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Purpose: This study aimed to estimate utility values for health states relating to oral immunotherapy (OIT) for peanut allergy (PA),
for children with PA and their caregivers.
Patients and Methods: Two methods were used: an online survey and structured interviews. Both methods assessed current utility/
untreated PA (health-related quality of life, HRQoL) and HRQoL in different health states: “up-dosing phase of treatment”,
“maintenance phase” and “able to tolerate 6–8 peanuts if accidentally ingested”. The survey was conducted in individuals with and
without experience of OIT; data collected included the EQ-5D-Y (child states) and EQ-5D-5L (caregiver states).
Results: In total, 100 caregivers and 38 adolescents completed the treatment-naïve survey, a separate sample of 50 caregivers participated
in structured interviews. Seven caregivers and two adolescents with experience of OIT for PA completed the survey. Data from the three
samples were pooled, the mean utility values were untreated PA: 0.796 (child), 0.855 (caregiver); up-dosing: 0.711 (child), 0.806
(caregiver); maintenance: 0.821 (child), 0.849 (caregiver), tolerate 6–8 peanuts: 0.859 (child), 0.884 (caregiver). The results show a gain
in utility of 0.063 for children and 0.029 for caregivers between the untreated and tolerate 6–8 peanuts health states.
Conclusion: This study is the first to assess utilities relating to OIT for PA. The results show the potential benefit of OIT for
individuals with PA and their caregivers and provide values for use in cost-effectiveness evaluation.
Keywords: peanut allergy, oral immunotherapy, health-related quality of life, health state utilities, caregiver

Introduction
Peanut allergy (PA) affects around 0.6% of children in the UK1 and is the most common cause of fatal food-allergic
reactions.2 The standard of care for PA in the UK currently involves strict avoidance of peanuts as well as adrenaline
autoinjectors (AAI) for emergency treatment if accidental exposure occurs. In December 2020 the European Medicines
Agency (EMA) approved defatted powder of Arachis hypogaea L., semen (PDAH, previously known as AR101), making
it the first approved oral immunotherapy (OIT) for PA with the goal of desensitizing patients to peanuts in case of
accidental ingestion. Treatment with OIT involves the controlled daily ingestion in the home setting, of precise amounts
of peanut protein, involving an “up-dosing” phase, where the dose is gradually increased over time under clinical
supervision, until reaching a consistent “maintenance” dose.
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Research has found that the vigilance required to avoid peanuts in everyday life as well as fear of life threatening
reactions can have a negative impact on children’s health-related quality of life (HRQoL).3,4 Similarly, individuals with
PA experienced greater impacts on social, psychological and physical aspects in comparison to their non-PA siblings.5

For example, peanut avoidance can cause emotional issues such as anxiety and stress,5 feelings of frustration and
isolation,6 and experiencing restrictions on activities,7 which can include socialising and going on holiday.6 Recent
research has explored the impact of peanut allergy on children and adolescents in Europe, illustrating the wide-ranging
impact of peanut avoidance and fear of reactions in a conceptual model.4

A systematic review of caregiver burden associated with paediatric food allergy found considerable evidence that
caring for a child with a food allergy has a negative impact on parents’ HRQoL.8 In particular, parents reported poorer
emotional HRQoL, stress and trait anxiety than their comparison groups.8 Research on PA specifically has also shown
that caregivers of individuals with PA can experience a negative impact on their own HRQoL.4,9,10 A recent study
investigated the impacts of PA on caregivers through the use of validated HRQoL instruments. The survey found that
caregivers experience psychosocial and productivity burden10 and found that greater caregiver reported child burden was
associated with higher caregiver anxiety.11 The study also measured caregiver and child HRQoL using the EQ-5D-5L and
EQ-5D-Y (proxy-reported) and found that caregivers of children with severe PA report worse HRQoL for themselves and
their child than caregivers of children with mild or moderate PA (caregiver perceived severity).10,11

Qualitative research has explored the impact of PA on caregivers’ HRQoL, demonstrating an impact on their
emotions, social activities, relationships and work. A conceptual model showed that many factors can moderate the
impact, particularly the level of control over the child’s food and environment which can have a positive impact (eg the
caregiver has a high level of control and therefore feels less anxious about their child having an accidental ingestion) or
negative impact on caregivers’ HRQoL (eg the caregiver has little control and therefore worries when their child is out
with friends).

