription (% 

prescribed)
- - - - - - - - - - - - -

H1 antihistamines 18% - - - - - - - - - - - -
H1 antihistamines and adrenaline 

autoinjector
12% - - - - - - - - - - - -

Emergency asthma kit prescription (% 
prescribed)

- - - - - - - - - - - - -

β2 and spacer - - - - - - - 60% 60% 60% - - -
β2, spacer and oral corticosteroid - - - - - - - 48% 48% 48% - - -
Emollient’s prescription (tubes per month) - 1.22 1.21 1.10 - - - - - - - - -
Duration of treatment (months) - 9.00 9.00 9.00 - - - - - - - - -
Topical corticosteroid’s prescription (tubes 

per month)
- 0.65 0.55 0.56 - - - - - - - - -

Duration of treatment (months) - 4.50 4.50 4.50 - - - - - - - - -
Oral antihistamines prescription (average 

time on treatment, months)
- 0.06 0.36 0.70 2.17 3.97 3.97 - - - 0.00 0.02 0.03

Inhaled corticosteroids prescription 
(average time on treatment, months)

- - - - - - - 4.96 3.36 2.49 - - -

Packed lunch (% prescribed) 34% - - - - - - - - - - - -
CMP free dessert (mean units per day) 1.19 - - - - - - - - - - - -
Skin prick tests 0.74 0.15 0.15 0.15 0.72 0.72 0.72 1.10 1.10 1.10 - - -
IgE blood tests 2.14 0.18 0.18 0.18 0.09 0.09 0.09 0.90 0.90 0.90 0.88 0.88 0.88
Laboratory tests 1.00 - - - 0.36 0.36 0.36 0.24 0.24 0.24 0.50 0.50 0.50
Oral food challenge 0.63 - - - - - - - - - - - -
Chest x-ray - - - - - - - 0.61 0.61 0.61 - - -
Nasal endoscopy - - - - - - - - - - 0.04 0.04 0.04

β2, beta-2 adrenergic receptor agonist; CMP, cow’s milk proteins; CMPA, cow’s milk proteins allergy; IgE, immunoglobulin E. 

Table 4. Base case deterministic results per symptom free and tolerance to cow’s milk, and perspective (discounted).
Total costs (€)

Clinical outcomes

Incremental costs (€)

Incremental clinical outcomes

ICER1

Perspective Collective FNHI Collective FNHI Collective FNHI

Probability of being symptom free at 3 years
EHCF+LGG 2,275 1,434 0.717 - - - - -
RHF 2,949 - 0.558 674 - −0.159 dominated -
EHWF 3,523 2,309 0.544 1,248 875 −0.172 dominated dominated
AAF 10,539 8,467 0.652 8,264 7,033 −0.065 dominated dominated

Life years without symptoms at 3 years
EHCF+LGG 2,275 1,434 2.452 - - - - -
RHF 2,949 - 1.765 674 - −0.687 dominated -
EHWF 3,523 2,309 1.866 1,248 875 −0.586 dominated dominated
AAF 10,539 8,467 1.633 8,264 7,033 −0.819 dominated dominated

Probability of cow’s milk tolerance at 3 years
EHCF+LGG 2,275 1,434 0.770 - - - - -
RHF 2,949 - 0.392 674 - −0.378 dominated -
EHWF 3,523 2,309 0.405 1,248 875 −0.365 dominated dominated
AAF 10,539 8,467 0.183 8,264 7,033 −0.587 dominated dominated

Life years with cow’s milk tolerance at 3 years
EHCF+LGG 2,275 1,434 1.805 - - - - -
RHF 2,949 - 0.803 674 - −1.003 dominated -
EHWF 3,523 2,309 0.906 1,248 875 −0.899 dominated dominated
AAF 10,539 8,467 0.295 8,264 7,033 −1.510 dominated dominated

AAF, amino acid-based formula; EHCF+LGG, extensively hydrolyzed casein formula with added Lactobacillus rhamnosus Gorbach Goldin; EHWF, extensively 
hydrolyzed whey formula; FNHI, French National Health Insurance; ICER, incremental cost-effectiveness ratio; RHF, rice hydrolyzed formula. 

