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ABSTRACT

Objective To compared the cost-effectiveness of
coadministration of a probiotic adjuvant with peanut oral
immunotherapy (PPOIT) with placebo (no treatment) in
children with peanut allergy.

Design Prospectively planned cost-effectiveness analysis
alongside a randomised control trial.

Setting The Royal Children’s Hospital, Melbourne,
Australia.

Participants 56 children with peanut allergy aged 1-10
years at recruitment.

Intervention A daily dose of probiotic Lactobacillus
rhamnosus CGMCC 1.3724 (NCC4007) and peanut oral
immunotherapy administered for 1.5 years.

Main outcomes measures Costs were considered from
a healthcare system perspective and included costs of
treatment delivery and adverse events. Effectiveness
outcomes included rate of sustained unresponsiveness
(SU) and quality-adjusted life years (QALYs). The cost-
effectiveness of PPOIT versus placebo was analysed
using patient-level data. Time horizon was 10 years from
commencement of PPOIT treatment, comprising 1.5 years
of treatment (actual data), 4 years of post-treatment
follow-up (actual data), and 4.5 years of extrapolation
thereafter (modelling).

Results Healthcare cost per patient over 10 years

was higher for PPOIT compared with placebo ($A9355

vs $A1031, p<0.001). Over half of the per patient
healthcare cost (53%) in the PPOIT group was attributable
to treatment delivery, while the remaining cost was
attributable to adverse events. Both measures of
effectiveness were superior in the PPOIT group: the
average SU rate over 10 years was 54% for PPOIT versus
6% for placebo (p<0.001); QALYs over 10 years were
9.05 for PPOIT versus 8.63 for placebo (p<0.001). Overall,
cost per year of SU achieved was $A1694 (range $A1678,
$A1709) for PPOIT compared with placebo, and cost per
additional QALY gained was $A19386 (range $A19 024,
$A19 774).

Conclusions Cost per QALY gained using PPOIT
compared with no treatment is approximately $A20 000
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is the first to conduct a trial-based eco-
nomic evaluation of an oral immunotherapy with
the goal of inducing sustained unresponsiveness of
peanut allergy in children.

= The cost of probiotic adjuvant with peanut oral im-
munotherapy (PPOIT), including both the treatment
cost and cost associated with adverse events, was
estimated using microcosting and trial and follow-
up observations.

= The clinical trial and follow-up data on health-
related quality-of-life generated direct evidence
on the benefits perceived by patients and parents,
which was used in making value judgement in con-
junction with cost.

= Treatment cost was microcosted based on the study
protocol adjusted for trial staff feedbacks and prac-
ticality, and thus was not actual use of healthcare
resources if PPOIT were the standard care.

= The study did not consider family burdens such
as grocery costs, school or job-related opportunity
costs, and we hypothesise that including these costs
may further favour PPOIT given that it is superior in
the remission outcome compared with no treatment.

gained, thus deemed good value for money ($A1= £0.5
approximately).

Trial registration number Australian New Zealand
Clinical Trials Registry ACTRN12608000594325; Post-
results.

INTRODUCTION

Prevalence of peanut allergy has been
increasing in the past two to three decades,’
with approximately 1.4%-4.5% of children
and adolescents affected in developed coun-
tries using stringent diagnostic criteria.*” In
the absence of a cure, management centres

Dr Mimi Tang; (£10 000) and is well below the conventional value on allergen avoidance and treating acute
mimi.tang@rch.org.au judgement threshold of $A50 000 (£25 000) per QALY reactions following accidental exposure.
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Accidental reactions are common, although most are
mild and fatality is rare.”® The constant vigilance and
lifestyle restrictions together with the unpredictability of
reactions cause psychological distress and lead to reduced
quality of life for children and their families. Interest in
potential treatments is therefore intense.