Although PDAH is approved for use by the EMA, several Health Technology Assessment (HTA) agencies such as the
National Institute for Health and Care Excellence (NICE) in the UK, require the HRQoL impact of new medicines to be
measured in terms of utility values, in order to evaluate their cost-effectiveness. Utility values are preference weights,
where preferences reflect years of life that someone is willing to sacrifice to avoid a health state that is worse than full
health12 and are measured on a cardinal ratio scale of 0 to 1, where 0 is equal to being dead and 1 indicates full health.13

Utilities are typically captured using preference-based measures such as the EQ-5D;14 the score weighting of the EQ-5D
was developed using the time trade-off technique, which establishes participants’ willingness to trade years of life to
avoid a health state.

Published estimates for food allergy utilities range from 0.80315 for clinically or self-diagnosed food allergy (age
group not specified) to 0.91 for adolescents aged 13–17 (parent-reported EQ-5D).16 Currently there are no published
utility values for peanut allergy specifically, however in their review of the cost-effectiveness of emerging treatments for
PA the Institute for Clinical and Economic Review (ICER) in the United States used published values for food allergy
and assumed that desensitization to peanuts would improve utility by 0.06 for children and 0.054 for adolescents.17 There
are no published utilities estimating the impact of food allergies or PA specifically on informal caregivers.

The method of utility estimation preferred by NICE in the UK, the “reference case”, is the EQ-5D questionnaire
reported by patients.18 The EQ-5D is a standardised and validated instrument that is widely used,14 a version designed for
children is also validated (EQ-5D-Y).19 In updated methods guidance (currently a draft for consultation20), NICE state
that if EQ-5D data from patients or carers are not available, a sample from the general population or with the condition
should complete the EQ-5D based on vignettes describing the health states. As no utilities for individuals who have
received OIT for PA or for their caregivers have been published, this method was used with a PA population in the
current study.

Therefore, the objectives of the current study were to estimate utilities for patients and caregivers for four health
states relating to OIT for PA: (1) untreated PA, (2) up-dosing phase of treatment, (3) maintenance phase of treatment and
(4) being able to tolerate between 6 to 8 peanuts if accidentally ingested.
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Materials and Methods
Study Design
This study used a cross-sectional design incorporating different methods of data collection: an Online Survey and
structured interviews, each with independent samples. All participants gave informed consent prior to participating;
caregivers of adolescent participants consented to their child participating and adolescents provided assent. The study
protocol and materials were reviewed and approved by the Western Independent Review Board (approved 16/12/19). The
study complies with the Declaration of Helsinki.

Participants
Survey
Caregiver participants whose children were naïve to OIT treatment were recruited through a specialist recruitment agency;
those whose children had previously received PDAH in a clinical trial were recruited by a patient advocacy group (PAG);
adolescent participants were recruited via their caregivers. The recruitment agency identified potential participants through
a panel of individuals who have registered their interest in participating in research studies; the PAG reached out to its PA
members via email. Potential participants completed a brief screener questionnaire to check their eligibility. Treatment-naïve
participants were eligible if they were adult caregivers to a child (aged 4 to 17) with a medical diagnosis of PA and living in the
UK. Participants had to be interested in their child receiving immunotherapy for their PA however they were excluded if their
child already had experience of immunotherapy for PA. Participants whose children had experience of PDAH were eligible if
they lived in the UK and were a caregiver to a child with a medical diagnosis of PAwho had participated in a clinical trial for
PDAH (active treatment only) while aged 4–17. Adolescents (aged 12 or older) whose caregiver participated were also invited
to participate in the survey.

Structured Interviews
Caregivers were recruited for structured interviews via the PAG and the specialist patient recruitment agency. Participants
were eligible if they were adult caregivers to a child (aged 4 to 17) with a medical diagnosis of PA, who had been
prescribed an AAI for their PA and could provide evidence of the diagnosis. In line with the survey sample, participants
lived in the UK and had to be interested in their child having immunotherapy for their PA, however they were excluded if
their child already had experience of immunotherapy for PA.

