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Key Messages

� The epinephrine autoinjector (EAI) is the standard of outpatient emergency treatment for serious allergic reactions (type I), including ana-
phylaxis; however, there are numerous barriers to patient carriage and use.

� Delays in epinephrine administration and lack of EAI use may have serious implications, including increased morbidity and mortality.

� Patients, caregivers, and healthcare professionals desire more convenient routes of epinephrine administration that will address needle
phobia and other reasons for delayed use.

� Innovative nasal and oral products under investigation have shown comparable and, in some cases, improved pharmacokinetic and phar-
macodynamic results to those of EAIs and manual intramuscular injection in healthy subjects.

� Limitations of current evidence include no clinical or real-world studies of innovative products in anaphylaxis, limited data in pediatric
patients, no head-to-head studies, and a lack of peer-reviewed data in the literature.

� Portable needle-free options may improve confidence in epinephrine administration by alleviating some patient fears that delay adminis-
tration, potentially helping patients and caregivers address anaphylaxis sooner than do EAIs or manual injection.
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A B S T R A C T

Purpose of Review: The current standard of first-line emergency treatment of anaphylaxis is intramuscular (IM)
epinephrine, mostly administered through epinephrine autoinjector (EAI) in the outpatient setting. However,
undercarriage and underuse of EAIs are common, and delayed epinephrine use is associated with increased mor-
bidity and mortality. Patients, caregivers, and healthcare professionals have expressed a strong desire for small,
needle-free devices and products that would offer improved carriage, ease of use, and more convenient, less
invasive routes of epinephrine administration. Novel mechanisms of epinephrine administration are under
investigation to help address several recognized EAI limitations. This review explores innovative nasal and oral
products under investigation for the outpatient emergency treatment of anaphylaxis.
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Table 1
Issues and Limitations of Current EAIs Available in th

Limitations of Current EAIs

Lack of availability (eg, patient does not have EAI ava
Cost can be a barrier to access16,24

Needle length may be too short in patients with obes
Range of fixed-dose EAIs in the United States; curren
would be ideal; second dose may be given if not resp
Recommended maximum dose EAI (0.50 mg) unavai
Significant underdosing could theoretically occur ow
Storage concerns: Required to be stored at 20°C to 2
Shelf-life concerns: Limited time from dispensing EA
Bulky or large device size15,25,26

Limited studies in infants, adolescents, older subject

Issues With EAIs

Low rates of prescription potentially owing to difficu
Hesitation to use26,31 and delayed administration30,3

Underuse by patients and caregivers potentially owi
Lack of carriage15,33 and need to carry 2 EAIs12,24; pa
the size and shape of the device make it challenging
Needle phobia16,17 and the potential for needle-relat
Lack of proper training regarding correct technique1

Abbreviation: EAI, epinephrine autoinjector.
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Findings: Human studies of epinephrine administered through nasal epinephrine spray, a nasal powder spray,
and a sublingual film have been conducted. Data from these studies indicate promising pharmacokinetic results
comparable to those of the standard of outpatient emergency care (0.3-mg EAI) and syringe and needle IM epi-
nephrine administration. Several products have shown maximum plasma concentration values higher than
those of the 0.3-mg EAI and manual IM injection, although it remains unclear whether this has clinical relevancy
in patient outcomes. Generally, these modalities show comparable time to maximum concentrations. Pharmaco-
dynamic changes observed with these products are comparable to or more robust than those seen with EAI and
manual IM injection.
Summary: Given comparable or superior pharmacokinetic and pharmacodynamic results and safety of innova-
tive epinephrine therapies to those of current standards of care, US Food and Drug Administration approval of
these products may help address numerous barriers that EAIs present. The ease of use and carriage and favorable
safety profiles of needle-free treatments may make them an attractive alternative to patients and caregivers,
potentially addressing injection fears, needle-based safety risks, and other reasons for lack of or delayed use.
© 2023 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. This is an open access arti-
cle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction

Anaphylaxis is a serious, potentially fatal medical emergency
involving an acute allergic reaction that may have various triggers,
mechanisms, and clinical presentations.1 The clinical presentation
and severity of symptoms are unpredictable, can differ among indi-
viduals, and may change over time within the same individual.1 They
may also change with the presence of cofactors (eg, viral illness, alco-
hol ingestion, exercise).2

The lifetime prevalence of anaphylaxis is estimated between 1.6%
and 5.1%.1,3 The incidence of anaphylaxis is increasing globally,
although there does not seem to be an increase in deaths.4 The lead-
ing triggers of anaphylaxis may vary depending on the patient popu-
lation, differing in various regions of the world and by age.1 In adults,
medications and stinging insects are the most frequent triggers,
whereas foods and stinging insects are the most common triggers in
children and adolescents.1 Patients may also have risk factors for
severe anaphylaxis such as older age, asthma, chronic obstructive
pulmonary disease, beta-blocker or angiotensin-converting enzyme
inhibitor use, or other comorbid conditions.1,5

