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List of abbreviations

API Active pharmaceutical ingredient

ASM Active substance manufacturer

ASMF Active substance master file = drug master file
BCS Biopharmaceutics classification system

BDL Below the limit of detection

BE Bioequivalence

BET Bacterial endotoxin test

BZK Benzalkonium chloride

CEP Certificate of suitability of the Ph. Eur.

CFU Colony forming unit

CMS Concerned Member State

CoA Certificate of analysis

CRS Chemical reference substance

DDM Dodecylmaltoside

DMF Drug master file = active substance master file
DSC Differential scanning calorimetry

EC European Community

ECD Electrochemical detection

EDMF European drug master file

EDTA Edetate disodium

EDQM European Directorate for the Quality of Medicines
FID Flame ionisation detection

FT-IR Fourier transform infra-red (spectroscopy)

GC Gas chromatography

GLP Good Laboratory Practice

GRAS Generally recognised as safe

HbSAg Hepatitis B surface antigen

HPLC High performance liquid chromatography

HR Heart rate

ICP Inductively coupled plasma

ICP-MS Inductively coupled plasma mass spectrometry
IPC In-process control test

ICH International Conference on Harmonization

IFU Instructions for use

IM Intramuscular

IN Intranasal

IP Investigational (medicinal) product

IR Infrared spectroscopy
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IRB/EC Institutional Review Board/Ethics Committee

v Intravenous

kg Kilogram(s)

Ibs Pounds

LDH Lactate dehydrogenase
LLOQ Lower limit of quantification
LS Least squares

Max Maximum

MedDRA Medical Dictionary for Regulatory Activities
mmHg Millimetre of mercury

msec Milliseconds

Min Minimum

mlU/mL Milli-international units per millilitre
mg Milligram(s)

mL Millilitre

MS Mass spectrometry

NAC Nasal allergen challenge
NMR Nuclear magnetic resonance
NOEL No observable effect level
oTC Over-the-counter

PBMCs Peripheral mononuclear cells
PD Pharmacodynamics

PE Physical exam

PG Picograms

Ph. Eur. European Pharmacopeia

Pl Principal investigator

PK Pharmacokinetics

QOS Quality Overall Summary
Rprt Relative retention time

Rt Retention time

RT Room temperature

SPC Summary of Product Characteristics
uDS Unit dose sprayer

WFI Water for injection

Adrenaline = epinephrine and ARS-1 = neffy = Eurneffy are used interchangeably within the report.

NOT ALL ABBREVIATIONS ARE USED IN THIS REPORT

Assessment report
EMA/328958/2024 Page 5/165



1. Background information on the procedure

1.1. Submission of the dossier

The applicant ARS Pharmaceuticals IRL Limited submitted on 7 October 2022 an application for
marketing authorisation to the European Medicines Agency (EMA) for Eurneffy, through the centralised
procedure under Article 3 (2) b) of Regulation (EC) No 726/2004. The eligibility to the centralised
procedure was agreed upon by the EMA/CHMP on 23 June 2022.

The eligibility to the centralised procedure under Article 3(2)(b) of Regulation (EC) No 726/2004 was
based on demonstration of interest of patients at Community level.

The applicant applied for the following indication: emergency treatment of allergic reactions
(anaphylaxis) due to insect stings or bites, foods, medicinal products and other allergens as well as
idiopathic or exercise induced anaphylaxis. Treatment is indicated for adults and children with a body
weight = 30 kg.

1.2. Legal basis, dossier content

The legal basis for this application refers to:
Article 8.3 of Directive 2001/83/EC - complete and independent application

The application submitted is composed of administrative information, complete quality data, non-
clinical and clinical data based on applicants’ own tests and studies and/or bibliographic literature
substituting/supporting certain test(s) or studies.

1.3. Information on paediatric requirements

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included an EMA Decision(s)
P0431/2020 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PIP P0431/2020 was not yet completed as some
measures were deferred.

The PDCO issued an opinion on compliance for the PIP P0431/ 2020.

1.4. Information relating to orphan market exclusivity

1.4.1. Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant did not submit a critical report addressing the possible similarity with
authorised orphan medicinal products because there is no authorised orphan medicinal product for a
condition related to the proposed indication.

1.4.2. New active substance status

Not applicable
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1.5. Scientific advice

The applicant received the following scientific advice on the development relevant for the indication
subject to the present application:

Date Reference SAWP coordinators

26 April 2019 EMEA/H/SA/4077/1/2019/SME/I1I Caroline Auriche, Birgitte Bloch Daum

The scientific advice pertained to the following non-clinical and clinical aspects:
= Non-clinical data package related to excipients used for the nasal formulation
= Clinical data

O Clinical pharmacology data, advice on PK assessments and timepoints used to support
efficacy and safety outcomes in comparison to existing IM formulations.

O PK study design of EPI03 study

O PD assessments supporting efficacy.

1.6. Steps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:

Rapporteur: Ewa Balkowiec Iskra Co-Rapporteur: Elita Poplavska
The application was received by the EMA on 7 October 2022
The procedure started on 27 October 2022

The CHMP Rapporteur's first Assessment Report was circulated to all CHMP and | 16 January 2023
PRAC members on

The CHMP Co-Rapporteur's first Assessment Report was circulated to all CHMP 31 January 2023
and PRAC members on

The PRAC Rapporteur's first Assessment Report was circulated to all PRAC and 30 January 2023
CHMP members on

The CHMP agreed on the consolidated List of Questions to be sent to the 23 February 2023
applicant during the meeting on

The applicant submitted the responses to the CHMP consolidated List of 11 August 2023
Questions on

The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 19 & 25 September
Assessment Report on the responses to the List of Questions to all CHMP and 2023
PRAC members on

The PRAC agreed on the PRAC Assessment Overview and Advice to CHMP 28 September 2023
during the meeting on

The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 05 October 2023
updated Assessment Report on the responses to the List of Questions to all
CHMP and PRAC members on
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The CHMP agreed on a list of outstanding issues in writing and/or in an oral 12 October 2023
explanation to be sent to the applicant on

The applicant submitted the responses to the CHMP List of Outstanding Issues 26 April 2024
on

The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 15 May 2024
Assessment Report on the responses to the List of Outstanding Issues to all
CHMP and PRAC members on

The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 23 May 2024
updated Assessment Report on the responses to the List of Outstanding Issues
to all CHMP and PRAC members on

The CHMP agreed on a 2" list of outstanding issues in writing and/or in an oral | 30 May 2024
explanation to be sent to the applicant on

The applicant submitted the responses to the 2"d CHMP List of Outstanding 04 June 2024
Issues on
The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 11 June 2024

Assessment Report on the responses to the 2nd List of Outstanding Issues to
all CHMP and PRAC members on

The CHMP Rapporteurs circulated the CHMP and PRAC Rapporteurs Joint 20 June 2024
updated Assessment Report on the responses to the 2" List of Outstanding
Issues to all CHMP and PRAC members on

The CHMP, in the light of the overall data submitted and the scientific 27 June 2024
discussion within the Committee, issued a positive opinion for granting a
marketing authorisation to Eurneffy on

2. Scientific discussion

2.1. Problem statement

2.1.1. Disease or condition

Anaphylaxis is the most severe form of allergic reaction, or hypersensitivity reaction, is almost always
unexpected, and can be life-threatening (Tang-2009). Delay in clinical diagnosis and treatment may
result in death by airway obstruction or vascular collapse (Joint Task Force on Practice Parameters-
2015).

2.1.2. Epidemiology

The incidence of all-cause anaphylaxis in Europe ranges from 1.5 to 7.9 per 100 000 person-years,
translating to an approximate 0.3% lifetime risk (Panesar-2013).
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2.1.3. Biologic features. Aetiology and pathogenesis.

The pathophysiology of anaphylaxis is primarily attributable to antigen-specific immunoglobulin E (IgE)
activation and the subsequent activation of mast cells and basophils, ultimately leading to widespread
release of histamine and other inflammatory mediators (e.g., cytokines). This histamine release results
in generalised vasodilation, elevated heart rate, and increased vascular permeability (Peavy-2008),
potentially leading to cardiovascular collapse.

The most common causes of anaphylaxis in children differ from those in adults. Foods are the most
common cause of anaphylaxis in childhood, whereas medication and insect sting anaphylaxis are more
common in adults. Other less common causes in both children and adults include latex,
immunotherapy-related reactions, exercise, cold, or idiopathic.

A recent retrospective study of anaphylaxis presentations to a paediatric emergency department
reported that foods were the causative trigger in 86% of presentations, with medication and insect
stings accounting for 5 and 4% of presentations, respectively, and no cause identified in 5%. In this
study, a prior history of anaphylaxis was noted in only 14% of cases, whereas concurrent diagnosis of
other allergic disorders (asthma, eczema, or allergic rhinitis) was common (60%). This highlights the
difficulties associated with identification of those at risk of anaphylaxis and suggests that presence of
other allergic conditions may provide some assistance in this regard (Tang, 2009).

2.1.4. Clinical presentation, diagnosis and stage/prognosis

Anaphylaxis is highly likely when any one of the following three criteria are fulfilled:

(1) Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue,
or both (e.g. generalised hives, pruritus or flushing, swollen lips-tongue-uvula) and at least of the
following:

(a) Respiratory compromise [e.g. dyspnoea, wheeze bronchospasm, stridor, reduced peak expiratory
flow (PEF), hypoxemia]

(b) Reduced blood pressure (BP) or associated symptoms of end-organ dysfunction [e.g. hypotonia
(collapse), syncope, incontinence]

(2) Two or more of the following that occur rapidly after exposure to a likely allergen for that patient
(minutes to several hours):

(a) Involvement of the skin-mucosal tissue (e.g. generalised hives, itch-flush, swollen lips-tongue-
uvula)

(b) Respiratory compromise (e.g. dyspnoea, wheeze bronchospasm, stridor, reduced PEF, hypoxemia)
(c) Reduced BP or associated symptoms [e.g. hypotonia (collapse), syncope, incontinence]

(d) Persistent gastrointestinal symptoms (e.g. crampy abdominal pain, vomiting)

(3) Reduced BP after exposure to known allergen for that patient (minutes to several hours):

(a) Infants and children: low systolic BP (age specific) or greater than 30% decrease in systolic BP (low
systolic blood pressure for children is defined as: less than 70mmHg from 1 month to 1 year; less than
[70mmHgt(age_2)] from 1 to 10 years, and less than 90mmHg from 11 to 17 years)

(b) Adults: systolic BP of less than 90mm Hg or greater than 30% decrease from that person’s
baseline.
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2.1.5. Management

Adrenaline has been used over 110 years, with over 60 years use to treat severe allergic reactions,
and there has been extensive clinical experience with the use of adrenaline to treat anaphylaxis,
severe allergy such as asthma, and shock. The use of adrenaline for the treatment of anaphylaxis was
first reported in the 1960s and was based on empiric observation and expert opinion (Simons-2006,
Upton-2014). Although no prospective, controlled clinical trials have been performed to substantiate
the use of adrenaline for treatment of anaphylaxis (Sheikh-2008), one open-label trial using 1V
administration was conducted to evaluate its use in the treatment of allergic reactions characterised by
cardiovascular collapse (Brown-2004, Brown-2006).

To date, there are several routes of adrenaline administration used for the treatment of severe allergic
reactions and anaphylaxis including IV infusion, 1V bolus, IM, and SC administration.

Although adrenaline injection has an excellent post-approval safety profile and is highly effective in the
management of anaphylaxis, the auto-injectors can be considered inconvenient and cumbersome, and
the devices are not always available when needed. One particular barrier to effective use of injectable
adrenaline in paediatric patients is the requirement that the needle be held in place for more than 3
seconds following initial injection.

Further, apprehension to use an auto-injector due to the pain, fear of needles and, cost and reluctance
to use the device in a public setting often leads to critical delays in treatment. Delayed treatment is
known to lead to more severe events and more frequent fatalities, (Simons-2010b, Campbell-2014).

2.2. About the product

Eurneffy (adrenaline nasal spray) is a novel formulation of adrenaline that includes an absorption
enhancing agent called dodecylmaltoside (DDM) to improve the bioavailability of drugs administered by
the intranasal (IN) route. Neffy is delivered using a commercial unit dose sprayer (UDS) that is ideally
designed to produce a spray pattern and droplet size that maximises the delivery to the turbinates.
Once administered, adrenaline is primarily absorbed into the systemic circulation rapidly via the highly
vascularised turbinates (Kapoor-2016).

2.3. Type of application and aspects on development

The applicant received CHMP SA on the development of Eurneffy on 26 April 2019
(EMEA/H/SA/4077/1/2019/SME/II1). Generally, all recommendations have been followed by the
applicant. On the non-clinical programme, CHMP concluded that extensive and complete non-clinical
studies have been conducted with Intranasal A3 including a 26-week study in rats and a 39-weeks
study in dogs both using the intranasal route. In rats and dogs, the 20% concentration of Intranasal
A3, administered at 10 mg/day, was considered a NOAEL.

The study design of EPI-03 pharmacokinetic study in healthy volunteers was considered adequate to
demonstrate comparative bioavailability and pharmacodynamics of intranasal administration (ARS-1)
of adrenaline with intramuscular injection of adrenaline. Moreover, it was agreed that demonstrating
that pharmacodynamic responses in the EPI1-03 trial can provide supportive evidence of similar efficacy
between the IM injection and intranasal routes of administration.

Furthermore, CHMP agreed that the proposed pharmacokinetic and pharmacodynamic studies can be
considered adequate to support a marketing authorisation application for ARS-1 for the indication of
treatment of Type 1 hypersensitivity reactions, including anaphylaxis, in adults.

Assessment report
EMA/328958/2024 Page 10/165



2.4. Quality aspects

2.4.1. Introduction

Introduction

The finished product is presented as a nasal spray solution in single-dose container containing
adrenaline (epinephrine) 2 mg in 100 microlitres.

Other ingredients are: sodium chloride, dodecylmaltoside, disodium edetate, benzalkonium chloride,
sodium metabisulphite (E 223), concentrated hydrochloric acid (for pH-adjustment), sodium de (for
pH-adjustment) and water for injections. The product is available in a unit dose container contained
within a single use nasal spray.

2.4.2. Active substance

General information

The chemical name of adrenaline (epinephrine) is 4-[(1R)-1-hydroxy-2-(methylamino)ethyl]benzene-
1,2-diol corresponding to the molecular formula CgH13NO3. It has a relative molecular mass of 183.20
and the following structure:

Figure 1 active substance structure

HO
OH

As there is a monograph of adrenaline (epinephrine) in the European Pharmacopoeia (Ph. Eur.), the
manufacturer of the active substance has been granted a Certificate of Suitability to the monograph of
the European Pharmacopoeia (CEP) for adrenaline (epinephrine) which has been provided within the
current Marketing Authorisation Application.

The chemical structure of adrenaline (epinephrine) was elucidated by a combination of 1H-NMR, 13C-
NMR, mass spectrometry (MS) and infrared (IR) spectroscopy and elemental analysis data. The solid-
state properties of the active substance were measured by Differential Scanning Calorimetry (DSC)
and Fourier-transform infrared spectroscopy (FT-IR).

The active substance is a white to practically white, crystalline powder. It is practically insoluble in
water, in ethanol (96 per cent) and in methylene chloride. It dissolves in hydrochloric acid. Adrenaline
exhibits stereoisomerism due to the presence of 1 chiral centre. Enantiomeric purity is specified in the
Ph. Eur. monograph and is controlled at release and monitored on stability with a stability specification
for D-adrenaline of NMT 10.0%.

Polymorphism has not been observed for adrenaline (epinephrine), as also confirmed by FTIR and DSC
thermograms.
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Manufacture, characterisation and process controls
The relevant information has been assessed by the EDQM before issuing the CEP.
Specification

The active substance specification, as applied by the finished product manufacturer, includes tests for
description (visual), identification (FT-IR, specific optical rotation), appearance of solution (Ph. Eur.),
water content (Ph. Eur.), sulphated ash (Ph. Eur.), assay (titration), enantiomeric purity line (HPLC),
impurities (HPLC), residual solvents (GC), palladium Inductively coupled plasma mass spectrometry
((ICP-MS)), microbial limit testing (total aerobic microbial count, total combined yeast/moulds count,
Ph. Eur.).

The specification tests and limits are compliant with the Ph. Eur. monograph for adrenaline and include
the following additional tests as stated in the CEP: test for residual solvents by gas chromatography
(methanol), test for elemental impurity by ICP-MS (Palladium.) The analytical methods used have been
adequately described and non-compendial methods appropriately validated in accordance with the ICH
guidelines. Satisfactory information regarding the reference standards used for impurities testing has
been presented.

Batch analysis data on three full scale batches of the active substance are provided. The results are
within the specifications and consistent from batch to batch.

Stability

According to CEP the retest period of active substance is 60 months when stored in a triple laminated
bag (polyethylene terephthalate / aluminium / polyethylene) in a polyethylene bag, placed in a
polyethylene drum.

2.4.3. Finished medicinal product

Description of the product and pharmaceutical development

The applied finished product (Eurneffy) is an aqueous solution in a single use container. The solution is
a clear and colourless to pink brownish that is filled into unit dose 400 pL Type | glass vials and closed
with a grey bromobutyl rubber stopper and then assembled into a Unit Dose Sprayer (UDS) device.
The device is a non-pressurised dispenser delivering a spray containing a unit dose of the active
ingredient. Each delivered dose contains 100 pL per actuation.

All excipients are well known pharmaceutical ingredients and their quality is compliant with Ph. Eur.
standards, with the exception of Intravail A (dodecylmaltoside or DDM), for which an adequate
specification and related analytical tests have been provided. There are no novel excipients used in the
finished product formulation; DDM has been used as a permeation enhancer in products for nasal
administration approved in the USA by FDA: Tosymra (sumatriptan) nasal spray for chronic treatment
of migraine headaches (January 2019) and Valtoco (diazepam) nasal spray for the emergency
treatment of repetitive epileptic seizures (January 2020).

The list of excipients is included in section 6.1 of the SmPC and in paragraph 2.1.1 of this report.

Eurneffy includes an overage of adrenaline The use of an overage has been justified. Eurneffy finished
product was developed as a nasal spray because the intranasal route of administration is considered
less invasive and a lower risk for administration of intramuscular. Risk assessment was used
throughout development to identify potentially high-risk formulation and process variables and to
determine which studies were necessary to achieve product and process understanding and thus,
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define a control strategy. The quality target product profile (QTPP) and critical quality attributes
(CQAs) of the finished product are given

The finished product consists of adrenaline in solution. The solubility of adrenaline is a CQA, whilst
particle size is not, hence it is not controlled.

The container closure system and spray pump used throughout development and for commercial
batches is summarised.

Given the life-threatening condition targeted and the impact that the safety and performance of the
device part can have on the benefit/risk of the finished product, the CHMP considered that an EC
declaration of conformity alone, which was submitted by both manufacturers of the device in relation
to Article 117 of Medical Regulation EU 2017/745, could not be considered sufficient to support the
quality, the safety and the efficacy of Eurneffy. To address the major objection (MO), the applicant
performed full characterisation of the nasal spray in line with the EU guideline requirements of the
“Guideline on quality documentation for medicinal products when used with a medical device”
(EMA/CHMP/QWP/BWP/259165/2019) and provided a full demonstration that the proposed unit dose
devices from both manufacturers comply with all the relevant General Safety and Performance
Requirements of the Medical Device Regulation. It was hence concluded that the safety and
performance of the device for use in this medicinal product are demonstrated.

The compatibility of the adrenaline solution with the glass vial and rubber stopper was investigated by
extractable and leachable studies. It was concluded that there is no safety concern from any potential
leachables from the container closure system in the adrenaline nasal spray.

The CHMP raised an MO as it had not been demonstrated that the device was suitable for the intended
paediatric population in line with EMA/CHMP/QWP/805880/2012 Rev. 2. In response, the applicant
provided data and justification that demonstrate the acceptability of formulation (choice of excipients,
the palatability and sensation of the finished product on administration) and pharmaceutical form (e.g.
suitability of the selected device, intended delivered volume, ensuring that the dose will reach the
deposition site (nostril/nasal cavity)) for the paediatric population.

Manufacture of the product and process controls
The finished product is manufactured and released by the manufacturers stated in the application.

Major steps of the manufacturing process have been validated on 3 consecutive commercial scale
batches for Eurneffy including filling into the unit dose vials. A bulk hold time study was performed
only one batch of the finished product, demonstrating sufficient stability. However, the applicant is
recommended to perform a hold time study before the first batch is introduced to the market and any
deviations/results out of trends should be communicated to authorities (REC1). It has been
demonstrated that the manufacturing process is capable of producing the finished product of intended
quality in a reproducible manner. The in-process controls are adequate for this type of manufacturing
process.

Product specification

The finished product release specifications include appropriate tests for this kind of dosage form:
appearance of container and device (in house), colour of solution (in house), opalescence of solution
(Ph. Eur.), visible particulates (Ph. Eur.), fill weight (volume, in house), identity (UV and HPLC),
adrenaline assay (HPLC), enantiomeric purity (chiral HPLC), DDM assay (HPLC), benzalkonium chloride
assay (UPLC), disodium edetate assay (HPLC), related substances and impurities (HPLC), pH,
osmolality (Ph. Eur.), uniformity of dosage units (Ph. Eur.), dose delivered (in house), droplet size
distribution of spray (in house), pump delivery (in house), spray pattern (in house), actuation force (in
house), particulate matter (Ph. Eur.), and microbial limit testing (Ph. Eur.).
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The finished product specification covers all required parameters.

The analytical methods used have been adequately described and non-compendial methods
appropriately validated in accordance with the ICH guidelines. Satisfactory information regarding the
reference standards used for impurities testing has been presented.

However, during the assessment it was concluded that the method use for the determination of
impurity F could be improved for accuracy; the applicant is therefore recommended to develop a new
validated analytical method for the quantification of impurity F to replace the currently approved one
and submit a type a post-approval variation (REC2).

Batch analysis results are provided for commercial scale 2 mg Eurneffy batches and supportive 1 mg
batches, confirming the consistency of the manufacturing process and its ability to manufacture to the
intended product specification. No out-of-specification results have been reported. The potential
presence of elemental impurities in the finished product has been assessed following a risk-based
approach in line with the ICH Q3D Guideline for Elemental Impurities. Batch analysis data using a
validated ICP-MS method was provided, demonstrating that each relevant elemental impurity was not
detected above 30% of the respective PDE. Based on the risk assessment and the presented batch
data, it can be concluded that it is not necessary to include any elemental impurity controls in the
finished product specification. The information on the control of elemental impurities is satisfactory.

A risk assessment concerning the potential presence of nitrosamine impurities in the finished product
has been performed considering all suspected and actual root causes in line with the in line with the
“Questions and answers for marketing authorisation holders/applicants on the CHMP Opinion for the
Article 5(3) of Regulation (EC) No 726/2004 referral on nitrosamine impurities in human medicinal
products” (EMA/409815/2020) and the “Assessment report- Procedure under Article 5(3) of Regulation
EC (No) 726/2004- Nitrosamine impurities in human medicinal products” (EMA/369136/2020). An MO
was raised as the information initially provided was incomplete since it did not fully address risks from
all manufacturers involved in the API process and identified the possibility of nitrosation of epinephrine
and other amines in the formulation in the slightly acidic solution environment. In response, the
applicant provided an updated risk assessment arguing there is no source of nitrosating agents in the
formulation. Furthermore, test data demonstrated that none of the tested nitrosamines, including N-
nitrosoepinephrine (Al = 100 ng/day based on CPCA), were detected using a suitably sensitive
analytical method. Based on the data and risk assessment presented, it is accepted that there is no
risk of nitrosamine impurities in the active substance or the related finished product. Therefore, no
specific control measures are deemed necessary.

Stability of the product

Stability data from three production scale batches of finished product stored for up to 24 months under
long term conditions (25°C / 60% RH) and for up to 6 months under accelerated conditions (40°C / 75%
RH) according to the ICH guidelines were provided. The batches of Eurneffy are identical to those
proposed for marketing and were packed in the primary packaging proposed for marketing.

Samples were tested according to the release specifications with the exception of fill weight, identity,
pH and osmolality. The omission of these tests is acceptable as they are not stability indicating. The
analytical procedures used are stability indicating.

Supportive stability data was also provided for multiple batches of the previous 1 mg formulation under
long term conditions for up to 24 months.

No significant changes have been observed in the tested parameters under long term and accelerated
conditions except for an increase in the opposite enantiomer due to epimerisation, and a smaller
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increase in impurities. Nonetheless, all parameters remained within specification under long term and
accelerated storage conditions.

In addition, samples of the finished product were exposed to forced degradation conditions as
summarised in Table 1 below.

Table 1 Forced Degradation Conditions

=

Sample Exposure Conditions

Control No exposure to degradants

Light 1 X ICH Q1B photostability conditions. (Tlhmunation not less than 1.2 milhion lux
hours and integrated near UV energy of not less than 200 watt/sequare meter.)

Heat 80 *C for 120 hours

Acid 1 W HC1 at room temperation for 24 hours.

Base - matial 0.1 N MNaOH at room temperature for 4 hours.

Base - repeated 0.05 N NOH at room temperature for 1 hour.

Cridation 3% H20: at ambient conditions for 24 hours

Degradation was observed primarily under 0.1 N NaOH conditions. ICH photostability studies indicate
that the product is photostable when stored in the proposed container.

The applicant conducted further studies at higher temperature (50 ©C, 3 months) and examining the
impact of temperature cycling including freezing. Users would need to keep the medicine with them in
case of anaphylaxis and this result in exposure of Eurneffy to extreme temperatures (e.g., in a hot car
during summer, outdoors during winter). The quality of the product was demonstrated under these
extreme conditions. Based on the available stability data, the proposed shelf life of 24 months without
special storage conditions is acceptable. Furthermore, the proposed labelling instruction “Do not
freeze. If accidentally frozen, allow to thaw at least 1 hour prior to use.” is acceptable.

Adventitious agents

No excipients derived from animal or human origin have been used.

2.4.4. Discussion on chemical, and pharmaceutical aspects

Information on development, manufacture and control of the active substance and finished product has
been presented in a satisfactory manner. The results of tests carried out indicate consistency and
uniformity of important product quality characteristics, and these in turn lead to the conclusion that
the product should have a satisfactory and uniform performance in clinical use.

Several major objections were raised during the procedure on the following issues: presence of
antioxidant and antimicrobial in the composition, for the device components, the suitability of the
finished product for the paediatric population, full characterisation of the nasal spray and potential
presence of nitrosamine impurities. These have all been adequately resolved.

At the time of the CHMP opinion, there were a number of minor unresolved quality issues having no
impact on the benefit/risk ratio of the product, which pertain to the holding time of the finished
product during manufacture and the development of a new validated analytical method for the
quantification of impurity F. These points are put forward and agreed as recommendations for future
quality development.
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2.4.5. Conclusions on the chemical, pharmaceutical and biological aspects

The quality of this product is considered to be acceptable when used in accordance with the conditions
defined in the SmPC. Physicochemical and biological aspects relevant to the uniform clinical
performance of the product have been investigated and are controlled in a satisfactory way.

2.4.6. Recommendations for future quality development

In the context of the obligation of the marketing authorisation holder (MAH) to take due account of
technical and scientific progress, the CHMP recommends the following points for investigation:

1. The applicant is recommended to perform a hold time study; EMA should be informed of any
deviations/results out of trends (REC1).

2. The applicant is recommended to develop a new validated analytical method for the
quantification of impurity F to replace the currently approved one and submit a post-approval
quality variation (REC2).

2.5. Non-clinical aspects

2.5.1. Introduction

The nonclinical evaluation of Eurneffy (also referred as ARS-1) was conducted in accordance with ICH
M3 and the CHMP Guideline on the Non-Clinical Documentation for Mixed Marketing Authorisation
Applications (CPMP/SWP/799/95).

The nonclinical testing strategy to determine the nonclinical profile of Eurneffy includes:

O Bioavailability studies in the rat and dog

@]

Pharmacokinetic studies in the dog with and without anaphylaxis to show absorption intranasally
during an anaphylactic event

C14 cytochrome P450 metabolism study in the rat

Single-dose local toxicology study conducted with ARS-1 in the rat; other data from literature
Repeat-dose toxicology data from the literature

Genotoxicity data from the literature

Carcinogenicity data from the literature

O O O O o ©o

Reproductive and developmental toxicity data from the literature

O Ocular tolerance study conducted in the rabbit with Eurneffy

Moreover, the toxicology evaluation of dodecylmaltoside (DDM) was conducted in accordance with
applicable CHMP guidelines in support of its use as a functional excipient.

This nonclinical testing strategy to determine the toxicological profile of DDM includes:

Repeat-dose toxicology studies conducted in the rat and dog for up to 12 weeks

- Invitro and in vivo genotoxicity

Carcinogenicity in the rat

- In vivo impairment of fertility in the rat
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- Local tolerance in guinea pigs, rabbits, and dogs.

Toxicology data published by the Environmental Protection Agency and Spack et. al. (Federal Register-
2005, Spack-1998) were also submitted.

2.5.2. Pharmacology

Two primary pharmacodynamics studies were conducted by the applicant to evaluate the
cardiovascular effects and pharmacokinetics of ARS-1 in beagle dogs (study 2021-4052 and study
1021-4072). No other pharmacology studies have been undertaken by the applicant.

Given the clinical history of adrenaline, pharmacology data were derived from literature, supported by
prior extensive clinical use, as well as clinical data obtained with ARS-1. Therefore, nonclinical
secondary pharmacodynamic studies were not conducted with ARS-1.

The absence of the pharmacology data is justified per the Guideline on the Non-Clinical Documentation
for Mixed Marketing Authorisation Applications as new studies are unlikely to complement current
scientific knowledge of the pharmacologic profile of adrenaline.

2.5.2.1. Primary pharmacodynamic studies

The applicant conducted a non-GLP randomised, cross-over pilot study 2021-4052 in beagle dogs with
7 treatment groups. In total three doses of 0.5, 1.0, and 1.5 mg ARS-1 administered intranasally, two
doses of 0.15 and 0.30 mg of adrenaline administered IM without anaphylaxis conditions were
compared to 1.0 mg ARS-1 or placebo administered intranasally with anaphylaxis conditions induced
by Tween 80 (3 mg/kg V). This study was conducted in the conscious and unconscious (anesthetised)
dog. In conscious animals administered ARS-1 or placebo and Tween 80, histamine concentrations
reached average peak values of 862 ng/mL and 271 ng/mL, respectively. In anesthetised males
administered ARS-1 or placebo together with Tween 80, histamine concentrations reached average
peak values of 918 ng/mL and 295 ng/mL, respectively.

ARS-1 transiently increased dP/dtmax in dogs at a similar extent in all tested doses. dP/dtmax was
comparable for intra-nasal (IN) ARS-1 and IM adrenalin. At lower doses (0.5, 1 mg) ARS-1
administration was associated with a decrease in arterial blood pressure and decrease in heart rate
(HR) was observed at 1.0 and 1.5 mg ARS-1. ARS-1 administration resulted in higher mean arterial
blood pressure values compared to adrenaline IM administration. Effect on HR was comparable
between IN and IM adrenaline.

A GLP, randomised, cross-over study 1021-4072 was performed to evaluate the pharmacokinetics and
cardiovascular effect of adrenaline nasal spray after administration with and without anaphylaxis
conditions in beagle dogs. 0.9% Saline Solution or Tween 80 (0.25%) was administered by IV 7
minutes prior to dose administration of 1.0 mg ARS-1.

No changes in ECG parameters and body temperature were reported following ARS-1 administration.
However, an immediate and transient increase in heart rate and in systolic and mean arterial blood
pressure was observed. Moreover, increases in contractility parameters were also observed.

Lower increase in heart rate changes were observed after co-administration of Tween 80 with ARS-1
compared to ARS-1 with saline. However, after 30 to 60 minutes after adrenaline administration, SBP
achieved pre-induction levels.

Administration of ARS-1 (without Tween-80) increased HR, however according to the raw data
provided in the study report, administration of ARS-1 after Tween-80 induction, did not change the HR
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and it was comparable to a pre-dose level in male and female dogs.

SBP and MABP values in males after ARS-1 administrations were relatively stable. After the
administrations of Tween-80 and ARS-1 a relevant drop in SBP was observed in males while MABP
values were stable. DBP decrease was reported in males.

A trend towards an increase in SBP was observed in female dogs after ARS-1 administration. After
Tween-ARS-1 administration in female dogs SBP and MABP dropped and started to increase back to
pre-dose levels within approximately 1h post-dose. DBP in females was stable after the administration
of ARS-1 while a reduction of DBP was observed after Tween-ARS-1 administration.

