Journal Pre-proof

A Cost-effectiveness Analysis of Epinephrine Autoinjector Risk Stratification for
Patients with Food Allergy--One Epinephrine Autoinjector or Two?

Marcus Shaker, MD, MSc, Paul J. Turner, FRCPCH, PhD, Matthew Greenhawt, MD,
MBA, MSc

PII: S2213-2198(21)00063-5
DOI: https://doi.org/10.1016/j.jaip.2021.01.007
Reference: JAIP 3383

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 11 November 2020
Revised Date: 19 December 2020
Accepted Date: 10 January 2021

Please cite this article as: Shaker M, Turner PJ, Greenhawt M, A Cost-effectiveness Analysis of
Epinephrine Autoinjector Risk Stratification for Patients with Food Allergy—One Epinephrine Autoinjector
or Two?, The Journal of Allergy and Clinical Immunology: In Practice (2021), doi: https://doi.org/10.1016/
j-jaip.2021.01.007.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2021.01.007
https://doi.org/10.1016/j.jaip.2021.01.007
https://doi.org/10.1016/j.jaip.2021.01.007

10

11

12

13

14

15

16

17

18

19

20

21

Original Article: A Cost-effectiveness Analysis of Epinephrine Autoinjector Risk Stratification for

Patients with Food Allergy--One Epinephrine Autoinjector or Two?

Marcus Shaker, MD, MSc*?, Paul J Turner FRCPCH, PhD?; Matthew Greenhawt MD, MBA, MSc”

Affiliations:

'Dartmouth-Hitchcock Medical Center, Section of Allergy and Immunology, Lebanon, NH
’Dartmouth Geisel School of Medicine, Hanover, NH

*Section of Inflammation, Repair and Development, National Heart and Lung Institute, Imperial

College London, London, United Kingdom

“Children’s Hospital Colorado, Section of Allergy and Immunology, Food Challenge and Research

Unit, Department of Pediatrics, University of Colorado School of Medicine, Aurora, CO

Corresponding Author:

Marcus Shaker, MD, MSc

Professor of Pediatrics and of Medicine

Dartmouth-Hitchcock Medical Center, Section of Allergy and Immunology
Dartmouth Geisel School of Medicine

1 Medical Center Dr.

Lebanon, NH 03756

Phone (603) 653-9885 Fax (603) 650-0907 marcus.shaker@dartmouth.edu



22

23

24

25

26

27

28

29

30

31

32

33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Keywords: Food allergy; anaphylaxis; risk-stratification; epinephrine; epinephrine auto-

injectors; cost-effectiveness analysis; fatality

Word Count: 3447

Funding: Dartmouth-Hitchcock Medical Center Department of Medicine

Abbreviations: Epinephrine autoinjector (EAI); incremental cost-effectiveness ratio (ICER); Net

Monetary Benefit (NMB); Quality adjusted life years (QALY).

Conflicts of Interest:

Marcus Shaker: has a family member who is CEO of Altrix Medical, is a member of the Joint
Taskforce on Allergy Practice Parameters, and serves as a member of the editorial boards of the
Journal of Allergy and Clinical Immunology In Practice, the Annals of Allergy, Asthma, and
Immunology, and the Journal of Food Allergy

Paul Turner: reports grants from UK Medical Research Council, NIHR/Imperial Biomedical
Research Centre, UK Food Standards Agency and JM Charitable Foundation outside the
submitted work; personal fees from UK Food Standards Agency, DBV Technologies, Aimmune
Therapeutics, Allergenis, ILSI Europe, outside the submitted work.

Matthew Greenhawt: was supported by grant #5K08HS024599-02 from the Agency for
Healthcare Quality and Research during the preparation of this manuscript; is an expert panel
and coordinating committee member of the NIAID-sponsored Guidelines for Peanut Allergy
Prevention; has served as a consultant for the Canadian Transportation Agency, Thermo Fisher,
Intrommune, and Aimmune Therapeutics; is a member of physician/medical advisory boards
for Aimmune Therapeutics, DBV Technologies, Sanofi/Genzyme, Genentech, Nutricia, Novatris,
Kaleo Pharmaceutical, Nestle, Acquestive, Allergy Therapeutics, Pfizer, US World Meds,
Allergenis, Aravax, and Monsanto; is a member of the scientific advisory council for the
National Peanut Board; has received honorarium for lectures from Thermo Fisher, Before
Brands, multiple state allergy societies, the ACAAI, the EAACI; is an associate editor for the



54 Annals of Allergy, Asthma, and Immunology; and is a member of the Joint Taskforce on Allergy
55 Practice Parameters.
56



57
58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Abstract
BACKGROUND: Food allergic patients are routinely prescribed 2 epinephrine autoinjectors

(EAI). The cost-effectiveness of this strategy is unknown.