Current peanut oral immunotherapy (OIT) regimens,
including the first Food and Drug Administration (FDA)
approved treatment Palforzia, can achieve desensitisa-
tion but leads to increased reactions including anaphy-
laxis compared with placebo.”® Desensitisation refers
to a temporary increase in reaction threshold that
provides protection against accidental peanut inges-
tion'® 14; however, patients should continue to avoid
peanut and remain on indefinite daily treatment which
can continue to cause reactions.' Furthermore, indef-
inite maintenance therapy raises concerns regarding
long-term adherence to treatment, particularly during
adolescence and young adulthood.” ° Consequently
and despite the FDA approval, the US Institute of Clin-
ical and Economic Review concluded based on the cost-
effectiveness evidence that Palforzia may not provide
greater benefit than current standard care due to associ-
ated adverse events, and there is the considerable uncer-
tainty surrounding patient quality-of-life improvement.’
In Australia, the Australasian Society of Clinical Immu-
nology and Allergy also believed that OIT is not ready for
routine clinical care.'® Nevertheless and in the UK, on 2
February 2022, the National Institute for Health and Care
Excellence (NICE) recommended Palforzia as an option
for inducing desensitisation in children and young people
in its technology appraisal guidance TA769," believing
that the likely cost-effectiveness estimates are within the
range NICE considered acceptable of use of National
Health Service resources. Further evidence on the cost-
effectiveness of OIT for peanut allergy is urgently needed.

Addition of adjuvants such as immune response modi-
fiers has been suggested to improve the effectiveness
and/or safety of OIT." Combined probiotic and peanut
oral immunotherapy (PPOIT) was shown in a landmark
clinical trial to be effective at inducing sustained unre-
sponsiveness (SU).120 SU (also known as clinical remis-
sion) refers to the lack of clinical reactivity that persists
after treatment has been stopped for a period of time,
allowing patients to stop treatment and introduce peanut
into their diet ad libitum."*'"* SU may offer lasting protec-
tion, although ‘relapse’ can occur. Importantly, children
who achieved SU were shown to have fewer reactions
and greater quality-of-life than children who were desen-
sitised requiring indefinite maintenance' *'; however,
whether its overall benefits outweigh the potential risks
is unknown.

In this study, we investigated the cost-effectiveness of
PPOIT—a treatment aiming to induce SU—compared
with placebo, taking into consideration the healthcare
cost associated with the delivery of the PPOIT treatment
and adverse events. No previous trial-based economic
evaluation of PPOIT or other oral immunotherapies that

were aiming to induce SU of peanut was available, only

one model-based economic evaluation comparing PPOIT
. . . . . . 3

with simple avoidance using synthetic evidence.**

METHODS
Data
This economic evaluation was conducted alongside the
PPOIT-001 double-blind, placebo-controlled randomised
trial,20 and aimed to compare the cost-effectiveness of
PPOIT versus placebo (no treatment) in children with
peanut allergy (Australian New Zealand Clinical Trials
Registry ACTRN12608000594325). Details of the trial
and long-term follow-up were reported preViously.QO #
Briefly, 62 children aged 1-10 years with peanut allergy
were recruited between December 2008 and March 2011
at the Royal Children’s Hospital, Melbourne, Australia.
The PPOIT intervention was a daily dose of probiotic
Lactobacillus rhamnosus CGMCC (Chinese General Micro-
biological Culture Collection) 1.3724 (NCC4007) and a
daily dose of peanut OIT administered for 18 months.
The peanut OIT schedule comprised a 1-day rush induc-
tion phase (1 clinic visit of approximately 8hours), an
8-month build-up phase (16 clinic visits of approximately
2.5hours per visit), and a 10-month maintenance phase
(1 clinic visit of 0.75 hours every 3 months). The placebo
group received products that looked, smelled and tasted
similar to the respective active treatments however
contain no active treatment. At 18 months (1.5 years from
commencing treatment), desensitisation was tested via
double-blind, placebo-controlled food challenge. Partic-
ipants who passed the desensitisation challenge were
assessed for SU 2—-6 weeks post-treatment via a subsequent
double-blind, placebo-controlled food challenge. Partici-
pants who achieved SU of peanut allergy were advised to
incorporate peanut into the diet freely, while those who
did not achieve SU continue with strict peanut avoidance.
Participants who completed the parent trial (n=56)
were eligible for follow-up at 4 years post treatment.®* Six
patients (3 PPOIT, 3 placebo) withdrew from the parent
trial, and 48 (86%) of the 56 eligible participants enrolled
in the follow-up study with information on peanut intake
and reactions collected and persistence of SU assessed via
a double-blind, placebo-controlled food challenge after 8
weeks peanut elimination.

Analysis

The cost-effectiveness analysis was conducted from a
healthcare sector perspective, whereby the healthcare
costs of treatment delivery and adverse events were
considered. The effectiveness outcomes were SU rate and
quality-adjusted life years (QALYs). We adopted a time
horizon of 10 years, which included a period of 1.5 years
of treatment, 4 years of post-treatment follow-up, and 4.5
years of extrapolation thereafter. A total of 56 participants
who had food challenge assessment outcomes at the end
of the trial were included.