1Calculated as the difference in costs divided by the difference in clinical outcomes. 
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a minimum of 58% for RHF and maximum of 87% for 
AAF. Dietetic replacements options (other than formu-
las) were the second highest cost component, repre-
senting approximately 13% of total costs across 
comparators. Diagnostic tests, pediatricians’ visits and 
hospital admissions added up to 14% of total costs. 
Specialist appointments, emergency department atten-
dances, prescribed drugs, and dietitian visits repre-
sented 4% of total costs amongst all comparators. Our 
analysis predicted that children receiving EHCF+LGG 
incurred 37%, 37%, and 44% less costs on health care 
and nutrition resources compared to those on RHF, 
EHWF, and AAF, respectively. Differences in healthcare 
resource use and costs are a direct consequence of the 
incidence of AM per formula. From the FNHI perspec-
tive, CMP free packed lunches and private dietitians’ 
visits were not reimbursed, so 75% of total FNHI costs 
are due to the infant formula (91% for AAF) and 16% 
are due to diagnostic tests, pediatricians’ visits and 
hospital admissions. Children receiving EHCF+LGG 
were associated with savings of 35% and 38% in FNHI 
costs, compared to those on EHWF and AAF.

Sensitivity analyses

One-way sensitivity analysis
One-way sensitivity analyses were conducted by evaluat-
ing the ICERs resulting from changing the value of all 
model parameters (one at a time) to the lower and 
upper bounds of their 95% confidence interval. These 
analyses were summarized in tornado diagrams depict-
ing the results for the ten most influential parameters. 

EHWF was chosen for sensitivity analyses presentation as 
it has shown to be the second-best option on all out-
comes considered, after EHCF+LGG. One-way sensitivity 
analyses comparing EHCF+LGG to EHWF under the 
Collective perspective are shown in Figure 3. One-way 
analyses for the FNHI perspective are shown in 
Supplemental Data (Figure S1). Bear in mind that ICERs 
are negative as EHCF+LGG dominates the comparator 
(increased benefits at lower costs). The higher the nega-
tive value (in absolute terms), more savings are esti-
mated for using EHCF+LGG when compared to EHWF.

The model results were more sensitive to the annual 
probabilities of being symptom free and to the cumulative 
probability of acquiring tolerance to cow’s milk, according 
to the outcome that was live in the model. As expected, 
hypoallergenic formula prices also had a major impact on 
the results. However, varying all these parameters in the 
one-way analysis did not influence the model conclusions, 
in both the Collective and FNHI perspectives.

Scenario analyses

We have explored uncertainty around clinician fees and 
other cost variation across France by increasing total 
healthcare costs by 40% in all comparators. These has 
caused no change to the conclusions of the model with 
EHCF+LGG remaining the most cost-effective strategy from 
the FNHI and Collective perspectives. Increasing healthcare 
costs led to small variation in the overall contribution of 
infant formula to total costs, becoming 69% (6% less than 

Figure 2. Costs per healthcare resource in the cost-effectiveness model, per perspective.
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Figure 3. Tornado diagrams for EHCF+LGG versus EHWF (Collective perspective). 
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base case) and 64% (5% less than base case), from the FNHI 
and Collective perspectives, respectively.

Probabilistic sensitivity analyses

We have conducted probabilistic sensitivity analysis to 
explore and represent the uncertainty associated with all 

model inputs simultaneously. The average results of 1,000 
iterations of the probabilistic sensitivity analysis were 
almost identical to the deterministic results. Figure 4 is 
the graphical representation of the probabilistic sampling 
on the cost-effectiveness plane when life years without 
symptoms and life years with tolerance to cow’s milk are 
shown from the Collective perspective. Probabilistic 

a.

b.