Rapid identification and treatment of anaphylaxis are recognized
as the best-practice strategy.1 The most effective treatment for ana-
phylaxis is epinephrine (adrenaline).1 Antihistamines and glucocorti-
coids are considered solely second-line therapy and should not be
used before, or instead of, epinephrine.1 There is international con-
sensus that epinephrine is the first-choice medication, and early
e United States

ilable when needed; patient was not pre

ity or too long in young children and inf
tly, EAIs are available in 0.10-, 0.15-, and
onsive to the first dose12,17

lable in United States2,12

ing to weight-based per kg recommend
5°C with excursions permitted from 15°C
I to expiration; many expire before use1

s,12,27 underrepresented minorities, or in

lty in diagnosing anaphylaxis24,30
1 owing to uncertainty around need for u
ng to lack of training, embarrassment of
tients often do not carry because allerge
to carry
ed injury17,34
5,16,32
administration reduces hospitalization and may reduce death.5−7

Delaying administration of epinephrine may be associated with
increased morbidity and mortality.1,8−11

Current guidelines recommend that epinephrine be administered
intramuscularly (IM) into the anterolateral thigh with a standard
approved dose of 0.01 mg/kg of 1:1000 (1 mg/mL) solution up to a
single maximum dose of 0.5 mg in adults and 0.3 mg in children.1,2

Dosing should be repeated every 5 to 15 minutes if symptoms remain
unresolved.1,2

The epinephrine autoinjector (EAI) allows the administration of
epinephrine by nonmedical individuals in an outpatient setting.12

The use of vial and syringe epinephrine administration is generally
not recommended in the outpatient setting because it may contribute
to overdosing, underdosing, and/or delay in administration,12,13 with
1 study showing an increased risk of dosing errors as much as 40-fold
by parents and 2- to 8-fold by healthcare providers (HCPs).12,14

Issues and Limitations of Currently Available Epinephrine Autoinjectors

Key issues and limitations of currently available EAIs include
device size, lack of carriage, needle phobia, needle-related injury,
shelf life, storage concerns, and cost12,15−17 (Table 1).

Current EAI dosing options cause challenges in achieving the
0.01 mg/kg dosing recommendation.12 A 0.10-mg device18 is Food
and Drug Administration (FDA)-approved for patients weighing 7.5
to 15 kg (»16.5-33 lb), along with 0.15-mg devices18−21 for patients
scribed an EAI; pharmacy stock of EAIs sometimes limited)17,22,23

ants with smaller skin-to-bone distance2,13,16

0.30-mg devices; thus, it is not possible to dose patients per weight-based dosing as

ed dosing12,13

to 30°C12
6

subjects during anaphylaxis28,29

se, difficulty or fear of EAI use, or lack of EAI accessibility when needed
use, lack of carriage, needle phobia, etc16,32

n avoidance is their primary strategy, they have never needed to use it or forget, and
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weighing 15 to 30 kg (»33-66 lb), and 0.30-mg devices18−21 for those
weighing more than 30 kg.12 Global guidelines recommend the 0.50-
mg dose in older children and adults weighing more than 50 kg
(»110 lb); however, there is no 0.50-mg EAI approved in the United
States,2 leaving some to question whether patients are being under-
dosed with available EAIs on the market.

Undercarriage and underuse of EAIs by patients is common in
anaphylaxis.3,15,23 In a US survey of adults, parents of children, and
adolescents prescribed an EAI, respondents younger than 18 years
were much less likely to carry an EAI on their person than were
adults (34% vs 84%, respectively).23 Only 24% of the full sample
reported carrying 2 or more EAIs. In the Anaphylaxis in America sur-
vey, in patients with a confirmed previous anaphylaxis episode, 50%
had never received an EAI prescription, and nearly half of those who
did were not given an emergency action plan.3 Risks of underdosing
or delayed use may include further progression of an evolving allergic
or anaphylactic reaction and increased risk of a biphasic reaction,
hospitalization, and ultimately death.6,8,13,31,35−37
Need for Innovative Therapies

Given the noted issues around EAIs, innovative therapies are
needed to improve the carriage and use of epinephrine. Products
with improved shelf life and stability, optimized dosing, ease of use
and carriage, and more convenient, less invasive routes of adminis-
tration are needed and desired by both patients and HCPs.4,16,17,26 In
the recently published 2022 Voice of the Patient Report: Food Allergies,
patients tended to avoid carrying EAIs owing to psychosocial factors,
such as not wanting to be different from their peers and having to
carry a bulky device.26 Hesitation in using an EAI may stem from a
lack of training and from feeling intimidated by the injection-based
administration method.26 In a survey of patients and caregivers
(N = 200), 40% of respondents delayed use of an EAI.38 Reasons for
their delay in use were related to the uncertainty whether symptoms
warranted use, the presence of a needle, the need to go to the emer-
gency department after use of device, potential serious adverse
effects, pain, and the size of the device.38 Numerous studies highlight
that patients and caregivers are not comfortable or confident using
EAIs, do not fully understand how to use them or when they should
be used, and often do not carry them.15,17,39 Respondents in a patient
and caregiver survey noted that a needle-free option would be used
sooner and is perceived as being easier to use than an EAI.40 When
asked about the feasibility of using a needle-free device, such as a
nasal epinephrine spray, patients and HCPs communicated strong
preference for the nasal spray in terms of portability, ease of learning
or teaching, ease of use, overall preference, likelihood of recommend-
ing to others, safety, size, and comfort using in public.40−43
Novel Mechanisms Under Study for Innovative Administration of
Epinephrine in a Prehospital Setting

Given the limitations and unmet needs in the treatment of ana-
phylaxis, researchers have been investigating novel mechanisms of
epinephrine administration. Included in this review are products
with human data that have been presented or published in a scien-
tific setting. Most of these data are from presented posters or
abstracts and have not been through a rigorous peer-review process.