2

Huang L, et al. BMJ Open 2023;13:e075521. doi:10.1136/bmjopen-2023-075521

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
*1sanb Aq 520z ‘vT Jequaldas uo jwod fwa uadolway/:dny woly papeojumoq "£202 Jl8qwiadad 0T U0 TZSG.0-£20g-uadolwag/9eTT 0T se paysijgnd isiiy :uado cING


http://bmjopen.bmj.com/

Open access

3

Within the trial and follow-up (5.5 years)

The healthcare cost of delivering the PPOIT treatment
was microcosted and included five chronological treat-
ment phases: peanut allergy screening, rush phase, build
up phase, maintenance phase and food challenge assess-
ments for desensitisation and SU. Medical staff time
required during each of the five phases was estimated
based on the trial records and the treatment protocol,
adjusted as if PPOIT were to be rolled out as standard
care so that the economic evaluation results are more rele-
vant in informing decision-making (online supplemental
eMethod and eTable 1(a)). Two open food challenge
visits were included in costing in this economic evalua-
tion, one to assess desensitisation and the other SU. This
differed from the trial where four food challenges were
conducted due to the double-blind, placebo-controlled
setting. Staff time, pathology tests, medical and pharma-
ceutical supplies were converted to dollar using the corre-
sponding unit costs, wage rates and on-costs sourced from
published standards (online supplemental eTable 1(b)).
For participants who withdrew yet received some treat-
ment (n=6), the incurred treatment costs were summed,
divided by the number of participants who completed the
trial and added to the per patient treatment cost. Number
of participants stayed involved at each treatment phase
was summarised in (online supplemental eTable (c)).

Healthcare costs for adverse events including those
that are treatmentrelated, other allergic actions and
non-allergic events were all included and estimated
using study records. Adverse events during the 1.5 years
of treatment were costed as per study record. At the 4
years post-treatment follow-up visit, adverse events were
self-reported (recall period was 4 years for events related
to peanut allergy; 6 months for other events including
asthma). Care use and adverse events over the 6-month
recall period were multiplied by eight to approximate
service use over the 4 years follow-up period. Patient
reported medication use such as over-the-counter antihis-
tamine was costed using the cost of a complete package
regardless of the actual dose. For medications where
a prescription would be required, the cost of a general
practitioner visit was added. Emergency department visit
was costed by applying relevant unit costs to non-admitted
and admitted emergency department stays. Costs of
hospital inpatient admissions were estimated matching
the primary diagnosis with the Australian Refined Diag-
nosis Related Groups code, attaching the corresponding
national average cost. Unit costs attached to adverse
events are summarised in (online supplemental eTable
2).

SU was the primary clinical outcome and was measured
at 2-6 weeks and 4 years post treatment. The rates of
SU in the intervening years were estimated using linear
interpolation as demonstrated in figure 1. The QALYs
were estimated using the Food Allergy Quality of Life
Questionnaire-Parent Form collected at four time points
(end of treatment, 3months post treatment, 1 year post
treatment and 4 years post treatment) and mapped to the
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Figure 1 SU and health-related quality-of-life outcomes

over the 10-year time horizon. Dashed lines represented
the period where extrapolation was applied. AQolL-6D,
Assessment of Quality-of-life-6D; PPOIT, combined
probiotic and peanut oral immunotherapy; SU, sustained
unresponsiveness.

Assessment of Quality-of-life-6D utility scores, then multi-
plied by the duration of life years.

For participants who had results at the end of the trial
but not at the 4-year post-treatment follow-up, we assume
that their costs and effectiveness outcomes would follow
a pattern similar to patients with observations available
within each treatment arm as the characteristics of these
patients were shown to be comparable previously.24 A
random draw from the observed cost and outcome distri-
butions within each arm was used to fill in the missing
observations to preserve maximum uncertainty. A sensi-
tivity analysis was conducted excluding participants with
no 4-year post-treatment follow-up data available (n=8).

Extrapolation beyond trial follow-up (4.5 years)

A direct extrapolation of 4.5 years was included given the
substantial differences observed between the two treat-
ment groups at the last available follow-up (figure 1),
as these differences are unlikely to converge immedi-
ately after the final follow-up. The extrapolation period
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of 4.5 years was chosen because this timeframe allows
the observed differences between groups to converge,
leaving any further extrapolation beyond this timeframe
unimportant.