Altogether the data shows a very high inter-animal variability especially in male dogs. Clinical signs of
elevated histamine levels, significant hypotension, facial oedema confirm the induction of anaphylaxis
in dogs using Tween-80 as a challenge agent. However, the effect of ARS-1 on cardiovascular
parameters was inconsistent.

2.5.2.2. Secondary pharmacodynamic studies

Non-clinical secondary pharmacodynamics studies have not been undertaken. The absence of the
additional secondary pharmacodynamic data is justified considering that new studies are unlikely to
complement current scientific knowledge.

2.5.2.3. Safety pharmacology programme

Safety pharmacology studies were not conducted with ARS-1. The absence of the additional safety
pharmacology data is justified considering current well known scientific knowledge of the
pharmacologic profile of adrenaline. However, cardiovascular telemetry studies in conscious and
anesthetised dogs with and without anaphylaxis conditions were conducted as part of the primary
pharmacodynamic assessment above described.

2.5.2.4. Pharmacodynamic drug interactions

Pharmacodynamic drug interactions have not been undertaken. Pharmacodynamic drug interaction
data was derived from literature, prior clinical use, as well as clinical data obtained with ARS-1.

2.5.3. Pharmacokinetics

A reduced non-clinical programme concerning pharmacokinetics has been conducted by the applicant.
Two non-clinical studies (2021-4052 and 1021-4072) aimed to evaluate the pharmacokinetics of ARS-1
after administration with and without anaphylaxis conditions using beagle dogs.

No distribution, excretion and pharmacokinetic drug interactions studies have been performed by the
applicant.

The applicant evaluated the pharmacokinetic profile of different formulations of ARS-1 (aqueous and
non-aqueous) with and without DDM in four studies. The results of study WIL-28501 showed that ARS-
1 with 0.25% DDM administered intranasally in rats exhibited the greatest absorption amongst the
three formulations. The results of Study WIL-285503 demonstrated that the optimal ARS-1 formulation
containing 0.25% DDM exhibited a relative bioavailability of 80.2% compared to adrenaline injection
administered intramuscularly.

A radiolabelled adrenaline pharmacokinetic study, which evaluated 11 formulations containing different
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excipients, after nasal administration in rats compared to IV adrenaline showed that 14C-adrenaline
was absorbed relatively rapidly following intranasal installation in all of the formulations. Maximum
plasma concentrations between 46.3 and 90.9 ng/ml following a nominal dose of 44 mg of adrenaline
were observed between 15- and 180-minutes following dosing. This study also demonstrated that
EDTA and benzalkonium chloride (BZK) did not appear to be important components for absorption of
adrenaline in the formulation. It was concluded that formulations without DDM showed poorer or
slower absorption than with DDT. However, according to the pharmacokinetic results from study 2555-
003, Group 2 (without DDM, without other excipients, ARS-1-WOE) had a higher Cmax, equal tmax
and higher AUC0-240min comparing to Group 1 with 0.25% DDM (ADR-1) which is not in line with the
conclusion on DDM. Summarizing the data from all 0.25% DDM groups, the effect of DDM appeared to
be more pronounced.

An in vitro metabolism study was conducted to demonstrate that nasal mucosa does not significantly
impact the metabolism of adrenaline by exploring the difference between degradation with or without
enzyme inhibitors. The study showed that adrenaline was degraded not due to the CYP enzymes but
due to the experimental system. No formation of noradrenaline was observed.

Study 2021-4052

The applicant conducted a non-GLP pilot pharmacokinetics study to evaluate the pharmacokinetics of
ARS-1 after administration with and without anaphylaxis conditions in beagle dogs. In both
anesthetised and conscious animals, anaphylaxis potentiated the absorption of epinephrine relative to
animals that were not in anaphylaxis.

Pharmacokinetic Evaluations

Conscious Animals

In conscious animals, the highest peak epinephrine level was observed following ARS-1 1.0 mg +
Tween 80 (3710 pg/mL), followed by Tween 80 + Placebo (1860 pg/mL). In animals who were not
administered Tween 80, the highest peak epinephrine exposure was observed following ARS-1 1.5 mg
+ Saline (942 pg/mL), followed by IM epinephrine 0.3 mg (928 pg/mL), ARS-1 1.0 mg + Saline (728
pg/ml), ARS-1 0.5 mg (626 pg/mL), and IM epinephrine 0.15 mg (618 pg/mL).
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Table 2 Pharmacokinetic Parameters of Epinephrine, by Treatment — Conscious Animals

Pharmacokinetic Parameter

- . Cumax AUC (h*pg/mL)
Treatment max (Min) (pg/mL) geo. mean (geo. CV%)
median - ~ ~
(range geo.mean | AUC | AUC | AUC | AUC | AUC | AUC | AUC | AUC | AUC
26) Py

(geo. %) 0-2.5 0.5 075 0-10 015 0-20 0-30 045 last

ARS-1 0.5 mg + 200 26 9.52 211 333 455 725 908 157 244 244
Saline (2.50 - 45.0) (173) (se) | (27 99.4) | (844) | (72.0) | (65.2) | (60.3) | (70.1) | (70.1)
ARS-1 1.0mg + 7.5 728 7.79 15.8 332 19.6 95.0 133 201 300 300
Saline (15.0- 30.0) (109) (58.5) | (67.5) | (763) | (842) | (78.5) | (73.2) | (64.1) | (64.8) | (64.8)
ARS-1 1.5mg+ 100 042 6.96 14.7 23.0 31.7 63.7 131 250 384 384
Saline (30.0 — 45.0) (415) (33.1) | (353) | @84 | (o4 | (0.1 | a7 | @70) | (26) | (226)

i i 5

IM Epinephrine 0.15 mg 300 518 8.63 19.7 30.8 41.9 654 944 161 267 267
Saline (2.50 - 45.0) (72.2) (74.6) | (SL1) | (80.2) | (82.1) | (79.4) | (754) | (70.6) | (56.8) | (56.8)

IM Epinephrine 0.3 mg 30.0 928 8.41 202 342 50.3 86.0 123 223 105 405
Saline 7.50 - 45.0) 7 (46.1) | (483) | (444) | (465 | (49.7) | (49.9) | (532) | (61.0) | (6L.0)
ARS-1 1.0mg + 7.5 3710 432 111 184 282 493 682 7 1380 1380
Challenge Agent (2.50 - 45.0) (LD (152) | 78 | (190) | (45 | (883) | (71.0) | (57.0) | (38.6) | (38.6)
Challenge Agent + 100 1860 24.9 66.3 116 177 206 399 568 756 756
Placebo (2.50- 45.0) (35.4) (48.6) | (374) | GL4) | (332 | (38.6) | (36.1) | (325 | (355 | (35.5)

Anaesthetised Animals

In anaesthetised animals, the highest peak epinephrine levels were observed following ARS-1

treatments. The highest peak exposure was observed following ARS-1 1.0 mg + Tween 80 (1840

pg/mL), followed by ARS-1 1.5 mg + Saline (1760 pg/mL), ARS-1 0.5 mg + Saline (900 pg/mL), ARS-
1 1.0 mg + Saline (644 pg/mL). Lower peak epinephrine levels were observed following IM epinephrine
(517 pg/mL following IM epinephrine 0.3 mg + Saline and 370 pg/mL following IM epinephrine 0.15
mg + Saline). Peak exposure following Tween 80 + Placebo was 473 pg/mL.

Table 3 Pharmacokinetic Parameters of Epinephrine, by Treatment — Anaesthetised Animals

Pharmacokinetic Parameter

T . Cone AUC (h*pg/mL)
Treatment mas (min) (pg/mL) geo. mean (geo. CV%)
median
(range geo.mean | AUC | AUC | AUC | AUC | AUC | AUC | AUC | AUC | AUC
ge) s

(geo. %0) 0-2.5 -5 0-7.5 0-10 015 0-20 0-30 0-45 last

ARS-1 0.5 mg + 10.0 900 8.70 247 448 67.9 163 245 371 371
Saline (2.50 - 45.0) (52.1) (411) | (404) | (34.8) | (32.4) (266) | (284) | (353) | (353)
ARS-11.0 mg + 5.00 644 8.61 214 439 62.1 123 185 286 286
Saline (0.00- 45.0) (171) (344) | (106) | (137 | (145) (126) | (125 | (23 | (123)

ARS-1 1.5 mg + 10.00 1760 10.1 32.6 714 121 320 494 745 745
Saline (0.00- 45.0) (343) (73.0) | (120) | @o1) | (230) @47 | (@26 | @15 | @19

inephrine 0.15

M Epinephrine 0.15 mg 45.0 370 5.40 115 17.7 23.8 37.0 53.0 94.1 172 172
caline (20.0 - 45.0) (47.6) (22.1) | (309) | (347 | 355 | 389) | (43.0) | (44.0) | (39.5) | (39.5)

IM Epinephrine 0.3 mg 450 517 8.62 183 278 38.3 59.1 79.6 120 236 236
Saline (10.0 - 45.0) (56.3) (65.1) | (78.0) | (78.8) | (82.5) | (841) | (80.1) | (68.1) | (56.7) | (56.7)

ARS-1 1.0 mg + 200 1840 19.9 542 93.7 133 213 205 191 840 840
Challenge Agent (2.50 - 45.0) (69.1) ©0.7) | (106) | (93.5 | (80.0) | (@05 | (©1.3) | (76.8) | (65.7) | (65.7)

Challenge Agent + 15.0 473 0.87 223 348 47.7 96.5 138 200 200
Placebo (2.50- 45.0) (91.3) (48.0) | (61.3) | (74.3) | (79.8) (773) | (73.8) | 679) | (679

In both anaesthetised and conscious animals, anaphylaxis potentiated the absorption of epinephrine
relative to animals that were not in anaphylaxis.
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Study 1021-4072

The applicant conducted a GLP pharmacokinetics study to evaluate the pharmacokinetics of ARS-1
after administration with and without anaphylaxis conditions using male (10) and female (4) beagle
dogs. The study was a two-way crossover study, the animals were administered ARS-1 1 mg intranasal
(IN) with and without anaphylaxis induction. Treatments were separated by a seven-day washout
period. More pronounced absorption of intranasal epinephrine was reported in animals with
anaphylaxis at earlier timepoints compared to animals without anaphylaxis.

Pharmacokinetic results

Pre-dose epinephrine concentrations are presented in Table 4. Post-dose PK parameters for both
observed (total) epinephrine concentrations as well as baseline-adjusted concentrations are presented
in Table 5. Epinephrine concentrations by time are presented in Table 6. Baseline epinephrine levels
one hour prior to induction of anaphylaxis were similar between the two groups (56.4 pg/mL versus
56.2 pg/mL). Epinephrine levels increased markedly after induction of anaphylaxis, with this increase
most likely due to the stress from anaphylaxis. After baseline adjustment, anaphylaxis resulted in
higher maximum concentrations relative to the normal state (geometric mean Cmax of 1930 pg/mL
versus 998 pg/mL for baseline-adjusted concentrations) and higher overall exposure (geometric mean
AUCO0-45 values of 51800 min*pg/mL versus 25300 min*pg/mL). The higher epinephrine
concentrations during anaphylaxis relative to the normal state were most pronounced during the early
timepoints, suggesting that anaphylaxis increases the rate of epinephrine absorption. Similar trends
were noted for the observed epinephrine data, without baseline adjustment.

Table 4 Pre-Dose Epinephrine Concentrations

Pre-Dose Epinephrine Concentrations (pg/mL)
Group Geo. mean
-60.0 minures -3.00 minutes
Normal State 56.2 500
Anaphylaxis 564 274

Table 5 Pharmacokinetic Parameters of Epinephrine Following Administration of ARS-1 1 mg

Pharmacokinetic Parameter
- C AUC (h*pg/mL)
Group Tomax ?nm} @ g.rt::l_) geo. mean (geo. CV%)
median
. £€0. Inean AUC AUC AUC AUC AUC ATC AUC AUC AUC
(range) | (ceo CV%) ) : .
slE 025 05 015 010 015 020 030 045 st
Baseline Adjusted Parameters

o 5.00 2420 . . 4840 8810 15500 25900 37800 59400 28900
Anaphylaxis (250-450) | (169) NC NC | a0y | as¢ | am | a1 | @18 | 580) | (267
Anaphylaxis. excluding 10.0 1930 NC NC 3710 6660 12200 20800 31500 51800 24600
Subject 1101A (2.50-45.0) (107) : 20 | ey | o | 72y | 6o | Gas) | @39
Normal State 7.50 008 NC 1600 3190 4680 7970 11400 17400 25300 24300
(2.50-45.0) (126) : s | a4 | o | awy | qy | s | a2y | a4

Observed (Total) Epinephrine Parameters
Anaphvlaxis 5.00 3420 2710 7330 11600 15200 22800 30600 43300 64800 64800
Anaphyla (0.00—45.0) (109) (195) | 6oy | @s3) | a4 | o) | ©84) | @47 | 656 | (65.6)
Anaphylaxis. excluding 3.00 2850 2170 5980 9680 12700 19300 26400 38100 38400 38400
Subject 11014 (0.00—45.0) (63.6) a2 | aw | oy | qon | @45 | 702 | 634 | 506 | (506
Normal State 7.50 1080 500 2000 3760 5430 9000 12900 19600 28700 27400
(2.50-45.0) (107) 838 | @08 | ©3) | ©9 | ©7n | ©Le | ©9 | @9 | @1
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Table 6 Epinephrine Concentration-Time Profiles by Treatment

Epinephrine Concentration (pg/ml) Mean (SD)
Group 0.00 250 5.00 7.50 10.0 15.0 20.0 300 45.0
minutes minutes minutes minutes minutes minutes minutes minutes minutes
Baseline Adjusted Parameters
Ananhvlaxi 0.00 3430 1960 1610 1630 833 872 449 1010
Aphylaxis (0.00) (9380) (2430) (2520 (3370) (830) (013) (508) (1380)
Anaphylaxis, excluding 0.00 920 1620 1030 764 818 831 486 1080
Subject 11014 (0.00) (858) (2160) (1310) (966) (862) (937) (512) (1420)
Normal State 0.00 480 822 864 753 933 825 827 641
(0.00) (347 (546) (676) (547) (626) (688) (641) (488)
Observed (Total) Epinephrine Parameters
Anaphvlaxis 862 4200 2670 2310 2300 1500 1490 1060 1600
Py (1210) (9510) (2410) (2620) (3510) (847) (815) (562) (1280)
Anaphylaxis, excluding 835 1670 2200 1690 1390 1450 1400 1070 1610
Subject 11014 (1260) (948) (2030) (1250) (925) (853) (778) (587) (1330)
Normal Stat 500 530 872 014 803 083 875 877 691
ormat State (0.00) (347) (546) (676) (547) (626) (638) (641) (438)

Figure 2 Concentration-Time Curves
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For both observed (total) and baseline-adjusted concentrations, absorption of intranasal epinephrine
from Eurneffy was more pronounced following anaphylaxis induction, resulting in higher epinephrine
concentrations, particularly at earlier timepoints. Overall exposure (AUC0-45) was also increased
during anaphylaxis.

During anaphylaxis induction, animals experienced the range of symptoms typically associated with
anaphylaxis, including significant hypotension, increased histamine levels, and facial oedema.

These results confirm that epinephrine can be delivered intranasally by the Eurneffy formulation, even
during the severe hypotension that occurs with anaphylaxis. Anaphylaxis also appeared to increase the
rate of epinephrine absorption in some animals, which may be due to the facial (i.e., nasal) oedema
that is associated with the anaphylactic event.

Induction of anaphylaxis resulted in an unexpected and relevant decrease in adrenaline plasma levels
in the anaphylaxis group compared with the normal state in females (Cpax Were 1120 pg/mL vs.
1712.5 pg/mL; mean AUC s values were 17153.3 min*pg/mL vs. 44975 min*pg/mL).

Moreover, at 3 minutes prior to dosing (4 minutes after induction of anaphylaxis), baseline levels of
adrenaline were higher in the females than in the males (240 pg/mL for males (n=10) and 2415 pg/mL
for females (n=4)).

Significant differences were observed between female and male in absorption of intranasal epinephrine
following anaphylaxis induction. However, it was clarified that differences between female and male
animals in the dog anaphylaxis model were due to small number of animals and due to differences in
the tolerance of the induction agent, Tween-80, between male and female animals as well as in
differences in baseline adrenaline levels prior to dosing.

2.5.4. Toxicology

The toxicological profile of ARS-1 has been evaluated after intranasal and ocular exposure. The single-
dose toxicity study was conducted in rats, ocular tolerability study was performed in rabbits.

In addition, repeat-dose toxicity, genotoxicity, carcinogenicity, reproductive and development toxicity
and local tolerance studies have been conducted to evaluate the toxicological profile of DDM.

ARS-1

The applicant conducted a single dose toxicity study (GLP) to evaluate the toxicity and toxicokinetics of
ARS-1 following intranasal administration in the rat model. A single intranasal administration of ARS-1
at a dose up to 0.8 mg was not associated with any mortality or relevant clinical observations.

Several microscopic changes in the nose and nasal passages were observed, which were considered
related to trauma and independent of the ARS-1 administration. No treatment related changes in
olfactory mucosa were observed. Based on the results, a NOAEL of 0.8 mg administered as a single
intranasal instillation has been established in the rat, which corresponds to a dose of 4 mg/kg.

In addition, a non-GLP Study 2555-004 was conducted to investigate the ocular tolerability of ARS-1
following instillation in the eyes of rabbits, as requested by the CHMP in the SA. No significant findings
on ophthalmological examination were shown. ARS-1 was well tolerated based on indirect
ophthalmoscopy, slit-lamp biomicroscopy and Modified Hackett-McDonald Scoring. Repeat-dose
toxicology, genotoxicity, carcinogenicity, reproductive and developmental toxicity data were provided
from the literature.
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DDM excipient

Dodecylmaltoside (DDM) is a novel excipient in the EU. However, it is an approved excipient in the US
FDA database of inactive ingredients. GLP toxicology studies were conducted to determine the safety
profiles in mice, rats, Guinea pigs, rabbits, dogs, and monkeys. The toxicology evaluation of DDM was
conducted in accordance with applicable CHMP guidelines.

Intranasal administration of n-Dodecyl-13-D-maltoside once every other day for approximately two
weeks was associated with inflammation in the nasal cavity of rats at doses of 200 and 400 pg/dose.
The inflammation was characterised by an accumulation of fluid and neutrophils in the nasal cavity. In
some animals, focal areas of epithelial hyperplasia, degeneration and/or necrosis were present as a
change secondary to the inflammation. All evidence of inflammation in the nasal cavity resolved during
a two-week recovery period.

Based on the results of this study, a no observed effect level (NOEL) of 80 ug of DDM per dose for
seven total intranasal administrations over a two-week period was established.

In order to investigate the potential acute toxicity of dodecylmaltoside and to determine suitable dose
levels for a future 28-day repeat dose study in rats, following dosing by 24-hour intravenous infusion
on Days 1 and 8 was performed. The study showed that two doses of dodecylmaltoside, administered
once weekly in rats by 24-hour intravenous infusion at dose levels of 0.86, 3 and 10 mg/kg/dose were
well tolerated. No changes were observed in clinical condition, body weight, clinical or gross pathology
parameters examined. Therefore, dose levels of up to 10 mg/kg/dose (0.139 mg/mL) were considered
suitable for a future 28-day repeat dose study.

Dodecylmaltoside toxicity was investigated following once weekly 24 hours continuous intravenous
infusion over a span of 12 weeks, with a dosing holiday between Weeks 4 to 10 (doses scheduled on
Days 1, 8, 15, 22, 71, 78, and 85) in Beagle dogs. The maximum tolerated dose (MTD) via intravenous
infusion was identified at 400 mg/kg based on occurrence of increased total bilirubin and red/brown
urine at this dose level.

A GLP study conducted to evaluate the local tolerance of DDM following daily intranasal administration
by nasal spray to male Beagle dogs for 13 weeks did not reveal any article related histopathologic
changes. The NOEL was estimated 330 pg/day (equivalent to 3 pg/cm2/animal) for daily intranasal
administration of DDM to dogs for 13 weeks.

Dodecylmaltoside did not show any evidence of genotoxic activity in in vitro bacterial mutation test and
in in vitro chromosome aberration test when tested in accordance with regulatory guidelines.

Moreover, no evidence of genotoxic activity in in vivo test for induction of chromosome damage was
demonstrated in a GLP rat bone marrow micronucleus test. 24-hour continuous infusion to the
pregnant rat during organogenesis (Days 6 to 17 of gestation) at the dose level of 30 mg/kg/day, was
well tolerated. DDM was not associated with any maternal changes or embryo-fetal toxicity. The
NOAEL was estimated at 30 mg/kg/day.

No evidence of carcinogenicity associated with prolonged intranasal administration of DDM in rat was
observed. Minimal to slight in severity squamous metaplasia of the transitional and/or respiratory
epithelium in the rostral nasal cavity and nasopharynx, inflammation and exudate in the nasal cavity,
and squamous cell hyperplasia in the nose/nares were observed. However, these changes can be
considered adaptive changes to local irritation. No local or systemic neoplastic findings were induced
by DDM.

Based on the results of a GLP studies conducted in Guinea pigs and Rabbits, DDM was not considered
to be a skin sensitiser. DDM was well tolerated with minimal to marked subacute inflammation seen
histologically at the injection sites.
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In conclusion, the Eurneffy formulation contains 0.275% (0.0275 mg/100 pL) of DDM. The calculated
safety margins based on a rat No Observable Effect Level (NOEL) of 80 ug/day and a dog NOEL of 330
Hug/day for DDM are provided in the table below.

Table 7 Dodecylmaltoside Safety Margins Based on Current Eurneffy 2 mg formulation

Species NOEL Human Eé;‘-llg;;l)]em pese Safet?]_:-?:rgius
Rat 0.32 mg/kg (80 ng/day) 0.05 mg/'kg 6— 11-fold
Dog 0.036 mg/'kg (330 ng/day) 0.02 mg'kg 2 — 4-fold
Human 0.0045 - 0.009 mg/kg
(0.275 mg/spray)
Impurities

The impurities and degradants profile of adrenaline formulated for intranasal administration are in
accordance with the ICH guidelines and Ph.Eur./USP/BP monograph. The impurities present in the
product do not impend over the safety of the medicinal product.

2.5.5. Ecotoxicity/environmental risk assessment

Adrenaline PEC surface water value is below the action limit of 0.01 ug/L and is not a PBT substance as
log Kow does not exceed 4.5. Therefore, adrenaline is not expected to pose a risk to the environment.

Table 8 provides the main study results of the environmental risk assessment.

Table 8 Summary of main study results

Substance (INN/Invented Name): Eurneffy

CAS-number (if available):

PBT screening Result Conclusion
Bioaccumulation potential- log | OECD107 -0.82 Potential PBT
Kow -0.43 (No)
-1.37
-1.2
-2.59
-1.37
PBT-assessment
Parameter Result relevant Conclusion
for conclusion
Bioaccumulation log Kow B/not B
BCF B/not B
Persistence DT50 or ready P/not P
biodegradability
Toxicity NOEC or CMR T/not T

PBT-statement : The compound is not considered as PBT nor vPvB

Phase |

Calculation Value Unit Conclusion

PEC surfacewater » default or
refined (e.g. prevalence,
literature)

0.00001718 pg/L

> 0.01
threshold (Yes)

Other concerns (e.g. chemical (No)

class)

Phase Il Physical-chemical properties and fate

Study type Test protocol Results Remarks
Adsorption-Desorption OECD 106 or ... Koe = List all values
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Ready Biodegradability Test OECD 301

Aerobic and Anaerobic OECD 308 DTso, water = Not required if
Transformation in Aquatic DTs0, sediment = readily
Sediment systems DTso, whole system = biodegradable

% shifting to sediment =

Phase Ila Effect studies

Study type Test protocol Endpoint | value | Unit Remarks
Algae, Growth Inhibition OECD 201 NOEC ng/L | Species
Test/Species
Daphnia sp. Reproduction OECD 211 NOEC pg/L
Test
Fish, Early Life Stage Toxicity | OECD 210 NOEC Hg/L | Species
Test/Species
Activated Sludge, Respiration | OECD 209 EC pg/L

Inhibition Test

Phase Ilb Studies

Bioaccumulation OECD 305 BCF L/kg | %olipids:

Aerobic and anaerobic OECD 307 DT50 for all 4 soils

transformation in soil %CO,

Soil Microorganisms: Nitrogen | OECD 216 Yoeffect mg/

Transformation Test kg

Terrestrial Plants, Growth OECD 208 NOEC mg/

Test/Species kg

Earthworm, Acute Toxicity OECD 207 NOEC mg/

Tests kg

Collembola, Reproduction ISO 11267 NOEC mg/

Test kg

Sediment dwelling organism NOEC mg/ | Species
kg

2.5.6. Discussion on non-clinical aspects

Pharmacology

The applicant conducted two non-clinical studies to evaluate the cardiovascular effect of adrenaline
nasal spray after administration with and without anaphylaxis conditions in beagle dogs. Animals
exposed to Tween 80 experienced the range of symptoms typically associated with anaphylaxis,
including hypotension, increased histamine levels, and general redness and swelling. Lower increase in
heart rate changes were observed after co-administration of Tween 80 with ARS-1 compared to ARS-1
with saline. However, after 30 to 60 minutes after adrenaline administration, SBP achieved pre-
induction levels.

No secondary nor safety pharmacology studies have been undertaken by the applicant. The data are
based on literature and clinical use. However, cardiovascular telemetry studies in conscious and
anaesthetised dogs with and without anaphylaxis conditions were conducted as part of the primary
pharmacodynamic assessment.

Altogether the data in beagle dogs show a very high inter-animal variability especially in male dogs.
Clinical signs of elevated histamine levels, significant hypotension, facial oedema confirms the
induction of anaphylaxis in dogs using Tween-80 as a challenge agent. However, the effect of ARS-1 on
cardiovascular parameters was inconsistent. Despite that efficacy of Eurneffy could not be confirmed in
anaphylaxis Beagle dog model, the pharmacokinetics has been demonstrated and that was the primary
objective of the study.

A reduced non-clinical programme has been conducted by the applicant. No secondary pharmacology,
PK distribution, excretion and pharmacokinetic drug interactions studies have been performed by the
applicant. Considering clinical history of use of adrenaline and the guideline on the Non-Clinical
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Documentation for Mixed Marketing Authorisation Applications the proposed non-clinical development
programme is acceptable to the CHMP.

Pharmacokinetics

The applicant evaluated the pharmacokinetic profile of different formulations of ARS-1 (aqueous and
non-aqueous) with and without DDM in four studies. ARS-1 with 0.25% DDM administered intranasally
in rats exhibited the greatest absorption amongst the three formulations tested. The optimal ARS-1
formulation containing 0.25% DDM exhibited a relative bioavailability of 80.2% compared to adrenaline
injection administered intramuscularly.

The applicant conducted two pharmacokinetics studies (one pilot non-GLP study and one GLP study) to
evaluate the pharmacokinetics of ARS-1 after administration with and without anaphylaxis conditions
in Beagle dogs. More pronounced absorption of intranasal epinephrine was reported in animals with
anaphylaxis at earlier timepoints compared to animals without anaphylaxis.

Significant differences were observed between female and male in absorption of intranasal epinephrine
following anaphylaxis induction. However, it was clarified that differences between female and male
animals in the dog anaphylaxis model were due to small number of animals and due to differences in
the tolerance of the induction agent, Tween-80, between male and female animals as well as in
differences in baseline adrenaline levels prior to dosing. See also discussion 2.6.3. on clinical
pharmacology.

An in vitro metabolism study was conducted to demonstrate that nasal mucosa does not significantly
impact the metabolism of adrenaline by exploring the difference between degradation with or without
enzyme inhibitors. The study showed that adrenaline was degraded not due to the CYP enzymes but
due to the experimental system. No formation of noradrenaline was observed.

Single dose study in rats showed that 0.25% DDM ensures a higher bioavailability (165%) comparing
to that of IV adrenaline. The bioavailability was twice higher than for the formulation without DDM
added. The absorption results in rats indicate that the use of 0.125% DDM decreases AUC, Cnax and
bioavailability comparing to a formulation where DDM is not added. It is agreed with the applicant that
intranasal absorption of adrenalin in rats is not fully comparable to the absorption in humans as rats
exert a higher absorption even in the absence of DDM, which is not the case for humans. 0.25% DDM
is confirmed as a suitable concentration for the improvement of absorption in other already approved
intranasal products.

Toxicology

The toxicological profile of ARS-1 has been evaluated after intranasal and ocular exposure. The single-
dose toxicity study was conducted in rats, ocular tolerability study was performed in rabbits.

A single intranasal administration of ARS-1 at a dose up to 0.8mg was not associated with any
mortality or relevant clinical observations.

Several microscopic changes in the nose and nasal passages were observed, which were considered
related to trauma and independent of the ARS-1 administration. No treatment related changes in
olfactory mucosa were observed. Based on the results, a NOAEL of 0.8 mg administered as a single
intranasal instillation has been established in the rat, which corresponds to a dose of 4 mg/kg.

In addition, a non-GLP Study 2555-004 was conducted to investigate the ocular tolerability of ARS-1
following instillation in the eyes of rabbits, as requested by the CHMP in the Scientific Advice. No
significant findings on ophthalmological examination were shown. ARS-1 was well tolerated based on
indirect ophthalmoscopy, slit-lamp biomicroscopy and Modified Hackett-McDonald Scoring.

Additional data from literature
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Repeat-dose toxicology, genotoxicity, carcinogenicity, reproductive and developmental toxicity data
were provided from the literature. Adrenaline is an endogenous substance and is intended to be use in
the acute treatment of severe allergic reactions. This is considered acceptable for the current
application, given the clinical use history of adrenaline. The applicant did not provide animal data on
the effects of adrenaline in lactation. However, it can be assumed that well-indicated use of adrenaline
in nursing mothers should not present any significant risk to the offspring, since pharmacologically
active plasma concentrations are not achieved by the oral route.

DDM

The ARS-1 formulation contains 0.275% dodecylmaltoside (DDM) (0.025 mg/100 microliter) a novel
excipient in the EU. GLP toxicology studies were conducted to determine the safety profiles in mice,
rats, Guinea pigs, rabbits, dogs, and monkeys. The toxicology evaluation of DDM was conducted in
accordance with applicable CHMP guidelines.

Intranasal administration of n-Dodecyl-13-D-maltoside once every other day for approximately two
weeks was associated with inflammation in the nasal cavity of rats at doses of 200 and 400 pg/dose. A
no observed effect level (NOEL) of 80 ug of DDM per dose for seven total intranasal administrations
over a two-week period was established.

The study showed that two doses of dodecylmaltoside administered once weekly in rats by 24-hour
intravenous infusion at dose levels of 0.86, 3 and 10 mg/kg/dose were well tolerated. No changes were
observed in clinical condition, body weight, clinical or gross pathology parameters examined.
Therefore, dose levels of up to 10 mg/kg/dose (0.139 mg/mL) were considered suitable for a future
28-day repeat dose study.

Another study aimed to investigate the potential toxicity of dodecylmaltoside following once weekly 24
hours continuous intravenous infusion over a span of 12 weeks, with a dosing holiday between Weeks
4 to 10 (doses scheduled on Days 1, 8, 15, 22, 71, 78, and 85) in Beagle dogs, showed that the MTD
via intravenous infusion was identified at 400 mg/kg.

A GLP study conducted to evaluate the local tolerance of DDM following daily intranasal administration
by nasal spray to male Beagle dogs for 13 weeks did not reveal any article related histopathologic
changes. The NOEL was estimated at 330 pg/day (equivalent to 3 pg/cm2/animal) for daily intranasal
administration of DDM to dogs for 13 weeks.

Dodecylmaltoside did not show any evidence of genotoxic potential based on in vitro bacterial mutation
test, in vitro chromosome aberration test and in vivo test for induction of chromosome damage in a
GLP rat bone marrow micronucleus test. 2DDM was not associated with any maternal changes or
embryo-fetal toxicity. The NOAEL was estimated at 30 mg/kg/day.

No evidence of carcinogenicity associated with prolonged intranasal administration of DDM in rat was
observed. Minimal to slight in severity squamous metaplasia of the transitional and/or respiratory
epithelium in the rostral nasal cavity and nasopharynx, inflammation and exudate in the nasal cavity,
and squamous cell hyperplasia in the nose/nares were observed. However, these changes can be
considered adaptive changes to local irritation. No local or systemic neoplastic findings were induced
by DDM.

DDM was not considered to be a skin sensitiser and was well tolerated with minimal to marked
subacute inflammation seen histologically at the injection sites.