Because of the serious nature of anaphylaxis, double-blind, ran-
domized, controlled trials are not feasible owing to practical and ethi-
cal reasons.28 Thus, researchers test the performance of the device or
product through animal and human pharmacokinetic (PK) and phar-
macodynamic (PD) studies, in addition to studies on epinephrine
delivery and muscle delivery depth in animal models.

Nasal and sublingual epinephrine are the most common modes of
administration under study, although other modes, including inhaled
epinephrine, wet and dry dual-chamber EAI, and a needle-free EAI,
are also in development.17 Three companies have published or pre-
sented data on nasal epinephrine spray, another on nasal powder,
and 1 on sublingual film.44−54 Several companies are investigating
their products in pediatric use; however, only results in adult sub-
jects are presented in this report.
Intranasal Epinephrine

ARS-1
An integrated analysis was conducted across 4 randomized, phase

1, open-label, single-dose, crossover studies comparing PK and PD
parameters of 1-mg intranasal (IN) (ARS-1), 0.3-mg EAI (EpiPen,
Mylan Specialty L.P., Morgantown, West Virginia), 0.3-mg prefilled
syringe (Symjepi, Adamis Pharmaceuticals Corp., San Diego, Califor-
nia), and 0.3-mg IM manual syringe-administered epinephrine.44

Two studies included healthy subjects, and 2 included healthy sub-
jects with a history of type 1 allergies (food allergy, allergic rhinitis,
or venom allergy), all aged 19 to 55 years.

In the analysis of 175 participants, EpiPen indicated the highest
mean plasma concentration after administration, followed by Sym-
jepi, ARS-1, and the 0.3-mg IM manual epinephrine. The highest
mean maximum plasma concentration (Cmax) values were seen with
EpiPen and Symjepi (Fig 1). More PK parameters across the treatment
arms are shown in eFigures 1 and 2. The shortest time to maximum
concentration (Tmax) occurred with EpiPen, followed by ARS-1 and
Symjepi, then 0.3-mg IM manual epinephrine (eFig 2).

ARS-1, Symjepi, and EpiPen resulted in comparable increases in
mean systolic blood pressure (SBP). The highest mean SBP Emax (ie,
the maximum effect) was 16.9, 14.9, and 18.1 mm Hg, respectively,
whereas changes with 0.3-mg IM epinephrine were less marked
(10.9 mm Hg). ARS-1 was the only product causing an increase in
mean diastolic blood pressure (DBP) over time. Peak mean heart rate
(HR) over time was highest for EpiPen, followed by ARS-1, 0.3-mg IM
epinephrine, and Symjepi. ARS-1 caused comparable or higher PD
responses than did current epinephrine delivery modalities despite
having a lower Cmax than 2 of 3 comparators.44

At the time of this writing, the above data are the only data
reviewed in this manuscript that were published in full-length, peer-
reviewed journal manuscript format; all other data were presented
as peer-reviewed abstracts or posters at national conferences.

ARS-1 received FDA Fast Track designation in 2019. Its develop-
ment status and that of the other products discussed in this review
are in Table 2. For more context, the phases of clinical research are
summarized in eTable 1.

BRYN-NDS1C
In a phase 1, open-label, 2-part randomized bioavailability study

comparing PK and PD in healthy adults (aged 19-45 years), partici-
pants were randomized to each receive 2 £ 6.6-mg IN epinephrine
spray (13.2 mg IN total dose) administered as both sprays in the
same nostril (SN) or 1 spray in opposite nostrils (ON), or 2 £ 0.3-mg
EpiPen (0.6 mg IM total dose).45 The study design is further detailed
in Figure 2. Pharmokinetic results (Cmax) from part 2 are shown in
Figure 2. Additional PK parameters across the treatment arms are
shown in eFigures 3 to 5.

Single IN epinephrine (A, 6.6-mg) resulted in lower epinephrine
exposure than did single IM epinephrine (B, 0.3-mg EpiPen and C, 0.5-
mg) (eFig 4A). Double IN epinephrine (D, 2£ 6.6-mg ON and E, 2£ 6.6-
mg SN) caused greater Cmax (Fig 2) and area under the curve (AUC) from
time 0 to the 20-minute postdose time point (eFig 4C) than did single
IM epinephrine (B pooled, 0.3-mg EpiPen) (eFig 3, eFig 4A). Double IN
epinephrine (E, 2 £ 6.6-mg SN) caused greater exposure than did dou-
ble IM epinephrine (F, 2 £ 0.3-mg EpiPen) (eFigs 4C and D). To ensure
that patients were reaching adequate plasma epinephrine levels, the