In terms of outcomes, we assumed that the proportion
of patients who achieved SU would rise at the same rate
as the trend observed during the 4-year post-treatment
follow-up for the placebo group (figure 1). Similarly,
health-related quality-of-life for the placebo group was
assumed to rise following the previously observed trend.
For the PPOIT group, we assumed that the proportion
of patients with SU would continue to fall as seen during
follow-up (figure 1). Health-related quality-of-life was
assumed to drop which is against the observed trend;
this assumption is conservative and is made so that the
two groups would have converged quality of life given
the possible adaptions to health states, or regression to
the mean. For simplicity, the speed at which quality-of-
life drops for the PPOIT group was assumed to be the
same as the speed at which quality-of-life increases for the
placebo group. For both SU and quality-of-life outcomes,
variations around the means were assumed to be the same
as what was observed during the 4-year post-treatment
follow-up.

In terms of cost, total healthcare costs of adverse events
over the extrapolation period were assumed to follow the
same mean and distribution as was seen over the 4-year
post-treatment follow-up, and a random draw from the
observed distributions of costs was used for individual
patients to preserve the uncertainties.

Cost-effectiveness and uncertainty

The incremental cost-effectiveness ratio, defined as the
difference in cost (PPOIT vs placebo) divided by the
difference in effectiveness (PPOIT vs placebo), was calcu-
lated and presented as the cost per year of SU achieved,
and cost per additional QALY gained, respectively.
Uncertainty around the cost-effectiveness ratio was esti-
mated using probabilistic sensitivity analysis of 5000 simu-
lations, and the range of the simulations was reported.
One-way sensitivity analysis was performed to test the
methodological assumptions and sampling variability for
each of the following independent scenarios, presented
using a tornado graph: (1) exclusion of adverse events
that are highly unlikely to be related to peanut allergy
such as dental surgeries and bone and joint injuries; (2)
doubling of the cost of the PPOIT product (total treat-
ment cost thus $A6096); (3) applying a discount rate of
3.5% for all costs and outcomes beyond the treatment
period of 1.5 years to account for time preference; (4)
including only participants who completed both the trial
and 4 years post-treatment follow-up (n=48); (5) treating
adverse events reported for the past 6 months at the last
follow-up as for the past 12 months to counter for poten-
tial recall bias due to telescoping (pulling in important
events that fall outside the recall period%); and (6) drop-
ping adverse events that are specifically related to asthma
occurring beyond the 1.5-year treatment period. We also

tested our results adding extra family cost of restricting
diet, assuming that children who did not achieve SU
would require an additional food cost of $A3000 per year
based on a previous Canadian study.*®

All costs were presented in 2020 Australian dollars
(A$) prices ($A1=£0.5 approximately, based on the 2020
Purchasing Power Parity published by the Organisation
for Economic Co-operation and Development Statistics).
Analyses were conducted and reported as per established
guidelines.”® The Stata statistical software package
(V.14.0) was used. Patient written consent was provided
at recruitment.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

There were no statistically significant differences in the
baseline characteristics between the two groups at trial
entry (table 1). Cost of treatment over the 1.5-year treat-
ment period was $A4972, of which 71% ($A3543) was
attributable to medical staff time, 23% for PPOIT product
and 6% for pathology tests. During the treatment period,
healthcare costs associated with adverse events were
higher for the PPOIT group; however, the difference was
not statistically significant.

Cost of adverse events during the 4-year post-treatment
follow-up was higher for the PPOIT group compared
with placebo ($A1739 vs $A169, p<0.001). The differ-
ence was primarily driven by asthma events. Patients in
the PPOIT arm had statistically significantly higher SU
rates and health-related quality-of-life at the 4-year post-
treatment follow-up. The extrapolated cost and effective-
ness outcomes beyond follow-up were also summarised in
table 1.

The cost-effectiveness outcomes over the time horizon
of 10 years are summarised in table 2. Overall, PPOIT
is more costly and more effective. The incremental cost
per QALY gained of $A19327 (range $A19024-19774
thus approximately $A20 000) for PPOIT compared with
placebo is well below the conventional value judgement
threshold for funding which may be as high as $A50000
(£25 000) per QALY gained in Australia.