OBJECTIVE: To evaluate the cost-effectiveness of routinely prescribing all patients 2 EAl devices

vs. a risk-stratified approach (2 EAIl only prescribed for patients with a risk factor)

METHODS: Markov models compared universal vs. risk-stratified approaches based on either a
prior medical history of anaphylaxis (PMH-ana) or anaphylaxis requiring multiple epinephrine
doses (multi-epi). Cohorts of peanut allergic (PA) children were evaluated over an 80-year time
horizon from both US and UK societal and healthcare perspectives. Models assumed prescribing
a2"™ ElA provided a baseline 10-fold risk-reduction vs. anaphylaxis-related fatality and

hospitalization. Cost-effectiveness threshold was $100,000/QALY.

RESULTS: From a US perspective, universal prescription of 2 EAI to all PA patients was not cost-
effective in the base case vs. risk-stratification by PMH-ana. Universal prescription of 2 EAl was
associated with an incremental cost of $10,696,036/QALY vs. the PMH-ana strategy, and
$17,514,558/QALY vs. the multi-epi strategy. However, the universal strategy became cost-
effective vs. a multi-epi strategy when single EAI costs were <$80, second epinephrine dose
requirements >25.5%, anaphylaxis hospitalization costs >518,453, annual anaphylaxis risk

>76.5%, or anaphylaxis hospitalization rate >74.9%. From a UK perspective, universally
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prescribing 2 EAl was also not cost-effective (incremental cost of $4,132,440/QALY vs. PMH-ana

and $6,208,227/QALY vs. multi-epi) at single device costs >518.

CONCLUSIONS: At current EAI prices and low rates of needing two devices, limiting second EAI’s
to patients with PMH-ana is more cost-effective than routinely prescribing two EAI to all

patients (particularly in resource-constrained settings).
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Highlights Box

What is already known about this study: Food-allergic individuals are routinely prescribed two
epinephrine autoinjectors (EAI) for use in the event of anaphylaxis, but the economic value of

this practice has not been determined.

What does this article add to our knowledge: Compared with using a risk stratified approach,
routinely prescribing 2 EAIl devices to anyone with food allergy is only cost-effective if the cost
of a single unit of an EAI is < $80 (US) or $18 (UK), unless the probability of requiring a 2"

epinephrine dose for anaphylaxis exceeds 25%.

How does this study impact current management guidelines: In resource-constrained settings,
limiting prescription of 2 EAIl devices to patients with a prior history of anaphylaxis and/or those
who have previously required multiple doses of epinephrine to treat anaphylaxis may be

appropriate, unless EAl device cost is significantly reduced.
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INTRODUCTION

Food-induced anaphylaxis is a common and potentially life-threatening emergency,(1) and
food-allergic patients should receive appropriate diagnosis and advice regarding necessary
allergen avoidance and anaphylaxis management.(1, 2) Additionally, given that accidental
reactions are common, patients at risk of anaphylaxis should be prescribed an epinephrine
autoinjector (EAI), to be available at all times.(1) The provision of EAls has evolved
significantly over the past 15 years. In the USA, since 2012, all EAl are exclusively dispensed as
twinpacks, with prescription of 2 EAl twinpacks (i.e. 4 devices) now routine and patients
advised to have 2 EAIl devices available all times, since some patients may require a second
dose of epinephrine to treat anaphylaxis.(3) Over the same time, the EAIl unit price has risen
from <$100 per device to >$600 per twinpack, a situation exacerbated by multiple production
shortages over the past 5 years. In the United Kingdom (UK), prescribers have been mandated
by the Medicines and Healthcare Products Regulatory Agency (MHRA) to provide 2 EAI to all
patients, following several recent food-induced anaphylaxis fatalities where both single and
even two doses failed to prevent this outcome.(4) The European supply issue has been further
compromised by multiple device recalls. To ensure adequate device supply to those at risk, risk-
stratification for EAIl prescribing may become a necessary consideration. We therefore
undertook this cost-effectiveness analysis to evaluate the health and economic benefits of risk-

stratification approaches for prescribing multiple EAl devices to food-allergic patients.