Procedures
Survey
Following screening, consent and assent (where appropriate) treatment naïve and OIT treated participants were routed to
the appropriate population-specific version of the survey. The caregiver survey consisted of demographic and clinical
questions about the child’s PA and questions about caregivers own HRQoL and their child’s current HRQoL (same for both
participant groups). HRQoL was measured using the EQ-5D-5L for caregivers, and EQ-5D-Y for individuals with PA. For
treatment naïve participants the final section of the survey included different scenarios describing individuals with PA at
different stages of treatment with a PA OIT (up-dosing, maintenance, being able to tolerate up to 8 peanuts); for each
scenario, participants were asked to imagine their child in that scenario and provide a proxy evaluation of their child’s and
their own HRQoL in that scenario. In the adolescent survey, participants answered questions about their current HRQoL
and were then asked to imagine themselves in each of the scenarios described and rate their HRQoL in each scenario. The
scenarios described the treatment requirements and reaction risks associated with each health state. See Figure 1 for an
example scenario and Scenarios 1–3 The draft survey and health state scenario development included reviews by two
clinicians with experience of treating patients with PA in clinical trials of PDAH, a PAG and an individual with PA. The
health state scenarios were also piloted in 4 interviews with caregivers of children with PA. For treated participants the
survey asked participants to recall and rate their and their child’s HRQoL before participating in the trial, during up-dosing,
during maintenance and at the time of the survey.
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Due to the complexity and length of the survey, participants who completed the survey in less than 15 minutes were
excluded; this was the minimum time it was felt possible to complete the survey attentively. Data collection took place
between March and April 2021.

Structured Interviews
All interviews were conducted via video conference call (Zoom) by trained researchers following an interview script and
were audio recorded. Participants were first asked to rate each health state and current HRQoL on a visual analogue scale
(VAS). Following the VAS ratings, participants completed the EQ-5D-5L (for caregivers) and EQ-5D-Y (for their child
with PA) for each health state and their current HRQoL. Caregivers rated each health state separately for themselves and
for their child. The interviews were counterbalanced in terms of whether participants were asked to consider their child’s
HRQoL or their own HRQoL in each scenario first or vice versa. Participants were also asked to explain their ratings.
Interviews lasted approximately 30 to 45 minutes. Participants also completed a background questionnaire including the
same demographic and clinical questions as included in the online survey.

Analysis
Demographic and clinical data were analysed using descriptive statistics. The EQ-5D-5L and EQ-5D-Y utility values for
the scenarios and participants’ own HRQoL were scored using the UK population weights (EQ-5D-5L21; EQ-5D-Y22).
Descriptive statistics (mean, standard error) were provided for each patient and caregiver health state. The data from the
different methods were pooled: the treated participants’ pre-trial ratings were pooled with the ratings for current HRQoL
from the untreated participants and the treated participants’ current HRQoL was pooled with the “tolerate up to 8
peanuts” health state, as all treated participants had successfully reached the maintenance dose on the trial and had a food
challenge to confirm they could tolerate the ingestion of peanut protein equivalent to at least 1 peanut.

Results
Sample Description
In total 100 caregivers and 38 adolescents completed the treatment naïve survey and 50 caregivers participated in the
treatment naïve structured interviews; seven caregivers, and two adolescents completed the treated survey. The caregiver
demographics for each sample and overall are shown in Table 1. The table shows the caregivers in each sample were
a similar age with an overall mean of 41 years. The two survey samples contained an approximately equal number of

Figure 1 Example health state scenario: tolerate 6–8 peanuts.
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males and females; however, the structured interview sample was predominantly female (92%). Overall, approximately
a quarter (27%) of participants were the only caregiver for their child, most participants who reported there are 2 or more
caregivers provided at least 50% of the care for their child in terms of managing their PA.

The demographics of the children with PA from each sample are shown in Table 2. The children had a mean age of 11
years and approximately two-thirds (62%) were male. Half of the sample had another food allergy in addition to PA and
most (85%) caregivers rated their child’s PA as moderate or severe.