One-way sensitivity analysis (figure 2) suggested that
the results are most sensitive to how asthma events post-
treatment were handled; however, our conclusion remains
under different scenarios. PPOIT appeared to be slightly
more expensive when a conventional discounting rate of
3.5% was applied, which is as expected as treatment cost
occurred upfront and made up over half of all healthcare
costs over the 10-year period. When adding family burden
of food cost for children who did not achieve SU, PPOIT
is cheaper and more effective thus the dominant strategy.
This is as expected as children in the PPOIT group have
higher SU rates (the cost effectiveness ratio is negative
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Table 1 Patients characteristics, costs and outcomes
Characteristics PPOIT (n=28) Placebo (n=28) Difference P value
At trial entry
Age in years, mean (SD) 6.0 (2.6) 5.8 (2.8) 0.3 0.70
Females, % (n) 36% (10) 32% (9) 4% 0.78
History of doctor-diagnosed asthma (ever), % (n) 57% (16) 50% (14) 7% 0.59
Costs, A$ ($A1=£0.5 approximately)
Costs, 1.5 years of treatment
Treatment cost 4972 0 4972 -
Doctor 2442 0 2442 -
Nurse 1101 0 1101 -
PPOIT 1124 0 1124 -
Pathology tests and epinephrine autoinjector 305 0 305 -
Adverse events, mean (SD) 905 (656) 719 (528) 186 0.25
Cost, 4 years of post-treatment follow-up
Adverse events, mean (SD) 1739 (672) 169 (141) 1570 <0.001
Peanut allergy events 4 (21) 35 (128) =31 0.20
Asthma events*® 1735 (674) 133 (29) 1602 <0.001
Cost, post follow-up over 4.5 years (extrapolation)t
Adverse events, mean (SD) 1739 (672) 169 (141) 1570 -
Outcomes, mean (SD)
SU rate, end of 1.5 years of treatment 0.82 (0.39) 0.04 (0.19) 0.79 <0.001
SU rate, 4-year post-treatment follow-up 0.58 (0.51) 0.07 (0.26) 0.52 0.002
SU rate, end of 10 years (extrapolation)t 0.32 (0.51) 0.10 (0.26) 0.21 -
AQoL-6D, baseline 0.86 (0.09) 0.82 (0.11) 0.04 0.19
AQoL-6D, end of 1.5 years of treatment 0.83 (0.10) 0.89 (0.10) -0.07 0.022
AQoL-6D, 0.25-year post-treatment follow-up 0.86 (0.12) 0.87 (0.11) -0.02 0.66
AQoL-6D, 1-year post treatment follow-up 0.85 (0.09) 0.84 (0.14) 0.02 0.65
AQoL-6D, 4-year post-treatment follow-up 0.95 (0.04) 0.86 (0.13) 0.10 0.004
AQoL-6D, end of 10 years (extrapolation)f 0.92 (0.04) 0.89 (0.13) 0.03 -

Student’s t-test for continuous outcomes and y? tests for dichotomous outcomes were used.
*Last available follow-up survey was used whereas the recall period was 6 months. The estimated cost for 6 months was multiplied by 8 to

approximate the cost over the 4 years post treatment.

TAssumed to follow the same pattern as seen for the 4 years post treatment.
FMean values were estimated using assumed trends while SD were assumed to be the same as the previous observable point.

AQoL-6D, Assessment of Quality-of-life-6D.

thus not presented in figure 2 given it is uninterpretable).
When the additional family burden of extra food cost is
half of what was reported in the literature thus $A1500
per year, the total cost of PPOIT is the same compared
with no treatment while the PPOIT group have higher SU
rates and better quality-of-life outcomes.

DISCUSSION

Using data collected alongside a clinical trial evaluating
a limited course of treatment for children with peanut
allergy, this study found that cost per QALY gained is
approximately $A20000 (£10 000) comparing PPOIT
with no treatment. The estimated cost to achieve one

additional QALY is thus well below the conventional
value judgement threshold of $A50000 (£25 000) per
QALY gained, suggesting that PPOIT is very good value
for money. We estimated that just over half (53%)
of the total healthcare cost was attributable to treat-
ment delivery, while adverse events accounted for the
remaining half. This deviates from the previous opinion
that adverse events may be the most important cost driver
for peanut OIT treatments.” This may be due to that the
addition of a probiotic to the OIT treatment is associated
with fewer adverse events, or that the cost of delivering
the treatments is not as negligible as people thought."
We estimated that one full course of PPOIT treatment
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Table 2 Cost-effectiveness outcomes for a time horizon of 10 years