Figure 1. ARS-1 integrated analysis of PK parameters (Cmax [pg/mL], mean [CV%]) across 4 phase 1 studies.44 An integrated analysis was conducted across 4 randomized, phase 1,
open-label, single-dose, crossover studies comparing PK and PD parameters of 1-mg IN (ARS-1), 0.3-mg EAI (EpiPen), 0.3-mg prefilled syringe (Symjepi), and 0.3-mg IM manual
syringe-administered epinephrine. Cmax, maximum concentration; CV, coefficient of variation; EAI, epinephrine autoinjector; IM, intramuscular; IN, intranasal; PD, pharmacody-
namic; PK, pharmacokinetic.
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FDA requested 50, 100, and 200 pg/mL threshold levels be evaluated in
clinical trials. At most time points in this study, a greater percentage of
participants reached epinephrine 100 and 200 pg/mL after epinephrine
IN than after IM administration.

There were no clinically significant PD differences in HR or blood
pressure after IN or IM epinephrine. IN epinephrine was safe and
well tolerated. The most common adverse event (AE) after IN epi-
nephrine was nasal discomfort.45

A 5-period, 5-treatment crossover study was conducted compar-
ing PK of IN and IM epinephrine in 25 healthy adult subjects aged 19
to 45 years, comparing dose-ranging effects.46 Epinephrine adminis-
trations included 6.6-mg IN, 4.4-mg IN (2 £ 2.2 mg, ON), 8.8-mg IN
(2 £ 4.4 mg, ON), 13.2-mg IN (2 £ 6.6 mg, ON), and 0.3-mg EAI
(Mylan-Viatris-authorized generic EpiPen). Pharmacokinetic parame-
ters across the treatment arms are shown in Figure 3 and eFigures 6
to 8. Mean epinephrine exposure (eFigs 7A-E), in addition to mean
Cmax values (Fig 3), were greater after epinephrine 6.6-mg IN than
after 0.3-mg EAI.

The Emax values for HR were 33 beats per minute above baseline
with 6.6-mg IN vs 20 beats per minute above baseline with 0.3-mg
Table 2
Innovative Epinephrine Product Development Status at Time of Manuscript Submission

Product Description

Sublingual film using prodrug of epinephrine; 12 mg (AQST-109-DESF)51,55,56

Single-dose nasal epinephrine spray; 2 mg (ARS-1)57,58

Single, 2-spray dose nasal epinephrine spray; 13.2 mg (BRYN-NDS1C)59−61

Single-dose nasal epinephrine powder; 1.6 mg and 3.2 mg (FMXIN002)62,63

Single-dose, nasal epinephrine spray; 7 mg and 8.5 mg64−66

Abbreviations: FDA, Food and Drug Administration; IND, investigational new drug applicatio
EAI. Mean HR values were greater through 180 minutes after 6.6-mg
IN than with 0.3-mg EAI. The Emax of SBP and DBP did not differ sig-
nificantly between these groups. Treatment-emergent adverse events
(TEAEs) across all dosages were transient and generally mild.46

Finally, a pivotal 3-period, 2-cohort crossover study was con-
ducted to confirm results from the dose-ranging study by comparing
the bioavailability of a single 13.2-mg IN dose (administered as 2 con-
secutive 6.6-mg sprays SN or ON) with that of 0.3-mg EAI (Mylan-
Viatris-authorized generic EpiPen, Mylan Specialty L.P., Morgantown,
West Virginia), or 0.5-mg prefilled manual syringe.47 Two cohorts
(C1 and C2) were enrolled, comprising 66 and 50 healthy adult sub-
jects, respectively. All subjects received the same treatment in period
1, 13.2-mg ON (C1) or SN (C2). This was followed by 1 of the 2 IM
treatments in period 2, and the other in period 3.

In both cohorts, 13.2-mg IN caused higher and more sustained
epinephrine plasma concentrations than did the 0.3-mg EAI or 0.5-
mg manual syringe (0-360 minutes after dose). The rapid rate of
absorption for 13.2-mg IN was comparable to that for the 0.3-mg EAI,
and IN maintained a higher therapeutic level of epinephrine (>100
pg/mL) for approximately twice as long.
Development Status

� IND submitted February 2022
� Fast Track designation March 2022
� End-of-phase 2 meeting with FDA completed Q4 of 2022

� Fast Track designation February 2019
� FDA accepted NDA October 2022

� IND submitted 2019
� Fast Track designation February 2019
� Phase 3 study completed

� Phase 3 trial expected Q2 of 2023
� NDA submission expected Q2 of 2024

� Fast Track designation August 2018

n; NDA, new drug application.



Figure 2. BRYN-NDS1C baseline-corrected plasma epinephrine PK (part 2: Cmax [pg/mL], mean § SD).45 Part 1 of this study was a randomized, 3-treatment, 5-period semireplicate
design in which participants received a single administration each of 6.6-mg IN epinephrine spray (A), 0.3-mg EpiPen (B), or 0.5-mg IM epinephrine administered through syringe
(C), per period. (Cmax data for part 1 shown in eFig 3). Part 2 included a 3-treatment, 3-period crossover design conducted in parallel with part 1, when subjects received either
2 £ 6.6-mg IN epinephrine in ON (D), 2 £ 6.6-mg IN in the SN (E), or 2 £ 0.3-mg EpiPen in opposite thighs (F) (all doses given 5 minutes apart). Cmax, maximum concentration; IM,
intramuscular; IN, intranasal; ON, opposite nostrils; PD, pharmacodynamic; PK, pharmacokinetic; SD, standard deviation; SN, same nostril.