ERA

Adrenaline PEC surfacewater Value is below the action limit of 0.01 pg/L. and is not a PBT substance as log

Kow does not exceed 4.5. Further, adrenaline is already used in existing marketed products and no
significant increase in environmental exposure is anticipated with this nasal formulation.
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Therefore, adrenaline is not expected to pose a risk to the environment.

2.5.7. Conclusion on the non-clinical aspects

Nonclinical data carried out on Eurneffy formulation and on adrenaline based on scientific literature,

are acceptable to support an authorisation in adults and children above 30 kgs. The section 5.3 of the

SmPC is acceptable.

Eurneffy is considered approvable for a non-clinical perspective.

2.6. Clinical aspects

2.6.1.

GCP aspects

Introduction

The Clinical trials were performed in accordance with GCP as claimed by the applicant.

The applicant has provided a statement to the effect that clinical trials conducted outside the

Community were carried out in accordance with the ethical standards of Directive 2001/20/EC.

2.6.2. Clinical pharmacology

Tabular overview of clinical studies

comparative

treatment,

IM Epinephrine 0.3

history of

Study Type of Objective(s) of the Study Design Test Product(s); Number of Healthy Study
Identifie study Study and Type of Dosage Regimen; Subjects Subjects or Status;
r Control Route of Diagnosis of Type of
Administration Patients Report
EPI 10 PK/PD To assess the PK of Phase 1, ARS 0.65 mg 57 (at the Paediatric Ongoing;
three doses of ARS-1 single-dose, time of subjects with Interim CSR
in paediatric allergy single ARS 1.0 mg interim Type |
subjects. treatment analysis) allergies
study ARS 2.0 mg
To evaluate the
comparative PD
response in paediatric
allergy subjects
EPI 15 PK/PD To assess the Phase 1, two- Part 1 59 Healthy Completed
comparative part, six- subjects CSR
bioavailability of treatment, six- | Single dose of ARS-1
epinephrine after ARS- | period, single 2.0 mg Single dose
1 (2.0 mg), EpiPen 0.3 and repeat of EpiPen 0.3 mg
mg, and epinephrine dose, Single dose of IM
and IM injection 0.3 crossover epinephrine 0.3 mg
mg in healthy study Part 2
volunteers.
Two doses of ARS-1
To evaluate the 2.0 mg, both in the
comparative PD right naris, spaced
response 10 minutes apart
Two doses of ARS-1
2.0 mg, one in the
left and one in the
right nares, spaced
10 minutes apart,
Two doses of EpiPen
0.3 mg in the left
and right
anterolateral thigh,
10 minutes apart.
EPI 16 PK/PD To assess the Phase 1, tour- ARS-1 2.0 mg 36 Subjects with
Completed
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bioavailability of partially mg allergic rhinitis CSR
epinephrine after ARS- randomised,
1 2.0 mg, EpiPen 0.3 crossover IM Epinephrine 0.5
mg, and IM study mg
epinephrine 0.3 mg
epinephrine in healthy ARS-1 2.0 mg after
volunteers. nasal challenge.
To evaluate the
comparative PD
response
EPI 17 PK/PD To assess the Phase 1, ARS-1 2.0 mg, self- 42 Subjects with
comparative single-dose, administered Type | Completed
bioavailability of two- . . allergies CSR
epinephrine after self- treatment, IM epinephrine
administration of ARS- two-period, injection 0.3 mg,
1 2.0 mg or study randomised study staff-
staff-administered IM crossover administered
injection in subjects study
with Type | allergies
To evaluate the
comparative PD
response
EPI 18 PK/PD To evaluate the Phase 1, five- Normal Nasal 43 Type 1 Completed;
comparative PK and treatment Conditions CSR
PD of two doses of period, allergy
Eurneffy 2.0 mg with randomised, Two doses of .
IM 0.3 mg under cross-over Eurneffy 2.0 mg in patients
allergic rhinitis study in Type the right and left
conditions compared 1 allergy naris Two doses of
to two dose patients. IM 0.3 mg in the
administration under right and left
normal conditions. anterolateral thigh
Rhinitis Conditions
Two doses of IM 0.3
mg in the right and
left anterolateral
thigh Two doses of
Eurneffy 2.0 mg in
the right and left
naris Two doses of
Eurneffy 2.0 mg,
both in the right
naris
Pilot and Supportive studies
EPI 02 PK Part 1: PK dose Phase 1, Part 1: 3 Healthy Completed
proportionality of randomised, subjects
three concentrations open-label 3- ARS-1 1IN, 0.5mg, 1 CSR
of ARS-1; treatment mg and 2 mg
dose-
Part 2: To assess the escalation Part 2: 12
comparative follow! 2
bioavailability of ARS- ,Zn?jofndist;ﬁ, ARS-1 1IN, 1 mg
1 and IM epinephrine open-label, Epinephrine IM, 0.3
injection single-dose, 2- mg
treatment, 2-
period Part 3 12
crossover
studies ARS-1 IN, 1 mg
Epinephrine IM, 0.3
mg
EPI 03 PK To assess the PK and Phase 1, ARS-1IN, 1 mg 70 Healthy Completed
PD of ARS-1 dosed randomised, subjects
once and twice, single-dose, 5- | ARS-1IN, 1 mg, CSR
compared to IM treatment, 5- twice
epinephrine injection period, i i
dosed once and twice crossover Epinephrine 1M, 0.3
with continuous EKG study mg
monitoring Epinephrine IM, 0.3
mg, twice
Epinephrine IM, 0.5
mg
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EPI 04 PK To assess the Phase 1, ARS-1 IN, 1 mg 36 Allergy Completed
comparative randomised, Patients CSR
bioavailability of ARS- | single-dose, 5- | ARS-1IN, 1 mg,

1 dosed once to period, partial | Rhinitis

evaluate the impact of cross-over ) .

nasal oedema and study Epinephrine 1M, 0.3

congestion; mg

comparative . .

bioavailability with ﬁ%ne"h"”e SC, 0.3

epinephrine IM and

SC. Epinephrine IM, 0.5
mg

EPI 07 PK To assess the PK and Phase 1, ARS-1 IN, 1 mg (L 36 Healthy Completed
PD of ARS-1 dosed randomised, nostril) subjects CSR
once and twice single-dose, 5-
compared with EpiPen | treatment, 5- ARS-1 IN, 1 mg,
dosed once and twice. | period, twice (L/R)

crossover

study ARS-1 IN, 1 mg,
twice (L/L)
EpiPen 0.3 mg (L
thigh)
EpiPen 0.3 mg,
twice (L/R)

EPI 12 PK/PD To assess the Phasel, 36 . )
comparative Randomised ARS-1 1 mg 0.25% Subjects with Completed;
bio_availa_bility of crossover, Type | CSR
epinephrine after self- self- ARS-1 1 mg 0.35%
administration of ARS- administration allergies
1 (1 milligrams (mg); study !

0.25% DDM), ARS-1 EpiPen 0.3 mg
(1 mg; 0.35% DDM), -
EpiPen (0.3 mg Symjepi 0.3 mg
epinephrine auto-

injector) and Symjepi

(0.3 mg epinephrine

pre-filled syringe)

after self-

administration by

subjects who have

Type | allergy

conditions.

2.6.2.1. Pharmacokinetics

2.6.2.1.1. Methods

Two validation methods for epinephrine determination were developed:
1. in bufferised human plasma using LC-MS/MS and
2. in human acidified K2-EDTA plasma by LC-MS-MS.

During the validation process, all parameters recommended for assessment according to guideline for
bioanalytical methods (EMA/CHMP/ICH/172948/2019) were assessed during validation and all of them
were acceptable.

Pharmacokinetic data analysis
The following PK studies were conducted and considered pivotal by the applicant.

EPI 10 study: A Single-Period, Single-Dose Study of the Pharmacokinetics and Pharmacodynamics of
Epinephrine After Administration of Intranasal ARS-1 to Paediatric Subjects with Systemic Allergies.

Primary objectives: to assess the PKs of epinephrine after IN administration of 0.65 milligram (mg,)
1.0 mg, or 2.0 mg dose of ARS- 1 in paediatric allergy subjects; to evaluate the PD response based on
PR and BP using an automated blood pressure monitoring (ABPM) device after IN administration of
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0.65 mg, 1.0 mg, or 2.0 mg dose of ARS-1 in paediatric allergy subjects.
Secondary objectives:

to evaluate the impact of nasal congestion and rhinitis on the PKs of ARS-1 in paediatric subjects and to
evaluate the safety and tolerability of ARS-1 in paediatric allergy subjects

Pharmacokinetic (PK) Assessments: Blood samples were collected at pre-dose each treatment
period (at -10 and -5 minutes) and at 2.5, 5, 7.5,10, 12.5, 15, 20, 30, 45, 60, 90, and 120 minutes
after dosing. The PK parameters were calculated without the subtraction of the pre-dose epinephrine
concentrations. The rationale for using epinephrine plasma levels without subtraction of the baseline
values was based on both clinical and PK considerations. First, the endogenous levels of epinephrine
change based on both the diurnal cycle and due to stimuli. Second, clinically, the absolute plasma
levels (e.g., 100 pg/mL) are considered more important to illicit an efficacious response.

The following PK parameters for epinephrine will be calculated using non-compartmental analysis for
each group based on body weight category (15 kg to <30 kg, or 230 kg body weight) and dose (0.65
mg, 1.0 mg, or 2.0 mg): Cmax, tmax, AUC(0-t), Partial AUC values for each time point for the first 20
minutes after administration of study medication [AUC(0-2.5min), AUC(0-5min), AUC(0-7.5min),
AUC(0-10min), AUC(0-12.5min), AUC(0-15min), AUC(0-20min)].

EPI 15 study: A Two-Part, Six-Period, Six-Treatment, Crossover Study of the Pharmacokinetics of
Epinephrine After Single and Repeat Administration of Intranasal ARS-1 or Epinephrine Injection to
Healthy Volunteers.

Objectives
The primary objectives of this study were:

= to assess the comparative bioavailability of epinephrine after intranasal (IN) administration of ARS-1
(2.0 mg) with EpiPen 0.3 mg epinephrine and intramuscular (IM) injection 0.3 mg epinephrine (needle
and syringe) in healthy volunteers under fasted conditions.

= to evaluate the comparative pharmacodynamic (PD) response between products and doses based on
Systolic blood pressure (SBP), Diastolic blood pressure (DBP), and pulse rate (PR) using an automated
blood pressure monitoring (ABPM) device between treatment groups.

The secondary objectives of this study were:

= to assess the relative bioavailability of two doses of ARS-1 (2.0 mg IN) given as in the right and left
nares, as compared to two doses in the right naris.

= to evaluate the safety and tolerability of ARS-1 and EpiPen in healthy volunteers
Pharmacokinetic Assessments

Blood samples were collected at pre-dose each treatment period (at -10 and -5 minutes) for at least
20 minutes, and at 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45, 60, 90, 120, 150, 180, 240 and 360 minutes
after dosing.

The following PK parameters for epinephrine were calculated using noncompartmental analysis: Cmax,
Tmax, AUCO-xmin: Area under the plasma concentration-time curve from time-zero to x min post
dose, where x is every post-dose time point through 60 min (i.e., 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45,
and 60 min), AUCO-120min, AUC60-360min, AUClast, Clast, Tlast, T100: Time (min) after dosing to
reach concentration of 100 pg/mL, T>100: Time (min) duration for concentrations >100 pg/mL,
T>10060min: Time (min) duration for concentrations > 100pg/mL within 60 min of dosing, T50: Time
(min) after dosing to reach concentration of 50 pg/mL, T>50: Time (min) duration for concentrations
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=50 pg/mL, T=50-60min: Time (min) duration for concentrations > 50pg/mL within 60 min of dosing.

EPI 16 study: A Four-Treatment, Partially Randomized, Crossover Study of the Bioavailability and
Pharmacokinetics of Epinephrine After Administration of ARS -1 or Epinephrine Injection in Subjects
with Allergic Rhinitis.

The objectives of this study were as follows:
Primary objective:

= to evaluate the comparative bioavailability after intranasal (IN) administration of a 2 mg dose of
ARS-1 in subjects with and without induced allergic rhinitis (nasal challenge) and to evaluate the
impact of nasal oedema and congestion on the absorption of epinephrine.

Secondary objectives:

= to evaluate the comparative bioavailability of ARS-1 and IM epinephrine injection when administered
in subjects under normal conditions.

= to evaluate the safety and tolerability of ARS-1 in subjects after IN administration of epinephrine as
compared to the IM epinephrine administration

Pharmacokinetic Assessments

Blood samples were collected at pre-dose each treatment period (at -10 and -5 minutes) for at least
20 minutes, and at 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45, 60, 90, 120, 150, 180, 240, and 360 minutes
after dosing.

The following PK parameters for epinephrine were calculated using non-compartmental analysis:
Cmax, Tmax, AUC(0O-t), AUC(0-60min), AUCO-xmin: Area under the plasma concentration-time curve
for the first 20 minutes after administration of study medication [AUC(0-2min), AUC(0-4min), AUC(O-
6min), AUC(0-8min), AUC(0-10min), AUC(0-12.5min), AUC(0-15min), AUC(0- 20min)]. Additional
blood samples (4 mL each) for the measurement of plasma concentrations of histamine and chymase
levels were collected pre-dose (at -10 minutes) and at 10, 20, and 30 minutes after dosing in
Treatment Periods 1 and 4 (ARS-1 dosing).

EPI 17 study: A Two-Period, Two-Treatment, Randomized Crossover Study of the Pharmacokinetics,
Pharmacodynamics and Dosing Errors After Self- Administration of Epinephrine with Intranasal ARS-1
as compared to IM injection in Subjects with Type | Allergy.

Objectives

The primary objectives of this study were as follows:

= to assess the comparative bioavailability of epinephrine after self-administration of ARS-1 (2.0 mg IN
epinephrine) or study staff-administered intramuscular (IM) injection in subjects who have Type |
allergy conditions

= to evaluate the comparative PD response based on systolic blood pressure (SBP), diastolic blood
pressure (DBP), and pulse rate (PR) using an automated blood pressure monitoring (ABPM) device
between the two treatment groups

The secondary endpoints of this study were as follows:

« the dosing error rates with ARS-1 after self-administration

= the pharmacokinetics of ARS-1 following significant dosing errors by subjects who self-administer
with ARS-1

« the safety and tolerability of ARS-1 and IM injection
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Pharmacokinetic Assessments
Blood samples were collected at -10 and -5 minutes prior to instructing or dosing, and at 2, 4, 6, 8,
10, 12.5, 15, 20, 30, 45, 60, 90, 120, 150, 180, 240, and 360 minutes after dosing.

The following PK parameters for epinephrine was calculated using non-compartmental analysis: Cmax,
Tmax, AUC(0-x), AUC (0-120), AUC (60-360), AUC(O-t), AUC (0-360).

The following PK parameters for epinephrine was calculated using non-compartmental analysis: Cmax,
Tmax, AUC(0-x): partial AUC values for each time point for the first 60 minutes after administration,
AUC (0-120), AUC (60-360), AUC(0O-t), AUC (0-360).

Non-compartmental analysis PK analyses were conducted using conventional software.

Study EPI 18

Study Title: A Five-Treatment, Five-Period, Randomized, Crossover Study of the Pharmacokinetics
and Pharmacodynamics of Epinephrine After Repeat Administration of Eurneffy and Intramuscular
Epinephrine Injection in Type | Allergy Patients with Seasonal Rhinitis

Objectives

The primary objectives of the study were:

* To evaluate the comparative PK of two doses of Eurneffy 2.0 mg with IM 0.3 mg under allergic
rhinitis conditions compared to two dose administration under normal conditions.

* To evaluate the comparative PD of two doses of Eurneffy 2.0 mg with IM 0.3 mg based on SBP, DBP
and PR using an automated blood pressure measuring (ABPM) device under allergic rhinitis conditions
compared to two dose administration under normal conditions.

The secondary objectives of the study were:

= To evaluate the comparative PK/PD relationship of Eurneffy 2 mg after two doses under normal and
allergic rhinitis conditions.

= To evaluate the comparative PK/PD relationship of IM 0.3 mg after two doses under normal and
allergic rhinitis conditions.

= To evaluate the safety and tolerability of Eurneffy in subjects as compared to IM 0.3 mg.

Study population

Eligible subjects, 18 to 64 years of age, with seasonal allergies (positive case history of seasonal
allergic rhinitis related to tree or grass allergens with positive skin prick test within 12 months of
enrolment and positive nasal allergen challenge [NAC] with Allergen Panel at Subjects were required to
have a Total Nasal Symptom Score (TNSS) of =5 out of 12 and a congestion score of =2 out of 3 on at
least one test allergen during the screening NAC.

Subjects reporting a TNSS response greater than 2 from the diluent dose were excluded.

Subjects were challenged in both nostrils with escalating (fourfold) increments in allergen at 15-minute
(= 5 min) intervals until a positive reaction (i.e., TNSS =5 out of 12 and a congestion score of =2 out
of 3) was reached. If the subject reached the highest concentration of 1:2 without qualifying, the
subject was excluded. Once a positive reaction was confirmed, any further dosing was stopped, and
rescue medicine was permitted to be given.

Study design
Treatment Periods 1-2: Normal Nasal Conditions

The PKs of two doses of Eurneffy 2.0 mg were assessed and compared to two doses of IM 0.3 mg, all
during normal nasal conditions. Each subject was randomised to receive each of the following
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treatments and then crossed over to the other product treatment. The following treatments were
administered, separated by a 24-hour washout period.

= Two doses of Eurneffy 2.0 mg in the right and left naris administered 10 minutes apart,

« Two doses of IM 0.3 mg in the right and left anterolateral thigh administered 10 minutes apart.
Treatment Periods 3-5: Rhinitis

The PKs of two doses of Eurneffy 2.0 mg were assessed and compared to two doses of IM 0.3 mg, all
following the induction of rhinitis via NAC. The following treatments were administered, separated by a
three-week washout period:

= Two doses of IM 0.3 mg in the left and right anterolateral thigh administered 10 minutes apart,
= Two doses of Eurneffy 2.0 mg in the left and right naris administered 10 minutes apart,
= Two doses of Eurneffy 2.0 mg, both in the right naris administered 10 minutes apart.

2.6.2.1.2. Evaluation and qualification of models

A population pharmacokinetic (PPK) and population pharmacokinetic/pharmacodynamics (PPK/PD) was
performed. The model was developed based on all results from EPI 03, 04, and 07 with ARS-1 1.0 mg.
In addition, the applicant provided an updated popPK model, including data from the Eurneffy 2 mg
clinical trials.

Population PK Modelling (POP PK)
The following objectives were addressed:
Objective 1: Pharmacokinetic Modelling for ARS-1 in Adults

- To develop a population PK model to characterise the absorption and disposition of epinephrine in
adults after intranasal administration via ARS-1 and intramuscular administration via injection
including needle/syringe and EpiPen.

- To identify potential covariates which account for the inter-individual variability (11V) in ARS-1 PK
parameters.

Objective 2: Pharmacokinetics/Pharmacodynamic Modelling of Systolic Blood Pressure
(SBP) and Heart Rate (HR)

- To develop a population PK/PD model to characterise relationship of PK of ARS-1, IM with
needle/syringe and EpiPen with SBP and HR.

- Various PK metrics including AUC, Cmax, AUC/Cmax, tmax and others may also be explored to
develop this relationship. A time shift between the observed effect and ARS-1 concentrations may be
explored using indirect response or indirect link models or involving resolution of any hysteresis.

Objective 3: Simulation of Pharmacokinetics (and PD) of ARS-1 to Determine Dosing in
Paediatric Subjects

- Leveraging the pharmacokinetic models of components of ARS-1 using internal (and external data if
available), the doses of ARS-1 and optimal PK sampling time in proposed trials in paediatric subjects
can be simulated.

The applicant adjusted the iPSP and future planned EPI 10 protocol to include the population of
subjects from age 4 to 11 in the younger age group. Hence, simulations will include age groups: 4- <6
y, 6-<12 and 12-18 years.

- Simulate the PK of ARS-1 for the EPI 10 Study.

- Using the PK/PD relationship established in adults, simulate the effect of ARS-1 on SBP and HR in
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paediatrics.
Objective 4: Bridging Analysis

- To examine ethnic differences in PK relationships between various epinephrine treatments
(formulations / route of administrations) under evaluation via exploratory population PK-based, post
hoc analysis.

Pharmacokinetic Modelling for ARS-1 in Adults- Base Model

Two-compartment models with absorption compartments for IM, SC, EpiPen, nasal, and nasal
administration in rhinitis subjects were developed. Absorption rate constants and relative bioavailability
in reference to epinephrine IM/EpiPen injection were evaluated and suggest that ARS-1 nasal and nasal
administration in rhinitis patients have a faster absorption as compared to IM/EpiPen or SC
administration.

Pharmacokinetic Modelling for ARS-1 in Adults —Covariate Analysis

These analyses suggest that weight may be a more important covariate as compared to either BMI or
age based on the graphical analysis and the associated p-values. The data suggests the maximum
decline in the objective function was with weight on clearance and hence weight is the covariate that
explains most of the variability and is consistent with the graphical analysis.

Figure 3 Relationship between Covariates (continuous) and Inter-individual Variations
(omega)
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Pharmacokinetics/Pharmacodynamic Modelling of Systolic Blood Pressure

The result of this analysis suggests a potential clockwise hysteresis plot for the relationship between
adrenaline concentrations and SBP. This is similar to reports in literature where intragastric
administration of morphine in rats can lead to clockwise hysteresis plots between morphine
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concentrations and short-lasting pain; this hysteresis is decreased with faster administration of the
drug, such as intravenous bolus.

Figure 4 PK/PD data: Epinephrine Concentration and Systolic Blood Pressure (SBP) Plots
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Pharmacokinetics/Pharmacodynamic Modelling of Heart Rate

This analysis suggested a potential clockwise hysteresis plot for the relationship between adrenaline
concentrations and HR, but to a much lesser extent than what was observed for SBP.

Simulation of Pharmacokinetics (and PD) of ARS-1 to Determine Dosing in Paediatric Subjects

Paediatric simulations suggest that AUC and Cmax values overlap with adult AUC and Cmax values
except for the 1 mg dose for the 4 to 6 years age group for both Cmax and AUC and the 1 mg dose for
the 6-12 years age group for AUC, where the overlap is to a lesser extent. Changes in SBP and HR
values in the paediatric groups overlap with adult values and thus support that the anticipated
response based on these surrogate endpoints should be no different in children than adults.
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Figure 5 Simulation of Cmax, AUC, SBP and HR for Paediatric Population
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Ethnic Bridging Analysis

Relative bioavailability for Japanese patients is 2.3, 2.17, and 1.0, for IM, EpiPen and Eurneffy
respectively, suggesting that IM/EpiPen absorption is different in Japanese patients as compared to US
populations but the same for Eurneffy in Japanese and US populations. Further when covariate was
used on F (bioavailability) only without the Japanese data (using US data only), weight became a more
important covariate. Two-fold greater exposure after IM/EpiPen administration in Japanese patients is
explained by the fact of smaller muscle weight and greater volume of distribution relative to the total
muscle mass.

Adjustment of F, weight (and not BMI) can explain the further difference in the MOFV (the model
objective function) on the Vd/Vc and Clearance. Taking relative bioavailability into account it can
explain most of the variability that is seen between Japanese and US populations.

Data from literature (Al-Gindan-2014, Hill-2016, Hasunuma-2016) suggests that people with lower
weight have smaller and likely, leaner muscle and therefore it is reasonable to assume that the relative
volume of distribution in the muscle may impact absorption of drugs from IM/EpiPen injections. If that
is the case, the volume of distribution relative to muscle mass is higher in lower weight people and
may result in a greater absorption. This factor would likely be a significant contributor to the
observation of two-fold increase in exposure following IM/EpiPen administration to the lower weight
Japanese subjects.

A two-compartment model was used to describe PK after IM, SC, EpiPen, nasal and nasal
administration in rhinitis subjects. Faster absorption was observed after ARS-1 nasal and ARS-1 nasal
in patients with rhinitis administration compared to IM/EpiPen or SC administration. Based on graphical
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analysis and covariate analysis, weight has been revealed to be the most important covariate
compared to BMI or age.

Paediatrics stimulations showed that AUC and Cmax are similar with adult values except for 1 mg in
the 4-6 years old group for both Cmax and AUC and in the group 6-12 years of age for AUCs.
However, changes in the SBP and HR are similar for adults and paediatric population (even for 1 mg
dose for 4-6 years of age group).

The updated popPK model

The initial POP PK model was updated to include data from the Eurneffy 2 mg clinical trials, as well as
to extrapolate results from IM adrenaline injection 0.3 mg and EpiPen 0.3 mg in adults to paediatric
subjects. A covariate analysis was conducted based on Visual Checks of relationships between
covariates and inter-individual variances of CL, Q, VC, and VP. Available covariates were age, sex,
race, race/ethnicity, weight, and BMI. Omega variability values were plotted versus the covariates of
interest such as weight, BMI, gender and other discrete and continuous variables. These results
suggest that weight may be a more important covariate as compared to either BMI or age based on
the graphical analysis and the associated p-values.

Of note only simulations for the =30 kg population are presented in this report, as the indication
pursued is for a population above 30 kgs.

In the EPI 10 study the mean Cmax for paediatric patients =30 kg was 540 pg/mL, similar to results
predicted in the POP PK analysis. These results demonstrated that the observed PK exposures in EPI 10
are well within the range of that predicted by the POP PK model for both adults and paediatric
subjects, which validates the model. Simulations comparing the predicted exposures from IM
adrenaline injection and EpiPen were conducted to compare exposures in paediatric subjects to that
obtained from Eurneffy. These simulations assessed both Eurneffy 1 mg in children 15 kg to <30 kg
and Eurneffy 2 mg in children and adolescents =30 kg by both weight and age.

Simulated Cmax and AUC results for dosing Eurneffy 2 mg relative to IM adrenaline 0.3 mg and EpiPen
0.3 mg injections are provided in Figure 6 (dosed once) and Figure 7 (dosed twice). These results
demonstrated that the mean expected peak exposures (Cmax) for Eurneffy 2 mg in the =30 kg
paediatric population are bracketed by the approved injection products, with greater and more rapid
exposures relative to IM adrenaline 0.3 mg and slightly lower exposures compared to EpiPen.

In all four scenarios, even after the correction for body weight, Eurneffy administration in children
demonstrated similar or higher Cmax or AUC values as compared to adults.
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Figure 6 The Effect of Body Weight on Cmax and AUC for Paediatric Population 30 kg to 50
kg: Eurneffy 2 mg Dosed Once
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Figure 7 The Effect of Body Weight on Cmax and AUC for Paediatric Population 30kg to 50
kg: Eurneffy 2 mg Dosed Twice (4 mQg)
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Figure 8 (once dosed) and Figure 9 (twice dosed) provides the predicted exposures from Eurneffy 2
mg by age, assuming a body weight of 30 kg to 50 kg, as compared to approved injection products
dosed once and twice. These results demonstrated that Eurneffy’s predicted Cmax is expected to be
greater than IM adrenaline 0.3 mg and similar to EpiPen, with peak exposures increasing with
decreasing age. Similar trends were noted for predicted AUC, with Eurneffy showing a higher overall
AUC compared to IM adrenaline 0.3 mg in adults. Given the relationship between weight and age in
younger children, these age-related trends may be more related to the weight of the child, suggesting
that weight may be a more accurate predictor of exposure.
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Figure 8 Simulation of Cmax and AUC for Paediatric Population 30kg to 50kg by Age (4 or
greater years of age): Eurneffy 2 mg Dosed Once
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Figure 9 Simulation of Cmax and AUC for Paediatric Population 30kg to 50kg by Age

(4 or greater years of age): Eurneffy 2 mg Dosed Twice (4 mg)
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Overall, the results of the POP PK model were consistent with the physiologically based
pharmacokinetic model (PBAM) model. In paediatric allergy patients =30 kg Eurneffy 2 mg has a
predicted Cmax that is bracketed by IM adrenaline 0.3 mg injection on the lower end and by EpiPen on
peak exposure. The overall AUC for Eurneffy 2 mg is predicted to be similar to IM adrenaline 0.3 mg in
paediatric allergy patients>30 kg. Both peak and overall exposures increase as body weight decreases.

Physiologically Based Absorption Model (PBAM) Analysis

The first goal of the study was to develop a physiologically based pharmacokinetic model for adrenaline
after the IN administration of ARS-1 using data from clinical studies in healthy subjects (EPI-03, EPI-
04, EPI-07 (1 mg) and EPI-16 (2mg)). The second goal was to extrapolate this model to paediatric
subjects receiving different ARS-1 doses as part of the clinical trial EPI-10 to understand possible
differences in the nasal absorption between adults and paediatrics that could lead to possible dose
adjustments in the paediatric population. The predictive capacity of the model was evaluated with
mean paediatric clinical data from study EPI-10. The model was then used for dose evaluation
purposes in the paediatric population based on PK exposure matching criteria (reference exposure:
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adults 2 mg). In the case of EP1-03 and EPI-07 only data after the first dose administration of ARS-1
were included in the analysis to avoid the carry-over effect of the absorption enhancer.

Different scaling factors were used to account for the possible differences in the ontogeny/physiology
of this population in comparison to adult subjects, mainly related with the differences in the body size.
Model predictions support the conclusion that the turbinates are the main physiological structure
involved in the nasal absorption which is already mature in children = 6 of age weighting more than 30
kg, and therefore no significant differences are expected between this paediatric age group and adults.
A 2 mg dose in children weighting more than 30 kg led to a similar exposure to 2 mg dose in adults
(Cmax and AUC 0 to 2 hours).More uncertainty exists in younger children weighting less than 30 kg
where in addition to account for the body size differences, a model refinement (increase of the
absorption rate from the epithelial cell to the blood (KA) and of mucociliary clearance (t2gi)) was
needed in the 15-30 kg children to capture the observed plasma concentrations after 0.65 mg.

Comparisons of the simulated plasma concentration — time profiles after the 1 mg dose in children with
the refined model (for children weighting 15-30 kg) lead to overall plasma exposures (Cmax and AUC O
to 2 hours) within the expected values based on the adult simulated exposures after 2 mg (Cmax and
AUC 0 to 2 hours), and slightly higher 97th percentile.

Simulations in Adults

All model development and verification simulations were done using virtual subjects matching as close
as possible to those in clinical trials EP1-03, EPI1-04, EPI-07 and EPI-16 following the clinical study
designs. Verification simulations were performed using a population of N=1500 subjects to assess the
PK variability and simulated Cmax, Tmax and AUC were calculated and compared to those from
observed data.

The simulated trial design was based on the study described in the clinical study reports where
patients received a single 1 mg/100 L IN dose or 2 mg/ of 100 uL IN dose of ARS-1. Blood samples
for PK analysis were collected over 8 hours. To account for the endogenous adrenaline an infusion of
adrenaline was used starting two hours before the administration of ARS-1 to ensure adrenaline
baseline concentration values at steady state (in line with the i.v. model).

Figure 10 Comparison of Adrenaline Plasma Profiles in Healthy Adults from EPI 03
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Figure 11 Comparison of Adrenaline Plasma Profiles in Healthy Adults from EPI 04
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Figure 12 Comparison of Adrenaline Plasma Profiles in Healthy Adults from EPI 07
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Figure 13 Comparison of Adrenaline Plasma Profiles in Healthy Adults from EPI 16
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Comparison of adrenaline plasma profiles in healthy adults from study EPI-16 with the PBAM model predictions (grey dots are
observations and the dashed green line is the mean profile from the observation; solid yellow, red and blue lines are the predicted
median, mean and 95% PI using the PBAM model). Left panel: normal scale. Right panel: log-X

The model appropriately predicted the mean PK behaviour in all the four studies as well as the
variability. Moreover, as shown in the right panel of above figures with the log-X scale, the model
adequately predicts the absorption behaviour. Predicted and observed plasma AUClast and Cmax mean
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values and Tmax median values as well as the predicted over observed ratios for AUClast and Cmax
are shown in Table 9.

Table 9 Simulated and Observed Cmax and AUC(0O-t) and Ratios, and Median Tmax Values
for ARS-1 Following a Single 1 & 2mg IN Dose to Healthy Adult Volunteers

Median Tmax Mean Cax ratio Mean AUCast ratio
{min) (pg/ml) (pg.min/ml)

PBAM 1mg 26 201 - 34542 -
EPI-03 1mg* 30 203 0.99 29817 1.16
EPI-04 Img* 30 222 0.91 31920 1.08
EPI-07_Img* 30 197 1.02 28367 1.22

PBAM 2mg 28 363 - 43642 -
EPI-15/16_2mg** 20 485 1.27 39921 1.09

*Mean Cumax and AUC calculate from the mean observed plasma profile
**Integrated analysis of EPI 15 and EPI 16 results

The simulated profiles were comparable to the clinical data and the predicted AUClast and Cmax values
were within 1.5-fold of the observed value for all the three trials. Considering all above, the model was
considered appropriate to predict adrenaline mean and population plasma concentrations after the IN
administration of ARS-1 in healthy adults.