METHODS

Model Structure



125  Using TreeAge Pro 2018 (Williamstown, MA), we constructed a Markov model comparing risk-
126  stratification strategies for EAl device prescribing for all individuals diagnosed with peanut

127  allergy (PA) (Figure 1). PA was chosen because it is a severe, persistent food allergy associated
128  with anaphylaxis, and studied in previous health economic models. Markov modeling

129 transitioned patients through health states, including: a) persisting PA, b) resolved PA, and c) PA
130 diagnosis despite silent/unrecognized resolution (herein referred to as “pseudoallergy”). The
131  analysis compared three EAIl prescribing strategies: (i) prescribing 2 EAI (1 twinpack) to all PA
132  patients, universally; (ii) only prescribing 2 EAl to PA patients with a history of prior anaphylaxis
133  (PMH-ana), and otherwise prescribing just one device; (iii) only prescribing 2 EAI to PA patients
134 previously requiring multiple epinephrine doses (multi-epi) to treat anaphylaxis, and otherwise
135  prescribing just one device irrespective of a history of prior anaphylaxis. In US context,

136  modeling assumed a single EAIl device cost half the price of a twinpack in the low-risk scenario.
137

138 The base case was represented by a 4-year-old child with PA, representative of a common

139  situation in which 2 EAl is prescribed. A model cycle length of 1 year with probabilities

140  converted to annual rates and an 80-year time horizon was evaluated from the societal

141  perspective to incorporate downstream costs of peanut allergy, with all-cause age-adjusted
142  mortality included and sensitivity analysis from the healthcare perspective.(5) Outcomes were
143  expressed in quality-adjusted life years (QALYS), which represents the average health state

144  utility multiplied by years of life from each strategy, and fatality risk calculated by total number
145  of fatalities divided by patients at risk in each group. Cost-effective care was defined as costing

146  less than $100,000/QALY, calculated by the difference in costs between comparative strategies
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divided by the incremental benefit to arrive at the incremental cost-effectiveness ratio
(ICER).(6-8) Costs, probabilities, and health state utilities were derived from published
literature, with costs and utilities discounted at 3% per year to account for differential future
value (www.bls.gov). Microsimulations were also used (n = 100,000 patients per strategy) to
allow tracker modifications to assess outcomes including total episodes of anaphylaxis and food
allergy fatalities. The analysis conformed to the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) checklist and included indirect costs in the societal perspective
as recommended by the Second Panel on Cost-Effectiveness in Health and Medicine.(8) This
study did not involve research in human subjects and was therefore not required to undergo

review by the Colorado Multiple Institutional Review Board.

Costs

Costs were reported in 2020 dollars, and included incremental grocery costs(9), nutrition, EAI
costs (10), visits to healthcare professionals and alternative providers(9, 11), medical care for
allergic reactions (including ambulance costs, emergency care, and hospitalizations)(11, 12),
and job-related opportunity costs (societal perspective)(9). Given variability of reported EAI
costs,(10) we used the lowest estimated retail price available at www.GoodRx.com ($340, index
date March 1, 2020) for an EAIl twinpack (0.3mg dose), estimating the single device unit cost at

$170 (though single device units are unavailable in the USA).

Probabilities and Events



168  Fatal food anaphylaxis was estimated at 3.25 per million person-years for individuals aged 5-19
169  years, and 1.81 per million person-years for adults over 20 years (13). Rates of PA related

170  anaphylaxis were estimated at 36%, ambulance use at 3.9%, emergency department visits at
171  13.2%, and hospitalizations at 2.6% over a 12 month period.(11) Rates of epinephrine use prior
172 to emergency department arrival were estimated at 67%, and rates of admission for

173 anaphylaxis at 35%.(11, 14)

174

175 We assumed that 12% of patients would present with a severe reaction requiring a second
176  dose of epinephrine for treatment, objectively placing them in a higher baseline risk

177  stratum.(15) In our model, all patients who used their EAl device then activated emergency
178  medical services (EMS, e.g., called 911 for ambulance transport) and all patient activating EMS
179  were transported to and evaluated in an ED in the base case (16).