PPOIT Placebo Difference, P value or range
Cost, A$ ($A1= £0.5 approximately) 9355 1031 8324, p<0.001
Treatment 4972 0 4972, p<0.001
Adverse events 4383 1031 3352, p<0.001
Outcome
Average SU rate per year 54% 6% 48%, p<0.001
Average QALY per year 0.905 0.863 0.042, p<0.001

Cost-effectiveness*
Incremental cost per year of SU achieved -

Incremental cost per QALY gained -

*Cost-effectiveness ratios and ranges were produced using simulation.

costs approximately $A5000 which includes medical staff
time and PPOIT product. This is comparable to a 1-year
treatment cost assumed by the US Institute of Clinical
and Economic Review for two peanut allergy treatments
which are Palforzia and Viaskin (US$4200 and US$6500,
respectively)’; however, the two treatments may involve
indefinite maintenance dosing. The observed QALY
gains comparing PPOIT with placebo are reassuring,
implicating not only the improved patient quality of life
but also the relatively mild impact of the adverse events.
Cost per year of SU achieved using PPOIT was estimated
to be $A1694. This may be acceptable even if required
as out-of-pocket costs for certain families, as a previous
US study reported that caregiver willingness-to-pay for
food allergy treatment was on average around US$3504
per year per child.*® Note that willingness-to-pay values
may vary between countries due to a range of factors, and
there is currently no available evidence from Australia.
Our results are based on a trial comparing PPOIT with
placebo (no treatment), where no treatment or peanut
avoidance is the standard care in Australia thus the
most appropriate comparator when evaluating the new

S3:3.5% discount rate applied H AS$22671
S2: Cost of PPOIT product doubled M A$22044
£ Base case | M AS19386
g
w0
S1: Unrelated adverse events excluded - H A$19329

SS5: Follow-up recall as for past 12 months - W AS$15753
S4: Participants with complete data only W AS$14502
S6: Asthma events post-treatment dropped | W AS$12112
T T

T T T
15000 20000 25000 30000

Cost per QALY gained, A$
Figure 2 One-way sensitivity analyses. Cost-effectiveness
ratio and range are shown. PPOIT, combined probiotic and
peanut oral immunotherapy; QALY, quality-adjusted life year.

10000

= $A1694 (range $A1678, $A1709)
Or £847 (range £839, £855)

= $A19386 (range $A19 024, $A19 774)
Or £9693 (range £9512, £9887)

treatment PPOIT.?” Although it is beyond the scope of
this study to judge how PPOIT would compare with the
standard peanut OIT (ie, with no probiotic), a recent trial
showed that PPOIT had similar SU rate compared with
standard OIT in the short run but was associated with
fewer gastrointestinal events.'” The results of this study
thus may be relevant for both OIT and PPOIT given the
similar primary clinical outcome and we hypothesise that
PPOIT may be slightly better due to the reduced minor
adverse events.

Several limitations were identified. Adverse events
during the 4 years post-treatment follow-up were costed
based on the final follow-up survey whereas participants
were asked to report asthma events for the previous 6
months and peanut allergy events for the past 4 years.
Based on the survey data collected, we found that the
PPOIT group had higher adverse event cost but this is
solely due to asthma-related healthcare use instead of
peanut allergy. An examination of the asthma events over
the 6-month survey period revealed that there were three
cases of hospitalisation due to asthma ($A1807 per admis-
sion), all reported by participants in the PPOIT group.
The remaining asthma events all cost less than $A100.
We are uncertain if the three asthma hospitalisations in
the PPOIT group are due to the treatment or chance.
Speculating on the basis of three observations is not prac-
tical. Nevertheless, the numbers of children with doctor-
diagnosed asthma at baseline and trial completion were
similar comparing the two treatment groups, and we are
unable to make further inference. We have extrapolated
conservatively and assumed all benefit of PPOIT would
disappear over time. This includes the assumption that
health-related quality of life would continue to rise for the
placebo group and drop for the PPOIT group given the
possible adaptation. This is more conservative compared
with existing studies including the economic evaluation
evidence of Palforzia made available by NICE'” and as a
result we may have underestimated the value of PPOIT.
This is because while people may revise rating of quality
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of life after adapting to the condition, this does not imply
that they are unwilling to pay for treatments that could
potentially improve their condition.