Simulations in Paediatrics

The parameters of the population PBAM model for ARS-1 were scaled to paediatrics to bridge the
information to this population. Modelling was based on the adult population PK data in healthy subjects
and then the inclusion of different scaling factors to extend adrenaline PK into paediatrics from 4 to 17
years of age.

All model development and verification simulations were done using virtual subjects matching as close
as possible to those in clinical trials EP1-10 following the clinical study designs. Verification simulations
were performed using a population of N=1500 subjects to assess the PK variability and simulated
Cmax, Tmax and AUC were calculated and compared to the mean observed data.

The simulated trial design was based on the study described in the clinical study where subjects
weighting 15-30kg received a single 0.65 mg/100 pL IN dose of ARS-1, subjects weighting >30kg
received either a single 1 mg/100 pL or 2 mg/100 pL IN dose of ARS-1. Blood samples for PK analysis
were collected over 2 hours. To account for the endogenous adrenaline an infusion of adrenaline was
used starting two hours before the administration of ARS-1 to ensure adrenaline baseline concentration
values at steady state (in line with the i.v. model).

A comparison of the simulated and observed plasma concentrations of adrenaline after the single IN
dosing of ARS-1 in study EPI-10 is shown in Figure 14 . Mean of observed concentrations of patients
in EPI1-10 and the predictions using the PBAM model in a virtual population (n =1500) are displayed in
Figure 15.
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Figure 14 Comparison of Adrenaline Plasma Profiles in Paediatrics from EPI 10
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The model appropriately predicted the mean PK behaviour in paediatric subjects. Predicted and
observed plasma AUClast and Cmax mean values and Tmax median values as well as the predicted
over observed ratios for AUClast and Cmax are shown in Table 10.

Table 10 Simulated and Observed Tmax, Cmax and AUC(O-t) values and Ratios for ARS-1
Following a Single Dose in Children from EPI 10

Median Tmax Mean Cmax . Mean AUC)ast .
(min) (pg/ml) ratio (pg.min/ml) ratio
PBAM 0.65 15 30kg 16 453 - 24007 -
EPI 10 0.65 15 30kg * 12.5 534 0.85 21900 1.10
PBAM 1 >30kg 26 226 - 18443 -
EPI 10 1 >30kg* 20 253 0.89 14000 1.32
PBAM 2 >30kg 26 408 - 31809 -
EPI 10 2 >30kg* 25 540 0.76 35500 0.90

*Mean Cpax and AUCj, calculate from non-compartment analysis of individual plasma profiles

Goodness-of-fit plots of predicted versus observed AUClast values and of predicted versus observed
Cmax are shown in Figure 14, both for adults (study EP1-03, EP1-04, EPI-7 and EPI-16) and paediatrics
(EPI-10). Six out of seven predicted AUClast values fell within the 1.25- fold acceptance criterion with
only one AUCIast value (corresponding to children >30 kg receiving 1 mg of ARS-1) fell within the 1.5-
fold acceptance criterion. Five out of seven predicted Cmax values fell within the 1.25-fold acceptance
criterion with only two Cmax values (corresponding to adults and children >30 kg receiving 2 mg of
ARS-1) fell within the 1.5-fold acceptance criterion. In any case, all the values are within the 1.5-fold
range demonstrating the descriptive and predictive performance of ARS-1 PBAM model both in adults
and paediatrics.
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Figure 15 Predicted vs Observed AUC (left panel) and Cmax (right panel) From Adult and
Paediatric Subjects
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Predicted vs Observed AUC (left panel) and Cmax (right panel) from all adult and pediatric subjects. The dotted
lines represent 1.25-fold, and the dashed lines represent the 1.5-fold

Considering all above, the model was considered appropriate to predict adrenaline plasma
concentrations after the IN administration of ARS-1 in adult and paediatric subjects. For children
weighting 15-30 kg a model refinement was needed to capture the mean observations from study EPI-
10. The final PBAM model was used to simulate the PK in the following proposed regimes for the ages
using also variability permitting inference regarding the PK outcomes. For children 15 to <30 kg body
weight, a 1.0 mg dose administered in the nose. For children 30 kg body weight or greater, a 2.0 mg
dose administered in the nose. In order to ensure the safety and efficacy of the selected dose for the
paediatric clinical trial the simulated plasma profiles were compared to that in adult healthy subjects
after the 2 mg dose The results of the simulations are shown in as AUCO_120 and Cmax. The plot also
includes the 2mg administration of ARS-1 in healthy adults as a reference.

Figure 16 Comparison of Predicted AUCO0O-120
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Comparison of predicted AUCO0-120 min in adults with 2mg dose and various other pediatric clinical scenarios as
mentioned above using the PBAM model. The red dots and bars represent the mean and the 95% CI, respectively.
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Figure 17 Comparison of Predicted Cmax

Cmax Forest Plot
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Comparison of predicted Cnax in adults with 2mg dose and various other pediatric clinical scenarios as mentioned
above using the PBAM model. The red dots and bars represent the mean and the 95% CI, respectively.

The predicted exposures, including the 95% confidence intervals are within the expected values from
the 2 mg in >30 kg children and 1 mg in 15-30 kg administration of ARS-1 in adults. The 2 mg IN dose
produces plasma exposures in paediatrics (=30 kg) comparable to that in adults and slightly higher
97.5 percentile in 6-year-old children weighting 30 kg. Similarly, the 1 mg IN dose produces plasma
exposures in paediatrics (15-30 kg) comparable to that in adults and slightly higher 97.5 percentile.
However, the predicted exposure values in these paediatric scenarios (2mg_6yrs_30 kg;
EPI110_1mg_15-30kg) were still within the observed exposures reported in the literature for adrenaline
administered in different formulations. Based on this, the predicted exposures are considered
appropriate

Results in Subjects With Allergic Rhinitis

The simulated profiles were comparable to the clinical data and the predicted AUC, Cmax and Tmax
values were within 1.5-fold of the observed value. The model was considered appropriate to predict
epinephrine mean and population plasma concentrations after the IN administration of ARS-1 in adult
patients with allergic rhinitis. A comparison of the simulated and observed plasma concentrations of
epinephrine after the single IN dosing of ARS-1 in patients with allergic rhinitis in study EPI-04 is
shown in Figure 18. Mean of observed concentrations of patients in EPI-04 and the predictions using
the PBAM model in a virtual population (n =1500) are displayed on each figure.

Predicted and observed plasma AUC and Cmax mean values and Tmax median values as well as the
predicted over observed ratios for AUC and Cmax are shown in Table 11.
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Figure 18 Comparison of epinephrine plasma profiles in adult rhinitis patients from study
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Table 11 Mean simulated and observed Tmax, Cmax and AUC(0-t) values and ratios for ARS-

1 following a single 1 mg IN dose to patients with allergic rhinitis.

Median Tmax Mean Cmax A Mean AUC :
. ratio ratio
(min) (pg/ml) (pg-h/ml)
PBAM 10 415.0 - 556.2 -
EPI-04 10 401.0 1.03 374.7 1.48

Model Application to Evaluate the Clinical Doses in Paediatrics
The paediatric PBAM model for ARS-1 was used to simulate epinephrine plasma profiles in paediatric
patients of different ages (4 to < 17 years) receiving two different doses of ARS-1 depending on the
body weight. A single 0.65 mg dose was used for children of 4- to 6-years old children based on the

median body weight, and 1 mg was used for 12- and 16-years old subjects.

The predicted exposures, including the 95% confidence intervals are within the expected values from

the clinical trials in adults. The model predicts that the 1 mg IN dose produces plasma exposures in

adolescents comparable to that in adults and slightly higher in children of 12 years old after the 1 mg
IN dose and in children of 6 and 4 years old after the 0.65 mg IN dose.

Figure 19 Simulated plasma concentration-time profiles of for 8 hours following a single
0.65 mg IN dose of ARS-1 to normal weight 4-year-old children

Age 4: Healthy subjects - 0.65 mg

Age 4:Rhinitis patients - 0.65 mg
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1000
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Figure 20 Simulated plasma concentration-time profiles of for 8 hours following a single
0.65 mg IN dose of ARS-1 to normal weight 6-year-old children

Age 6: Healthy subjects - 0.65 mg

Age 6:Rhinitis patients - 0.65 mg
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Solid yellow, red and blue lines are the predicted mean, median and 95% P1 using the PBAM model Leli pancl:
simulations from adult healthy volunteers. Right panel: simulations from adult patients with allergic rhinitis.

Figure 21 Simulated plasma concentration-time profiles of for 8 hours following a single 1
mg IN dose of ARS-1 to normal weight 12-year-old children

Age 12: Healthy subjects — 1 mg

Age 12:Rhinitis patients — 1 mg
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Figure 22 Simulated plasma concentration-time profiles of for 8 hours following a single 1
mg IN dose of ARS-1 to normal weight 12-year-old children

Age 16: Healthy subjects — 1 mg Age 16:Rhinitis patients — 1 mg
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A
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Solid yellow, red and blue lines are the predicted mean, median and 95% Pl using the PBAM model 1eft panel:
simulations from adult healthy volunteers, Right pancl: simulations from adult patients with allergic rhinitis.

Table 12 Predicted Tmax, Cmax, and AUC for the paediatric model

[ Healthy Subjects Rhinitis Patients

Mean | M | i | oswec | Memn | Medin | | ey

- Toas (Min) 242 | 240 18.0 320 | 103 10.0 6.0 16.0
g é Cuax(pg/ml) | 3815 | 3200 | 1047 | 10630 | 4960 | 3978 | 1114 1442.6
+ & | AUC (pghvml) | 677.7 | 6147 | 281.2 | 14284 | 627.5 | 561.7 | 2423 1375.0

T Taas (Min) 236 | 240 18.0 320 | 103 10.0 6.0 16,0
Sy Cua (pg/ml) | 3355 | 2804 | 907 | 8757 | 4512 | 36006 | 1109 1315.9
e S [ AUC(pgh/ml) | 6167 | 5711 | 2682 | 12318 | 5926 | 35375 | 2484 1279.0

. Twax (Min) 23.6 24.0 18.0 32.0 10.7 10.0 6.0 16.0
& 5 E| Can(pgml) | 3507 [ 300.1 | 1039 | 8844 | 4712 3860 | 1068 1369.0
> T[TAUC (pgh/ml) | 635.9 | 5914 | 279.7 | 13023 | 5884 | 5422 | 2470 | 12633

J Tamax (min) 236 | 24.0 18.0 320 | 111 10.0 6.0 18.0
S 5 E| Con(pgml) [ 3040 | 2542 | 912 | 7907 | 4086 | 3245 94.4 1210.5
” T[TAUC (pgh/ml) | 5798 | 532.1 | 255.7 | 11640 | 567.6 | 5177 | 2270 | 11756

Paediatric Model — Extreme Scenarios

Figure 23 depicts additional simulations that were also performed to evaluate some extreme
scenariiand ensure that the selected doses lead to exposures in paediatric subjects (4 to <18 years)
within the expected values based on the clinical trials in adults and the administration of epinephrine
subcutaneously or intramuscularly to paediatrics from the literature. All these scenarios were simulated
using the model extrapolated from patients and include the following:

- 4 years old with mean body weight and receiving the 0.65 mg dose (4_0.65mg_meanBW_PT)

- 4 years old with mean body weight and receiving the 0.65 mg dose but increasing the variability on
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the permeability up to 100% (4_0.65mg_meanBW_Pcv100_PT)
- 4 years old weighting 15 kg and receiving the 0.65 mg dose (4_0.65mg_15kg_PT)
- 4 years old weighting 30kg and receiving the 0.65 mg dose (4_0.65mg_30kg_PT)

- 4 years old with mean body weight and receiving the 1 mg dose but increasing the variability on the
permeability up to 100% (4_1 mg_meanBW_Pcv100_PT)

- 4 years old weighting 30kg and receiving the 1 mg dose (4_1 mg_30kg_PT) where mean body weight
of 4 years old is 18.1kg (CDC, 2012).

Although the predicted Cmax values are higher than the observed in adults mainly for scenario 5, i.e.,
when the variability in the permeability is increased up to 100% and 1 mg dose, the predicted values
are within the observed values after the IN administration of 2 mg of ARS-1 in the dose raging study
(EPI-02 Part I, 2,767 pg.h/mL and 2,470 pg/mL for mean AUC and Cmax, respectively). In study
EPI-02 Part | ARS-1 exhibited a favourable safety profile in healthy volunteers administered a single
dose of 0.5 mg, 1 mg, or 2 mg, and no severe or serious adverse events were observed.

Figure 23 Comparison of predicted AUC (left panel) and Cmax (right panel) in paediatric

subjects in some extreme scenarios with the observed values in adults from the clinical
trials

AUCO-t{min*pg/mL) Cmax(pgimi)

Dots and bars represent the median and 95%CI, respectively.,

The final PBAM model was composed by two deposition compartments in the nose, one representing
the anterior cavity (deposition) and one representing the middle cavity (deposition and absorption). In
line with the characteristics of the drug in the formulation, most of the drug is initially deposited in the
middle cavity (deposition ratio 20:80) and from this compartment the drug can be either swallowed, in
which case is eliminated through metabolism by the COMT and MAO in the gastrointestinal track and
the liver or can be absorbed. The same structural model was used to account for the nasal PK in
patients with allergic rhinitis but absorption rate constant from the middle cavity to plasma (mainly),
and permeability were optimised to account for the higher and faster Cmax and lower AUC observed in
patients with allergic rhinitis in study EPI-04. Moreover, the interindividual variability of the model
parameters was increased to 10% to account for the higher variability expected in patients due to the
allergic reaction in the absorption site.

The robustness of the PBAM model developed to predict epinephrine plasma concentrations after the
administration of ARS-1 was tested using the clinical data from studies EPI- 04 and EPI-07, both in
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healthy subjects, and further refine to account for the differences in the absorption in patients with
allergic rhinitis (EP1-04) before the extrapolation to paediatrics.

The aim of the study was to develop PBA model for epinephrine after IN administration according to
the data obtained from EPI 03 study in healthy subjects to justify the selected doses of ARS-1 for the
paediatric trial EP1-10. According to the analysis, predicted exposures in paediatrics are in line with
expected values in adults supporting the use of 0.65 mg in children between 15 to 30 kg and the 1 mg
dose for children above 30 kg (as in general adolescents and adult population).

The pharmacodynamic response in paediatrics including effects on BP and HR, is expected to be similar
in both children and adults under the same epinephrine exposure. Similarly, the underlying disease
process is considered the same in both populations regardless of age. Based on above considerations
and the similar response predicted in children of different ages, including Cmax. Tmax and AUC, similar
PD response is expected in children >4 years old to that in adults, and any possible difference could be
derived from differences in the disease condition of paediatric subjects in study EPI-10.

The updated PBAM model

The applicant provided an updated pharmacologically based absorption model (PBAM) that includes
extrapolation of PK and PD data from adults to paediatric allergy patients based on age and weight
(PBAM Model Development Report).

The PBAM model was validated by modelling the PK in a virtual population of children (n=1500) based
on data from adult 1 mg and 2 mg studies with Eurneffy and comparing these results to the actual
exposure data from the EPI 10 clinical study in paediatric allergy patients.

The PBAM model above described was updated to include predicted outcomes from dosing with
injection products including IM adrenaline and EpiPen and now provides a comparison with exposures
from Eurneffy 2 mg (and 1 mg) by age (8 to 16 years) and weight (30 kg to 70 kg). These
comparisons also include partial pAUC results for pAUCO-20min, pAUC0-30min, pAUCO0-45min, and
pAUCO-120min. These results demonstrate that the PK of Eurneffy 2 mg is well bracketed by both IM
adrenaline 0.3 mg and EpiPen 0.3 mg injections in all age and weight groups expected to receive these
doses. As an example, the results for pAUCO-30min are shown in Figure 23 and demonstrate that
Eurneffy 2 mg exposures are greater than IM adrenaline injection and slightly lower then EpiPen in all
groups regardless of age or weight.
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Figure 24 Comparison of pAUCO-30min Following Eurneffy, IM Injection, and EpiPen by Age

and Weight
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Figure 25 Comparison of Cmax Following Eurneffy, IM Injection, and EpiPen by Age and

Weight
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This section summarises the results of the pivotal studies EP1015, 016,017 and EPI 18 in adults and of
the supportive studies EPI 04, 07, 012. while results of pivotal EPI 010 study are presented under the

section “special population”).
Pivotal studies
EPI 15 study results

Pharmacokinetic Parameters — Part 1 (Primary Population)

Cmax: Mean Cmax values were highest after EpiPen (612 pg/mL), followed by ARS-1 (481 pg/mL),
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and Epinephrine IM injection (309 pg/mL).

tmax: Median tmax values were fastest following EpiPen (8.00 minutes), followed by ARS-1 (30.0
minutes), and Epinephrine IM injection (45.0 minutes).

AUClast: The greatest total exposure was observed after ARS-1 (43500 min*pg/mL), followed by
EpiPen (30900 min*pg/mL), and Epinephrine injection IM (29000 min*pg/mL).

Partial AUC: The exposure to epinephrine from 20 min to 60 min (based on AUC0O-20min - AUCO-
60min) after ARS-1 was lower compared to EpiPen but greater than Epinephrine injection IM.

Pharmacokinetic Parameters — Part 2 (Primary Population)

Cmax: Mean Cmax values were similar for all treatments with ARS-1 (R/R) (946 pg/mL), followed by
ARS 1 (L/R) (805 pg/mL) and EpiPen (719 pg/mL). These differences were not statistically significant.
The differences between ARS-1 (R/R) and (L/R) were not significant and not considered clinically
meaningful. Tmax: Median tmax values were fastest following EpiPen (15.0 minutes). The median
tmax value following both ARS-1 (R/R) and ARS-1 (L/R) was 30.0 minutes.

AUClast: The mean total exposure was lower following EpiPen (49,900 min*pg/mL) relative to both
ARS-1 (R/R) (85,000 min*pg/mL) and (ARS- (L/R) (72,500 min*pg/mL). ARS-1 appeared to be
relatively dose proportional between single dose and twice dosing, while EpiPen was less than dose
proportional.

Partial AUC: Epinephrine exposure from 2 min to 60 min (based on AUCO-2min - AUC0-60min) was
lower after ARS-1 compared to EpiPen. Epinephrine exposure after 60 min (based on AUC60-360min,
AUCO0-120min and AUCO- 360), was higher after ARS-1 compared to EpiPen. The partial AUC60-
360min values were 55800 min*pg/mL after ARS-1 (R/R), 48900 min*pg/mL after ARS-1 (L/R), and
25900 min*pg/mL after EpiPen.

Noncompartmental Analysis

Table 13 Summary Statistics of Epinephrine Pharmacokinetic Parameters — Part 1 (Primary
Population)

tmax (Min) Comax (pg/mL) AUCiast (min*pg/mL)
Treatment N median
(range) mean (%CV) Geo. mean mean (%CV) Geo. mean
30.0 481 43500
ARS-1 2.0 mg 42 (6.00 — 150) (76.0) 340 (69.4) 34400
. 8.00 612 30900
EpiPen 0.3 mg 35 (2.00 - 45.0) (58.4) 511 (37.1) 28500
Epinephrine 45.0 309 29000
IM 0.3 mg 4 (4.00 = 90.0) (53.2) 272 (42.1) 26700

Table 14 Summary Statistics of Epinephrine Pharmacokinetic Parameters — Part 2 (Primary

Population)

tmax (Min) Cumax (pg/mL) AUClast (min*pg/mL)
Treatment N median
(range) mean (%CV) Geo. mean mean (%CV) Geo. mean
ARS-1 2.0 mg 30.0 805 72500
(L/R) 3| (6.00- 150) (69.2) 623 (61.4) 60000
ARS-12.0 mg 300 946 85000
(R/R) 38 (12.0 - 150) (74.0) 705 (61.6) 68300
EpiPen 0.3 mg N 15.0 719 49900
(L/R) 371 (0,00 -360) (43.3) 648 (38.7) 46300
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Table 15 Epinephrine Partial AUCs, by Treatment — Part 1 (Primary Population)

PAUC (min*pg/mL)
T AUC#2min AUCo-4min AUC-6min AUCi-min AUCo-10min AUCo-12.5min AUC-15min
reatment N
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.
(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) [ mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
. 71.9 ) 186 351 615 ) 976 1550 2200
ARS-1 2.0 mg 42 (98.5) 56.4 (116) 139 (113) 262 (110) 448 (106) 704 (95.4) 1110 (91.9) 1570
i 118 563 1360 ) 2250 A 3040 5 3890 N 4690
EpiPen 0.3 mg | 33 (109) 81.3 (79.2) 398 (73.9) 963 (70.5) 1630 (68.1) 2260 (64.7) 3000 (62.2) 3720
Epinephrine 94.9 0 294 9 587 909 N 1210 1350 1870
T™M 0.3 mg Wi | aesy | ooy | wse | O | os | BT ] mes | 120 (g3 | PO
pAUC (min*pg/mL)
T AUCo20min AUCo-30min AUCo45min AUCo-60min AUCo-120min AUC-360min AUC0-360min
Treatment N
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo, mean Geo. mean Geo,
(%CV) | mean | (%CV) | mean | (%CV) [ mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
3600 6840 11700 15700 26300 43700 27900
- ) / 2
ARS-12.0mg | 42 (89.3) 2590 (84.5) 4880 (83.2) 8160 (82.7 10900 (80.3) 18900 (68.9) 34700 (69.7) 22400
. < 6190 9040 13000 a 15800 21200 31400 15600 o
EpiPen 0.3 mg | 35 (59.9) 5030 (55.4) 7620 (28.0) 11300 (452) 13900 (42.6) 19100 (36.4) 29200 (37.9) 14400
Epinephrine 2550 4140 . 7210 ) 10500 o 18200 . 29400 5 18900
IM 0.3 mg W ggay | P70 wee | M| ey | 70 | ey | Y0 | e | PO aney | 2P0 (a4 | 1TI0
Table 16 Epinephrine Partial AUCs, by Treatment — Part 2 (Primary Population)
pAUC (min*pg/mL)
T AUCo-2min AUCs-4min AUCo-6min AUCo-8min AUCo-10min AUCo125min AUCo-15min
reatment N
mean Geo. mean Geo mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.
(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
ARS-12.0 mg 83.8 4 e 213 403 - 674 ) 1030 1700 2460
(L/R) 6 (88.8) 643 (91.1) 160 (92.00 208 (92.2) 487 (86.4) 746 (89.3) 1200 (83.4) 1750
ARS-12.0mg | , 64.4 ) 167 N 305 5 504 788 - 1470 2530
(R/R) B sy | T | esey | 138 oy | B0 g | ¥ @ | 09 e | 190 | o1y | 1720
EpiPen 0.3 mg 156 596 1290 A 2010 ron 2710 3650 el 4830
(L/R) T aze | 33 aos | B | saw | 2 ] grs | B0 s | 0] 613y | B0 | e2ay | 3B
pAUC (min*pg/mL)
AUC-20min AUCs30min AUCo45min AUCo-60min AUCo-120min AUC-360min AUC60-360min
Treatment N
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.
(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
ARS-12.0 mg 4260 9110 9 17000 23900 41300 . 72900 y 48900 | |
(L/R) 36 (71.6) 3170 70.7) 6920 (69.5) 13100 70.2) 18300 (72.6) 31900 @L1) 60400 (66.7) 40100
ARS-12.0 mg n 5430 aey 12000 21500 < 29800 51200 i 85700 ) 55800 A
(R/R) 38 (95.9) 3540 (90.1) 8070 (81.6) 15200 79.0) 21300 a7 38800 61.7) 69000 63.7) 44600
EpiPen 0.3 mg | . 7350 12000 18800 24200 33600 50000 | 25900
(L/R) 37 (56.7) 6090 (52.7) 10300 (47.0) 16600 42.9) 21800 TS 30700 (38.5) 46400 (50.8) 22800

Comparative Bioavailability — Part 1 (Primary Population)

Epinephrine Exposure: ARS-1 resulted in Cmax values that were 38% lower compared to EpiPen and
26% higher compared to Epinephrine IM injection. Total exposure after ARS-1 (based on AUClast) was
17% higher compared to EpiPen and 30% higher compared to Epinephrine IM injection.

Tmax: Median tmax following ARS-1 was significantly longer than following EpiPen. There was no

significant difference between ARS-1 and Epinephrine IM injection.
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Table 17 Statistical Analysis of the Natural Log-Transformed Systemic Exposure Parameters
after Administration of ARS-1 2.0 mg IN, EpiPen 0.3 mg, and Epinephrine Injection 0.3 mg
IM — Part 1 (Primary Population)

T‘?SSt el Geometric Mean* | Ratio (%)" 90% CI* o valuet ANOVA

Reference t Variable | Test Ref (Test/Ref) Lower Upper CV%

Cunax 340 548 62.12 48.69 79.26 0.0017 68.98

AUCq., 56.4 83.4 67.63 53.87 84.91 0.0055 63.59

AUCos 262 1020 25.71 19.39 34.09 <0.0001 82.83

ARS-1 AUCo.10 704 2450 28.77 21.69 38.15 <0.0001 82.87

Ep::‘en AUCo230 4880 8190 59.63 46.71 76.12 0.0007 69.18

AUCo.60 10900 14700 74.38 59.29 93.3 0.0328 63.32

AUCo.120 18900 19500 96.82 78.33 119.67 0.8001 58.52

AUC st 34400 29300 117.27 97.34 141.28 0.1586 50.57

Cinax 340 270 126.21 100.38 158.69 0.0945 68.98

AUCo2 56.4 68.8 81.93 66.16 101.47 0.1249 63.59

ARS-1 AUCos 262 391 66.99 5138 8734 | 0.0141 82.83

Vs AUCo.10 704 837 84.12 64.51 109.69 0.2812 82.87

. M . AUCo30 4880 3310 147.62 117.34 185.71 0.0061 69.18
Epinephrine

Injection AUCo.60 10900 8980 121.65 98.31 150.55 0.1297 63.32

AUCo.120 18900 16300 115.93 94.99 141.48 0.2203 58.52

AUChas 34400 26400 130.42 109.47 155.38 0.0137 50.57

Comparative Bioavailability — Part 2 (Primary Population)

Epinephrine Exposure: ARS-1 (R/R) resulted in Cmax values that were 7% higher compared to EpiPen
and 13% higher compared to ARS-1 (L/R). The total exposure after ARS-1 (R/R) (based on AUClast)
was 45% higher compared to EpiPen and 14% higher compared to ARS-1 (L/R). Epinephrine Cmax and
AUClast after ARS-1 (L/R) was 6% lower and 27% higher compared to EpiPen.

Tmax: Median tmax following both ARS-1 (R/R) and ARS-1 (L/R) was significantly longer than
following EpiPen. There was no significant difference between ARS-1 (R/R) and ARS-1 (L/R).
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Table 18 Statistical Analysis of the Natural Log-Transformed Systemic Exposure Parameters
after Administration of ARS-1 2 x 2.0 mg IN (R/R), EpiPen 2 x 0.3 mg (L/R), and ARS-1 2 x
2.0 mg IN (L/R) — Part 2 (Primary Population)

3 a ] 0/ \b o, [
Tf:t Dependent Geometric Mean Ratio (%) 90% CI — ANOVA
; - ()
Reference Variable Test Ref (Test/Ref) | Lower Upper CV%
Conax 621 655 94.82 74.89 120.05 0.7082 65.3
AUCo., 64.2 85.0 75.48 59.14 96.34 0.0587 67.74
ARS-1 (L/R) | AUCqs 298 848 35.15 26.14 47.27 <0.0001 86.79
Vs AUCq 10 750 2020 37.11 28.21 48.81 <0.0001 78.3
EpiPen (L/R) | AUCo10 6950 10500 66.33 51.02 86.24 0.0112 74.17
AUCo.60 18300 21900 83.44 65.06 107.01 0.2291 69.63
AUCo.120 31700 30800 102.77 81.58 129.48 0.844 63.71
AUC 59500 46700 127.42 104.31 155.64 0.0474 539
Crax 701 655 106.88 84.75 134.79 0.6338 65.3
AUCo2 54.9 85.0 64.58 50.81 82.08 0.0034 67.74
AUCqs 238 348 28.01 20.93 37.48 =0.0001 86.79
ARS-1 (R'R) - — —
AUCq.10 587 2020 20.03 22.17 38.01 <0.0001 78.3
Vs
AUCo.30 8080 10500 77.14 59.6 99.84 0.098 7417
EpiPen (L/R)
AUCo.50 21100 21900 96.09 75.24 122.73 0.7868 69.63
AUCo.120 38200 30800 124.02 98.82 155.65 0.1186 63.71
AUC s 67800 46700 145.29 119.35 176.88 0.0023 53.9
Crax 701 621 112.72 80.13 142.55 0.398 65.3
AUCq. 54.9 64.2 85.56 67.11 109.09 0.2881 67.74
AUCo.s 238 298 79.67 59.34 106.97 0.2026 86.79
ARS-1 (R'R) - — — — -~ —
AUCo.10 587 750 78.23 59.55 102.76 0.138 78.3
Vs
ATUC030 8080 6950 116.29 80.55 151.01 0.3388 7417
ARS-1 (L/R)
AUCo.60 21100 18300 115.17 §9.91 147.53 0.3449 69.63
AUCo.120 38200 31700 120.68 95.89 151.86 0.1772 63.71
AUC 5 67300 59500 114.03 93.44 139.16 2754 53.9

A two-part, crossover PK study of epinephrine after single and repeat administration of intranasal ARS-
1 or epinephrine injection to healthy subjects was performed to assess comparative bioavailability of
epinephrine after ARS-1 (2.0 mg), with EpiPen 0.3 mg epinephrine and IM injection 0.3 mg
epinephrine (needle and syringe) in healthy volunteers under fasted conditions. ARS-1 2.0 mg C max
values (481 pg/mL) was 38% lower compared EpiPen (612 pg/mL) and 26% higher compared
Epinephrine IM (309 pg/mL). Epinephrine exposure after ARS-1 2.0 mg administration was the highest
(43500 min*pg/mL) compared to other formulation tested (EpiPen (30900 min*pg/mL), and
Epinephrine injection IM (29000 min*pg/mL)). Total exposure measured by AUC last, was 17% higher
with ARS-1 compared to EpiPen and 30% higher compared to Epinephrine IM injection.

A second dose administration in the same and opposite nostril showed an increase of Cmax (ARS 1
(L/R) - 805 pg/mL and ARS-1 (R/R) - 946 pg/mL. The mean Cmax after second dose of EpiPen was
719 pg/mL. C max values were not significant different between treatment groups of twice dosing.
Total exposure (AUC last) after ARS-1 (R-R) was 45% higher compared to EpiPen and 14% higher

compared to ARS-1 (L/R).
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EPI 16. A Four-Treatment, Partially Randomized, Crossover Study of the Bioavailability and
Pharmacokinetics of Epinephrine After Administration of ARS -1 or Epinephrine Injection in
Subjects with Allergic Rhinitis (EPI 16).