Figure 3. BRYN-NDS1C baseline-corrected plasma epinephrine PK (Cmax [pg/mL], mean [CV%]) after IN epinephrine or EAI.46 A 5-period, 5-treatment crossover study comparing PK
of IN and IM epinephrine in 25 healthy adult subjects aged 19 to 45 years comparing dose-ranging effects was conducted. Epinephrine administrations included 6.6-mg IN, 4.4-mg
IN (2 £ 2.2 mg, ON), 8.8-mg IN (2 £ 4.4 mg, ON), 13.2-mg IN (2 £ 6.6 mg, ON), and 0.3-mg EAI (Mylan-Viatris-authorized generic EpiPen). Cmax, maximum concentration; CV, coeffi-
cient of variation; EAI, epinephrine autoinjector; IM, intramuscular; IN, intranasal; ON, opposite nostrils; PK, pharmacokinetic.
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Pharmacokinetic parameters in the ON cohort were higher than
those of 0.3-mg EAI except for AUC0-10, which was approximately the
same. The SN cohort also experienced higher plasma concentrations
than did the 0.3-mg EAI cohort, but lower than those of the ON cohort.
The Tmax occurred earlier for the 0.3-mg EAI (14.9 minutes) and 13.2-
mg IN treatment (20 minutes) and later for the 0.5-mg manual syringe
(45 minutes). Overall, the proportions of subjects reaching epinephrine
plasma concentration thresholds of 50, 100, or 200 pg/mL at 10-, 20-,
30-, and 60 minutes after the dose were equal to or greater than those
of the 0.3-mg EAI for both ON and SN cohorts.

Overall, there were no statistical or clinically meaningful dif-
ferences in HR or BP across all groups. Most AEs were mild, and
the most common AE reported was headache in C1 and mild
vomiting in C2.47

FMXIN002
A phase 1 and 2, open-label PK and PD study in 12 adults with sea-

sonal allergic rhinitis compared FMXIN002, nasal epinephrine pow-
der spray, either 1.6 mg or 3.2 mg with or without simulated allergic
reaction conditions, with 0.3-mg EpiPen.48

Pharmacokinetic parameters across the treatment arms are
shown in Figure 4 and eFigures 9 and 10. FMXIN002 3.2 mg showed
the highest mean plasma concentration (Fig 4) and earliest Tmax (eFig
10A) after administration in subjects under nasal allergen challenge.



Figure 4. FMXIN002 3.2 mg phase 1 and 2 study (Cmax [pg/mL], mean).48 A phase 1 and 2, open-label PK and PD study in 12 adults with seasonal allergic rhinitis compared
FMXIN002, nasal epinephrine powder spray, either 1.6 mg or 3.2 mg with or without simulated allergic reaction conditions, with 0.3-mg EpiPen. Cmax, maximum concentration; PD,
pharmacodynamic; PK, pharmacokinetic.
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The PD response was similar to that of 0.3-mg EpiPen. The IN powder
spray was well tolerated, with no serious AEs.48

Hikma Epinephrine Intranasal
A phase 1, open-label, single-dose, 5-treatment crossover PK

study compared the bioavailability of epinephrine nasal spray (aque-
ous or hydroalcoholic formulations) with that of 0.3-mg EpiPen in 60
healthy adults with seasonal allergies.49 In the 2-part study, subjects
were enrolled 12 per cohort. In part 1, cohorts 1 to 4 received a single
dose (3 mg or 6 mg) of IN epinephrine aqueous and hydroalcoholic in
sequence. Cohort 5 received a single dose of EpiPen 0.3 mg. In part 2,
the study was repeated under a predosing allergen challenge. Results
from the study showed plasma concentrations above 100 pg/mL
within 5 minutes, and median Tmax was 5 to 16 minutes for aqueous,
3 to 10 minutes for hydroalcoholic, and 5 minutes for 0.3-mg EpiPen.
Compared with EpiPen, epinephrine exposure was 73% to 126% after
6-mg hydroalcoholic and 35% to 86% after 6-mg aqueous. Maximum
plasma concentration increased 1.72-fold for aqueous and 1.43-fold
for hydroalcoholic in the allergen challenge, with minor changes in
AUC for both. The most common AE was nasal discomfort; most AEs
were mild, and none were serious. Authors concluded that both for-
mulations were safe and well tolerated.49
Sublingual Epinephrine

AQST-109-DESF
AQST-109-DESF is a sublingual film using a novel prodrug of epi-

nephrine. A phase 1 study was conducted evaluating the PD and PK
and safety of single ascending doses in healthy male subjects.50 In the
study, 2 formulations of sublingual drops (0.6 mg and 1.2 mg) and 4
sublingual film formulations (F1-F4) ranging from 3 mg to 24 mg
were investigated in 7 cohorts.