180

181  Forindividuals less than 20 years of age, the cumulative probability of PA spontaneous

182  resolution was 31% (95% Cl, 24-40%).(17) While it is difficult to assess to number of patients
183  with silent resolution of food allergy, Couch et al reported that 54.2% of food challenges were
184  delayed.(2) Given variation and practice patterns, additional aspects of repeat evaluation for
185 allergic sensitization, subject selection, and the impact of patients with true allergy reacting to
186  OFC were not considered in the analyses because they are beyond the scope of the question
187  evaluated, and immaterial to the strategies evaluated. The base case estimated that 46% of
188  patients with spontaneous tolerance had this discovered and PA de-labeled through supervised

189  oral food challenge, while 7% of this group would discover tolerance through accidental
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exposure each year.(2, 18) Risk of PA recurrence was modelled at a recurrence rate of 7.9%

(95% Cl, 1.7-21.4%).(19)

The degree of protection provided against fatality for having an additional EAl is unknown but
prior models have published a base case 10-fold protective effect against fatality (vs. not
having the additional unit), and modeled sensitivity widely, out to 10,000-fold reduction.(16,
20-23) To account for the potential benefit of a 2" dose of pre-hospital epinephrine, the base-
case model assumed a 10-fold reduction in hospitalization.(14) These protective effects
included both the ability to access a 2" device in the event of malfunction as well as the ability

to access a 2™ dose if required in the treatment of anaphylaxis.

Health State Utilities

Health state utilities were used to derive QALYs through the mathematical sum of the products
of each health state’s duration and utility for each individual patient within each strategy.
Health state utilities for PA were derived from work by Carroll and Downs based on standard
gamble and time trade off methods, with a mean value of 0.93 (SD, 0.17) for a moderate
allergic reaction and 0.91 (SD, 0.17) for a severe allergic reaction for the standard gamble and
high correspondence with the time trade off method.(24) The model used an average
anaphylaxis disutility (e.g., adverse health utility state, or health detriment) of 0.09 in the base

case.(24)

Sensitivity Analyses
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Cohort deterministic sensitivity analyses were performed across wide plausible ranges for each
variable with tornado plots. Additional sensitivity analysis were performed comparing each
strategy with all patients with asthma, obesity, or rural residence prescribed 2 EAI regardless of
reaction history as additional risk factor estimation for requiring a second EAI. Rates of asthma
and obesity were obtained from the United States Centers for Disease Control and Prevention
National Center for Health Statics, which reports an asthma prevalence of 7.5% to 7.7% and
obesity in 13.9% to 39.8% of the population.(25, 26) The percentage of individuals living in rural
America as reported by the U.S. census is 19.3% and was used as an estimate of more remote
access to care.(27) For sensitivity analysis, the aggregate percentage of individuals with asthma,
obesity, or rural residence was estimated at 40.7 — 66.8%, realizing that in actuality this percent
of at-risk individuals may be lower due to individual membership in one or more categories. To
incorporate stochastic variation across multiple assumptions, probabilistic sensitivity analyses
were performed with contemporaneous sensitivity analyses of all variable simultaneously using
triangular distributions of modes and deterministic sensitivity ranges. Distributions were
validated using alternate seeding and alternative beta distributions for probabilities of
healthcare utilization, food allergy tolerance and relapse, and gamma distributions for costs.
For gamma distributions, standard deviations were set to half of the mean value, with beta
distributions using the observed number of events (r) as the alpha and at-risk population not
experiencing the event as the beta. In the base-case no disutility from carrying a 2" EAl was
assumed but in sensitivity analyses a 5% disutility from carrying a 2" device was explored. Base
case analyses were performed from a US perspective with additional sensitivity analyses

incorporating international contextual rates and costs for specific variables from the United
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Kingdom (UK) (Table 1). UK costs were expressed in US dollars that represent converted rates

from British pounds at an exchange rate of 1 GBP = 1.31 USD (08/17/2020).

RESULTS

Over the model horizon, a risk-stratification model for EAl device number prescription was less
costly. In the base case societal cohort analysis, a universal policy of 2 EAl without risk-
stratification cost $121,965, while prescribing 2 EAl to only those with PMH-ana cost $121,860
and to those with multi-epi $121,082. While more expensive, the universal 2 EAIl prescription
strategy for all patients with food allergy had marginally greater effectiveness (26.91234) vs.
the PMH-ana (26.91233) or multi-epi (26.91229) approaches (Table 2). The net monetary
benefit (NMB) of a risk-stratification prescribing strategy based on history of multi-epi
(52,570,148) was greater than for PMH-ana ($2,569,373) or a universal approach ($2,569,269).
In the microsimulation, the average number of anaphylaxis episodes experienced per subject
was 18.48 (SD 11.98). All approaches were associated with rare fatality, without differences in
the rate of fatality risk per patient over the model horizon (overall model PA fatality risk,
0.00015 per subject, SD 0.012). Compared with a multi-epi approach, the universal 2 EAI
prescription approach cost $17,514,558/QALY ($10,696,036/QALY compared with a PMH-ana

approach).