Pharmacokinetic Results

Figure 26 Mean Epinephrine Concentration-Time Profiles (Primary Population)
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Noncompartmental Analysis

Table 19 Summary Statistics of Epinephrine Pharmacokinetic Parameters — Primary

Population
tmax (Min) Cunax (pg/mL) AUCast (min*pg/mL)
Treatment N median
(range) mean (%CV) Geo. mean mean (%CV) Geo. mean

20.0 491 37100
ARS-12.0 mg 36 (2.00-120) (65.2) 386 (66.1) 29400
ARS-1 2.0 mg 6.00 309 23500
with rhinitis | 5> | (2.00-90.0) (66.2) 260 (©9.1) 19700
Epinephrine 45.0 283 27700
IM 0.3 mg 3 (4.00 — 60.0 (54.9) 245 (37.5) 25900
Epinephrine 45.0 452 . 42400 N
IM 0.5 mg 3 (4.00 — 360 (81.1) 346 (40.2) 39400

Table 20 Epinephrine Partial AUCs, Sorted by Treatment — Primary Population

AUC (min*pg/mL)
Treatment N AUCo-2min AUCo-4min AUC06min AUCo-8min AUCo-10min AUCo-125min AUCo-15min
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.
(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) [ mean | (%CV) | mean | (%CV) | mean
) 77.1 201 391 N 688 1060 1630 2270 y
ARS120mg |36 | gy | 564 | gro | 199 @1o) | B | oo | 46 | ooy | 8 @56 | W70 | a5 | 1640
ARS-12.0 mg 218 584 946 1300 a 1660 p 2100 y 2520 5
withrhinitis | > | (766) | ¢ | 666) | 0 | 5735 | MO | 555 | B0 | 554y | WO | sany | 1390 | (56 | 2200
Epinephrine " 739 229 480 767 1060 N 1410 " 1760
IM 0.3 mg S wagy | 0 @y | ™ | qin |2 @ | e | 7P| qoy | 190 ] (qos | 120
Epinephrine 69.5 y 293 679 y 1090 04 1480 95 1970 2460
IM 0.5 mg @y |2 e | 22 ] sy | PO azey | s | | a2e | B gy | 1680
PAUC (min*pg/ml.)
Treatment N AUCo-20min AUCo-30min AUCo-45min AUComin AUCo-120min AUCo-360min AUCs0-360min
mean Geo. | mean Geo. mean Geo. | mean Geo. | mean Geo. mean Geo. | mecan Geo.
(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) [ mean | (%CV) | mean | (%CV) | mean
3630 6400 . 10200 13400 22200 38700 25000
- 2 o] 74 3
ARS-12.0 mg 36 (187) 2700 67.1) 5120 (62.4) 8240 (62.1) 10700 (65.7) 17600 (62.2) 32100 (76.8) 19800
ARS-12.0mg | , 3270 4490 6080 7620 12500 24300 16600 9
with rhinitis 33 (643) 2800 (69.6) 3800 2.1 5140 (75.8) 6380 (77.6) 10300 (66.1) 20700 (65.1) 13900
Epinephrine 2490 4150 5 7060 < 9920 < 16500 49 28300 18400 y
1M 0.3 mg 31 24y | B2 | 600y | 3P0 | 617y | 00| 579y | 350 | esy | MO0 | 360y | 20000 | (36.4) | 17200
Epinephrine 3420 44 5870 10600 " 15300 26100 | 42400 | L44, 27100 <
M 0.5 mg S gon | 290 gae) | 0] oy | B0 ] eas) | 1200 sasy | 20| oy | 0] o) | 200

Comparative Bioavailability

Statistical analyses of the PK parameters between treatments for the primary population are presented
in Table 21. (normal nasal conditions) and Table 22 (rhinitis). Statistical analyses of the PK parameters

of ARS-1 2.0 mg under normal nasal conditions versus rhinitis are presented in Table 23.
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Table 21 Statistical Analysis of the Pharmacokinetic Parameters after Administration of ARS-
1 2.0 mg IN (Normal Nasal Conditions) and Epinephrine IM (0.3 mg and 0.5 mg) — Primary

Population

Dependent Eenntdii vz Ratio (%) © % @I ¢ | ANOVA
LA Variable (Test/Ref) pvalue® | =y,
Test Ref Lower | Upper
Coan 386 248 155.64 | 124.36 | 194.80 | 00015 | 5895
AUCo 564 | 59.1 9539 | 7485 | 121.55 | 07468 | 6455
AUCox 149 181 8200 | 6272 | 10721 | 02218 | 73.07
AUCos 284 353 80.46 | 59.68 | 10849 | 02300 | 83.96
AUCos 476 546 87.09 | 6328 | 11986 | 04739 | 91.70
AUCo10 738 763 96.63 | 70.19 | 133.03 | 0858 | 91.90
ARS-120mgIN  [yiyc 1170 | 1040 | 11297 | 8281 | 154.13 | 05157 | 8839
Epinephri:: 0.3 mg M AUCoss 1640 | 1290 | 126.60 | 9358 | 17128 | 0.1979 | 85.16
AUCo.20 2700 | 1840 | 14649 | 110.61 | 19400 | 0.0263 | 77.44
AUCo.30 5120 | 3290 | 155.68 | 123.63 | 196.03 | 0.0019 | 60.79
AUCous 8240 | 5940 | 13858 | 113.07 | 169.86 | 0.0091 | 52.61
AUCo.0 10700 | 8560 | 12528 | 103.31 | 151.93 | 0.0552 | 49.50
AUCo120 17600 | 14800 | 118.97 | 99.03 | 14293 | 0.1191 | 46.86
AUC s 29400 | 25600 | 115.03 | 95.82 | 13810 | 02060 | 46.73
Coras 386 344 11236 | 89.78 | 140.63 | 03903 | 5895
AUCo. 564 | 542 | 103.99 | 81.60 | 13251 | 0.7893 | 64.55
AUCou 149 201 7391 | 5653 | 96.63 | 0.0641 | 73.07
AUCos 284 433 6550 | 4858 | 8832 | 0.0208 | 83.96
AUCos 476 689 69.09 | 5020 | 9508 | 0.0574 | 91.70
AUCo.10 738 951 7754 | 5632 | 10675 | 0.1894 | 91.90
ARS-120mg IN- [ayc,,s | 1170 | 1300 | 8967 | 6573 | 12233 | 05611 | 88.39
Epinephri;es 0.5 mg M AUCos 1640 | 1670 9788 | 7235 | 13241 | 09063 | 85.16
AUCo.20 2700 | 2430 | 110.79 | 83.66 | 14673 | 0.5459 | 77.44
AUCo.30 5120 | 4430 | 11541 | 91.65 | 14532 | 03043 | 60.79
AUCois 8240 | 8160 | 100.97 | 8238 | 12376 | 09372 | 5261
AUCo.c0 10700 | 12000 | 8939 | 73.71 | 10840 | 03364 | 4930
AUCo.12 17600 | 21800 | 8091 6735 | 9721 | 00582 | 46.86
AUCin 20400 | 38500 | 7637 | 63.62 | 91.69 | 0.0161 | 46.73
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Table 22 Statistical Analysis of the Pharmacokinetic Parameters after Administration of ARS-
1 2.0 mg IN (Rhinitis) and Epinephrine IM (0.3 mg and 0.5 mg) — Primary Population

Test e Ref D\i:":i‘;‘:)el:t Geometric Mean * F({;tei;’t/(gg)b 90% CI ¢ et Ag\(/)';:A
Test Ref Lower | Upper

Cuoas 263 248 106.06 | 84.32 | 13340 | 06711 | 5895

AUCq.2 174 59.1 294.68 | 230.02 | 377.52 | <0.0001 | 64.55

AUCo4 487 181 268.60 | 204.24 | 35324 | <0.0001 | 73.07

AUCo.s 813 353 23071 | 170.00 | 313.11 | <0.0001 | 83.96

AUCos 1130 546 207.16 | 149.49 | 287.08 | 0.0004 | 91.70

AUCo.10 1440 763 188.79 | 136.19 | 261.71 | 0.0017 | 91.90

ARS-12.0mgIN 171055 1840 | 1040 177.35 | 129.12 | 24358 | 0.0035 | 8839
Epinephm:f 0.3 mg IM [AUCo.i5 2200 | 1290 | 170.05 | 124.87 | 231.57 | 0.0053 | 85.16
AUCo20 2800 | 1840 | 15223 | 11424 | 202.86 | 0.0169 | 77.44

IAUCo.30 3830 | 3290 | 11655 | 92.09 | 147.50 | 0.2829 | 60.79

AUCous 5190 | 5940 87.24 7086 | 107.40 | 02781 | 52.61

IAUCo60 6450 | 8560 7531 61.84 | 9171 | 0.0189 | 49.50

AUCou120 10400 | 14800 | 70.35 5832 | 84.86 | 00024 | 46.86

AUChs 19800 | 25600 | 77.65 6442 | 9359 | 00208 | 46.73

Cruax 263 344 76.57 | 60.87 | 9630 | 0.0561 | 5895

AUCo 174 542 32125 | 25076 | 41156 | <0.0001 | 64.55

AUCo.s 487 201 242,09 | 184.08 | 31838 | <0.0001 | 73.07

AUCo.s 813 433 187.81 | 138.39 | 254.89 | 0.0000 | 83.96

AUCo.s 1130 689 16434 | 11859 | 227.74 | 0.0131 | 91.70

AUCo10 1440 951 151.50 | 109.29 | 210.01 | 0.0373 | 91.90

ARS-120mgIN A (Cypss 1840 | 1300 140.76 | 102.49 | 19334 | 0.0767 | 8839
Epincphrine 0.5 mg IM [AUCos 2200 | 1670 | 13146 | 9654 | 179.03 | 0.1444 | 85.16
IAUCo.20 2800 | 2430 | 11514 | 8641 | 15343 | 04166 | 77.44

IAUCo.30 3830 | 4430 86.40 | 6827 | 10934 | 03050 | 60.79

IAUCo.45 5190 | 8160 63.56 | 51.63 | 7825 | 0.0005 | 52.61

AUCo.0 6450 | 12000 | 5373 | 44.12 | 6544 | <0.0001 | 49.50

IAUCo.120 10400 | 21800 | 47.84 | 39.66 | 57.71 | <0.0001 | 46.86

AUChq 19800 | 38500 | 51.55 | 4277 | 62.14 | <0.0001 | 46.73
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Table 23 Statistical Analysis of the Pharmacokinetic Parameters after Administration of ARS-
1 2.0 mg IN Under Rhinitis and Normal Nasal Conditions

: a o c
Test v Ret D\‘;g:;’a (:;: ¢ Geometric Mean '};tei;’t/(;ﬁ; :) 5 90% CI e Ag \(])‘;: A
Test Ref Lower | Upper

Crnax 263 386 08.14 54.69 84.90 0.0047 58.95

IAUCo.2 174 56.4 308.93 243.62 | 391.77 <0.0001 64.55

IAUCo.4 487 149 327.56 251.83 | 426.06 <0.0001 73.07

IAUCo.6 813 284 286.73 213.83 | 384.47 <0.0001 83.96

IAUCos 1130 476 237.87 173.84 | 325.47 <0.0001 91.70

IAUCo.10 1440 738 195.38 142.73 | 267.45 0.0006 91.90

ARS-120mgIN  |AUCo12s 1840 | 1170 | 156.98 | 11572 | 21296 | 00159 | 8839

(Rhinitis) IAUCo.15 2200 1640 134.32 99.84 180.69 0.1018 85.16

vs AUCo20 2800 2700 103.92 78.90 | 136.89 0.8170 77.44

ARS-1 2.0 mg IN AUCo30 3830 5120 74.86 59.73 93.83 0.0358 60.79

AUCo4s 5190 8240 62.95 51.58 76.83 0.0002 52.61

AUCo.c0 6450 10700 60.11 49.77 72.60 <0.0001 49.50

IAUCq.120 10400 17600 59.13 49.41 70.76 <0.0001 46.86

AUCo.60 20800 | 31700 65.66 55.89 77.15 <0.0001 41.30

IAUCg0-360 14000 19600 71.11 58.90 85.86 0.0034 49.10

IAUC 15 19800 29400 67.50 56.44 80.73 0.0004 46.73

A four treatment, crossover study of the bioavailability and PK of epinephrine administrated by ARS -1
or epinephrine injection in subjects with allergic rhinitis was performed.

Mean Cmax after Ars-1 2.0 mg in normal conditions was 491 pg/mL and after ARS-1 2.0 mg in rhinitis
was 309 pg/mL. Mean Cmax after IM epinephrine 0.5 mg was 452 pg/mL and after IM epinephrine 0.3
mg was 283 pg/mL. Median tmax was for ARS-1 2.0 administrated with rhinitis condition 6.0 min and
for Ars-1 2.0 administrated under normal conditions was 20.0. min. Median tmax values were 45.0
minutes for both the 0.3 mg and 0.5 mg IM Epinephrine doses. AUClast was 37100 min*pg/mL for
ARS-1 2.0 mg with normal nasal conditions and 23500 min*pg/mL for ARS-1 2.0 mg with rhinitis.

After ARS-1 2.0 mg administration mean Cmax values caused 56% higher peak exposure compared to
IM Epinephrine 0.3 mg. Under normal nasal conditions, no significant changes in total exposure
between ARS-1 2.0 mg and IM Epinephrine 0.3 mg was observed. ARS-1 2.0 mg during rhinitis
administration caused comparable to Epinephrine 0.3 mg and 0.5 mg Cmax. AUClast after ARS-1 2.0
mg administration during rhinitis resulted in lower exposure compared to IM Epinephrine 0.3 mg.
Cmax was higher following ARS-1 2.0 mg under normal nasal compared rhinitis (Cmax of 386 pg/mL
versus 263 pg/mL). Total exposure to epinephrine (AUClast) was reduced under rhinitis conditions
compared to normal.

EPI1 17 study results
Pharmacokinetic Results

Plasma Concentrations

Mean plasma epinephrine concentrations in the primary population sorted by treatment are presented
in Figure 27 (linear scale).
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Figure 27 Mean Epinephrine Concentration-Time Profiles after Administration of ARS-1 2.0
mg IN and Epinephrine 0.3 mg IM — Linear Scale (Primary Population)
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Pharmacokinetic Parameters
Noncompartmental Analysis

Summary statistics of PK parameters sorted by treatment are presented in Table 24 and Table 25
Summary statistics of epinephrine partial AUCs, sorted by treatment, are presented in Table 26.

Table 24 Summary Statistics of Epinephrine Pharmacokinetic Parameters — Primary

Population

tmax (Min) Comax (pg/mL) AUCast (min*pg/mL)
Treatment N median
mean mean
(range) (%CV) Geo. mean (%CV) Geo. mean
30.0 448 50365
ARS-12.0 mg 32 (10,0 240) (67.1) 342 (55.5) 41077
Epinephrine 0.3 mg IM | 42 (4‘515'(1)20) (635%.%) 274 ?:?%A)r 31085

Table 25 Summary Statistics of Epinephrine Pharmacokinetic Parameters — Subjects with
Nasal Drip (Subjects Excluded from Primary Population)

tmax (Min) Cinax (pg/mL) AUCust (min*pg/mL)
Treatment N median
mean mean
(range) (%CV) Geo. mean (%CV) Geo. mean
30.0 334 35292
ARS-12.0 mg 10 (6.0 60.0) (55.2) 301 (42.7) 32623
Epinephrine 0.3 mg IM N/A
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Table 26 Epinephrine Partial AUCs, Sorted by Treatment — Primary Population

PATC (min*pg/mL)
Treatment N AUCo2min AUCo4min AUC0-6min AUCH-3min AUCo-10min AUCs-12 Smin AUCo-15min
mean Geo, mean Geo, mean Geo. mean Geo. mean Geo, mean Geo, mean Geo,
(% CV) mean (%CY) mean (%CV) mean (%CV) mean (%CV) mean (%CV) mean (%CV) mean
ARS-1 129 91 333 550 792 1069 . 1478 1936 A
2.0 mg Zlass | B Jagn | P G | P | wen | P e |7 sy | ] s |98
Epincphrine 0.3 n 834 207 364 H6s 345 748 <z 1021 1317 <
mg IM 20 sy |8 | seny [ 1T | oy | 285 ] qesy | | s [P0 | ey | T | seny |
PAUC (min*pg/mL)
T N AUCo-20min AUCo-30min AUCo-45min AUCu-60min AUCo120min AUCo-360min AUCso-360min
’ mean Geo. mean Geo. mean Geo. mean Geo. mcean Geo. mcan Geo. mean Geo.
(%CV) mean (%CV) mean (%CV) mean (%CYV) mean (%CV) mean (%CV) mean (%CV) mean
ARS-1 3128 y 6213 ' 11006 e 15678 & 28767 5, 50412 A1dc 34734 5
2.0 mg 32 (75.3) 2340 (692) 4799 (64.8) 8558 (61.9) 12215 (50.4) 22663 (55.2) 41457 (59.0) 28218
Epinephrine 0.3 a0 2057 " 4136 NG 7677 <q, 10907 19525 q 33642 N 22735 ”
mg 1M 42 79.0) 1549 (75.6) 3095 75.2) 5803 (69.7) 8585 (51.0) 17397 @0.1) 31446 G73) 21212

Comparative Bioavailability
Statistical analyses of the PK parameters between ARS-1 2.0 mg and Epinephrine 0.3 mg IM are
presented in Table 27.

Table 27 Statistical Analysis of the Pharmacokinetic Parameters after Administration of ARS-
1 2.0 mg IN and IM Epinephrine 0.3 mg IM — Primary Population

Test v Ref Dv;“ia;ﬂe In-transformed Geometric Mean * 1?:2&/(;/3_; 90% Cl1¢ pvalue A&\':?"‘;A
Test Ref Lower Upper .

Conas 335.981 262.635 127.9 97.12 168.50 0.1400 73.6

AUC. 91.498 66.513 137.6 111.88 169.15 0.0137 50.0

AUCos 226931 151,928 149.4 117.53 189.83 0.0079 59.4

AUCos 379.653 256.521 148.0 114.15 191.89 0.0155 65.8

AUCos 550.846 381.548 1444 109.8 189.82 0.0297 70.7

AUCq.0 739.628 527.183 1403 107.06 183.86 0.0416 69.6

ARS-12.0 mg AUCh125 1011.254 729.055 138.7 105.31 182.69 0.0525 715
Emnephri;: 03mgiM | AUCos 1320572 949,055 140,1 105,48 186,07 0.0525 74.4
AUCo.0 2234.207 1500239 143.9 110.93 199.93 0.0285 78.5

AUCo0 4748.657 2077.097 159.5 118.05 215.51 0.0128 81.1

AUCoss 8512.675 5524213 154.1 113.77 208.73 0.0213 82.4

AUCos0 12052.955 8129951 1483 110.13 199.57 0.0315 80.5

AUCq 120 22243.095 16575.853 1342 103.88 173.34 0.0602 67.5

AUCy, 39382474 29498 498 1335 108.50 164.27 0.0242 521

Two period- crossover study in subjects with type | allergies was performed to assess PK, PD and
Dosing Errors After Self- Administration of Epinephrine with Intranasal ARS-1 as compared to IM
injection.

In both primary and secondary population no changes between Cmax were observed after ARS-1 2.0
mg and Epinephrine 0.3 mg IM administration. In both populations ARS-1 2.0 mg caused greater
exposure compared to epinephrine 0.3 mg IM in timepoints of 10-, 20-, and 45-minutes post-dose.
AUCO-t was greater after ARS-1 2.0 mg administration compared to Epinephrine 0.3 mg IM.

Exclusion of nasal drip subjects did not influence final analysis results. Nasal drip subjects Cmax were
lower compared to subjects without nasal drip, however it was still greater than in subjected
administrated with Epinephrine 0.3 mg IM. Self-administration of ARS-1 2.0 mg resulted in greater
Cmax, more rapid tmax and greater overall exposure (AUCO-t) relative to epinephrine 0.3 mg IM.

Study EPI1 18 results
« To evaluate the safety and tolerability of Eurneffy in subjects as compared to IM 0.3 mg.

Results

A total of 43 subjects were enrolled, with 41 (95.3%) subjects completing the study. Subjects ranged
in age from 24 to 63 years. Nineteen subjects (44.2%) were male, and 24 subjects (55.8%) were
female.
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Sixteen subjects (37.2%) were White; 18 subjects (41.9%) were Black or African American; six
subjects (14.0%) were Asian; and three subjects (7.0%) were American Indian or Alaska Native. Six
subjects (14.0%) were Hispanic or Latino and 37 subjects (86.0%) were not Hispanic or Latino.

Pharmacokinetic Parameters — Primary Analysis

Under normal nasal conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean Cmax of 1064 pg/mL
and a mean AUClast of 68230 min*pg/mL and IM 0.3 mg twice resulted in mean Cmax of 420 pg/mL
and a mean AUCIlast of 37311 min*pg/mL. Median tmax values were 20 minutes for Eurneffy 2.0 mg
twice (R/L) and 55 minutes for IM 0.3 mg twice.

Under rhinitis conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean Cmax of 581 pg/mL and
mean AUClast of 35723 min*pg/mL and Eurneffy 2.0 mg twice (R/R) resulted in a mean Cmax of 852
pg/mL and mean AUCIlast of 66424 min*pg/mL. Under rhinitis conditions, IM 0.3 mg twice resulted in
mean Cmax of 495 pg/mL and a mean AUClast of 42821 min*pg/mL. Median tmax values were 15
minutes for Eurneffy 2.0 mg twice (R/L), 20 minutes for Eurneffy 2.0 mg twice (R/R), and 45 minutes
for IM 0.3 mg twice.

Comparative Bioavailability — Primary Analysis

Under normal nasal conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L) resulted in
significantly greater exposure at all timepoints through 60 minutes post-dose. Under rhinitis
conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L) resulted in significantly greater exposure
through 30 minutes post-dose; and Eurneffy 2.0 mg twice (R/R) resulted in significantly greater
exposure through 45 minutes post-dose.

Exploratory PK Analyses

= Baseline adjusted analysis: All key PK parameters were consistent between total epinephrine values
and baseline adjusted values.

= Comparison Using “Responder” Subjects: The PK results based on Responders (TNSS 5+ and
Congestion score 2+) and various nasal conditions were similar to what was observed in the Primary
analysis, which was based on all subjects.

« Median and Geometric Mean analysis: Key PK-time profiles and parameters were consistent among
mean, median, and geometric mean.

Supportive studies

EPI 04. A Five-Treatment, Partially Randomized Crossover Study of the Bioavailability and
Pharmacokinetics of Epinephrine After Administration of ARS -1 or Epinephrine Injection in
Subjects with Allergic Rhinitis.

Primary objective was to assess the comparative bioavailability after intranasal (IN) administration of
ARS-1 1.0 mg IN in subjects with induced allergic rhinitis and to evaluate the impact of nasal oedema
and congestion on the absorption of epinephrine. Secondary objectives were to assess the comparative
bioavailability of ARS-1 when administered in subjects under normal conditions to epinephrine injection
administered both by the IM and SC routes and to evaluate the safety and tolerability of ARS-1 1.0 mg
in subjects after IN administration of epinephrine as compared to alternate routes of administration by
IM and SC administration.

Pharmacokinetic Assessments

Pharmacokinetic parameters were calculated without the subtraction of the pre-dose epinephrine
concentrations. The following PK parameters for epinephrine were calculated using non-compartmental
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analysis: Cmax, tmax, AUC(0-t), for the first 60 minutes [AUC(0-60min)], and partial AUC values for
the first 20 minutes after administration of study drug [AUC(0- 10min), AUC(0-15min), AUC(O-
20min)).

Pharmacokinetic Results

Cmax: Under normal conditions, the pharmacokinetic profile of ARS-1 is comparable to Epinephrine 0.3
mg IM and 0.3 mg SC. The mean Cmax values were similar amongst the three products (ARS-1 1.0
mg IN, Epinephrine 0.3 mg IM and Epinephrine 0.3 mg SC), with geometric mean values of 243, 232,
and 214 pg/mL, respectively. The highest value occurred with Epinephrine 0.5 mg IM, with a geometric
mean of and 347 pg/mL.

tmax: ARS-1 1.0 mg IN reached Cmax values sooner compared to the Epinephrine 0.3 mg IM,
Epinephrine 0.3 mg SC, and Epinephrine 0.5 mg IM with median tmax values of 20 minutes following
ARS-1 1.0 mg IN administration and 45 minutes following IM and SC administrations.

AUCO-t : The AUCO-t values followed a similar pattern as seen for Cmax in that the ARS-1 1.0 mg IN
resulted in a similar exposure to the Epinephrine 0.3 mg IM and Epinephrine 0.3 mg SC (25200,
25500, and 28400 minepg/mL, respectively), but the Epinephrine 0.5 mg IM resulted in a notably
higher geometric mean AUCO-t value (42500 minepg/mL).

Partial AUC: A descriptive summarization of the partial AUCs over the initial dosing period for total
epinephrine values is presented in Table 28. During the first 4 minutes post dose, under normal
conditions, ARS-1 1.0 mg IN resulted in a similar exposure to that of the Epinephrine 0.3 mg IM in
terms of the ratios of the Cmax and partial AUC values. Beyond 10 minutes post dose, ARS-1 1.0 mg
IN resulted in noticeably higher partial AUCs, yet the total AUCO-t values were comparable (ratio close
to 100%) between the two products.

Table 28 Epinephrine partial AUCs, sorted by treatment and allergic status — total
epinephrine values

ALIC ALIC ALC ALC ALC AUC ALIC ALC ALIC ALIC ALIC
- w 0-2min 0-4min U-6miin I-8rin O-10min | (-12.5min 0-15min 0-20mnin 0-30mnin 0-4%mnin 0-60min
reatment
Geometric Mean
(% CV}
- 53K 146 271 422 B L) 1330 2110 3060 6490 #5700
ARS-LLOmgIN | 35 1 gy | omay | 84y | 804 | 80 | (A | (e | eed | 63 | 6oy | 638
ARS-1 Lihmu IN P 130 KLt T15 11041 15%4) 22580 2810 3790 5270 G773 TR
with Rhinitis 4= (72.4) [TLR) (60.2) (60.7) (67.4) (6%.8) (7.6 (76.4) (R1.2) [80.8) (787
Fpingphring 1% 33 152 258 366 481 364 THa 1144 2160 44H) 030
0.3 mg TM R TS {120 {130 (142) (135) i125) (117 (105} (#7.2) (69.1) (57.6)
Epinephrine e 40,2 9.0 170 254 370 334 086 Lozo 2020 4180 e8]
pinep S
0.3 mg SC - (R1.4) [RE.6) (9440 {101) 197.6) 197.3) (97.2) (92.6) (76.7) (65.6) (377
Epincphrine 221 115 284 A4 630 924 1180 1790 3030 T30 11300
1 L 4
0.5 mg 1M = 974 (115 2 (111) [1408) (107) (107} (1005} (%6.7) (69.1) (59.5)

Comparative Bioavailability

Compared to administration of ARS-1 1.0 mg IN in the normal state, administration of ARS-1 1.0 mg
IN in the rhinitis stated resulted in Cmax and AUCO-t values that were 133% and 77% of the normal,
respectively.

Compared to the Epinephrine 0.3 mg IM, ARS-1 1.0 mg IN resulted in Cmax and AUCO-t values that
were 104% and 98% of the IM, respectively.

Compared to the Epinephrine 0.5 mg IM product, ARS-1 1.0 mg IN resulted in Cmax and AUCO-t
values that were 68% and 58% of the IM, respectively. Compared to the Epinephrine 0.3 mg SC
product, ARS-1 1.0 mg IN resulted in Cmax and AUCO-t values that were 113% and 88% of the SC,
respectively. Comparative bioavailability of ARS-1 1.0 mg IN versus Epinephrine 0.3 mg IM resulted in
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a ratio % reference for In(AUCO-t/Dose) of 30. Comparative bioavailability of ARS-1 1.0 mg IN versus
Epinephrine 0.3 mg SC resulted in a ratio % reference for In(AUCO-t/Dose) of 27.

Effect of rhinitis:

Rhinitis conditions increased the rate of epinephrine absorption when administered via ARS-1.
Comparison of the allergic state to that of the normal state for the ARS- 1 1.0 mg IN showed that
those subjects with allergic rhinitis reached Cmax earlier, with a median tmax of 10 minutes compared
to the normal state, with a median tmax value of 20 minutes. The geometric mean Cmax value was
greater for subjects with allergic rhinitis (320 pg/mL) as compared to the normal state (243 pg/mL).
The geometric mean AUCO-t values were lower for subjects with allergic rhinitis (19200 minepg/mL)
compared to the normal state (25200 minepg/mL). All parameters were similar between corrected and
uncorrected values.

Table 29 Comparative bioavailability of ARS-1 1.0 mg IN vs epinephrine 0.3 mg IM — total
epinephrine values

Ratio % Upper Lower
PK Parameter Test FormRef Reference 920% CI 20% CI
Calculated Using Total Epinephrine Concentrations
Ln(AUCo/Dosc) Normal: IN 1.0 mg Normal: IM 0.3 mg 30 26 34

Table 30 Comparative bioavailability of ARS-1 1.0 mg IN vs epinephrine 0.3 mg SC — total
epinephrine values

Ratio % Upper Lower
PK Parameter Test FormRef Reference 90% CI1 90% CI1
Calculated Using Total Epinephrine Concentrations
Lin{ AUCo./Dose) Normal: IN 1.0 mg Normal: SC 0.3 mg 27 23 31

Exploratory Pharmacokinetic Analyses

The following exploratory pharmacokinetic analyses were conducted: time to reach and time above 100
pg/mL, baseline corrected pharmacokinetic calculations, dose adjusted analysis, weight adjusted
analysis, bioequivalence.

Time to Reach 100 pg/mL and Time Above 100 pg/m

While the overall exposure for ARS-1 1.0 mg IN was proportionally lower relative to Epinephrine 0.5
mg IM, the time to 100 pg/mL and partial AUC exposures in the first 30 minutes were essentially the
same. Intranasal administration during the allergic rhinitis state appears to shorten the time it takes to
reach 100 pg/mL.

949% of normal subjects and 100% of rhinitis subjects receiving ARS-1 1.0 mg IN reached the critical
plasma concentration of 100 pg/mL within 10 minutes of dosing. In contrast 61% of subjects receiving
Epinephrine 0.3 mg IM, 66% of subjects receiving Epinephrine 0.3 mg SC, and 78% of subjects
receiving Epinephrine 0.5 mg IM reached 100 pg/mL within 10 minutes.

The arithmetic mean time for epinephrine plasma concentrations to reach the 100 pg/mL was found to
be dependent both on allergic state and the product used (3.3.1.1.42). Of the four products
administered in the normal condition, the mean time it took for epinephrine plasma concentrations to
reach the 100 pg/mL level was as follows (from shortest to the longest): 9.68 minutes for ARS-1 1.0
mg IN; 12.6 minutes for Epinephrine 0.5 mg IM; 21.6 minutes for

Assessment report
EMA/328958/2024 Page 69/165



Epinephrine 0.3 mg IM; and 23.6 minutes for Epinephrine 0.3 mg SC. Intranasal administration of
ARS-1 1.0 mg IN in the allergic rhinitis condition appeared to accelerate the absorption of epinephrine,
with the mean time to reach the 100 pg/ mL decreasing from 9.68 minutes in the normal condition to
2.42 minutes in the allergic rhinitis condition.

Table 31 Summary statistics time to reach 100 pg/mL, sorted by treatment and allergic
status

Time to Reach 100 mg/mL (min)
Treatment N
Mean (SD) Minimum Maximum
ARS-1 1LO0mg IN 32 9.68 (7.77) 0.75%9 32.1
ARS-I L0 mg IN with Rhinitis 31 2.42(1.90) 0.207 8.29
Epinephrine 0.3 mg TM 35 21.6(17.8) 0.267 59.2
Epinephrine 0.3 mg SC i3 23.6(17.9) 0.966 81.6
Epinephrine 0.5 mg TM 23 12.6 (11.6) 0.338 47.4

The arithmetic mean for the cumulative time epinephrine plasma concentrations were above the 100
pg/mL level varied both by allergic state and product. Listing the products from longest to shortest,
mean time above 100 pg/mL level was as follows: Epinephrine 0.5 mg IM (148 minutes); Epinephrine
0.3 mg SC (85.1 minutes); ARS-1 1.0 mg IN (78.0 minutes); and Epinephrine 0.3 mg IM (63.3
minutes). All drug products were administered in the normal condition. Intranasal administration of
ARS-1 1.0 mg IN in the allergic rhinitis condition appeared to shorten the meantime plasma
concentrations were above 100 pg/mL from 78.0 minutes in the normal condition to 43.8 minutes in
the allergic rhinitis condition.

Table 32 Summary statistics to time above 100 pg/mL, sorted by treatment and allergic
status

Time Above 100 mg/mL (min)
Treatment N
Mean (SD) Minimum Maximum
ARS-1 1.0 mg IN Normal 35 78.0 (50.7) 0.00 164
ARS-1 1.0 mg IN with Rhinitis 33 43.8(55.5) 0.00 281
Epinephrine 0.3 mg 1M 36 63.3(43.8) 0.00 247
Epinephrine 0.3 mg SC 33 85.1(60.3) 0.00 249
Epinephrine 0.5 mg TM 23 148 (69.5) 48.1 313

Compared to IM or SC injections, a higher percentage of subjects reached 50 pg/mL, 100 pg/mL and
200 pg/mL plasma levels within 10 minutes following administration of ARS-1. Following administration
of ARS-1 1.0 IN, 94% of normal subjects and 100% of rhinitis subjects reached the critical plasma
concentration of 100 pg/mL within 10 minutes of dosing. In contrast only 61% of subjects receiving
Epinephrine 0.3 mg IM, 66% of subjects receiving Epinephrine 0.3 mg SC, and 78% of subjects
receiving Epinephrine 0.5 mg IM reached 100 pg/mL within 10 minutes. This finding is consistent with
the more rapid absorption of ARS-1.

Comparative Bioavailability

All key pharmacokinetic parameters and analyses were consistent between total epinephrine values
and baseline corrected values.