The PK parameters from subjects receiving formulations F1 and F2
12 mg were comparable to those of 0.3-mg EpiPen. The mean Cmax of
F1 (n = 6) was 552 pg/mL vs 762 pg/mL for F2 (n = 8) vs 341 pg/mL
for 0.3-mg EpiPen (n = 10). EpiPen data were from a previous study
and were used as a historical comparator. The mean AUC0-t was 634
(hour £ pg/mL) for F1, 603 for F2, and 328 for 0.3-mg EpiPen. The
median Tmax was 15 minutes for both F1 and F2 vs 22 minutes for
0.3-mg EpiPen.
AQST-109-DESF indicated a similar change from baseline SBP to that
of EpiPen, with F2 presenting slightly larger variations over time. Data
suggested a similar timing andmagnitude of the hemodynamic effect.

This study confirmed that therapeutic plasma epinephrine concentra-
tions could be achieved with sublingual administration. The sublingual
filmwas safe andwell tolerated across formulations and dose levels.50

A randomized, open-label, 3-part, crossover study (EPIPHAST) in
healthy adult subjects comparing the PK and PD of AQST-109-DESF
was also conducted.51 In part 1 of EPIPHAST, multiple sublingual film
formulations and dosages were evaluated, each in 16 subjects. Epi-
nephrine IM injection 0.3 mg and 0.5 mg were used as comparators.
No EAI comparator was included in this study. The optimal formula-
tion of AQST-109-DESF was determined to be F5, 12 mg, which
showed a mean Cmax of 267.9 pg/mL vs 350.6 for 0.3-mg IM and
447.9 for 0.5-mg IM. It led to a faster Tmax of 22.5 minutes vs 50
minutes for both 0.3-mg and 0.5-mg IM. Areas under the curve for
AQST-109-DESF were higher than, or bracketed between, 0.3-mg IM
and 0.5-mg IM, except for AUC0-t (hour £ pg/mL), in which F5 had a
mean value of 312.4 vs 538.6 for 0.3-mg IM and 795.1 for 0.5-mg IM.

The formulation revealed an early and transient increase in SBP
consistent with that observed with EpiPen. An increase in HR was
also transient, leading researchers to conclude that PD parameters
were consistent with the observed PK profile, and there were no
notable concerns for safety or tolerability, with minimal TEAEs.51

In part 2 of EPIPHAST, 24 healthy adult subjects (aged 26-50
years) were randomized to receive AQST-109 12 mg, 0.3-mg IM
(manual), AQST-109 12 mg, and 0.3-mg IM (manual).52 No EAI com-
parator was included in this study. The study design is further
detailed in Figure 5.

Pharmacokinetic parameters across the treatment arms are
shown in Figure 5 and eFigures 11 and 12. AQST-109 12 mg had a
faster Tmax (eFig 12) than that of 0.3-mg IM and a lower, but compa-
rable, Cmax (Fig 5). Areas under the curve were also comparable (eFigs
11A-F). Systolic BP and DBP consistently increased for subjects
receiving AQST-109 12 mg and decreased in subjects receiving 0.3-
mg IM. Treatment-emergent AEs were generally mild, transient, and
resolved with minimal intervention.52

EPIPHAST II was a phase 1, multiperiod, crossover study in 24
healthy adults (aged 24-49 years). Subjects were randomized to
receive either AQST-109 12 mg or 0.3-mg IM manual in the first 2
periods, and all received 0.3-mg EpiPen in the last period.53



Figure 5. EPIPHAST part 2 PK parameters (Cmax [pg/mL], geometric mean [CV%]).52 In part 2 of EPIPHAST, 24 healthy adult subjects (aged 26-50 years) were randomized to receive 4
doses of epinephrine in 1 of 2 sequences (S1 and S2) comprising 4 periods. In S1, subjects received AQST-109 12 mg, 0.3-mg IM (manual), AQST-109 12 mg, and 0.3-mg IM (manual)
in periods 1-4, respectively. In S2, these were switched, with subjects receiving 0.3-mg IM in the first and third periods and AQST-109 12 mg in the second and fourth periods. No
EAI comparator was included in this study. Cmax, maximum concentration; CV, coefficient of variation; EAI, epinephrine autoinjector; IM, intramuscular; PK, pharmacokinetic.

Figure 6. EPIPHAST II PK parameters (Cmax [pg/mL], geometric mean [CV%]).53 EPIPHAST II was a phase 1, multiperiod, crossover study in 24 healthy adults (aged 24-49 years). Sub-
jects were randomized to receive either AQST-109 12 mg or 0.3-mg IM manual in the first 2 periods, and all received 0.3-mg EpiPen in the last period. Cmax, maximum concentra-
tion; CV, coefficient of variation; IM, intramuscular; PK, pharmacokinetic.
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Pharmacokinetic parameters across the treatment arms are shown
in Figure 6 and eFigures 13 and 14. EpiPen 0.3 mg resulted in a higher
Cmax than did 0.3-mg IMmanual (Fig 6) and AQST-109 12mg and had a
shorter Tmax than did IM manual (eFig 14). AQST-109 12 mg had the
fastest median Tmax of 12minutes. Except for lower AUC0-5 and AUC0-t,
AQST-109 12 mg AUCs were bracketed between 0.3-mg EpiPen and
0.3-mg IM manual (eFig 13A-F). Early increases in SBP, DBP, and pulse
were observed with AQST-109 12 mg. Changes were more robust with
AQST-109 12 mg despite higher Cmax with 0.3-mg EpiPen. Treatment-
emergent AEs were again generally mild, transient, and resolved with
minimal interventions.53