CONCLUSIONS

In conclusion, PPOIT appears cost-effective for children
with peanut allergy compared with placebo (no treat-
ment). Our findings provide evidence for stakeholders
and policy-makers to consider PPOIT as a limited-course
treatment for peanut allergy.
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eMethod 1 Staff ratios

Medical staff time required during each of the five phases was costed based on the trial records
and the treatment protocol, adjusted as if PPOIT were to be rolled out as standard care for the
results to be more relevant in informing decision making and summarized in eTable 1 (a). More
specifically, nurse versus patient versus doctor ratios during rush and build up phase in the trial
were 1:1:1 (i.e., 1 nurse in the same room with 1 patient; 1 doctor available in the vicinity on-call).
In pragmatic practice, ratios of 1:3:1 are anticipated for these visits when research-related tasks
are excluded (i.e., 1 nurse in the same room with 3 patients; 1 doctor available in the vicinity on-
call). This ratio is considered conservative given that the primary tasks for nurses were to supervise
up-dosing with doctors on-call for safety purposes. For doctors specifically and during the buildup
phase, two thirds of their total appointment time was costed due to the reduced levels of
interactions during these routine visits. In the maintenance phase, patients would visit clinic if they
missed doses for 3-4 days, and staff time was costed assuming that 7% of the patients would need
to visit based on estimates from the trial nurses. Staff time, pathology tests and medical supplies
were costed by applying unit costs, wage rates and on-costs sourced from published standards
(eTable 1 (b)). For food challenges, we assumed staff ratios of 2 nurses: 3 patients: 1 doctor.
Doctors are on-call and their time was costed in full for food challenges. Staff ratios are

summarized in eTable 1 (c).
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eTable 1 (a) Micro-costing of the treatment

Quantity | Unit On
per cost
patient
per visit
Screening (1 clinic visit in total)
Nurse time for screening questions 2 Hour 25%
Doctor time preparing anaphylaxis action plan 5 Minute | 25%
Screen test kit (biobank pathology skin prick) 1 Unit 0
Adrenaline autoinjector Junior two per unit (relevant for 50% of patients | 1 Unit 0
as patients with peanut allergy should have an adrenaline injector
available regardless of the trial)?
Rush/Up dosing (1 clinic visit in total)
Doctor time (1 doctor: 3 patient)® 8 Hour 25%
Nurse time (1 nurse: 3 patients)® 6 Hour 25%
PPOIT product 1 Unit 0
Buildup phase (16 clinic visits in total)
Doctor time (1 doctor: 3 patients) 2.5 Hour | 25%
Nurse time (1 nurse: 3 patients) 2.5 Hour 25%
PPOIT product per visit 1 Unit 0
Nurse time on-call support after each visit (relevant for 10% of patients)® | 10 Minute | 25%
Maintenance phase (10 months in total and only visit clinic if skipped
dose; relevant for 7% of patients)’
Doctor time (1 doctor: 1 patient) 0.75 Hour 25%
Nurse time (1 nurse: 1 patient) 0.75 Hour 25%
PPOIT product per two weeks (22 units over 10 months) 1 Unit 0
Food challenge, allergic or desensitized
Doctor time (1 doctor: 3 patients) 0.5 Day® 25%
Nurse time (2 nurses: 3 patients) 0.5 Day® 25%
Pathology 1 Unit 0
Food challenge, remission
Doctor time (1 doctor: 3 patients) 0.5 Day* 25%
Nurse time (2 nurses: 3 patients) 0.5 Day® 25%
Pathology 1 Unit 0
On-call support during food challenges (on demand; relevant for
10% of patients)
Nurse time for one phone call 10 Minute | 25%

250% was assumed as patients with peanut allergy should have an adrenaline injector available regardless.
®1 doctor available in the vicinity for 3 patients; each patient needs a doctor to be available for 8 hours.
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°1 nurse with 3 patients; each patient needs a nurse to be available for 6 hours.

dDoctors are on call and can carry on with other duties in the meantime. We thus assumed that only two
thirds of the time was actually directed to PPOIT activities during the buildup phase. This was only
applicable to the buildup phase where fewer patient and medical staff activities were observed.

°Assuming 10% of patients may need support and 10 minutes per call based on nurse experience.

7% was assumed based on the trial observations where 4 patients per two weeks may need to have a clinic
visit.