Strategies were similarly distributed when considered from the healthcare perspective (e.g., no
non-direct medical costs considered), with a universal approach costing $17,511,674/QALY (vs.

multi-epi) and $10,693,415/QALY compared to PMH-ana.
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Sensitivity Analyses:

The differential value of prescribing strategies was highly sensitive to EAl cost. Universally
prescribing 2 EAIl for all PA patients became cost-effective at or below a single EAI device cost of
$93 for PMH-ana or S80 for multi-epi (Figure 2). Risk-stratification models were also sensitive to
the probability of anaphylaxis hospitalization (Figure 3). As the probability of hospitalization
increased beyond 64.0% for PMH-ana or 74.9% for multi-epi, or hospitalization cost exceeded
$15,771 for PMH-ana or $18,453 for multi-epi, a universal approach was cost-effective (WTP,
$100,000/QALY). Universal prescription of 2 EAl was also cost-effective in the base case when
annual anaphylaxis rates exceeded 62.1% for PMH-ana or 76.5% for multi-epi. A universal
approach also became cost-effective at higher rates of reactions needing a 2" dose of
epinephrine (21.9% for universal vs. PMH-ana and 25.5% for universal vs. multi-epi)(Figure 4).
Additional deterministic sensitivity analyses did not reveal any additional levers of cost-
effectiveness (Figure 5). When disutility of carrying a second EAIl was considered, differences in
NMB became more pronounced and risk-stratification approaches demonstrated even greater

advantage.

In probability sensitivity analysis using triangular distributions, the multi-epi strategy was most
optimal in 84.59% of simulations evaluated, with routine universal prescription optimal in only
7.72% of simulations, and PMH-ana alone optimal in 7.69% of simulations (Figure E1).
Probability sensitivity analysis with alternative random number seeding demonstrated similar

results, with 84.35% of simulations favoring the multi-epi strategy, 7.5% favoring a universal 2
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EAl strategy, and 8.13% of strategies suggesting PMH-ana was optimal. Alternative probability
sensitivity analysis with beta and gamma distributions also favored multi-epi in 92.3% of
simulations, with PMH-ana optimal in 5.29% and a universal 2 EAl approach favored in 2.40% of
simulations. In probability sensitivity analysis excluding hospital costs, universally prescribing 2
EAIl was not favored in any simulation (multi-epi optimal in 88.9% of strategies and PMH-ana

optimal in 11.1%).

Asthma, Obesity, and Remote Distance From Emergency Care

Assuming both a high and low prevalence of asthma, obesity, and residing at remote distance
from emergency care, universal prescription of 2 EAI for patients without PMH-ana or multi-epi
was not cost-effective (Table E1). Costs of PMH-ana were $121,926 - $121,964 (NMB,
$2,569,271 - $2,569,307) with multi-epi costs ranging from $121,486 - $121,745 (NBM,

$2,569,488 - $2,569,748).

UK Perspective:

We also evaluated the model in an alternative economy and socialized healthcare system. As
EAIl acquisition costs are lower in the UK, additional analyses were performed in the context of
UK utilization. In the UK, a universal policy of 2 EAIl cost $137,614, a PMH-ana cost $137,557,
and multi-epi cost $137,283. Associated effectiveness of each strategy was 27.12663 (universal
approach), 26.12661 (PMH-ana), and 27.12657 (multi-epi). The ICER in the UK context was
$6,208,227 for universal 2 EAI prescription vs multi-epi, and $4,132,440 for PMH-ana. Due to

the lower hospitalization costs in the UK, universal prescription of 2 EAl did not become cost-
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effective until device cost fell below $18 when compared to multi-epi (520 for PMH-ana)

(Figure E2).

DISCUSSION

Routinely prescribing all patients with PA 2 EAI devices is not cost-effective at current EAI costs
vs. a risk-stratified approach, unless the need for a 2" epinephrine dose with anaphylaxis
exceeds 25%. This implies wastefulness of only dispensing EAl’s as twinpacks, given limited
value beyond very specific risk-stratified contexts. EAl are expensive and beset by supply issues
in recent years, prompting the FDA to extend expiration dates on certain devices, and approve
additional devices to improve epinephrine access. Limiting availability of EAl to double-packs
and requiring universal prescription of 2 devices hampers effective stewardship of a limited
resource critical to the treatment of community anaphylaxis, and suggests single EAl device

dispensing should return as a preference-sensitive option (at the very least).