Table 1 Sample Characteristics: Caregivers

Characteristic Treatment naïve
Survey

Treatment Naïve
Interviews

Treated Survey Total

N=100 N=50 N=7 N=157

Age Mean (SD) 40.5 (7.7) 44 (6.82) 39.0 (6.6) 41.3 (8.2)

Range 24–56 31–63 31–50 24–63

Gender Female n (%) 55 (55%) 46 (92%) 3 (43%) 104 (66%)

Male n (%) 45 (45%) 4 (8%) 4 (57%) 53 (34%)

Illnesses or conditions Allergic rhinitis n (%) 13 (13%) 15 (30%) 0 (0%) 28 (18%)

Asthma n (%) 11 (11%) 6 (12%) 1 (14%) 18 (11%)

Eating disorders n (%) 15 (15%) 0 (0%) 0 (0%) 15 (10%)

Gastrointestinal
disorder n (%)

12 (12%) 2 (4%) 0 (0%) 14 (9%)

Mood disorders n (%) 9 (9%) 0 (0%) 0 (0%) 9 (6%)

Skin disorders n (%) 7 (7%) 8 (16%) 0 (0%) 15 (10%)

Stress n (%) 11 (11%) 1 (2%) 0 (0%) 12 (8%)

Other n (%) 9 (9%) 0 (0%) 1 (14%) 10 (6%)

None of the above n (%) 53 (53%) 29 (58%) 6 (86%) 88 (56%)

Prefer not to answer

n (%)

1 (1%) 0 (0%) 0 (0%) 1 (1%)

Relationship to PA

child

Parent n (%) 98 (98%) 50 (100%) 7 (100%) 155 (99%)

Guardian n (%) 2 (2%) 0 (0%) 0 (0%) 2 (1%)

Number of caregivers 1 n (%) 31 (31%) 5 (10%) 4 (57%) 40 (25%)

2 n (%) 64 (64%) 33 (66%) 2 (29%) 99 (63%)

3 or more n (%) 5 (5%) 12 (24%) 1 (14%) 18 (11%)

Proportion of care
provided

N=69 N=45 N=3 N=117

Less than 50% n (%) 2 (3%) 1 (2%) 2 (66%) 5 (4%)

50% n (%) 41 (59%) 11 (22%) 1 (33%) 53 (45%)

More than 50% n (%) 26 (38%) 33 (66%) 0 (0%) 59 (50%)
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Utilities
Table 3 shows a utility increase of 0.063 from un-treated PA HRQoL to the “tolerate 6 to 8 peanuts” health state. The
data also shows a utility gain (of 0.029) for caregivers of children who can tolerate 6–8 peanuts compared to caring for
a child with untreated PA. The table summarises the pooled child and caregiver utility values from the three samples,
including adolescent self-report data rather than the caregiver proxy report data where available. The child values are
from N=40 adolescent self-reports and N=117 caregiver proxy-reports.

Table 4 shows the values from the N=38 un-treated and N=2 treated adolescents who completed the surveys and the
proxy-reported values from their caregivers. The table shows that the self and proxy reported ratings are very similar,
particularly for the “current” and “tolerate 6–8 peanuts” health states, however adolescents perceive a slightly larger
increase in HRQoL between untreated PA and the “tolerate 6–8 peanuts” health state than caregivers report. The
alignment between the adolescent self-report and caregiver proxy values suggests that pooling the adolescent self-
report data with the caregiver proxy reported values, when self-report is not available, is reasonable but may provide
a conservative estimate of the child utility gain from PA OIT.

Table 2 Sample Characteristics: Children Aged 4 −17 with Peanut Allergy

Characteristic Treatment Naïve
Survey

Treatment Naïve
Interviews

Treated Survey Total

N=100 N=50 N=7 N=157

Age Mean (SD) 10.9 (3.4) 11.1 (3.8) 9.6 (2.2) 10.80 (3.6)

Range 4–17 4–17 7–13 4–17

Gender Female n (%) 37 (37%) 21 (42%) 2 (29%) 60 (38%)

Male n (%) 63 (63%) 29 (58%) 5 (71%) 97 (62%)

Other food allergy None n (%) 51 (51%) 19 (38%) 7 (100%) 77 (49%)

Other conditions Asthma 16 (16%) 22 (44%) 1 (14%) 39 (25%)

Allergic rhinitis 20 (20%) 19 (38%) 0 (0%) 39 (25%)

Eczema 14 (14%) 20 (40%) 0 (0%) 34 (22%)

Other 1 (1%) 4 (8%) 1 (14%) 6 (4%)

None 57 (57%) 10 (20%) 6 (86%) 73 (46%)

Severity of peanut
allergy*

Moderate/severe
n (%)

81 (81%) 46 (92%) 7 (100%)** 134 (85%)

Notes: *Caregiver perception **Severity before trial.