While the baseline corrected values give the same overall results, some statistical power is lost with
the baseline correction. The primary analysis of the study was based on uncorrected plasma levels,
which takes into account the normal variability and fluctuations of endogenous epinephrine.
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Table 33 Comparative bioavailability of ARS-1 1.0 mg vs epinephrine 0.3 mg IM (using total
and baseline corrected epinephrine concentrations)

Ratio % Lower Upper
Dependent Epinephrine Cone Reference 20% CI 2% C1
Total 30 26 34
Ln(AUCq./Doses) - -
Bascline Corrected 32 25 40
Test = ARS-1 1.0 mg IN, Relerence = Epinephrine 0.3 mg IM.

Table 34 Comparative bioavailability of ARS-1 1.0 mg vs epinephrine 0.3 mg SC (using total
and baseline corrected epinephrine concentrations)

Ratio % Lower Upper
Dependent Epinephrine Conce Reference 20% CI 920% C1
Total 27 23 3l
Ln(AUCy/Doscs)
Baseline Corrected 27 20 36

Test = ARS-1 1.0 mg IN, Reference — Epinephrine (0.3 mg SC.

Bioequivalence

The results show that the Ln(AUCO-t) values and corresponding 90% confidence intervals were within
the US FDA bioequivalence acceptance range of 80.0 — 125.0% for the ARS-1 1.0 mg IN and
Epinephrine 0.3 mg IM comparisons. The Ln (Cmax) was very similar between ARS-1 1.0 mg IN and
Epinephrine 0.3 mg IM injection with the upper limit just outside of the acceptance range.

ARS-1 1.0 mg IN versus Epinephrine IM 0.3 mg

Compared to the Epinephrine 0.3 mg IM, ARS-1 1.0 mg IN resulted in a Cmax value of 104% (90% ClI,
85 — 129%) and an AUCO-t value of 98% (90% CI, 86 — 112%) relative to the Epinephrine 0.3 mg IM.
Comparative bioavailability of ARS-1 1.0 mg IN versus Epinephrine 0.3 mg IM resulted in a ratio %
reference for Ln(AUCO-t/Dose) of 30 (90% ClI, 26 — 34%).

ARS-1 1.0 mg IN versus Epinephrine SC 0.3 mg

Compared to the Epinephrine 0.3 mg SC product, ARS-1 1.0 mg IN resulted in a Cmax value of 113%
(90% CI, 90 — 142%) and an AUCO-t value of 88% (90% CI, 76 — 103%) relative to the Epinephrine
0.3 mg SC. Comparative bioavailability of ARS-1 1.0 mg IN versus Epinephrine 0.3 mg SC resulted in a
ratio % reference for Ln(AUCO-t/Dose) of 27 (90% CI, 23 — 31%).

ARS-1 1.0 mg IN versus Epinephrine 0.5 mg IM

Compared to the Epinephrine 0.5 mg IM, ARS-1 1.0 mg IN resulted in a Cmax value of 68% (90% ClI,
55 —85%) and an AUCO-t value of 58% (90% ClI, 48 — 69%) relative to the Epinephrine 0.5 mg IM.

ARS-1 1.0 mg IN versus ARS-1 1.0 mg IN with Rhinitis

Administration of ARS-1 1.0 mg IN in the normal stated resulted in a Cmax value of 133% (90% ClI,
109 —162%) and an AUCO-t value of 77% (90% CI, 66 — 89%) relative to administration in the rhinitis
state.

EPI O7. A Five-Period, Five-Treatment, Randomized Crossover Study of the Pharmacokinetics
of Epinephrine After Administration of Intranasal ARS-1 or EpiPen to Healthy Volunteers.

Primary objectives were to assess the comparative bioavailability of epinephrine after intranasal (IN)
administration of ARS-1 (1.0 milligram (mg) with EpiPen (0.3 mg intramuscular [IM] injection of
epinephrine) after both one and two doses in healthy volunteers under fasted conditions, to evaluate
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the comparative pharmacodynamic (PD) response based on pulse and blood pressure (BP) using an
automated blood pressure measuring device between treatment groups.

Secondary objectives were to assess the relative bioavailability of two doses of ARS-1 (1.0 mg
intranasal) given as in the right and left nares, as compared to two doses in the left nares, to evaluate
the safety and tolerability of ARS-1 and EpiPen in healthy volunteers.

Blood samples (4 mL each) were collected at predose each treatment period (at -10 and -5 minutes)
and at 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45, 60, 90, 120, 150, 180, 240, 360 and 480 minutes after
dosing. PD measurements included pulse and BP (systolic and diastolic pressure) on Day O through
Day 4.

Pharmacokinetic Assessments

The following PK parameters for epinephrine were calculated using noncompartmental analysis: Cmax,
tmax, AUC(0-t), for the first 60 minutes [AUC(0-60min)], and partial AUC values for each time point
for the first 20 minutes after administration of study medication [AUC(0-2min), AUC(0-4min), AUC(O-
6min), AUC(0-8min), AUC(0-10min), AUC(0-12.5min), AUC(0-15min), AUC(0-20min)].

Exploratory PK analyses included an analysis of baseline-corrected PK data as well as an assessment of
time to reach a plasma concentration of 100 picograms/millilitre (pg/mL). In addition, an exploratory
PK/PD analyses of epinephrine plasma concentrations versus relevant core laboratory cardiovascular
safety parameters was investigated.

PK sampling time points were based upon the initial study drug administration for the three study arms
that required a second dosing after ten minutes. Actual times by hour/minutes/seconds were recorded.

Pharmacokinetic Results
Pharmacokinetic Parameters

The PK parameters were calculated without the subtraction of the pre-dose epinephrine concentrations.
Exploratory analyses were performed on baseline corrected concentrations and the results
demonstrated no meaningful differences in the comparative results relative to uncorrected results.

Table 35 Summary statistic of epinephrine PK parameters by treatment

_ Conmn pAUCoss PAUCoss — — Fra
Median tms A ] n : igeo. Mean) (median]
Treatment N - (gen. mean) (min*pg/ml.) {min“pg/ml.) - — (geo.mean)
(minutes) (*CV) (% CV) (24CV) (min ||,.;|’Irnl_] (min*pg/mbL) (%CV)
(" CV)
ARS-1 L0 mg - 245 EEH B360 23300 § 0252
IN 33 200 (93.7) (88.3) (84.8) {87.5) 23500 193.5)
ARS-1 L0 mg . N 536 | 3500) 164910 30700 . 0,235
IN twice (LR} | A (102) (95.6) (94.4) {92.3) 46300 194.5)
ARS-1 L0 mg 873 19104 23500 47300 0.287
3 2 410
IN twice (L) | 200 (147) i131) i124) (107) bas00 (86.5)
- il 8270 10300 27000
otH 2 T -
EpiPen 0.3 mg is 240 (GRD) (613 (56.3) 51.2) 271040
EpiPen 0.3 mg | | e 538 13500 184003 48100 ;
5 T ==
twice (L/R) o . (68.6) (66.1) (56.3) {44.1) 4750

Source: Appendix 16.1.13 Pharmacokinetic Report, In-Text Table 2 and Appendix Table 3
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Table 36 Epinephrine partial AUCs, sorted by treatment — total epinephrine values

Source: Appendix 161,13 Pharmacokinetic Report, In-Text Table 2

Comparative Bioavailability and Bioequivalence

Although the mean concentration-time profile suggests a double peak for both treatments, this was not

consistently observed in the concentration-time data for individual subjects and there was considerable
variability in the time to reach maximum epinephrine concentrations.

The mean Cmax after ARS-1 1.0 mg IN was slightly lower than what was observed after EpiPen 0.3

mg, at 245 and 311 pg/mL, respectively. The mean Cmax was approximately proportional between
ARS-1 1.0 mg IN and ARS-1 1.0 mg IN twice (L/R), while the mean Cmax following ARS-1 1.0 mg IN
twice (L/L) was approximately 3.5-times greater than what was observed following ARS-1 1.0 mg IN.

Peak plasma epinephrine levels were achieved faster following ARS-1 1.0 mg IN. The median tmax for

all doses of ARS-1 1.0 mg IN was 20 minutes; the median tmax for EpiPen 0.3 mg was 24 minutes,
and the median tmax for EpiPen 0.3 mg twice was 25.5 minutes. ARS-1 vs EpiPen 0.3 mg IM: Based
on partial AUCs, exposure to epinephrine was lower after ARS-1 1.0 mg IN through approximately 30

min post dose compared to EpiPen 0.3 mg IM.

However, based on AUCs based on data at later times (45 to 480 min), the differences between these

treatments were less pronounced; the geometric mean AUClast was 23300 min*pg/mL after ARS-1 1.0

mg IN and 27000 min*pg/mL after EpiPen 0.3 mg IM.

Assessment report
EMA/328958/2024

Page 73/165

avc | auc | auc | ave | ave | AC | At ave | oauc | oale | oauc
0-2min 0-4min 0-Hmin 0-8min 0-10min . 0-15min ~ 0-20min | 0-30min | 0-45min | 0-00min
Treatment N 12.5min
Geometric Mean
(% CV)
ARS-T1Omg | | 353 143 257 399 608 939 1270 2060 3910 6460 8360
N - (78.9) (87.1) (92.8) {94.0) (94.7) {96.5) (95.2) (90.0) (89.2) (7%.3) (84.8)
ARS-LLOmg | | 639 184 350 367 1030 1790 2520 44%0) 8780 L3500 16900
IN ewice (L/IR) | 77 | (93.2) (95.7) (90.8) (10%) ) (114) (113 (102) (4702) 95.6) (94.4)
f‘NRf"_! ! Ame g | 678 182 338 S8 1030 1910 2961) £ L) 12500 L9100 23500
wlce ? (81.1) (85.0) 93.3) (104) (115) (130 {139 (146} (146 (131 (124
(LiL)
EpiFen 0.3 " 770 242 480 757 1100 1560 1930 2900 3260 8270 300
priename 12 e (126) (128) (1263 (115) (103) (96.5) (830 69.1) 60.2) (56.3)
EpiPen 0.3 mg 16 8.6 252 496 768 1110 1650 2310 4120 8270 | 39D 18400
twice (L/R) (131) { 16%) (182) (178} ( 1ivd) (138) (121) (9¥.4) (Ki).3) (B 1) (56.3)




Table 37 Comparative bioavailability of ARS-1 1.0 mg IN and EpiPen 0.3 mg

Calculations Using Total Epinephrine Plasma Concentrations
Dependent Ratio % Reference Lower 90% C1 Upper 90% C1
Ln(Cmas) 80.06 63.35 101.16
Ln(AUCo-2min) 73.65 55.85 97.11
Ln{ AUCutmia) 59.96 44.49 R0.82
Lo AUChsmia) 54.34 40.03 73.76
Ln{AUCo-8min) 33.55 39.31 72.95
Ln(AUCo-10min) 56.63 4222 75.96
Ln{ AUCo125min) 61.94 46.84 R1.91
Lof{AUCo-15min) 66,606 50.86 87.37
Ln{AUCo-20min) 72.59 56.62 93.05
Ln(AUCo-30min) 75.77 60.48 94,93
Ln(AUCossmin) 79.34 64.17 98.09
Ln{AUCos0min) 84.25 68.57 103.51
Ln{ AUC so-s60min} 107.14 90.45 126.91
Ln(AUCu) 88.35 71.82 108.69
Source: Appendix 16.1.13 Pharmacokinetic Report, In-Text Table 3

ARS-1 1.0 mg IN twice (L/R) vs ARS-1 1.0 mg IN twice (L/L): Based on partial AUCs, exposure was
similar after ARS-1 1.0 mg IN twice (L/R) and ARS-1 1.0 mg IN twice (L/L). However, parameters
based on data collected after the second administration (after 10 min) suggested higher exposure for
the (L/L) treatment. The geometric mean AUCIlast was 39700 min*pg/mL after ARS-1 1.0 mg IN twice
(L/R) and 47300 min*pg/mL after ARS-1 1.0 mg IN twice (L/L).

EpiPen 0.3 mg vs EpiPen 0.3 mg twice: The geometric mean AUClast was 27000 min*pg/mL after
EpiPen 0.3 mg IM and 48100 h*pg/mL after EpiPen 0.3 mg IM twice. Overall, exposure after EpiPen
0.3 mg IM twice was less than 2-fold higher than that after EpiPen 0.3 mg IM. mg was similar for the 3
treatments; the mean Frel was 0.252 after ARS-1 1.0 mg IN, 0.235 after ARS-1 1.0 mg IN twice (L/R),
and 0.287 after ARS-1 1.0 mg IN twice (L/L).

ARS-1 1.0 mg IN versus EpiPen 0.3 mg: From the comparison of ARS-1 1.0 mg IN to EpiPen 0.3 mg
after single doses (Table 38), the geometric mean ratio (ARS-1/EpiPen) was 80.06% for Cmax and
ranged from 53.55 to 107.14% for AUCs. Hence, Cmax was 20% lower for 1.0 mg ARS-1 compared to
0.3 mg EpiPen and partial AUCs at early time points were up to 46% lower. However, the differences
between treatments were less pronounced at later time points. AUC0-60 and AUCO-t were 16% and
12% lower and AUC60- 360 was 7% higher for 1.0 mg ARS-1 relative to 0.3 mg EpiPen.

ARS-1.0 mg twice (L/R) versus EpiPen 0.3 mg twice. From the comparison of 1.0 mg ARS-1 twice
(L/R) to EpiPen 0.3 mg twice (L/R) (Table 39), the geometric mean ratio (ARS-1/EpiPen) was 98.13%
for Cmax and ranged from 70.49 to 108.73% for AUCs. Cmax was comparable between treatments
and partial AUCs at early time points were up to 30% lower for ARS-1 1.0 mg IN twice (L/R). However,
as noted previously in the discussion of the concentration-time data and PK parameters, the
differences between these treatments were less pronounced after the second dose was administered
and the partial AUCs through 12.5 to 30 min were approximately 4 to 8% higher for ARS-1 1.0 mg IN
twice (L/R).

ARS-1.0 mg twice (L/L) versus EpiPen 0.3 mg twice. From the comparison of 1.0 mg ARS-1 twice (L/L)
to 0.3 mg EpiPen twice (L/R) (Table 40), the geometric mean ratio (ARS-1/EpiPen) was 162.04% for
Cmax and ranged from 71.78 to 150.48% for AUCs. Although Cmax was 62% higher for ARS-1 1.0 mg
IN twice (L/L), partial AUCs prior to the second dose were up to 28% lower. After the second dose,
exposure was up to 50% higher for ARS-1 1.0 mg IN twice (L/L) compared to EpiPen 0.3 mg twice
(L/R). Systemic exposure based on AUC60-360 and AUCO-t was similar for both treatments (and not
significantly different based on the 90% confidence intervals within 80 to 125%).
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Table 38 Comparative bioavailability of ARS-1 1.0 mg IN twice (L/R) and EpiPen 0.3 mg
twice (L/R)

Calculations Using Total Epinephrine Plasma Concentrations
Dependent Ratio % Reference Lower 90% C1 Upper 90% CI1
Ln(Cunax) 98.13 77.74 123.87
Ln(AUCo2min) 79.74 60.57 104.98
Lo(AUCo4mia) 72.92 54.19 98.11
Ln(AUCo 6min) 70.49 52.02 95.51
Ln(AUCosmin) 73.72 54.21 100.25
Lo(AUCo-10min) 91.75 68.50 122.87
Ln{AUCo-12.5min) 108.23 81.96 142.92
Lin(AUCo-15min) 108.73 83.07 142.32
L AUCo-20min) 107.75 84.15 137.96
Ln(AUCo30min) 103.89 83.01 130.04
Lin(AUCo-45min) 95.09 76.99 117.46
Calculations Using Total Epinephrine Plasma Concentrations
Dependent Ratio % Reference Lower 90% CI Upper 90% CI
Lin(AUCq-60min) 90.47 73.70 111.05
L.n(AUC0-360min) 90,00 76.04 106.51
Ln(AUCu.) 82.73 67.32 101.66

Source: Appendix 16.1.13 Pharmacokinetic Report, In-"Text T'able 4

Table 39 Comparative bioavailability of ARS-1 1.0 mg IN twice (L/R) and EpiPen 0.3 mg
twice (L/R)

Calculations Using Total Epinephrine Plasma Concentrations

Dependent Ratio % Reference Lower 90% (1 Upper 90% CI
Ln(Couax) 162.04 128.67 204.08
Ln(AUCo-2min) 81.12 61.76 106.54
Ln(AUCo4min) 71.93 53.59 96.53
Ln(AUCo-¢min) 71.78 53.12 97.01
Ln(AUCosmin) 76.21 56.19 103.33
Ln{AUCo-10min) 92,53 69.27 123.59
Ln{AUCo-12.5min) 116.01 88.08 152.80
Ln(AUCo-15min) 128.37 98.32 167.61
Ln(AUCo-20min) 146.06 114.34 186.57
Ln{AUCs-30min) 150.48 120.50 187.93
Ln{AUCo-45min) 137.19 111.30 169.10
Ln(AUCo6imin) 128.12 104.58 156.95
Ln{AUCs0-360min} 95.37 80.71 112.69
Ln{AUCe-) 99.16 80.85 121.62

Source: Appendix 16.1.13 Pharmacokinetic Report, In-Text Table 5

Dose proportionality assessments were based on dose normalised exposure parameters; a
Test/Reference ratio of 100% indicates a proportional change in exposure with a change in dose.

For ARS-1 1.0 mg IN administered as single dose and ARS-1 1.0 mg IN twice (L/R), Cmax and AUCO-
60 increased in an approximately proportional manner for the 2-fold increase in dose; for AUC0-60, the
90% confidence intervals were within 80.00 to 125.00%, meeting the strict criteria for proportionality
as defined in the PK SAP. The increase in AUCO-t was slightly less than dose-proportional.
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For ARS-1 1.0 mg IN administered as single dose and ARS-1 1.0 mg IN twice (L/L), Cmax and AUCO-
60 increased in a greater than proportional manner for the 2-fold increase in dose. The increase in
AUCO-t was dose-proportional and the 90% confidence intervals were within 80.00 to 125.00%,
meeting the strict criteria for proportionality as defined in the PK SAP. For EpiPen 0.3 mg
administration as single dose and EpiPen 0.3 mg twice (L/R), Cmax, AUC0-60, and AUCO-t increased in
a slightly less than proportional manner.

Table 40 Dose proportionality of epinephrine after administration of ARS-1 1.0 mg IN twice
(L/R), ARS-1 1.0 mg IN twice (L/L) and EpiPen 0.3 mg twice (L/R) to single doses

LSMean|LS5Mean|GeoMean|GeoMean| Ratio 90% | 90%
D

Test vs. Ref \e,pe,'"ll;"t a a b b (%) | o1t | cre
aLLLEE Test Ref Test Ref  |(Test/Ref)| Lower | Upper
ARS-1 1.0 mg N [Cree/D 5.47 5.38 237 217 109.26 | 86.46 |138.06
Twice (1/R) vs.  [AUCu.00 min/1D 8.92 8.93 7460 7540 98,99 80.56 | 121.62
Single AUCoq /D 9.78 9.95 17700 | 20900 | 84.75 | 68.89 |104.26
ARS-1 1.0 mg [N [Coa/D 5.97 5.38 391 217 180.42 |142.93(227.74
Twice (L/L) va.  |AUCo0 mn/D 927 8.93 10600 7540 140.18 [114.20|172.08
Single AUCo. /1D 9.96 | 995 | 21300 | 20900 | 101.58 | 82.66 |124.83
Crnn/ D 6.72 6.83 827 928 89.14 | 70.62 |112.51
EpiPen Twice (L/R) [AUCq.60 min/D 10.2 10.3 28200 | 30600 | 92.18 | 75.10 [113.15
vs. Single AUCq, /D 11.2 11.3 73400 | 81100 90.51 | 73.65 |111.22

Source: Appendix 16.1.13 Pharmacokinetic Report, In-Text Table 6

Exploratory Pharmacokinetic Analysis

The following exploratory pharmacokinetic analyses were conducted: Time to reach and time abovel00
pg/mL, Baseline Corrected Pharmacokinetic Parameter Calculation

Time to Reach and Time Above 100 pg/mL

Prior research (Clutter-1980) has indicated that the direct pharmacological responses to epinephrine
are reliably elicited once the epinephrine plasma concentrations reach the threshold plasma
concentration of 100 pg/mL. As such, an exploratory analysis was conducted to determine time to
reach the 100 pg/mL epinephrine concentration for each treatment group.

The median time to reach 100 pg/mL was 8.15 minutes after ARS-1 1.0 mg IN, 6.02 minutes following
ARS-1 1.0 mg IN twice (L/R), 5.32 minutes following ARS-1 1.0 mg IN twice (L/L), 3.66 minutes
following EpiPen 0.3 mg and 4.31 minutes following EpiPen 0.3 mg, twice.

The median time above 100 pg/mL was 56.6 minutes after ARS-1 1.0 mg IN, 124 minutes following
ARS-1 1.0 mg IN twice (L/R), 120 minutes following ARS-1 1.0 mg IN twice (L/L), 57.8 minutes
following EpiPen 0.3 mg and 96.6 minutes following EpiPen 0.3 mg, twice.

The highest maximum time to reach 100 pg/mL (29.8 minutes) was observed following EpiPen 0.3 mg,
twice (L/R). The shortest maximum time to reach 100 pg/mL (15.7 minutes) was observed following
ARS-1 1.0 mg IN twice (L/R).

Comparative Bioavailability and Bioequivalence— Baseline Corrected Values

All key pharmacokinetic parameters and analyses were consistent between total epinephrine values
and baseline corrected values. While the baseline corrected values give the same overall results, some
statistical power is lost with the baseline correction. The primary analysis of the study was based on
uncorrected plasma levels, which takes into account normal variability and fluctuations of endogenous
epinephrine.
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EPI 12: A Four-Period, Four-Treatment, Randomized Crossover Study of the
Pharmacokinetics, Pharmacodynamics and Dosing Errors After Self-Administration of
Adrenaline with Intranasal ARS-1, EpiPen, and Symjepi in Subjects with Type | Systemic
Allergies

This was a Phase 1, single-dose, four-treatment, four-period, randomised crossover study that
consisted of a screening and training period, baseline period, and an open-label randomised treatment
period. The bioavailability of a single dose of IN ARS-1 (1 mg; 0.25% DDM), IN ARS-1 (1 mg; 0.35%
DDM), EpiPen (0.3 mg adrenaline auto-injector) and Symjepi (0.3 mg adrenaline pre-filled syringe)
was assessed after subjects self-administer the products in a clinical setting.

The primary objectives of EPI 12 were as follows: 1) to assess the comparative bioavailability of
adrenaline after self-administration of ARS-1 (1 mg; 0.25% DDM), ARS-1 (1 mg; 0.35% DDM), EpiPen
(0.3 mg adrenaline auto-injector) and Symjepi (0.3 mg adrenaline pre-filled syringe) after self-
administration by subjects who have Type | allergy conditions; and 2) to evaluate the comparative PD
response based on PR and SBP using an automated blood pressure measuring device.

Secondary objectives were as follows: 1) to assess the dosing error rates between the three devices
with self-administration after the first and second use of ARS-1; 2)to evaluate the impact on
pharmacokinetics of critical dosing errors by subjects who self-administer the four products; and 3) to
evaluate the safety and tolerability of ARS-1 (1 mg; 0.25% DDM), ARS-1 (1 mg; 0.35% DDM), EpiPen
(0.3 mg) and Symjepi (0.3 mg) when subjects self-administer the four products.

Pharmacokinetic Measurements: Blood samples (4 mL each) were collected at -10 and -5 minutes
(= 1 minute) after sitting relaxed for at least 20 minutes and before the subject starts the simulation
and self-administration; and at 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45, 60, 90, 120, 150, 180, and 240
minutes after dosing.

The following PK parameters for adrenaline were calculated: Cmax, Tmax, AUCO-xmin: Area under the
plasma concentration-time curve from time-zero to x min post dose, where X is every post-dose time
point through 60 min (i.e. 2, 4, 6, 8, 10, 12.5, 15, 20, 30, 45, and 60 min); AUC60-240min, AUCO-
120min, AUC0-240min, AUClast. The PK parameters were calculated without the subtraction of the
pre-dose adrenaline concentrations.

Pharmacokinetic Results

Due to potential carryover effect of the ARS-1 formulation and enhanced absorption for subsequent
nasal administrations, the PK data (and possibly PD data) acquired in this study may not provide for
accurate conclusions for ARS-1 (0.25% DDM) and ARS-1 (0.35% DDM). The treatment sequences used
in this study have the ARS-1 treatments separated by 3 periods, with administration in Period 1 and
Period 4, in an attempt at minimizing carryover effects. However, post hoc analysis of previous ARS-1
studies has suggested that carryover persists and is often substantial. To eliminate any potential
carryover effect, unless otherwise indicated, the ARS-1 analysis focused on Period 1 data.

Plasma Concentrations and Noncompartmental Analysis.

Summary statistics of PK parameters sorted by treatment (primary population) are presented in Table
41. Summary statistics of adrenaline partial AUCs, sorted by treatment (primary population) are
presented in Table 42.
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Table 41 Pharmacokinetic Parameters of Total Adrenaline — Effect of Treatment

(o (min) Crax (pg/l’l’lL) AUCast (min*pg/mL)
Treatment N median
(range) mean (%CV) Geo. mean mean (%CV) Geo. mean

Primary Population
ARS-1 1.0 mg
IN0.25% DDM | 18 34'51 %)00 Tl 187(54.6) 161 16800 (68.0) 14600
Period 1
EpiPen 0.3 mg | 29 15'01%00 Tl 458(52.3) 389 23400 (38.7) 21800
Symiepi 0.3 mg | 34 30'80(46)00 T 391528 334 22600 (36.6) 19900
ARS-1 1.0 mg
IN035%DDM | 17 | 210E00- 1 500 o6 152 15600 (84.3) 11100

: 90.0)
Period 1
Secondary Population
ARS-1 1.0 mg
IN025%DDM | 18 | 43200 g0 546 161 16800 (68.0) 14600

: 120)
Period 1
EpiPen0.3mg | 36 8'001 g;l)oo " | 629(68.6) 493 24400 (38.4) 22600
Symiepi 0.3 mg | 36 30'8(540'?0 T 438 (64.6) 359 23500 (39.1) 20600
ARS-1 1.0 mg 215 (6.00 -
IN0.35% DDM | 18 228 (74.8) 162 18200 (91.8) 12200
Period 1 20.0)

Source: EPI 12 PK Report, In-Text Table 2, Appendix Tables 3¢ and 3d

Table 42 Adrenaline Partial AUCs — Effect of Treatment (Primary Population)

pAUC (min*pg/mL)

AUCu-2min AUCo-4min AUCo-6min AUC-smin AUCo-10min AUCo-12.5min AUCo-15min
Treatment N

mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.

(%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
Primary Population
ARS-1 1.0 mg
IN0.25% DDM | 18 76.1 164 262 375 510 721 977
Period 1 (65.2) 59.7 (66.4) 127 (69.9) 204 (64.1) 308 (57.3) 436 (52.9) 629 (52.6) 854
EpiPen 0.3 m 29 551 1050 1530 1990 2530 3090
b 166 (80) | 124 (83.9) 380 (80.2) 709 (71.5) 1080 | (64.4) 1450 (58.6) 1910 | (57.1) | 2370
Symicpi 0.3 me | 34 390 672 977 1290 1680 2080
SYmJEp oS mg 14893) | 108 | (91.9) | 280 (83.7) | 478 (77) 703 | (72.5) | 937 (70.3) | 1240 | (69.4) | 1540
ARS-1 1.0 mg
IN 0.35% DDM | 17 118 267 463 697 949 1280 1620
Period 1 (103) 78.8 (87.1) 190 (79.3) 323 (79.7) 467 (80.5) 026 (78.7) 854 (77.3) 1100

PAUC (min*pg/mL)
AUCo-20min AUCo-30min AUCo-4smin AUCo-60min AUCo-ns AUCa-200 AUCs0-240
Treatment N

mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.