Figure 4. Probabilistic results displayed on cost-effectiveness plane (Collective perspective). 
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sampling plots for other outcomes and for the FNHI per-
spective are presented as Supplemental Data (Figures S2 
and S3). The cost-effectiveness acceptability curves esti-
mated for life years without symptoms and life years with 
tolerance to cow’s milk are shown in Figure 5. EHCF+LGG 
was associated with the highest probability of being cost- 
effective. At a willingness to pay of €1,000 per life year 
lived without symptoms or life year with tolerance to 
cow’s milk, EHCF+LGG was associated with an 100% prob-
ability of being the most cost-effective strategy. This 
remained true for the remaining range of WTP values, 
from both the Collective and FNHI perspectives.

Discussion

The results of a recent clinical trial reporting on AM and 
CMPA tolerance [15], showed that children receiving 

EHCF+LGG had a faster improvement of CMPA symp-
toms and earlier tolerance to cow’s milk, leading to 
a decrease in healthcare needs and formula consump-
tion, compared to alternative hypoallergenic formulas. 
Based on our modelled evaluation, for the 3-year time 
horizon and using a Collective perspective, EHCF+LGG 
was predicted to save at least €674 per child when 
compared to RHF and at least €1,248 compared to 
EHWF or AAF, respectively. From the FNHI perspective, 
EHCF+LGG savings were estimated at a minimum of 
€875 per child, compared to the prescription of EHWF 
or AAF. The current cost-effectiveness analysis suggests 
that EHCF+LGG is the dominant strategy, providing 
most clinical and economic benefits.

Comparing previous economic evaluations of whey- 
based hydrolyzed formulas in the French setting with 
the current work should be done with caution due to 
the fundamental differences in the choice of 

a.

b.

Figure 5. Cost-effectiveness acceptability curves (Collective perspective). 
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comparators, outcomes, and methodology [18,19]. 
Comparisons to previously published cost- 
effectiveness analysis of hypoallergenic formulas in 
other countries must also take into account the differ-
ent comparators and cost perspectives considered. 
These may not be transferable to the French setting. 
In 2015, EHCF+LGG was compared to EHCF alone and 
AFF in the perspective of the Spanish National Health 
Services, concluding that EHCF+LGG was associated 
with improved outcomes at lower costs [21]. In the 
same year, a similar study comparing EHCF+LGG to 
EHCF alone, AFF, the soy formula and RHF in the 
Italian National Health Service perspective demon-
strated the same conclusions, with EHCF+LGG being 
the dominant option over all the other comparators 
[20]. In 2016, Guest and colleagues estimated the cost- 
effectiveness of EHCF+LGG versus EHCF alone and AFF 
in the perspectives of the Polish National Health Fund 
and parents. Though healthcare costs were reduced for 
the Polish National Health Fund in infants fed with 
EHCF+LGG, AAF provided marginally lower costs to 
parents [22]. In 2019, Guest and Singh concluded that 
EHCF+LGG were associated to improved outcomes at 
lower costs over a 5-year time horizon from the per-
spective of the National Health Service in the UK [23]. 
A recent analysis based on Nocerino and colleagues’ 
study compared EHCF+LGG to EHWF and soy formula 
in the National Health Service in the UK, having con-
cluded for reduced healthcare costs in infants utilizing 
EHCF+LGG, over a 3-year period [29].

Limitations of the current economic analysis are 
worth taking into consideration when seeking to 
apply the results described here into clinical practice. 
First, efficacy outcomes rely on the results of a non- 
randomized prospective study performed at a sole 
European country, which were then combined with 
resource utilization data surveyed from French clini-
cians. In this trial, a large number of infants were 
included, and arms were balanced. Results of AM’s 
incidence were adjusted for confounding through 
a binary regression model. However, tolerance to 
cow’s milk proteins was a secondary outcome and 
the difference between formulas could not be proved 
as statistically significant [15]. Nevertheless, results of 
an observational study provide useful evidence on 
effectiveness, and a valuable insight on real-world 
data [53]. Infants were consecutively allocated in 
cohorts according to the formula previously used in 
the 2 to 4 weeks prior to enrolment, and the most 
commonly used substitutive formulas were compared. 
Furthermore, the study results are in line with previous 
evidence of the effect of hypoallergenic formulas on 
the incidence of AM [54–57] and acquisition of 

immune tolerance [13,14,27,54–60]. Notwithstanding, 
comparisons should be done with caution, as study 
designs, formulas used and outcomes differ. To the 
best of our knowledge and according to a published 
literature review in this topic area, there is no rando-
mized study comparing the hypoallergenic formulas 
relevant for the France analysis [27].