In the US analysis, universally prescribing 2 EAI to all PA patients costs $10,696,036/QALY vs.
risk stratification by PMH-ana. Universal prescription of 2 EAl vs. an multi-epi risk stratified
approach was even less cost effective (517,514,558/QALY). Universal 2 EAI prescription
remained cost-ineffective in the UK even at lower device price, because downstream costs in
the UK economy are also lower. It is notable that in Australia, national practice is to prescribe a
single EAl in the absence of additional risk factors that would increase the likelihood of
requiring a second device. Indeed, the case fatality rate for anaphylaxis in Australia is actually

lower than in the USA and UK.(28)
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While the disutility of carrying a second EAI was excluded in the base-case, requiring two
devices be carried at all times may have unanticipated consequences. Devices are bulky and
can be difficult to carry outside of a supplemental bag or purse. Carrying one device is
challenging for many patients, and carrying two may be impractical for some, potentially
influencing non-carriage of any EAl in some ages though this is mainly anecdotal. It is possible a
universal requirement for a second device could actually decrease adherence for carrying any

epinephrine at all, and result in harm for some vulnerable populations.

Our findings are consistent with prior health economic analyses evaluating routine allergy
practices aimed at preventing fatality with blanket strategies. When considering only fatality as
an outcome (without impacts on quality of life or hospitalization costs), the value-based price
for EAl is between $24-31.(23) The present analysis further exemplifies the overestimated
value attributed to prescribing personal EAIl against fatal anaphylaxis, an exceedingly rare
event.(13) While the cost-ineffectiveness of universal 2 EAI prescription was noted in a
cost/QALY metric, evaluating the ICER of cost per death prevented was also beyond $10 million
dollars/death prevented.(29) Similar cost-ineffectiveness has been noted for routine activation
of EMS for treated and resolved anaphylaxis(16), pre-emptive epinephrine use for accidental
peanut ingestion in the absence of symptoms (30), and routine prolonged observation of
resolved anaphylaxis in the emergency department.(31) While EAIl cost is a clear lever, this is

another analysis suggesting many “routine” anaphylaxis management practices actually have
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differential and potentially patient preference-sensitive value, and need more contextualized

approaches.

Our analysis has several limitations. First, this was a computer simulation limited by parameter
assumptions and its population health perspective. Individual patient management must be
contextual, which we attempted to emulate, and informed by specific circumstances unique to
each encounter. Second, device market prices are still expensive and well beyond ranges
considered cost-effective. Updated prescribing advice coupled with single EAl unit availability
may paradoxically increase uptake of EAIl within all socioeconomic classes, potentially
improving compliance and patient safety. Moreover, such a strategy combined with the use of
community-based device sharing technology may provide more benefit than the status quo of
two devices.(32, 33) In this respect, we did not consider additional risk reduction from existing
shared community epinephrine resources (e.g., schools, commercial aircraft) (21, 22) making a
universal approach even less cost-effective. Third, in the base case, we assumed a 12% rate of
needing a 2" dose of epinephrine based on history; however, sensitivity analyses of rising rates
showed a universal strategy becomes more cost-effective. (34) Patients may require a 2"
device for either device failure (a rare but recognized occurrence), incorrect use of device
during administration or for anaphylaxis that is not responsive to a first dose of epinephrine,
and our model accounted for a fatality risk reduction of up to 10,000-fold. Fourth, we did not
explicitly consider the effect of epinephrine device shortages in the model though this impact is
lessened by a risk-stratified approach. Fifth, while the base case was modeled for PA, the