Table 3 Pooled Utility Values: Child and Caregiver Values by Health State (N=157)

Child Utility Value* Caregiver Utility Value

Mean SE Difference Mean SE Difference

Current 0.796 0.020 – 0.855 0.012 –

Up-dosing 0.711 0.023 −0.085 0.806 0.014 −0.049

Maintenance 0.821 0.016 0.025 0.849 0.012 −0.006

Tolerate 6–8 peanuts 0.859 0.016 0.063 0.884 0.011 0.029

Notes: *Child data includes adolescent self-report data (treatment naïve: N=38; treated: N=2) and caregiver proxy data (treatment naïve:
N=112; treated: N=5).
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Table 5 shows the mean child and caregiver values estimated from the three different methods. The table shows the
“current HRQoL” values are very similar from the two treatment naïve samples (child values: survey: 0.802; interviews:
0.810) and all three caregiver samples (mean utility: 0.852–0.856). For both the child and caregiver values, the utilities
estimated from the structured interviews and the treated survey are lower for the up-dosing and maintenance health
states and slightly higher for the “tolerate 6–8 peanuts” health state compared to the estimates from the treatment-naïve
survey.

The two treatment-naïve samples (survey and interviews) contained an approximately equal split of caregivers of
children (aged 4–11) and caregivers of adolescents (aged 12–17). When the proxy-reported utility values for children and
adolescents are compared, the survey participants reported very similar values for both age groups, the interview sample
reported slightly higher current HRQoL for adolescents compared to children (0.823 for adolescents compared to 0.797
for children) and for the “tolerate 6–8 peanuts” health state (0.911 for adolescents compared to 0.855 for children); the
utility gain for tolerating 6–8 peanuts is also slightly higher for adolescents compared to children (0.087 vs 0.058).

Discussion
This study reports the first utility values for health states relating to oral immunotherapy for PA and the first utility values
for caregivers of children with PA. A combination of methods were used, with the pooled results showing that the utility
difference between untreated PA and being able to tolerate up to eight peanuts increases a child’s utility value by 0.063
and a caregiver’s utility by 0.029. The study also shows that where data was collected from both adolescents’ self-
reporting and caregivers providing proxy ratings the utility values are closely aligned, indicating that pooling both self-
and proxy-reported data is appropriate, though may underestimate utility gain associated with successful OIT.

Table 4 Child Health States: N=40 Adolescent Self-Report and Corresponding Caregiver Proxy-Report
(N=38 Treatment Naive; N=2 Treated)

Self-Report Caregiver
Proxy-Report

Mean (SE) Difference Mean (SE) Difference

Current HRQoL* 0.796 (0.042) – 0.799 (0.038) –

Up-dosing 0.764 (0.039) −0.032 0.738 (0.045) −0.061

Maintenance 0.845 (0.032) 0.049 0.805 (0.032) 0.006

Tolerate 6–8 peanuts** 0.863 (0.036) 0.067 0.857 (0.031) 0.057

Notes: *Pre-trial for the N=2 treated; **current HRQoL for the N=2 treated.

Table 5 Mean Utility Values Estimated from the Different Methods (Adolescent Self-Report Data Included Where Available)

Child (Mean Utility) Caregiver (Mean Utility)

Treatment
Naïve Survey

N=100

Treatment Naïve
Interviews N=50

Treated
Survey
N=7

Treatment
Naïve Survey

N=100

Treatment Naïve
Interviews N=50

Treated Survey
N=7

Current HRQoL* 0.802 0.810 0.629* 0.855 0.856 0.852*

Up-dosing 0.811 0.535 0.540 0.838 0.743 0.792

Maintenance 0.843 0.779 0.812 0.856 0.841 0.806

Tolerate 6–8
peanuts**

0.845 0.882 0.896** 0.876 0.901 0.884**

Notes: *Pre-trial HRQL **Current HRQL (child current tolerance: 1 peanut (n=2)), 2–3 peanuts (n=3), 3–4 peanuts (n=2).
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The utility values for current HRQoL are very similar from the survey and interview samples for both children
(survey: 0.802; interviews: 0.810) and caregivers (survey: 0.855; interviews: 0.856). However, the pre-trial values from
the treated survey sample are substantially lower than the current HRQoL of treatment-naïve participants in the survey
and interviews; this may be due to a recall bias as participants were recalling back a number of years. The utility value
from the treated sample for tolerating peanuts is higher than the treatment-naïve estimates for tolerating 6–8 peanuts,
even though the actual amount of peanuts they know they can tolerate is lower, suggesting that the estimated values from
un-treated participants may underestimate the HRQoL benefit of being able to tolerate 6–8 peanuts.