Resource estimation was obtained from six pediatri-
cians and two gastroenterologists practicing in France, 
and unit costs were based on official and publicly avail-
able sources from France. Face validity of the utilized 
inputs were subject to scrutiny by experienced French 
clinicians, as no other publications were found to inform 
these inputs. The remaining uncertainty about the fees 
being paid by families accessing private medical 
appointments and other possible variations in healthcare 
resources use was explored in a scenario analysis.

Health economics is a decision science in which cost- 
effectiveness analysis is used to guide the efficient 
allocation of resources. This often requires synthesis of 
evidence to consider all available treatment options, 
however gaps in the evidence base can often exist. 
Despite these limitations, decisions still need to be 
made, hence economic modelling as described here is 
used to compare costs and outcomes of different 
options. The current analysis uses the best available 
evidence, modelling to fill the gaps where data does 
not exist or to reduce potential bias from clinical and 
costs data. To address evidence limitations, sensitivity 
analyses were performed to account for variation in 
outcomes and costs that could occur in clinical practice. 
As reported here, the findings from the sensitivity ana-
lysis support the conclusions from the base case analy-
sis, and expected variability in outcomes for different 
treatments did not influence the main conclusions. 
Furthermore, the model assumed the time horizon of 
the clinical trial’s follow-up in order to avoid adding 
uncertainty from any extrapolation method. 
A previous publication has shown that longer time 
horizons would not change the cost-effectiveness con-
clusions in CMPA [23].

The outcome measures evaluated in the current 
model were the probability of being free from AM and 
acquiring cow’s milk tolerance, and life years without 
symptoms and while tolerant to cow’s milk, rather than 
quality-adjusted life years (QALYs), commonly used in 
French economic evaluations [12]. QALYs were not con-
sidered as there are several methodological questions 
regarding utility estimates in children under 5 years old 
[12] and a large variation on how AM affect each infant 
(namely the frequency, intensity, and duration of each 
AM), that would compromise the utility assessment. 
Furthermore, AM may also impact families’ quality of 
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life. Hence, we perceived the selected outcomes as mean-
ingful to the clinical community and families.

According to the efficacy outcomes’ source, adverse 
events were not considered in the current model [15]. 
The cost-effectiveness analysis of the clinical nutrition 
sequence in non-breastfed children with CMPA would 
also be interesting to assess in future analyses.

At last, it is also important to note that the current 
analysis excludes externalities of improving CMPA symp-
toms and of acquiring tolerance to cow’s milk. Positive 
externalities are expected on child development and on 
adulthood, but also on parents and families’ well-being.

Conclusions

This analysis compares the costs and consequences of 
managing CMPA in children using available hypoaller-
genic formulas in France based on the best available 
evidence, from a recently published non-randomized 
comparative trial. Compared to other common hypoaller-
genic formulas, EHCF+LGG was predicted to be the most 
cost-effective strategy, being associated with lower total 
costs, directly linked to higher oral tolerance to cow’s milk 
and less AM. Acknowledging the cost breakdown, along 
incremental benefits, allows clinicians and families to 
understand detailed impact on both healthcare system 
and out of pocket expenses, and take informed decisions. 
Immune tolerance is likely to positively affect child devel-
opment, families’ wellbeing, and substantially reduce 
health care and infant formula costs. Although the results 
are subject to some data limitations, we do believe they 
are helpful to inform the choice of hypoallergenic formula 
for non-breastfed children in France.
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