EPIPHAST part 3 evaluated the impact of food exposure on the
PK of AQST-109 12 mg in 24 healthy adults (aged 18-50 years).54

In 1 period, subjects received AQST-109 12 mg immediately after
eating a peanut butter sandwich. Results were compared for
AQST-109 12 mg administered when subjects consumed no food.
Maximum plasma concentration, Tmax, and AUCs through 30
minutes after administration were consistent with or without the
presence of oral food residue. The presence of oral food residue
did not meaningfully affect PD parameters, and there were no
significant TEAEs reported. Researchers concluded that the
absorption of AQST-109 12 mg would not be impaired by “real-
world” situations if used during eating.54
Discussion

Data from the reviewed studies of nasal and sublingual epineph-
rine have shown PK results comparable to those of the standard of
outpatient emergency care. On the basis of reported FDA guidance,
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approvals for these treatments will be based on studies indicating
comparable PK, safety, and tolerability consistent with the approved
dose ranges of IM epinephrine. Because of the inherent risk of per-
forming epinephrine studies in patients during anaphylaxis, 1 of the
omnipresent limitations is that plasma epinephrine is used as a sur-
rogate for treatment response.29 Some of the new technologies for
epinephrine delivery cause a higher plasma concentration (ie, Cmax)
than do EAIs; however, the optimal plasma epinephrine range that
should be targeted to treat an episode of anaphylaxis is not known.

Several of the reviewed products revealed Cmax values higher than
those of the standard 0.3-mg EAI, although it remains unclear
whether this has clinical relevancy in patient outcomes. Published
data show that it takes at least 5 to 10 minutes to achieve early peak
plasma concentrations for most EAIs.29 In this review, median Tmax of
the 0.3-mg EAI in these studies was between 9 and 30 minutes
(range, 1-154 minutes). Median Tmax for investigational products was
2.5 to 30 minutes (range, 2-410 minutes). These new modalities indi-
cate comparable Tmax to that of the EAI. The convenience of a smaller,
needle-free, more portable device and its ease of use may help
address EAI carriage issues and needle phobia. This could potentially
lead to faster, more confident use, which may help patients reach
therapeutic epinephrine concentrations sooner. Once a patient’s
symptoms are brought under control with epinephrine administra-
tion, the patient is often monitored afterward to ensure sustainability
of the effect; therefore, it is reasonable to conclude that maintaining
therapeutic levels longer could be beneficial. However, only actual
treatment results will be able to show whether there is a clinically
relevant longevity of effect with a prolonged therapeutic level of epi-
nephrine. This may also be a differentiator because therapeutic
plasma levels decrease faster with EAIs than with the innovative
products.

Pharmacodynamic responses may differ from those of injection
product, although the mechanisms underlying these differences are
unclear. The FDA will require that PD responses be comparable to or
better than those seen with EAIs or manual injection.

It is ethically challenging to conduct studies in patients experienc-
ing anaphylaxis.28 These studies, however, would be necessary to
assess how treatment response relates to PK and PD under real-world
conditions, given the blood supply to muscles and subcutaneous tis-
sues may react differently during acute reactions.29 Unfortunately,
there is not yet broad agreement around which PK or PD parameters
are truly important in anaphylaxis.

Education and training for patients and caregivers in the recogni-
tion and management of anaphylaxis remain important needs, along
with policies and training, to improve the management of anaphy-
laxis in schools and other community settings.16,33

Limitations of the current evidence include no clinical or real-world
studies of these innovative products in anaphylaxis, limited data in
pediatric patients, no head-to-head studies, and a lack of peer-reviewed
data in the literature. Future research needs to include further data in
pediatric patients, real-world studies evaluating efficacy in anaphylaxis,
patient and caregiver preference, and ease of use and carriage, and to
investigate age differences in response to treatment.

Conclusion

There remains a large unmet need in the treatment of anaphy-
laxis. Barriers to carriage and epinephrine administration require
novel solutions to optimize care. Several promising products are
under investigation as alternatives to EAIs for the emergency admin-
istration of epinephrine. Patients, caregivers, and HCPs have
expressed a strong desire for small, needle-free devices and products
that would offer improved carriage, ease of use, and more conve-
nient, less invasive routes of epinephrine administration.26,41 The
cost of EAIs also remains a barrier for many patients; thus, new alter-
natives may ideally provide cost-effective solutions and support opti-
mized carriage and use of epinephrine in appropriate situations. The
convenience, bioequivalence, and favorable safety profiles of these
needle-free treatments may make them an attractive autoinjector
alternative for patients and caregivers, potentially addressing fears
and reasons for delayed use.
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Supplementary Data
eFigure 1. ARS-1 integrated analysis of PK parameters (AUC0-t [minutes £ pg/mL], mean [C
time t; CV, coefficient of variation; IM, intramuscular; PK, pharmacokinetic.