findings of this analysis are likely to be relevant to all food allergens (and perhaps even more
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relevant to more minor food allergens), because the rate of severe anaphylaxis of other
allergens is nested within the rate for PA. Sixth, the base model assumed additional EAI
units/doses would reduce hospital costs; however, it is unclear if this would do so, as opposed
to a second dose being administered by paramedic staff or in hospital. In fact, recent guidance
suggests anaphylaxis patients receiving more than one dose of epinephrine have extended
observation, regardless if this is administered in the pre-hospital setting or emergency
department.(1) Still, in the rare event of a device failure, having a 2" device would be expected
to reduce hospitalization. For example, Fleming et al reported patients with food induced
anaphylaxis treated early with epinephrine had a reduced likelihood of hospitalization (17% vs
43%, p < 0.001), a reduction that would fall within the range of our analysis.(35) Seventh, while
sensitivity analysis evaluated the impact of universal 2 EAIl prescription for all patients with
asthma, obesity, and rural location, it is possible the incremental benefit of a second EAI device
may be even greater in this population than assumed in the base-case model, and this analysis
did demonstrate a universal approach of 2 EAl prescriptions would be cost effective as the
anticipated need for a second epinephrine dose increased. Eighth, since 2012, single EAI units
are unavailable in the US, and it is unclear if this will change. Our model deals with the
hypothetical that both single and dual device distribution is available. Ninth, and lastly,
implementation of a stratified EAl approach may be challenged by societal perceptions of risk,

particularly related to EAIl device failure, anaphylaxis fatality, and litigation.

While a universal approach to always prescribing two EAI devices is not routinely cost-effective

vs. risk-stratified approaches, our analysis shows the decision must be made contextually. Asin
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other areas of risk-based decisions, the decision to prescribe 2 EAl is appropriate for a shared-
decision making paradigm of healthcare delivery, informed by patient preferences and values. A
validated decision aid — for example to identify those with a >25% risk for requiring a second
device — may be of value in this setting. Our analysis suggests that when EAIl devices are in
limited supply or potentially unaffordable to a particular patient, a risk-stratified approach is
reasonable, particularly in a setting where there is additional risk reduction through the use of
shared community epinephrine resources (e.g., schools). Finally, while carriage adherence
needs to improve, continued efforts to improve EAI affordability and access are particularly
important to patient empowerment and to ensure timely administration of epinephrine to

decrease anaphylaxis morbidity and mortality.
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Figures and Legends:

Figure 1: Model comparing routine prescription for two EAIl vs a risk stratified approach. Arrows
represent transitions between health states. In the base case, patients prescribed two EAI
continue with two EAI; those with one EAI transition to two if an episode of anaphylaxis occurs.
Dotted arrows represent risk of food allergy relapse. Three approaches compared a decision to
prescribe “one EAl or two”: (a) a strategy to prescribe 2 EAI for all patients with food allergy, (b)
a strategy to prescribe 2 EAI for all patients with food anaphylaxis (with 1 EAIl for patients with
food allergy but no history of anaphylaxis), PMH-ana and (c) a strategy to prescribe 2 EAl only
for all patients with food anaphylaxis who previously required multiple doses of epinephrine to
treat an episode of anaphylaxis (with 1 EAl prescribed for patients with food allergy and prior
food anaphylaxis successfully managed with one dose), multi-epi. Dashed lines represent

recurrence of food allergy.

Figure 2: Sensitivity analysis of device cost (US). Universally prescribing 2 EAI for all patients
with food allergy becomes cost-effective at a cost for a single EAI device unit of $80 when

compared to an multi-epi strategy (WTP, $100,000/QALY).

Figure 3. Sensitivity analysis of hospitalization (US). When comparing a universal approach to
multi-epi, as the probability of hospitalization increases beyond 75% (panel a) or cost exceeded

$18,453 (panel b), a universal approach was cost-effective (WTP, $100,000/QALY).
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Figure 4. Two-way sensitivity analysis of the probability of anaphylaxis and the probability of
requiring a 2" epinephrine dose. In the US base-case, a universal approach becomes cost-
effective at higher rates of reactions needing a 2" dose of epinephrine. Colors indicate
territories where each strategy is most cost-effective. Food allergy represents a universal
approach of 2 EAIl to all patients, food anaphylaxis a strategy of limiting 2 EAIl to patients with
anaphylaxis, and food anaphylaxis with multiple epinephrine prescription limits a second device

prescription to those who have required more than one dose.

Figure 5. Tornado plot of incremental net monetary benefit. Universally prescribing 2 EAI for all
patients with peanut allergy became cost-effective at or below a cost for a single EAl device unit
of $93 for PMH-ana ($80 for multi-epi). As the probability of hospitalization increased beyond
64.0% for PMH-ana (74.9% for multi-epi) or cost exceeded $15,771 for PMH-ana (518,453 for
multi-epi), a universal approach was cost-effective. Universal prescription of 2 EAl was also
cost-effective in the base case when the annual rate of anaphylaxis exceeded 62.10% for PMH-
ana (76.6% for multi-epi). A universal approach also became cost-effective at higher rates of an
eventual need for a 2" dose of epinephrine (21.9% for PMH-ana and 25.5% for multi-epi).
(panel a: multi-epi vs universal prescription of 2 EAl; panel b: PMH-ana vs universal prescription

of 2 EA).
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Figure E2: Sensitivity analysis of device cost (UK).
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Table E1