The utility values estimated using each of the methodologies show a HRQoL improvement between either current
HRQoL and the desensitized health state or between pre-trial and desensitized for both children and caregivers. However,
this difference is smaller for the treatment-naïve survey compared to the other methods. Although the current HRQoL is
similar, the treatment-naïve survey sample appears to be a less severe PA sample than the structured interview sample, as
a higher proportion of caregivers reported a milder PA severity than the interview sample, therefore the treatment-naïve
survey participants may have perceived less benefit associated with desensitization when factoring in the requirements of
the treatment. The structured interview methodology also means that participants were engaged with the task of health
state valuation as they were questioned about their ratings throughout and were given the opportunity to change previous
responses if they wished to. Survey participants were excluded if they completed the survey in less than 15 minutes,
therefore anyone rushing through the survey would have been excluded, however unlike the interviews, the level of
participant engagement with the survey could not be judged. Therefore, although from a smaller sample, the interview
values represent a more methodologically robust estimate.

As discussed previously, until the current study there were no published utility estimates for PA specifically, only for
FA. The published estimates in FA range from 0.80315 to 0.91.16 The lower value of 0.803 is very close to the value
estimated in the current study for untreated PA (0.796 overall) which adds face validity to the value from the current
study. In addition, the utility gain associated with going from untreated to being able to tolerate up to eight peanuts in the
current study (0.063) is very closely aligned with the estimate used by ICER in their cost-effectiveness review (children:
0.060; adolescents: 0.05417). The similarities with the published values provide face validity for the values estimated in
the current study. Furthermore, the difference in utility before and after successful OIT (0.063) is similar to the difference
in values seen in children with Type 1 diabetes with and without complications or comorbidities (0.05).23 This similarity
also applies to the caregiver values, with the difference in caring for a child before and after successful OIT from the
current study (0.029) being almost the same as the difference in utility for caregivers of children with and without
complications or comorbidities of Type 1 diabetes (0.02).23

Currently in the UK there is limited guidance about how to estimate utilities for child and adolescent health states.
Recent reviews of health technology appraisals including pre-school children, older children and adolescents found that
most submissions used HRQoL measures designed for adults.24,25 Although child-specific preference-based measures are
available, there are several challenges in collecting utility values directly from children. For example, the health states in
the current study included children aged between four and 17, with the younger children being too young to self-report
using the EQ-5D-Y as it is validated for children aged eight and older. In addition, the data collection took place during
the COVID-19 pandemic at a time when the UK was under lockdown restrictions, therefore all data collection took place
remotely which would be less appropriate for collecting data from children. Due to these challenges the majority of the
data collected was proxy-reported, however adolescents were also invited to complete the surveys and therefore self-
reported values have been used where available. Future research should collect utility data from children, adolescents and
their caregivers while undergoing OIT for PA. Other future research could explore utility differences between those who
would and would not consider OIT for their PA.

Some limitations should be acknowledged when interpreting the results of this study; firstly, the sample size of the
treated survey is very small. Also, the pre-trial and treatment utility values may be affected by recall bias. Furthermore,
as discussed, the majority of the child values were proxy-reported rather than self-reported. The survey data collected
suggested that adolescents’ self-reports and caregivers’ proxy-reports were closely aligned, however further research
could explore whether this is also true if younger children self-report their HRQoL using a preference-based measure.
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Finally, the majority of data collected was from participants valuing hypothetical scenarios, more robust data would
capture utilities from patients directly while undergoing different stages of OIT.

Conclusion
This study provides the first estimates of health state utility values for PA OIT health states for both children and
caregivers. The study used data pooled from various methods to estimate these values which can be used to estimate the
cost-effectiveness of new treatments for PA.
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