(%CV) | mean | (%CVY) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean | (%CV) | mean
Primary Population
ARS-1 1.0 mg
IN 0.25% DDM | 18 1550 2840 4870 6580 11700 17100 10500
Period 1 (31) 1350 (44.9) 2530 (43.8) 4360 (47.1) 5860 (60.6) 10300 (65.8) 15100 | (83.4) 8BRS0
EpiPen 0.3 m 29 4360 7140 10900 13500 18600 23600 10100
pren .o me (59.1) | 3350 | (56.8) 5660 (53.8) | 9030 | (52.2) | 11500 [ (46.1) | 16700 | (37.7) | 22100 | (42.8) | 9320
Symicni 0.3 34 3050 5650 9710 12400 18100 23400 11000
Symjepio.img | (67.8) | 2200 | (61.3) | 4400 | (53.5) | 8100 | (49.3) | 10600 | (38.1) | 16900 | (30.9) | 22400 | (342) | 10300
ARS-1 1.0 mg
IN 0.35% DDM | 17 2280 3460 5210 7170 12200 17200 10000
Period 1 (75.1) 1580 | (69.3) | 2540 (65.7) | 4000 | (63.7) 5730 (78) 9580 (73.4) | 13900 | (88.4) | 7420

Source: EPI 12 PK Report, Appendix Table 4¢

Comparative Bioavailability

Statistical analysis of the PK parameters for ARS-1 vs EpiPen are presented in Table 43; ARS-1 vs
Symjepi are presented in Table 44, and ARS-1 0.35% DDM vs ARS-1 0.25% DDM are presented in

Table 45.
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Table 43 Statistical Analysis of the Natural Log-Transformed Systemic Exposure Parameters
of Adrenaline after Administration of EpiPen 0.3 mg (Reference, ARS-1 0.25% DDM, and

ARS-1 0.35% DDM

Primary Secondary
Test vs. Dependent
Reference Variable [ o (%) | 90% CI® | 90% CI® Ratio (%)* | 90% CI® | 90%CI"

(Test/Ref) Lower Upper prralues (Test/Ref) Lower Upper paralucy

Conn 43.35 31.70 59.28 <0.0001 34.46 25.29 46.96 <0.0001

AUCo201in 40.53 29.27 56.12 <0.0001 32.94 24.17 44.87 <0.0001

AUCq4min 27.81 19.96 38.76 <0.0001 20.59 14.69 28.87 <0.0001

AUC.6min 24.28 17.48 33.74 <0.0001 18.04 12.79 25.45 <0.0001

AUCqsmin 25.09 18.14 34.71 <0.0001 19.21 13.72 26.91 <0.0001

AUC.10min 27.19 19.61 37.71 <0.0001 2140 15.36 29.82 <0.0001

ARS-1 1.0 mg, AUCq.i25min 31.37 22.46 43.82 <0.0001 25.22 18.13 35.08 <0.0001
(gezrf:‘/; P{E’nﬁ) AUCo 50nin 35.78 25.40 50.41 <0.0001 29.19 20.95 40.66 <0.0001
Vs AUCo20min 42.19 29.67 59.99 0.0001 34.99 25.10 48.78 <0.0001
EpiPen 0.3 mg [AUC)30min 49.37 35.05 69.55 0.0011 42.05 30.66 57.67 <0.0001
AUCo.45min 56.78 41.90 76.96 0.0029 50.41 38.27 66.41 <0.0001

AUC60min 59.93 45.74 78.53 0.0025 55.08 43.16 70.28 0.0001

AUC.120min 69.11 56.00 85.28 0.0048 66.33 54.64 80.53 0.0008

AUCh240min 75.46 62.38 91.28 0.0164 73.86 61.86 88.19 0.0058

AUC0-240min 99.24 78.53 125.40 0.9566 111.33 87.58 141.52 0.4583

AUCh 69.96 50.77 96.41 0.0677 69.39 52.17 92.29 0.0362

Coen 36.46 26.76 49.68 <0.0001 3161 23.19 43.07 <0.0001

ARS-1 1.0 mg, |AUCs2min 64.51 46.74 89.04 0.0267 51.98 38.15 70.82 0.0008
0.35% DDM  |AUCy_min 51.27 36.91 71.21 0.0012 38.63 27.56 54.15 <0.0001

(Period 1 only)

vs AUCo-min 46.09 33.28 63.83 0.0002 34.07 24.15 48.05 <0.0001
EpiPen 0.3 mg [AUCq.suin 42.93 31.13 59.20 <0.0001 32.36 23.11 4533 <0.0001
AUC.10min 41.91 30.31 57.94 <0.0001 32.29 23.18 45.00 <0.0001

AUC.12.5min 42,51 30.53 59.18 <0.0001 33.45 24.05 46.53 <0.0001

AUCq. 15min 43,15 30.74 60.58 0.0001 34,67 24.88 48.30 <0.0001

AUC.20min 42.62 30.09 60.37 0.0001 35.68 25.59 49.73 <0.0001

AUC.30min 39.19 27.93 55.01 <0.0001 35.20 25.67 48.27 <0.0001

AUC.45min 36.56 27.07 4938 <0.0001 35.37 26.85 46.60 <0.0001

AUCo.60min 42.15 32,05 55.43 <0.0001 41.75 32.54 53.57 <0.0001

AUC-120min 50.21 40.57 62.15 <0.0001 52.23 42.83 63.68 <0.0001

AUC . 240min 56.44 46.54 68.44 <0.0001 59.31 49.48 71.09 <0.0001

AUC 60240min 73.88 58.28 93.66 0.0372 84.76 66.33 108.30 0.2644

AUCH 48.43 35.28 66.49 0.0003 50.25 37.78 66.83 0.0001

Source: EPI 12 PK Report: in-text Table 7,
a: Ratio (%) = Geometric Mean (Test)/Geometric Mean (Ref); b 90% CI; ¢ p-value for the difference in the treatment_id estimates; Significant difference defined a priori as p < 0.05
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Table 44 Statistical Analysis of the Natural Log-Transformed Systemic Exposure Parameters
of Adrenaline after Administration of Symjepi 0.3 mg (Reference, Treatment C), ARS-1
0.25% DDM (Treatment A), and ARS-1 0.35% DDM (Treatment D)

Test vs. Dependent Primary Secondary
Reference Variable [ tio (%) | 90%CI® | 90% C1® - | Rratioey | 9%t | eowcr® .
(Test/Ref) Lower Upper p-value (Test/Ref) Lower Upper p-value
Cruan 50.78 37.82 68.18 0.0003 47.29 34.70 64.44 0.0001

ARS-1 1.0 mg, |AUCq20in 4927 36.30 66.87 0.0003 4737 34.77 64.55 0.0001

(Se%fo‘z IDD'?III‘;) AUCo-smin 40.03 29.33 54,64 <0.0001 36.98 2639 51.84 <0.0001

v IAUCs s 38.24 28.11 52.02 <0.0001 34.82 24.68 49.11 <0.0001
Symijepi 0.3 mg [AUCy.smin 4075 30.08 5522 <0.0001 37.11 26.49 51.97 <0.0001
AUCo-10min 44.60 32.84 60.59 <0.0001 40.81 29.29 56.86 <0.0001

AUCo. 12 5min 50.92 37.23 69.65 0.0007 46.85 33.68 65.17 0.0003
AUCo.15min 57.42 41.64 79.18 0.0055 53.07 38.09 73.94 0.0022
AUC).20min 63.88 45.91 88.88 0.0270 59.42 42.62 82.83 0.0110
AUC.30min 64.75 46.93 89.35 0.0278 60.88 44.40 83.49 0.0108
AUCq.45min 63.68 47.86 84.71 0.0105 60.84 46.18 80.15 0.0037
AUCo-s0min 65.21 50.60 84.04 0.0066 62.97 49.35 80.35 0.0023
AUC-120min 68.55 5627 83.50 0.0022 67.34 55.47 81.76 0.0011
AUCo-240min 74.52 6233 89.10 0.0079 73.71 61.73 $8.00 0.0055
AUC0-240min 90.29 72.49 112.45 0.4397 93.48 73.53 118.82 0.6406

AUCHs: 76.94 56.84 104.15 0.1533 76.14 57.25 101.27 0.1157

Conax 271 3135 58.19 <0.0001 4337 31.83 59.11 <0.0001
AUCo2min 78.43 56.82 108.24 0.2125 74.77 54.87 101.87 0.1216
AUCo-4min 73.79 53.13 102.49 0.1275 69.37 49.49 97.24 0.0754
AUCq.omin 72.57 52.40 100.51 0.1053 65.72 46.60 92.70 0.0457
AUCo.5min 69.72 50.56 96.16 0.0658 62,51 44.63 87.55 0.0230
AUC-10min 68.74 49.72 95.04 0.0580 61.59 44.20 85.81 0.0174

ARS-1 1.0 mg,

035% DOM . AUC-12 50ia 69.00 49.56 96.07 0.0659 62.14 44.68 86.44 0.0189
(Period 1 only), [AUCq.15min 69.24 4933 97.20 0.0753 63.03 45.24 87.82 0.0233
Symjc;’ism mg [\UCu0mn 64.53 45.55 91.41 0.0398 60.58 43.45 84.44 0.0142

AUC.30min 51.40 36.62 72.14 0.0017 50.96 37.16 69.88 0.0007
AUCo45min 41.00 30.24 55.61 <0.0001 42.69 3231 56.40 <0.0001
AUCos0min 45.86 34.74 60.54 <0.0001 47.74 37.11 61.41 <0.0001
AUCo.120min 49.81 40.12 61.83 <0.0001 53.02 4339 64.79 <0.0001
AUC.240min 55.73 45.84 67.77 <0.0001 59.19 4928 71.08 <0.0001
AUC0-2:0min 67.22 52.85 85.49 0.0077 71.17 5555 91.17 0.0252
AUC) 53.26 38.80 73.12 0.0015 55.14 41.46 7334 00009

Source: EPI 12 PK Report: in-text Table 8,
a: Ratio (%) = Geometric Mean (Test)/Geometric Mean (Ref); b 90% CI; ¢ p-value for the difference in the treatment_id estimates; Significant difference defined a priori as p < 0.05
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Table 45 Statistical Analysis of the Natural Log-Transformed Systemic Exposure Parameters
of Adrenaline after Administration of ARS-1 0.25% DDM (Treatment A) and ARS-1 0.35%
DDM (Treatment D)

Primary Secondary
Test vs. Dependent
Reference Variable ™0 tio (%) | 90% C1° | 90% CI® e | Ratio@or [ s0%cr | o0% crt et

(Test/Ref) Lower Upper p-value (Test/Ref) Lower Upper p-value
Cinax 118.90 79.78 177.21 0.4713 109.02 72.70 163.50 0.7234
AUCo.2min 62.82 41.48 95.13 0.0662 63.36 42.26 95.00 0.0646
AUCo.4min 54.25 35.54 82.82 0.0188 5331 34.26 82.95 0.0205
IAUCo-gmin 52.69 34.65 80.12 0.0132 52.97 33.77 83.10 0.0215
AUCp.gmin 58.45 38.65 88.39 0.0341 59.36 38.19 92.28 0.0527
ARS-11.0mg, |AUC 1 gmin 64.89 42,77 98.44 0.0881 66.26 42,92 102.30 0.1187

0.25% DDM - : [
(Period 1 only) AUC0-12 5min 73.80 48.20 113.00 0.2381 75.39 48.94 116.13 0.2794
Vs AUCo.15min 82.92 53.58 128.34 0.4765 84.20 54.54 129.97 0.5111
ARS-11.0mg, A 13¢50, 98.99 63.21 155.04 0.9701 98.09 63.49 151.53 0.9412

0.35% DDM -

(Period 1 only), [AUCo.s0min 125.97 8139 194.99 03807 119.47 79.01 180.65 0.4756
AUCo45min 155.29 105.28 229.06 0.0634 142.52 99.28 204.60 0.1068
AUCo.60min 142.20 100.12 201.96 0.0989 131.91 95.41 182.37 0.1585
AUCo-120min 137.63 104.74 180.85 0.0554 127.01 98.15 164.35 0.1265
AUCo-240min 133.71 104.44 171.18 0.0541 124.53 98.39 157.61 0.1251
IAUCs0-240min 134.32 99.13 182.00 0.1099 131.35 95.50 180.65 0.1582

AUC 4 144.46 95.95 217.48 0.1383 138.09 95.06 200.60 0.1541

Source: EPI 12 PK Report: in-text Table 9,
a: Ratio (%) = Geometric Mean (Test)/Geometric Mean (Ref); b 90% CI; ¢ p-value for the difference in the treatment_id estimates; Significant difference defined @ priori as p < 0.05

Pharmacokinetics by Critical Dosing Errors

No critical dosing errors (CDEs) occurring during self-administration of ARS-1. Ten CDEs were
observed with EpiPen and six CDEs were observed with Symjepi. The most commonly observed CDE
was the subject not holding the pen or plunger down for the stipulated time of 3 seconds for EpiPen
(n=10) or 2 seconds for Symjepi (n=5).

Mean Cmax and AUClast were higher after EpiPen 0.3 mg followed by Symjepi 0.3 mg and ARS-1 1.0
mg IN. Media Tmax was the fasted for EpiPen 0.3 mg, followed by ARS-1 1.0 mg IN 0.35%, DDM,
Symjepi, and ARS-1 1.0 mg IN 0.25% IN DDM. ARS-1 1.0 mg IN exposure was lower compared to
EpiPen and Symjepi at every timepoint tested. No dosing errors were defined during the ARS-1
administration. Ten and dosing errors were identified for EpiPen and Symjepi, respectively.

Influence of food

No study for the assessment of food influence on PK of adrenaline has been conducted by the applicant
as it will be administrated IN and food intake is not perceived to influence PK of the drug.

2.6.2.1.4. Distribution

Adrenaline is an endogenous hormone that is distributed widely throughout the body (Dietz-1990).

2.6.2.1.5. Metabolism

Adrenaline is extensively metabolised in-vivo with only a small amount excreted unchanged. The
primary metabolite in humans is vanillylmandelic acid, an inactive metabolite, by monoamine oxidase
and catechol-O-methyltransferase that are abundantly expressed in the liver, kidneys, and other extra-
neuronal tissues. The tissues with the highest contribution to removal of circulating exogenous
adrenaline are the liver (32%), kidneys (25%), skeletal muscle (20%), and mesenteric organs (12%).
Adrenaline is not metabolised by enzymes known to be in the nasal mucosa (Hogan-2020, Dhamankar-
2013, Oliveira-2016).
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In nonclinical studies, an in vitro metabolism study showed that adrenaline is rapidly metabolised by
cytochrome P450 isoforms CYP1A2, CYP2C9, and CYP3A4 (Study Number CYP0986-R23). The results
showed that adrenaline degraded under the experimental condition as the compound is well known to
be sensitive to oxygen and temperature. While adrenaline degraded rapidly there was no apparent
effect by inhibitors, which indicated that the degradation of the adrenaline was likely not due to the
CYP enzymes and due to the experimental system. No formation of noradrenaline was observed
(theoretically possible from CYP3A4) in any of the time point samples for all three enzyme isoforms
tested alone and in presence of CYP enzyme isoform selective chemical inhibitors.

The metabolism of adrenaline is well established. No clinical study was performed by the applicant
which is acceptable.

No study researching the inter-conversion, pharmacokinetics of metabolites, consequences of possible
genetic polymorphism was performed by the applicant.

2.6.2.1.6. Elimination

Most of adrenaline is excreted as metabolites in urine. Elimination is mainly via metabolism of the liver
and sympathetic nerve endings, with a small amount excreted unchanged in the urine (Dalal-2020,
Simon-1998).

2.6.2.1.7. Dose proportionality and time dependencies

Table 46 Summary statistics of total adrenaline pharmacokinetic parameters: once- dosed
treatments

Treatment N thax(Min) Cmax(Pg/mL) | AUC ¢ (Mmin*pg/ml)
median Mean Geo.mean Mean(26CV) | Geo.mean
(range) (%6CV)

ARS-1 1.0 mg IN 99 21 (2 — 150) 276 (68.7) 222 25900 (51.1) | 22800

ARS-1 2.0 mg IN 78 20.5 (2 -150) 485 (70.6) 361 40900 (67.5) | 32600

Adrenaline 0.3 mg IM | 178 | 45 (3.9 —360) | 277 (65.4) 234 27900 (38.7) | 26100

EpiPen 0.3 mg 77 10 (2 - 45) 581 (75.6) 447 31600 (39.3) | 29200

Adrenaline 0.3 mg SC | 35 45 (4 — 180) 246 (61.6) 214 30200 (34.9) | 28400

ARS-1 1.0 mg IN* 36 12.5 (4 — 45) 364 (62.1) 306 30600 (45.4) | 27100

(Japanese only)

ARS-1 2.0 mg IN** 42 30 (10 — 240) | 448 (67.1) 342 50365 (55.5) | 41077

(self-administration)

ARS-1 2.0 mg IN*** 16 25 (2.5 -120) | 540 (70.7) 433 35500 (76.3) | 27800

(paediatrics)

ARS-1 2.0 mg 33 6 (2-90) 309 (66.2) 260 23500 (69.1) | 19700

IN**** (with rhinitis)

Source: Integrated analysis Tables 39, 42, 45, 47, 48, 49

*Data from EPI JPNO1, **Data from EPI 17, ***Data from EPI 10, ****Data from EPI 16

Results for Primary populations
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Table 47 Summary Statistics of Total Adrenaline Pharmacokinetic Parameters: Twice- Dosed
Treatments

timax (MiN) Chmas (pg/mL) AUCH;st (min*pg/mL)
Treatment N median
(range) Mean(%CV) | Geo.mean | Mean (%CV) | Geo.mean

ARS-1 1.0 mg twice (L/R) 35 30 (10 - 60) 474 (76.2) 370 42800 (63.7) 36000
ARS-1 1.0 mg twice (L/L) 7 21 (15 -60) 544 (109) 33 34400 (79.2) 25900
ARS-1 2.0 mg twice (L/R) | 39 | 30(6-150) | 1000 (93.1) 706 86000 (77) 66700
ARS-1 2.0 mg twice (R/R) 39 30 (4-150) 992 (753 729 86500(60.5) 69900
Adrenaline 0.3 mg IM twice 70 45 (6 - 180) 436 (48.8) 386 47500(32.6) 45300
EpiPen 0.3 mg twice 78 | 20(4-360) | 754 (64.7) 630 55000(47.9) | 49900

Source: Integrated analysis Tables 40, 41, 43, 44, 46, 50

According to the integrated analysis, exposure of ARS-1 increased in dose proportional manner after
single dose administration 1 mg vs 2 mg.

In studies with repeat administration of Eurneffy 2 mg, exposure was dose proportional and similar
between administration in each (L/R) and one nostril (R/R).

2.6.2.1.8. Intra- and inter-individual variability

Table 48 Inter-individual variability for PK parameter across pivotal studies.

Study Treatment Mean Cmax Mean AUC 4 Median t;ax
(pg/mL) (%CV) (min*pg/mL)(%CV) (min)(range)
EPI 15 ARS-1 2.0 mg 481 (76.0) 43500 (69.4) 30.0 (6.00-150)
ARS-1 2.0 mg (L/R) 805 (69.2) 72500 (61.4) 30.0 (6.0-150)
ARS-1 2.0 mg (R/R) 946 (74.0) 85000 (61.6) 30.0 (12.0-150)
EPI 16 ARS-1 2.0 mg 491 (65.2) 37100 (66.1) 20.0 (2.00-120)
ARS-1 2.0 mg with rhinitis 309 (66.2) 23500 (69.1) 6.0 (2.0-90.0)
EPI 17 ARS-1 2.0 mg 448 (67.1) 50365 (55.5) 30.0 (10.0-240)
ARS-1 2.0 mg (with nasal drip) 334 (55.2) 35292 (42.7) 30.0 (6.0-60.0)
EPI 10 ARS-1 0.65 mg (15-<30kg) 534 (58.7) 21900 (49.7) 12.5 (2.50-30.0)
ARS-1 1.0 mg (15-<30kg) NA NA NA
ARS-1 1.0 mg (=30kg) 253 (66.2) 14000 (53.0) 20.0 (7.5-120)
ARS-1 2.0 mg (=30kg) 540 (70.7) 35500 (76.3) 25.0 (2.5-120)

The between-subject variability of PK parameters is observed to be moderate to high of about 50 —
95% for Cmax and 40 — 77% for AUC.

Adrenaline is generally recognised as a highly variable drug, with a CV% exceeding 30%, regardless of
the product or route of administration.
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2.6.2.1.9. Special populations

- Race

No clinical research was conducted to compare race differences in PK. However, populational analysis
by ethnic bridging analysis was performed.

Relative BA for Japanese patients is 2.3, 2.17 and 1.0, for IM, EpiPen and ARS-1 respectively
compared to US population. Absorption after IM and EpiPen administration is different between
Japanese and US patients but do not differ for ARS-1 IN administration between those two groups of
patients. Two-fold greater exposure after IM/EpiPen administration in Japanese patients could be
explained by the fact of smaller muscle weight and greater volume of distribution relative to the total
muscle mass.

- Weight

ARS-1 IN dosed once or twice was not shown to be statistically significantly affected by body weight,
with P values >0.05 (Table 49). There was no consistent relationship between BMI and drug exposure
(a mix of negative and positive regression slope amongst the various formulations was observed).

Table 49 Linear Regression of Ln(Cmax) and Ln(AUC0-240min) vs Body Weight (kg) for
Total and Baseline Corrected Adrenaline, Sorted by Treatment

Co-variate: Body Weight
Dependent Variable
Ln(Cmax) Ln(AUCo 240min)
Treatment
Adrenaline Adrenaline
Baseline Corrected Total Baseline Corrected Lotal
P value Slope P value Slope P value Slope P value Slope
ARS-1 2.0 mg IN 0.187 0.01194 0.200 -0.01052 0918 0.0009762 0977 0.0002129
ARS-1 2.0 mg IN 0.498 -0.009521 0512 -0.008777 0.687 -0.005257 0.751 -0.003722
twice (L/R)
ARS-1 2.0 mg IN 0.585 -0.006426 0.566 -0.006591 0.204 -0.01424 0.187 0.01352
twice (R/R)
Adrenaline 0.3 mg <
™ 0.022 -0.009371 0.014 -0.009016 0.098 0.005750 0.039 0.005274
Adrenaling 0.3 mg 0.037 0.01237 0.041 -0.01145 0.030 -0.009724 0.036 -0.008087
IM twice (L/R)
EpiPen 0.3 mg 0.942 0.0005607 0.989 0.0001057 0.129 -0.008272 0.071 -0.007702
>, NS

ﬁ"ifn 03 mg twice 0.025 001358 0.021 -0.01329 0.268 -0.005487 0.249 -0.004955
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Table 50 Linear Regression of Ln(Cmax) and Ln(AUC0-240min) vs BMI (kg/m2) for Total
and Baseline Corrected Epinephrine, Sorted by Treatment

Co-variate: BMI
Dependent
Ln(Cmax) Ln(AUCo-240min)
Epinephrine Epinephrine

Total Baseline Corrected Total Baseline Corrected

Treatment P value Slope P value Slope P value Slope P value | Slope

ARS-1 1.0 mg IN 0.227 0.03030 0.153 0.03957 0.587 0.01134 0.199 0.03628
ARS-1 1.0 mg IN twice (1./1.) 0.806 0.02954 0.803 0.03091 0.764 0.02920 0.725 0.03890
ARS-1 1.0 mg IN twice (L/R) 0.673 -0.01824 0.601 -0.02382 0.275 -0.04201 0.156 -0.07668
ARS-12,0mgIN 0.421 0.02358 0.400 0.02717 0.074 (.04590 0.043 0.06709
ARS-1 2.0 mg IN twice ([./R) 0.368 0.03844 0.363 0.04073 0.492 0.02566 0.487 0.02891
ARS-1 2.0 mg IN twice (R/R) 0.831 0.009083 0.806 0.01072 0.689 -0.01539 0.734 -0.01428
Epinephrine 0.3 mg IM 0.077 -0.02548 0.159 -0.02259 0.362 -0.009175 0.753 0.004292
Epinephrine 0.3 mg IM twice (L/R) 0.112 -0.03884 0.108 -0.04162 0.160 -0.02374 0.156 -0.02775
Epinephrine 0.3 mg SC 0.023 -0.06479 0.041 -0.06985 0.093 -0.03739 0.225 -0.04408
Epinephrine 0.5 mg IM 0.516 0.01240 0.409 0.01713 0.826 0.002858 0.600 0.008460
EpiPen 0.3 mg 0.289 0.02703 0.248 0.03084 0.769 0.004368 0.591 0.01018
EpiPen 0.3 mg twice (L/R) 0.959 0.001050 0.992 0.0002147 0.386 0.01300 0.443 0.01333

Neither body weight nor BMI were found to be a covariate of PK parameters (Cnax and AUCq_240) after
ARS-1 once or twice administration

- Elderly

Eurneffy was not tested in the elderly population. Based on the POP PK model (POP PK Report) age
was not a significant covariate for nasal absorption of the drug adrenaline from the nasal mucosa with
Eurneffy formulation. It seems that in the case of elderly subjects the expected Eurneffy action should
be similar. Appropriate wording is included in SmPC.

- Children

EPI 10. A Single-Period, Single-Dose Study of the Pharmacokinetics and Pharmacodynamics
of Epinephrine After Administration of Intranasal ARS-1 to Paediatric Subjects with
Systemic Allergies

Primary objectives: to assess the PKs of epinephrine after IN administration of 0.65 milligram (mg,)
1.0 mg, or 2.0 mg dose of ARS- 1 in paediatric allergy subjects; to evaluate the PD response based on
PR and BP using an automated blood pressure monitoring (ABPM) device after IN administration of
0.65 mg, 1.0 mg, or 2.0 mg dose of ARS-1 in paediatric allergy subjects.

Secondary objectives:

to evaluate the impact of nasal congestion and rhinitis on the PKs of ARS-1 in paediatric subjects and
to evaluate the safety and tolerability of ARS-1 in paediatric allergy subjects

Pharmacokinetic (PK) Assessments: Blood samples were collected at pre-dose each treatment period
(at -10 and -5 minutes) and at 2.5, 5, 7.5,10, 12.5, 15, 20, 30, 45, 60, 90, and 120 minutes after
dosing.

Pharmacokinetic Assessments

The PK parameters were calculated without the subtraction of the pre-dose epinephrine concentrations.
The rationale for using epinephrine plasma levels without subtraction of the baseline values was based
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on both clinical and PK considerations. First, the endogenous levels of epinephrine change based on
both the diurnal cycle and due to stimuli. Second, clinically, the absolute plasma levels (e.g., 100
pg/mL) are considered more important to illicit an efficacious response.

Results

Plasma Concentrations

Figure 28 Mean Epinephrine Concentration-Time Profiles Truncated to 60 Minutes, by
Treatment — Linear Scale

1500 —

—8— ARS-10.65 mg IN (15-30 kg)
—&— ARS-1 1.0 mg IN (15-30 kg|
—e— ARS-110mg IN (> 30 kg)
—é— ARS-120mg IN (> 30 kg)

Mean Concentration (pg/mL)

Nominal Time (min)

Pharmacokinetic Parameters
Noncompartmental Analysis

Summary statistics of PK parameters sorted by treatment are presented in Table 51. Summary
statistics of epinephrine partial AUCs, sorted by treatment, are presented in Table 52.
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Table 51 Summary Statistics of Epinephrine Pharmacokinetic Parameters by Treatment

tmax (Min) Cuax (pg/mlL) AUChst (min*pg/mL)
Treatment N medi
(range) mean (%CV) Geo. mean mean (%CV) Geo. mean

15 - 30 kg

. 12.5 534 21900
ARS-1 0.65 mg 11 (250 30.0) (58.7) 475 (49.7) 19400
ARS-1 1.0 me 3 N/A N/A N/A N/A N/A
>30 kg

20.0 253 14000

- 2 2 2
ARS-1 1.0 mg 25 (7.50 - 120) (66.2) 203 (53.0) 12000

. 25.0 540 35500

12
ARS-1 2.0 mg 16 (2.50 - 120) (70.7) 433 (76.3) 27800

Table 52 Epinephrine Partial AUCs, Sorted by Treatment

PAUC (min*pg/mL)

Thhes{ri N AUCo-2.5min AUC)smin AUCy2.5min AUCu-10min AUCo-12.5min AUCu-15min
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo. mean Geo.
(% CY) mean (% CY) mean (% CY) mean (% CYV) mean (% CYV) mean (%CV) mean
15-30 kg
. - 259 776 - 1540 5 2430 3430 5 4440 20
ARS-10.65mg | 11 (61.3) 207 (52.7) 655 0.1 1360 (515) 2170 (55.6) 3080 (57.8) 3990
ARS-1 1.0 me 3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
> 30 kg
\ 115 ’ 351 - 689 1090 1500 1880
ARS-1 1.0 mg 25 (80.4) 86.3 (83.9) 250 (83.7) 496 (84.5) 795 (85.1) 1100 (84.5) 1400
. 175 489 894 1390 1960 2580
ARS-1 2.0 mg 16 (165) 99.9 (128) 293 (97.5) 603 S1.1) 988 (78.3) 1420 (78.6) 1890
pAUC (min*pg/mL)
Treatment N AUCo-20min AUCo-30min AUCh-45min AUCh-60min AUCo-120min
mean Geo. mean Geo. mean Geo. mean Geo. mean Geo,

(% CV) mean (% CV) mean (% CY) mean (" CV) mean (" CV) mean

15-30 kg

ARS-10.65mg | 11 ((;282(?) 5600 ((233) 8360 2523(;(; 11500 :553?3 13800 %Jg[;[)) 19400
ARS-1 1.0 meg 3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
> 30 kg

ARS-11.0mg | 25 (27’58710 ) 2000 (:éﬁ% 3200 (55;63) 5100 :’;27::) 6880 ;;1??)()) 12000
ARS-1 2.0 mg 16 (-;184?) 3150 (:,i,()?) 6230 (I;:(;(; 10900 ;?g%‘; 15100 ?752(.)3 27800

A slight increase in epinephrine absorption was observed in children >30kg after ARS-1 2.0 mg
administration more than what was expected in POP modelling and observed in adults.

Epinephrine levels were dose proportional between 1.0 and 2.0 mg dosing in children >30 kg. Media
tmax was 20.0 and 25.0 minutes after administration of 1.0 mg and 2.0 mg of epinephrine IN in
children =30 kg. Mean Cmax was 253 pg/mL after administration of ARS-1 1.0 mg and 540 pg/ml after
ARS-1 2.0 mg administration in children above 30 kg. Mean AUC last was 14000 min*pg/mL and
35500 min*pg/mL, after 1.0 and 2.0 mg intranasal administration of ARS-1 in children >30 kgs.

Neither body weight nor BMI were found to be a covariate of PK parameters (Cmax and AUC0-240)
after ARS-1 once or twice administration. In the paediatric population, the slightly increase in the
absorption was observed in children >30kg after ARS-1 2.0 mg administration. Epinephrine levels were
dose proportional between 1.0 and 2.0 mg dosing in children >30 kg.
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2.6.2.1.10. Pharmacokinetic interaction studies

No PK interaction study was performed during clinical development of the product.

2.6.2.2. Pharmacodynamics

Mechanism of action

Adrenaline is a sympathomimetic catecholamine with a and B adrenergic agonist activity. Its
therapeutic efficacy comes from its direct agonism of a and B adrenergic receptors leading to a
reversal of the pathological response to the histamine cascade.

Primary and Secondary pharmacology

Pivotal studies

EPI1 15. A Two-Part, Six-Period, Six-Treatment, Crossover Study of the Pharmacokinetics of
Epinephrine After Single and Repeat Administration of Intranasal ARS-1 or Epinephrine
Injection to Healthy Volunteers.

Objectives

Pharmacodynamic measurements included SBP, DBP, and PR after each dosing arm. Nasal
irritation assessments were conducted for right (R) and left (L) nares before and after dosing of IN and
IM study drugs and included assessment of nasal irritation, mucosal erythema, mucosal oedema, nasal
discharge, mucosal crusting, and mucosal epistaxis. Nasal conditions were assessed at baseline and
pre-dose of each dosing period using Total Nasal Symptom Score (TNSS).

Pharmacodynamic Assessments

The following PD parameters were calculated for change from baseline SBP, DPB, and HR: Emax,
TEmax, AUECO-xmin: Area under the effect time curve from time zero to x min post dose, where x was
every post-dose time point through 60 min in the PK analysis (i.e., 5, 10, 15, 20, 25, 30, 45, and 60
min), AUECIast.

Pharmacodynamic results
Systolic blood pressure (primary population)

Part 1
Mean Change from Baseline vs. Time:

All three treatments resulted in an increase from baseline SBP. This increase persisted for 30 minutes
following ARS-1, 45 minutes following IM Epinephrine, and five minutes following EpiPen. In general,
ARS-1 resulted in the greatest increase from baseline SBP. For all treatments, SBP returned to normal
by approximately 120 minutes.

Pharmacodynamic Parameters:

Mean SPB Emax values were highest following ARS-1 (23.6 mmHg), followed by EpiPen (15.6 mmHQ),
and IM Epinephrine (12.0 mmHg). Overall exposure as measured by mean AUECIlast was highest
following ARS-1 (834 min* mmHg), followed by EpiPen (459 min* mmHg), and IM Epinephrine (222
min* mmHg). The longest median TEmax was observed following ARS-1 (25.0 minutes) followed by IM
Epinephrine (20.0 minutes) and EpiPen (10.0 minutes).
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Table 53 Pharmacodynamic Parameters for SBP Change from Baseline — Part 1 (Primary
Population)

AUEC
5 (min) Eman AUECLx min*mmHg
— P —
Treatment | N (mmHg) | (min*mmHg) [T0r " TAUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
median 05 010 013 020 025 030 045 0-60 0120
) Mean (Mean
(%CV) (%CYV) Mean
(% CV)
25.0 236 834 16.4 417 86.3 145 204 264 429 550 966
-1 2
ARS-12.0mg | 42 | 7)) (64.8) (84.9) 1232) @o8) | (14m | q1m | o | 930 | 926 | 94e) | (10D
EpiPen 0.3 1 10.0 156 459 213 52.0 734 929 105 18 165 188 420
PIFen LI mg | 50 (00— 116) (394) (91.7) (179) (136) | (135) | 139 | (50 | (160) | (15%) (176) (166)
Epinephrine a1 20,0 12.0 222 2.6 2.54 -1.99 -4.00 -7.38 135 -3.87 -3.53 634
IM 03 mg (1.00-116) (81.3) {257) (985) (2230) (-4620) | (-3300) | (-2310) | (-1580) | (-8670) | (-13000) (105)

Comparison Between Treatments: In general, mean Emax and AUECIlast were significantly higher
following ARS-1 relative to both EpiPen and IM Epinephrine.

In the study's first phase, ARS at a dose of 2 mg was shown to have a stronger effect on SBP than
injectable adrenaline 0.3 mg (both I.M. and subcutaneous EpiPen forms). Emax for ARS was almost
twice as high as for the injectable forms. Similarly, the AUEC0-15 parameter, a key parameter for the
clinical management of anaphylaxis, was virtually identical when comparing ARS with EpiPen and
significantly higher when compared with the classic form.

Part 2
Mean Change from Baseline vs. Time:

All three treatments resulted in an increase from baseline SBP until 30 minutes following
administration, after which there was a return towards baseline. Through 120 minutes postdose,
change from baseline SBP was higher for both ARS-1 treatments compared to EpiPen.

Pharmacodynamic Parameters:

Mean SBP Emax values were highest following ARS-1 (R/R) (28.6 mmHg), followed by ARS-1 (L/R)
(28.5 mmHg), and EpiPen (L/R) (19.2 mmHg). Overall exposure as measured by mean AUECIlast was
highest following ARS-1 (R/R) (1500 min*mmHg), followed by ARS-1 (L/R) (1430 min*mmHg), and
EpiPen (L/R) (691 min*mmHg). The longest median TEmax was observed following ARS-1 (L/R) (29.0
minutes), followed by ARS-1 (R/R) (28.5 minutes), and EpiPen (L/R) (14.0 minutes).

Table 54 Pharmacodynamic Parameters for SBP Change from Baseline — Part 2 (Primary
Population)

AUEC
i Eumax AUECx min*mmllg
Treatment | N (mmHg) | (min*mmHg) 17050 ETAUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
el € mediﬂn “’[an ([\'[cn“ 0-5 0-10 0-15 0-20 025 0-30 0-45 0-60 0-120
(range) (%CV) (%CV) Mean
(%CV)
ARS-120mg | 5 29.0 285 1430 61 | aas | 977 | 165 | 240 | 36 | 630 | sea 1390
(L/R) 200~ 116) (8) (66) 26 | (53 | qon | 878 | 763) | 685 | (582 | 578 | (667)
ARSA20mg | Lo 285 286 1500 182 | 473 | 101 178 | 269 | 366 | 663 | 916 | 1740
(R/R) 25| (6.00 - 85.0) (45.9) (76) a1sy | asy) | aiey | @27 | 09 | 200 | 651 | (67.6) | (71.6)
Epien 03mg | o 14.0 192 691 20 | 600 | 104 | 146 184 | 225 | 342 | 428 731
(L/R) T (o0-850) | (449) (88.5) a3 | qos | aon | ey | a1y | aes | iz | am | o1

Comparison Between Treatments: In general, both Emax and AUECIast were significantly higher
after both ARS-1 (R/R) and ARS-1 (L/R) relative to EpiPen. The Emax and AUECIlast between ARS-1
(R/R) and ARS-1 (L/R) were not significantly different from each other.
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The results of the comparison in SBP between ARS-1 administered twice to both the same nostril and
two different nostrils do not differ from each other and also from EpiPen epinephrine administered
twice. The AUEC for the early response phase (0-15) is almost identical for all forms of the drug
analysed.