Net ICER of PHA ICER of AMED
Monetary  With Universal With Universal
Benefit AOR vs Without AOR vs Without

(cost/QALY) (cost/QALY)

US Societal Perspective with 66.8% Cohort Analysis
AOR
No Risk Stratification $121,965 26.91234 = $2,569,269

Risk Stratify By Prior History of $121,964  26.91234 = $2,569,271
Anaphylaxis (PHA) $10,400,000 $16,575,000

Risk Stratify By Anaphylaxis $121,745 | 26.91233 = $2,569,488
Requiring Multiple Epinephrine Doses
(AMED)

US Societal Perspective with 40.7%
AOR

No Risk Stratification $121,965 @ 26.91234 | $2,569,269

Risk Stratify By Prior History of $121,926  26.91234 = $2,569,307
Anaphylaxis (PHA) $6,600,000 $20,200,000

Risk Stratify By Anaphylaxis $121,486 = 26.91231 = $2,569,746
Requiring Multiple Epinephrine Doses
(AMED)

* AOR: Universal prescription of 2 EAI for all patients with asthma, obesity, or rural location
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Additional EAIl device

protection
10x (10x — 10,000x)
Cycle length 1year
Start age 4 years (0—20)
Time Horizon 80 years (5 years — 80
years)
Annual discount rate 0.03 (0-0.03)

* All dollars expressed in 2020 US currency.
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Table 2: Comparison of the Health and Economic Outcomes of Single vs. Multiple Epinephrine Unit Prescription

ICER of a Non
Risk-Stratified
Approach vs

ICER of a Non
Risk-Stratified
Approach vs
Anaphylaxis
Requiring Multiple
Epinephrine Doses
(cost/QALY)

Anaphylaxis Per
Patient Over
Model Horizon
Prior Medical
History of
Anaphylaxis
(cost/QALY)

Food Allergy
Fatality Per Patient
Over Modé
Horizon

US Societal Per spective Cohort Analysis Microsimulation

No Risk Stratification $121,965 @ 26.91234 | $2,569,269 $10,696,036 $17,514,558 18.48 (SD, 11.98) 0.00015 (SD 0.012)
Risk Stretify By Prior Medical History | $121,860 @ 26.91233 = $2,569,373

of Anaphylaxis

Risk Stratify By Anaphylaxis $121,082 = 26.91229 | $2,570,148

Requiring Multiple Epinephrine Doses

US Healthcare Per spective

No Risk Stratification $54,310 26.91234 | $2,636,924 $10,693,415 $17,511,674 18.47 (SD, 12.00) 0.00012 (SD, 0.011)
Risk Stratify By Prior Medical History | $54,205 26.91233 = $2,637,028 18.46 (SD, 12.00) 0.00012 (SD, 0.011)
of Anaphylaxis

Risk Stratify By Anaphylaxis $53,427 26.91229 | $2,637,802 18.46 (SD, 12.00) | 0.00013 (SD, 0.0114)
Requiring Multiple Epinephrine Doses

UK Societal Perspective ‘

No Risk Stratification $137,614 | 27.12663 | $2,575,049 $4,132,440 $6,208,227 12.90 (SD, 8.67) 0.00010 (SD, 0.010)
Risk Stratify By Prior Medical History | $137,557 = 27.12661 @ $2,575,104

of Anaphylaxis

Risk Stratify By Anaphylaxis $137,283 | 22.12657 | $2,575,375

Requiring Multiple Epinephrine Doses

UK Healthcare Perspective ‘

No Risk Stratification $41,207 27.12663 @ $2,671,456 $4,128,686 $6,204,095 12.88 (SD, 8.70) 0.00009 (SD, 0.009)
Risk Stratify By Prior Medica History | $41,150 2712661 @ $2,671,511 12.89 (SD, 8.70) 0.00009 (SD, 0.009)
of Anaphylaxis

Risk Stratify By Anaphylaxis $40,876 2212657 @ $2,671,782 12.89 (SD, 8.70) 0.00010 (SD, 0.010)
Requiring Multiple Epinephrine Doses

Abbreviations: SD=standard deviation; ICER=incremental cost-effectivenessratio; QALY =quality adjusted life years
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