eFigure 2. ARS-1 integrated analysis of PK parameters (Tmax [median, minutes], [range]) acr
concentration.
V%]) across 4 phase 1 studies.44 AUC0-t, area under concentration-time curve from 0 to

oss 4 phase 1 studies.44 IM, intramuscular; PK, pharmacokinetic; Tmax, time to maximum



eFigure 3. BRYN-NDS1C baseline-corrected plasma epinephrine PK (part 1: Cmax [pg/mL], [mean § SD]).45 Cmax, maximum concentration; IM, intramuscular; IN, intranasal; PD,
pharmacodynamic; PK, pharmacokinetic; SD, standard deviation.

eFigure 4. BRYN-NDS1C baseline-corrected plasma epinephrine PK (AUC § SD [minutes £ pg/mL]) (part 1: A-B and part 2: C-D).45 (A) AUC0-20, (B) AUC0-360, (C) AUC0-20, (D) AUC0-

360. AUC, area under the plasma concentration-time curve; IM, intramuscular; IN, intranasal; PK, pharmacokinetics; SD, standard deviation.
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eFigure 5. BRYN-NDS1C baseline-corrected plasma epinephrine PK (Tmax [median, minutes] [range]) (part 1: A and part 2: B).45 IM, intramuscular; IN, intranasal; PK, pharmacoki-
netics; Tmax, time to maximum concentration.
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eFigure 6. BRYN-NDS1C baseline-corrected plasma epinephrine PK (Cmax [10 minutes] pg/mL, mean [CV%]) after IN epinephrine or EAI.46 Cmax, maximum concentration; CV, coeffi-
cient of variation; EAI, epinephrine autoinjector; IN, intranasal; PK, pharmacokinetics.

eFigure 7. BRYN-NDS1C baseline-corrected plasma epinephrine PK (AUC mean § SE [minutes £ pg/mL]) after IN epinephrine or EAI.46 (A) AUC0-10, (B) AUC0-20, (C) AUC0-30, (D)
AUC0-60, (E) AUC0-360. AUC, area under the plasma concentration-time curve; EAI, epinephrine autoinjector; IN, intranasal; PK, pharmacokinetics; SE, standard error.
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eFigure 8. BRYN-NDS1C baseline-corrected plasma epinephrine PK (Tmax [median, minutes] [range]) after IN epinephrine or EAI.46 EAI, epinephrine autoinjector; IN, intranasal; PK,
pharmacokinetics; Tmax, time to maximum concentration.

eFigure 9. FMXIN002 3.2 mg phase 1/2 study PK (AUC0-t [hours £ pg/mL], mean).48 AUC0-t, area under concentration-time curve from 0 to time t; PK, pharmacokinetics.
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eFigure 10. FMXIN002 3.2 mg phase 1/2 study PK.48 (A) Tmax (median, minutes), (B) T100 pg/mL (median, minutes). PK, pharmacokinetics; Tmax, time to maximum concentration;
T100 pg/mL, time to 100 pg/mL.
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eFigure 11. EPIPHAST part 2 PK parameters (AUC geometric mean [hours £ pg/mL]).52 (A) AUC0-5, (B) AUC0-10, (C) AUC0-15, (D) AUC0-20, (E) AUC0-30, (F) AUC0-t. AUC, area under the
plasma concentration-time curve; IM, intramuscular; PK, pharmacokinetic.
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eFigure 12. EPIPHAST part 2 PK parameters (Tmax [median, minutes]).52 IM, intramuscular; PK, pharmacokinetic; Tmax, time to maximum concentration.
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eFigure 13. EPIPHAST II PK parameters (AUC geometric mean [hours £ pg/mL]).53 (A) AUC0-5, (B) AUC0-10, (C) AUC0-15, (D) AUC0-20, (E) AUC0-30, (F) AUC0-t. AUC, area under the
plasma concentration-time curve; IM, intramuscular; PK, pharmacokinetic.
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eFigure 14. EPIPHAST II PK parameters (Tmax [median, minutes]).53 IM, intramuscular; PK, pharmacokinetic; Tmax, time to maximum concentration.

eTable 1
Phases of Clinical Research67

Phase Study Participants Length of Study Purpose Additional Detail

1 20-100 healthy volunteers or people
with the disease or condition

Several mo Safety and dosage Phase 1 studies are closely monitored and gather information
about how a drug interacts with the human body

2 Up to several hundred people with the
disease or condition

Several mo-2 y Efficacy and adverse effects Researchers use these data to refine research questions,
develop research methods, and design new phase 3
research protocols

3 300-3000 volunteers who have the dis-
ease or condition

1-4 y Efficacy and monitoring of
adverse reactions

Researchers design phase 3 studies to show whether a prod-
uct offers a treatment benefit to a specific population.
Phase 3 studies provide most of the safety data

4 Several thousand volunteers who have
the disease or condition

Safety and efficacy Phase 4 trials are peformed once the drug or device has been
approved by FDA during the postmarket safety monitoring

NOTE. This table contains the FDA general summary of clinical research: however, not all studies follow this structure exactly with the number of participants nor the length of the
study because there may be product-specific needs.
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