£7.25 hours per day were costed.
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eTable 1 (b) Unit cost

Unit Data source

cost
Staff cost
Doctor, hourly $125.1 | Medical Specialists Enterprise Agreement, Year 1 specialist
Nurse, hourly $37.6 | Public Sector Nurses/Midwives Enterprise Agreement, Year

3 nurse

Doctor and nurse overhead 25% | Royal Children’s Hospital
Medical supply and care
PPOIT product, per two- $30 Probiotic and peanut powder. Probiotic price was assumed
week based on the over-the-counter price of for children (probiotic
$10 per two-week; $20 per bottle with 30 capsules). Peanut
powder price was assumed to be $20 per two-week based on
the WHO Model List of Essential Medicines® ($1 per daily
dose), applying a 40% monopoly premium® thus
approximately $1.4 per daily dose.

Adrenaline autoinjector, $158.78 | Pharmaceutical Benefits Scheme (PBS) Australia

two per pack

Pathology initiation $2.4 | Pharmaceutical Benefits Scheme (PBS) Australia
Skin prick testing $40.05 | Medicare Benefits Schedule (MBS) Australia, item 12003
Blood test, peanut sIgE $26.8 | Medicare Benefits Schedule (MBS) Australia, item 71079

*see “Hill AM, Barber MJ, Gotham D. Estimated costs of production and potential prices for the WHO
Essential Medicines List. BMJ Global Health. 2018;3(1):e000571” for reference.

bsee “High Generic Drug Prices and Market Competition. Annals of Internal Medicine. 2017;167(3):145-
151> for reference.
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eTable 1 (c) Number of PPOIT participants at each phase, and medical staff ratio

Patient Staff ratio
number
or %
Patients screened, number 96
Not eligible 17
Did not participate 17
Patients enrolled, number 62
Rush phase
Doctor to patient ratio 1:3
Nurse to patient ratio 1:3
0
Build up phase of 8 months, 16 visits
Doctor to patient ratio 1:3
Nurse to patient ratio 1:3
Drop out during build up 5
Maintenance phase of 10 months, visit by demand
Patients needing to come in during maintenance, % 7.0%
Doctor to patient ratio 1:1
Nurse to patient ratio 1:1
Drop out during maintenance 0
End of trial
Drop out after treatment before food challenge, number 1
Patients at the end of the trial, number 56
% completed the desensitization food challenge 100%
% completed the remission food challenge 89%
Food challenge
Doctor ratio during food challenge 1:3
Nurse ratio during food challenge 2:3
Patients at 4-year follow-up, number 48
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eTable 2 Unit cost applied for adverse events

Unit Source
cost
$)
Hospital inpatient episode
Asthma 1711 | National Hospital Cost Data Collection, round 23
Dental surgery under general anaesthetic | 1628 | National Hospital Cost Data Collection, round 23
Infections 1514 | National Hospital Cost Data Collection, round 23
Bone and joint injuries 1303 | National Hospital Cost Data Collection, round 23
Abdominal Pain 1166 | National Hospital Cost Data Collection, round 23
ED visit
Admitted stay 965 National Hospital Cost Data Collection, round 22
Non-admitted stay 472 National Hospital Cost Data Collection, round 22
Ambulance
Treatment without transport ‘ 546 ‘ Ambulance Victoria fee schedule 2019-20
Out of hospital medical care
GP ‘ 38.75 ‘ Medicare Benefits Schedule Book
Out of hospital pharmaceutical care
Aerius antihistamine 14.99 | Over-the-counter price
Antibiotics 17.8 Over-the-counter price
Cetirizine 12.99 | Over-the-counter price
Chlorsig 7.5 Over-the-counter price
Claratyne 10.99 | Over-the-counter price
EpiPen (adrenaline autoinjector) 158.78 | Pharmaceutical Benefits Scheme (PBS) Australia
Erythromycin 20.16 | Over-the-counter price
FESS 10.49 | Over-the-counter price
Flixotide 19.49 | Over-the-counter price
Hydrocortisone acetate 17.3 Over-the-counter price
Ibuprofen 22.99 | Over-the-counter price
Montelukast 18.81 | Over-the-counter price
Nasonex 15.49 | Over-the-counter price
Panadol 18.49 | Over-the-counter price
Phenergen 11.49 | Over-the-counter price
Prednisolone 19.28 | Over-the-counter price
Rhinocort 18.99 | Over-the-counter price
Salbutamol 33.38 | Over-the-counter price
Ventolin plus spacer 33.38 | Over-the-counter price
Zyrtec 12.99 | Over-the-counter price
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