Diastolic blood pressure (primary population)

Part 1
Mean Change from Baseline vs. Time:

All three treatments resulted in a decrease from baseline DBP. This decrease persisted for 60 minutes
following ARS-1, 45 minutes following IM Epinephrine, and 30 minutes following EpiPen, after which
there was an increase towards baseline. The degree of decrease was minimal with ARS-1 relative to
EpiPen and IM Epinephrine

Pharmacodynamic Parameters: Mean DBP Emax values were highest following ARS-1 (8.10
mmHg), followed by EpiPen (5.83 mmHg), and IM Epinephrine (5.63 mmHg). Based on the mean
AUECIast, there was a negative change in DBP after EpiPen (- 26.3 min*mmHg) and IM Epinephrine (-
63.0 min*mmHg), but not after ARS-1 (180 min*mmHg). The longest median TEmax was observed
following EpiPen (14.0 minutes), followed by ARS-1 (13.0 minutes), and IM Epinephrine (9.0 minutes).

Table 55 Pharmacodynamic Parameters for DBP Change from Baseline — Part 1 (Primary
Population)

AUEC
. Emax AUECy min*mmHg
(e (mmHg) | (min*mmHg) -
Treatment N AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
median oS 0-10 015 0-20 0-25 0-30 145 0-60 0-120
) Mear{ (Mem}
(% CV) (%CV) Mean
(% CYV)
ARS-1 2.0 mg 4 13.0 8.10 lBQ 9.14 14.7 13.8 10.9 8.20 4.1 -8.15 -38.3 —33.7
: T (Loo-117) (64.3) (175) (186) (254) (417) (715) (1250y | (3030) | (-2480) (-740) (-938)
EpiPen 0.3 mg 15 ) 14.0 583 -26.3 -3.53 -19.8 -43.3 -68.0 934 -120 -_1 97 -266 882
pIFen B mg | 221 g0 115 | (o (-1220) (-599) | (-240) | (-166) | (-140) | (-125) | (-114) | (-963) | (:976) | (889
Epinephrine a1 9.00 5.63 -63.0 0.534 -9.54 2255 -44.0 -64.0 -86.6 -167 251 202
IM 0.3 mg (LOO—115) (141) (-319) (5330) (-486) (-245) (-188) (-172) (-164) (-124) (-115) (216)

Comparison Between Treatments: Mean DBP Emax values were significantly different following
ARS-1 relative to IM Epinephrine, but not significantly different from EpiPen. Mean DBP AUECs after
ARS-1 were significantly different relative to both EpiPen and IM Epinephrine injection.

Part 2
Mean Change from Baseline vs. Time:

Diastolic blood pressure fluctuated through the entire 120 minutes following both ARS-1 (R/R) and
ARS-1 (L/R), with a minimal overall decrease in DBP at the end of the 120 min observation period.
However, after administration of EpiPen, there was a decrease in mean from baseline DBP until about
30 min after which there was an increase in the from baseline DBP until 120 min. In general, the
overall mean decreases in DBP were smaller after the ARS-1 (R/R) (-0.731 mmHg) and ARS-1 (L/R) (-
1.32 mmHg) compared to EpiPen (- 5.93 mmHg).

Pharmacodynamic Parameters:

Mean DBP Emax values were highest following ARS-1 (L/R) (9.92 mmHg), followed by ARS-1 (R/R)
(9.37 mmHg), and EpiPen (L/R) (6.43 mmHg). Overall exposure as measured by mean AUECIlast was
highest following ARS-1 (L/R) (289 min*mmHg), followed by ARS-1 (R/R) (271 min*mmHg), and
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EpiPen (L/R) (6.22 min*mmHg). The longest median TEmax was observed following ARS-1 (L/R) (19.0
minutes), followed by ARS-1 (R/R) (11.5 minutes), and EpiPen (L/R) (5.00 minutes).

Table 56 Pharmacodynamic Parameters for DBP Change from Baseline — Part 2 (Primary
Population)

AUEC
" in*
tEmax (Min) (m]i:la-i ) (mﬁ}iﬁgﬁo) min*mmHg
T = = AUEC [ AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
reatment N ]
median 05 0-10 0-15 0-20 0-25 0-30 0-45 0-60 0-120
— Mean (Mean

ge) (% CV) (*%CV) Menan

(% CV)
ARS-12.0 mg 16 19.0 9.92 289 4.84 11.8 189 26.1 323 39.7 60.0 73.1 336
(L/R) ) (1.00-115) (67.8) (136) (537) (354) (295) (304) (318) (320) (360) (432) (120)
ARS-12.0 mg 18 11.5 9.37 271 6.05 10.1 150 18.3 224 233 21.3 28.0 356
(R/R) o (1.00-118) (85.2) (202) (280) (371) (104) (464) {314y (636) (1160) (1310 {160)
IipiPen 0.3 mg 37 5.00 6.43 6.22 321 -2.68 =211 -43.7 =725 -103 -181 =237 88.0
(I./R) . (1.00-115) (92.7) {5080) (652) (-1690) | (-313) (-205) (-152) (-127) (-116) (-120) {238)

Comparison Between Treatments: In general, mean DBP Emax AUECIlast were significantly higher
following both ARS-1 (R/R) and ARS-1 (L/R) relative to EpiPen (L/R). There were no significant
differences between ARS-1 (R/R) and ARS-1 (L/R).

Pulse rate (primary population)
Part 1

Mean Change from Baseline vs. Time: All treatments resulted in increases from baseline PR in the
first five minutes post-administration. There was a return towards baseline after both IM Epinephrine
and EpiPen, while the elevation persisted throughout the 120 minutes following ARS-1.

Pharmacodynamic Parameters: Mean PR Emax values were highest following ARS-1 (17.3 bmp),
followed by EpiPen (11.7 bpm), and IM Epinephrine (9.73 bpm). Overall exposure as measured by
mean AUECIast was highest following ARS-1 (893 min*bpm), followed by EpiPen (414 min*bpm), and
IM Epinephrine (386 min*bpm). The longest median TEmax was observed following IM Epinephrine
(29.0 minutes), followed by ARS-1 (19.0 minutes), and EpiPen (11.0 minutes).

Table 57 Pharmacodynamic Parameters for PR Change from Baseline — Part 1 (Primary
Population)

AUEC
" {min) Emax AUECha min*mmHg
Fmax (mmITg) | (min*mmTlg) - ) . 3 - - - - EC
TE— N AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
n‘le(liall s O-10 015 0-20 025 0-30 0-45 0-60 0-120
Mean (Mean

(range) (%CV) (%CV) Mean

(%CV)

. 19 173 893 178 533 944 133 171 213 330 450 885
ARS-120mg | 42| () g5 116 ©2.7) (93.5) (149) | (127) | (103) | (90.3) | (84.8) | (80.8) | (83.7) | (884) | (902)
EniPen 0.3 1 1.0 K 414 166 475 647 785 928 110 171 225 572

pirenB.omg 1 22 1 00-115) (64.9) (96.7) (183) 14l | sy | oa3ey | a2y | azsy | 25 (122) | (747)
Epinephrine 4 290 9.73 386 0.0998 9.54 143 15.5 17.3 239 482 §1.0 580
M 0.3 mg (1.00-117) (88.0) (119) (23400) | (579) | (388) | ony | (7TO) | 678) | (5190 | @231 | (57.8)

Comparison Between Treatments: In general, Emax and AUECIast were significantly higher
following ARS-1 relative to EpiPen and IM Epinephrine.

Part 2
Mean Change from Baseline vs. Time: All three treatments resulted in an increase from baseline

PR. This increase persisted for 10 minutes following administration of EpiPen (L/R) and for 45 minutes
following administration of both ARS-1 (R/R) and ARS-1 (L/R). At later timepoints, PR was inconsistent
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and fluctuated through 120 mins for all treatments. Overall, ARS-1 (R/R) and ARS-1 (L/L) resulted in
more pronounced increases from baseline relative to EpiPen.

Pharmacodynamic Parameters: Mean PR Emax values were highest following ARS-1 (R/R) (22.4
bmp), followed by ARS-1 (L/L) (21.0 bpm) and EpiPen (L/R) (17.3 bpm).

Table 58 Pharmacodynamic Parameters for PR Change from Baseline — Part 2 (Primary
Population)

AUEC
thma (i) (mEn':;; ) (m?nlt';ﬁl(;ﬂ:[ ) min*mmHg
Treatment N g g AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
B median 05 010 015 020 023 0-30 045 0-60 0120
(range) Mean (Mean
g (%CY) (%CV) Mean
(%CV)
ARS-1 2.0 mg 36 34.5 210 1270 13.9 469 92.2 145 204 209 470 062 1580
(L/R) (1.00-116) (57.1) (75.3) (188) (125) (105) 94.7) (89.7) (86.6) (87.6) (87.5) (73.9)
ARS-1 2.0 mg ag 40.0 224 1430 13.8 457 99.7 165 233 295 504 717 1680
(R/R) B (1.00—116) (43.2) (01.4) (132) (100) (80.1) (70.5) (64.7) (62.0) (60.8) (61.1) (37.7)
EpiPen 0.3 mg 17 26.0 173 1000 18.7 61.3 109 153 193 234 398 555 1180
(LR) S oo-116y | (524 (65.1) (50) | (996) | 82.6) | (798) | 80.6) | (795 | 731 | (693 | @30

Pharmacokinetic-pharmacodynamic results
Part 1
Systolic Blood Pressure (Primary Population)

Change from baseline SBP versus epinephrine concentration: The strongest correlation between
change from baseline SBP and epinephrine concentration was observed following ARS-1 (r2 = 0.3902),
followed by EpiPen (r2 = 0.2426), and IM Epinephrine (r2 = 0.1417).

Linear mixed effect analysis: There was no significant relationship between Emax and Cmax for any of
the three treatments. Significant relationships were observed between pAUEC and pAUCs for ARS-1
and between AUECO0-120 and AUCO0-120 for all three treatments. A significant positive relationship was
observed between TEmax and Tmax for ARS-1, but not for EpiPen or IM Epinephrine.

Diastolic Blood Pressure (Primary Population)

Change from baseline DBP versus epinephrine concentration: All correlations between change from
baseline DPP and epinephrine concentrations were inverse, and all correlations were considered weak,
ranging from - 0.2475 (EpiPen) to -0.1704 (IM Epinephrine). Linear mixed effect analysis: There was
no significant relationship between Emax and Cmax for any of the treatments. A significant relationship
between AUECO0-120 and AUECO0-120 was observed for all three treatments. A significant positive
relationship was observed between TEmax and Tmax for ARS-1, but not for EpiPen or IM Epinephrine.

Pulse Rate

Change from baseline PR versus epinephrine concentration: The strongest correlation between change
from baseline PR and epinephrine concentration was observed following ARS-1 (r2 = 0.5334), followed
by EpiPen (r2 = 0.2788), and IM Epinephrine (r2 = 0.2191).

Part 2
Systolic Blood Pressure (Primary Population)

Change from baseline SBP versus epinephrine concentration: The strongest correlation between
change from baseline SBP and epinephrine concentration was observed following ARS-1(R/L) (r2 =
0.3532), followed by ARS-1(R/R) (r2 = 0.3097), and EpiPen (L/R) (r2 = 0.1719).
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Diastolic Blood Pressure (Primary Population)

Change from baseline DBP versus epinephrine concentration: All correlations between change from
baseline DPP and epinephrine concentrations were inverse, and all correlations were considered weak,
ranging from - 0.0.0847 (ARS-1 (R/L)) to -0.143 (ARS-1 (R/R)).

Pulse Rate (Primary Population)

Change from baseline PR versus epinephrine concentration: The strongest correlation between change
from baseline PR and epinephrine concentration was observed following ARS-1 (r2 = 0.5334), followed
by EpiPen (r2 = 0.2788), and IM Epinephrine (r2 = 0.2191).

All three treatments resulted in an increase from baseline SBP. This increase persisted for 30 minutes
following ARS-1, 45 minutes following IM Epinephrine, and five minutes following EpiPen. In general,
ARS-1 resulted in the strongest increase of SBP. For all treatments, SBP returned to normal by
approximately 120 minutes. Mean SPB Emax values were highest following ARS-1 (23.6 mmHQ),
followed by EpiPen (15.6 mmHg), and IM Epinephrine (12.0 mmHg).

The results of the comparison in SBP between ARS-1 administered twice to both the same nostril and
two different nostrils do not differ from each other and also from EpiPen epinephrine administered
twice. The AUEC for the early response phase (0-15) is almost identical for all forms of the drug
analysed.

All three treatments resulted in a decrease from baseline DBP. This decrease persisted for 60 minutes
following ARS-1, 45 minutes following IM Epinephrine, and 30 minutes following EpiPen, after which
there was an increase towards baseline. The degree of decrease was minimal with ARS-1 relative to
EpiPen and IM Epinephrine. The probable reason for such effect is a strong direct activation of b2
adrenergic receptors in muscles.

All treatments resulted in increases from baseline PR in the first five minutes post-administration.
There was a return towards baseline after both IM Epinephrine and EpiPen, while the elevation
persisted throughout the 120 minutes following ARS-1. In general, Emax and AUECIast were
significantly higher following ARS-1 relative to EpiPen and IM Epinephrine. All three treatments
resulted in an increase from baseline PR.

In sum, the study results indicate that the ARS-1 administered at a dose of 2 mg I.N. (once or twice,
including the administration to the same nostril) produce the same pharmacodynamic effect as
injectable adrenaline. The influence on the SBP and P.R. was similar for all tested forms. The opposite
effect on the DBP may result from direct muscular b2 receptors activation. Based on the results, it
seems that ARS-1 at a dose of 2 mg give similar pharmacodynamic effects as injectable forms, which
are essential for anaphylaxis treatment.

EPI 16. A Four-Treatment, Partially Randomized, Crossover Study of the Bioavailability and
Pharmacokinetics of Epinephrine After Administration of ARS -1 or Epinephrine Injection in
Subjects with Allergic Rhinitis (EPI 16).

Pharmacodynamic Assessments:

The following PD parameters were calculated for change from baseline SBP, DPB, and HR: Emax, TEmax,
AUECO-xmin: Area under the effect time curve from time zero to x min post dose, where x was every
post-dose time point through 60 min in the PK analysis (i.e., 5, 10, 15, 20, 25, 30, 45, and 60 min),
AUECO0-120, AUECIast.

PD Results
Systolic Blood Pressure
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Table 59 Pharmacodynamic Parameters for SBP Change from Baseline — Primary Population

AUEC
trmes (min) Emax AUEC min*mmTg
(mmllg) | (min*mmllg) oy e p— - - o E— :
TRl e AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
median Mean (Mean 0-5 0-10 0-15 0-20 0-25 0-30 0-45 0-60 0-120
(range) (%CV) (%CV) Mean
(%CV)
ARS-12.0 26.0 208 695 498 17.9 434 792 122 175 316 402 612
-1 s0mg (1.00—120). (80.6) (115) (626) (404) (282) (225) (196) (175) (161) (163) (212)
ARS-1 2.0 mg 19.0 15.0 377 214 2064 385 5356 05.9 76.0 94.6 854 301
with rhinitis (1.00-120) (84.5) (145) (208) (278) (273) (255) (273) (287) (362) (522) (296)
Epinephrine 19.0 134 395 5.59 848 15.7 253 31.8 38.0 67.0 96.6 126
IM 0.3 mg (1.00-123) (70.9) (188) (531) (744) (615) (505) (515) (525) (505) (489) (767)
Epinephrine 1 30.0 15.2 615 9.56 141 172 231 341 513 99.4 155 -34.0
IM 0.5 mg o (1.00-120) (62.3) (110) (359) (535) (664) (639) (540) (440) (383) (352) (3100)

Diastolic Blood Pressure

Table 60 Pharmacodynamic Parameters

for DBP Change from Baseline — Primary Population

AUEC
. Eunax AUECus min*mmHg
tizoas (Min) (mmHg) | (min*mmHg)
= AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
Treatment 3
median 0-5 0-10 015 0-20 0-25 0-30 0-45 0-60 0-120
(range) Mean (Mean
(% CV) (% CV) Mean
(7 CY)
ARS-12.0 25.0 10.0 156 103 152 17.6 18.8 212 28.4 24.0 -3.07 -16.2
! -ledmg (1.00-120) (77.2) (283) (223) (330) (427) (537) (638) (609) (1140) | (-11600) [ (-4590)
ARS-12.0 mg 26.0 7.13 47.7 246 -3.44 -11.7 -19.0 -302 -41.6 -82.4 -138 =270
with rhinitis (1.00-119) (95.8) (1040) (1030) (-1400) | (-611) (.529) (-419) (-354) (-276) (-236) (-319)
Epinephrine 14.0 5.26 -94.5 -3.83 -20.3 -40.9 -63.5 -85.6 -113 -206 2286 -579
IM 0.3 mg (1.00-123) (141) (-543) (-630) (-237) (-183) (-166) (-156) (-143) -117) (-116) (-141)
Epinephrine 260 5.69 -65.7 -2.33 -14.0 =320 -48.8 -69.2 915 -179 -262 -675
IM 0.5 mg (1.00-120) (104) (-668) (-988) (-349) (-224) (-197) (-174) (-160) (-135) (-125) (-115)
Pulse Rate

Summary statistics for change from baseline PR by treatment are presented in Table 61.

Table 61 Pharmacodynamic Parameters for PR Change from Baseline — Primary Population

AUEC
4 (min) Emax AUECu min*bpm
F (bpm) | (min*bpm) - - ; - - - - ; -
TRl s AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
mediﬂ]'l 0-5 0-10 015 0-20 025 0-30 0-45 0-60 0-120
() Mean (Mean
g (%CV) (%CY) Mean
(%CV)
ARS-1 2.0 25.0 18.5 886 14.7 444 794 114 146 182 300 418 731
-1 20mg (1.00-178) (75.9) (108) (254) (153) (119) (109) {110y (111 116y (120) (124)
ARS-1 2.0 mg 4.00 108 220 12.7 6.61 346 -3.36 -18.0 =312 -70.9 -119 -179
with rhinitis (1.00-119) (114) (179 (341) (1200) (3510) | (-4900) | (-1120) (.763) (-505) (-405) (-542)
Epinephrine 44.0 111 433 -6.39 -4.05 6.87 12.5 14.5 16.7 64.3 125 292
™M 0.3 mg (2.00-120) (73.3) (109) (-325) (-1200) | (1050) (811) {908) (970) (390) (276) (258)
Epinephrine 19.5 13.6 560 322 227 36.8 529 739 97.6 170 246 331
IM 0.5 mg (1.00-122) (34.00 (93.9) {639) (22%5) 217y (215) 200y (177 (143) (136) (189)

Pharmacokinetic-Pharmacodynamic Analyses

Systolic Blood Pressure

Summary results of the SBP PK-PD analysis (primary population) using a linear mixed-effect model
with PK parameters as the regressor are presented Table 62.
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Table 62 Linear Mixed Effects Analysis of PK and PD Change from Baseline SBP Parameters,

by Treatment

Treatment Di‘.’;‘::sr: ' lnd;::;ﬁ:t ’ Slope ¢ Adjr? p-value ©
ARS-12.0mg SBP B (mmHg) Crnax (pg/mL) 0.0199 0.1213 0.0213
™ Cpinephrine 0.5 mg SBP LCuax (mmITg) Crax {pg/mL) 0.0040 -0.0094 0.4031
IM Epincphrine (.3 mg SBP Eopa (mmHg) Cou {pe/ml.) -0.0135 0.0172 0.2267
ARS-1 2.0 mg with rhinitis SBP L (mmlIg) Crnax (pg/mL) 0.0054 -0.0242 0.6257
ARS-12.0 mg SBP AUECq omin (Min*mmHg) AUCy0min (Min*pg/mly 0.0133 0.0039 0.2936
IM Epinephrine 0.5 mg SBP AUEC o jgmin (min*mmIIg} AUCy 1omin (min*pg/mL) 0.0118 0.0626 0.0938
™ Cpinephrine 0.3 mg SBP AUEC . gmin (min*mmlIg) AUCy 1gmin (min*pg/mL) -0.0170 0.0097 0.2645
ARS-1 2.0 mg with rhinitis SBP AUECoi0min (min*mmHg) AUCoa0min (Min*pgiml.) 0.0067 -0.0250 0.6431
ARS-1 2.0 mg SBP AUECq. smin (min*mmITg} AUCqy.tsmin (min*pg/mL) 0.0185 0.0550 0.0904
IM Epinephrine (.5 mg SBP AUHECqy 5min (min*mmHg) AUCy.1smin (min*pg/ml.) 0.0112 0.0499 0.1194
1M Epinephrine 0.3 mg SBP AUEC - 5min (min*mmIg) AUCq. (5min (min*pg/ml}) -0.0222 0.0488 0.1219
ARS-1 2.0 mg with rhinitis SBP AUECo smin (Min*mmHg) AUCy1smin (Min*pg/ml.) 0.0137 0.0038 0.2978
ARS-12.0mg SBP AUEC p20min (min*mmIIg} AUCy20min (min*pg/mL) 0.0200 0.0765 0.0565
IM Epinephrine 0.5 mg SBP AUEC-20min (min*mmlIg) AUCp20min (min*pg/mL) 0.0110 0.0398 0.1450
IM Epinephrine 0.3 mg SBP AUEC20min (Mmin*mmHg) AUCoz0min (Min*pg/ml) -0.0185 0.0357 0.1572
ARS-1 2.0 mg with rhinitis SBP AULCp20min (min*mmlITg) AUCo20min (min*pginL) 0.0134 0.0085 0.2674
ARS-12.0mg SBP AUECq 30min (min*mmHg) AUCy30min (min*pp/ml.) 0.0211 0.0611 0.0791
IM Epinephrine 0.5 mg SBP AUECh-20min (min*mmllg) AUCo30min (min*pg/mL) 0.0085 0.0004 0.3229
IM Epincphrine (.3 mg SBP AUECozsomin (min*mmHg) AUCy30min (Min*pg/ml.) -0.0146 1.0000 =0.0001
ARS-1 2,0 mg with rhinitis SBP AUECq3omin (Min*mmHg) AUCy30min (Min*pg/ml.) 0.0152 0.0170 0.2222
ARS-12.0mg SBP AUECsu5min (min*mmllg) AUCqasmin (min*pg/mL) 0.0261 1.0000 <(.0001
IM Epincphrine (.5 mg SBP AUECoysmin (min*mmHg) AUCoasmia (Min*pg/ml.) 0.0073 -0.0144 0.4544
1M Epinephrine 0.3 mg SBP AUECo5min (min*mmHg) AUCo 45min (min*pg/mlL) -0.0207 0.0378 0.1508
ARS-1 2.0 mg with rhinitis SBP AUECy4smin (min*mmHg} AUCy.ssmin (min*pp/ml’) 0.0167 0.0147 0.2335
ARS-1 2.0 mg SBP AUECosomin (min*mmHg) AUChs0min (Min*pg/ml) 0.0242 0.0644 0.0736
Treatment Di!f;::;:: ’ I“i?::i::::t ' Slope © Adj r*¢ p-value ©
IM Epinephrine 0.5 mg SBP AUEC-60min (min*mmHg) AUC-60min (Mmin*pg/mL) 0.0068 -0.0194 0.5173
IM Epinephrine 0.3 mg SBP AUEC60min (min*mmHg) AUC-60min (min*pg/mL) -0.0234 1.0000 <0.0001
ARS-1 2.0 mg with rhinitis SBP AUECo.gomin (min*mmHg) AUC60min (min*pg/mL) 0.0129 1.0000 <0.0001
ARS-1 2.0 mg SBP AUECo.120min (min*mmHg) AUCo.120min (Min*pg/mL) 0.0147 0.0055 0.2823
IM Epinephrine 0.5 mg SBP AUEC.120min (min*mmHg) AUC.120min (min*pg/mL) 0.0185 0.0812 0.0660
IM Epinephrine 0.3 mg SBP AUECo.120mia (min*mmHg) AUCo.120min (min*pg/ml) -0.0441 0.1591 0.0151
ARS-1 2.0 mg with rhinitis SBP AUEC.120min (min*mmHg) AUCo.120min (Min*pg/mL) -0.0025 -0.0311 0.8542
ARS-12.0 mg SBP Temay (min) Tonax (min) 0.0701 -0.0252 0.7117
IM Epinephrine 0.5 mg SBP Temax (min) Tonax (min) 0.0115 -0.0341 0.9188
IM Epinephrine 0.3 mg SBP Temax (min) Thnax (Min) -0.3287 0.0130 0.2472
ARS-1 2.0 mg with rhinitis SBP Temax (Min) Tinax (Min) 0.0722 -0.0303 0.8089

Diastolic Blood Pressure

Summary results of the DBP PK-PD analysis (primary population) using a linear mixed-effect model

with PK parameters as the regressor are presented in Table 63.
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Table 63 Linear Mixed Effects Analysis of PK and PD Change from Baseline DBP Parameters,

by Treatment

Treatment Di!::::s:]: ' lnd:::i:[:::t ! Slope © Adj ¢ p-value ®
ARS-12.0mg DBP Luex (mmllg) Conax (pg/mL) 0.0012 -0.0269 0.7767
IM Epinephrinc 0.5 mg DBP Eya (mmHg) Chax (pg/ml) -0.0009 -0.0308 0.7493
IM Epinephrine 0.3 mg DBP Egpy (mmHg) Cinax (pg/ml) -0.0096 0.0083 0.2723
ARS-1 2.0 mg with rhinitis DBP Eyax (mmHg) Crax (pg/ml.) -0.0096 0.0613 0.0886
ARS-12.0mg DB AUECu 10mn (min*mmHg) AUCq10min (Min*pg/mL) 0.0012 -0.0289 0.8947
TM Cpinephrine 0.5 mg DBP AUECy. jpmin (min*mmlTg) AUCy-10min (min*pg/mL) 0.0038 -0.0109 0.4179
IM Epinephrine 0.3 mg DBP AUECy 0min (Mmin¥mmHg) AUC o 0min (MinFpg/ml.) -0.0176 0.0479 0.1241
ARS-1 2.0 mg with rhinitis DBP AUECq. 1 (min*mmHg) AUCh 10 (min*pg/ml) -0.0078 -0.0097 04112
ARS-12.0 mg DBP AUECy13min (Min*mmHg) AUC 0 5min (Min*pg/mlL.) 0.0013 -0.0283 0.8463
IM Epinephrine 0.5 mg DBP AUECa. 5min (min*mmHg) AUCq 1 5min (min*pg/ml) 0.0031 -0.0179 0.4974
IM Cpinephrine 0.3 mg DBP AUECy.15min (min*mmlIg) AUC15min (min*pg/mL) -0.0182 0.0567 0.1048
ARS-1 2.0 mg with rhinitis DBP AUECasmin (min*mmHg) AUCosmin (Min*pg/ml.) -0.0154 0.0657 0.0811
ARS-1 2.0 mg DBP AULECo.20min (min*mmlTg) AUCs20min (min*pg/mL) 0.0000 -0.0294 0.9964
IM Epinephrinc 0.5 mg DBP AUECy.20min (min¥*mmHg) AUC20min (Min*pg/ml.) 0.0026 -0,0244 0.5964
IM Epinephrine 0.3 mg DBP AUECq-20min (min*mmHg) AUC)20min (min*pg/mlL) -0.0143 0.0273 0.1851
ARS-1 2.0 mg with rhinitis DBP AUECo20min (min¥mmHg AUCh20min (Min*pg/ml.) -0.0166 0.0914 0.0485
ARS-12.0mg DB AUECa-z0min (min*mmHg) AUCq30mm (min*pg/mL) -0.0007 -0.0291 09215
TM Cpinephrine 0.5 mg DBP AUECq-30min (min*mmlTg) AUCy-30min (min*pg/mL) -0.0032 -0.0230 0.5723
IM Epinephrine 0.3 mg DBP AUEChs0min (min*mmHg) AUCq30min (min*pg/mL) -0.0132 0.0220 0.2058
ARS-1 2.0 mg with rhinitis DBP AUECq. 30min (min*mmllg) AUCh30mn (min*pg/mlL) -0.0149 0.0711 0.0728
ARS-12.0 mg DBP AUECyasmin (Min*mmHg) AUCqa5min (Min*pg/ml.) -0,0010 -0,0289 0.8961
IM Epinephrine 0.5 mg DBP AUECy-4smin (min*mmHg) AUCq45mm (min*pg/mL) =0.0101 0.0623 0.0942
IM Epinephrine 0.3 mg DBP AULECg.43min (min*mmlTg) AUCp45min (min*pg/mL) -0.0135 0.0268 0.1870
ARS-1 2.0 mg with rhinitis DBP AUECu.asmiq (min*mmHg) AUCoasmim (Min*pg/ml) -0.0180 1.0000 =0.0001
ARS-12.0mg DBP AULCp.gomin (min*mmlIg) AUCh.s0min (min*pg/mL) -0.0043 -0.0191 0.5622
Treatment Di!:::::ﬁ:‘: ' lluj\?::i';i?:t ' Slope © Adjr*d p-value ©
IM Epinephrine 0.5 mg DBP AUECy-gomin (min*mmlg) AUCo.gomin (Mmin*pg/mL) -0.0117 1.0000 <(3.0001
IM Epinephrine 0.3 mg DBP AUECo-s0mm (min*mmHg) AUCqpmin (min*pg/mL) -0.0093 1.0000 <0.0001
ARS-1 2.0 mg with rhinilis DBP AUEC.60min {(min*mmlIg) AUC6omin (min*pg/mL) -0.0205 0.1041 0.0376
ARS-1 2.0 mg DB AUECa.120min (Min*mmHg) AUCo20min (Min*pg/ml.) -0.00435 -0.0168 0.5213
IM Lpinephrine 0.5 mg DBP AULCo 120min (min*mmlTg) AUCo 130min (iMin*pg/mL) -0.0219 1.0000 <(0.0001
IM Epincphrine 0.3 mg DBP AUECy. 120min (min*mmHg) AUCy 1 30min (Min*pg/mlL.) 0.0047 -0.0298 0.7187
ARS-1 2.0 mg with rhinitis DBP AUECq. 120min (min*mmHg) AUCq 1 20min (min*pg/mlL) -0.0341 03188 0.0004
ARS-12.0mg DBP Temax (min} Tiwax (m1i11) 0.3317 0.0066 0.2747
IM Epinephrine 0.5 mg DBP Tromas (min) Trnax (min) -0.1360 0.0038 0.2998
IM Lpinephrine 0.3 mg DBP Tepmax (min) Tinax (min) -0.0662 -0.0333 0.8559
ARS-1 2,0 mg with rhinitis DBP T (Min) Tnas (Min) 0.2003 -0.0234 0.6078

Pulse Rate

Summary results of the PR PK-PD analysis (primary population) using a linear mixed-effect model with
PK parameters as the regressor are presented in the table below.
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Table 64 Linear Mixed Effects Analysis of PK and PD Change from Baseline PR Parameters,

by Treatment

Treatment Di!’;::ﬁ:g ! lm{f::i:(:jzt ' Slope © Adjr?¢ p-value ©
ARS-12.0mg PR Enex (mmllg) Cuax (pg/mL) 0.0138 0.0735 0.0602
IM Epinephrine 0.5 mg PR Epax (mmHg) Cuax (pg/ml) (.0037 0.0015 03152
IM Epinephrine 0.3 mg PR Fy (mmHg) Cinax (p2/ml.) 0.0130 0.0308 0.1729
ARS-1 2.0 mg with rhinitis PR e (mmllg) Cuax (pg/mL) (.0204 (.0864 0.0536
ARS-1 2,0 mg PR AUECq 0min (min*mmHg) AUCo 0min (Min*pg/ml.) 0.0017 -0,0288 (,8859
IM Cpinephrine 0.5 mg PR AULEC). | gmin (min*mmlIg) AUCq jomin (min*pg/mL) (0.0120 0.1863 0.0089
1M Epinephrine 0.3 mg PR AUEC o1 0min (min*mmHg) AUC o 0min (Min*pg/mL) 0.0262 0.1435 0.0203
ARS-1 2.0 mg with rhinitis PR AUECh- omin (min*mmHg) AUCo10mmin (min*pg/mL) 0.0170 0.0075 02737
ARS-12.0mg PR AUECy s5min (min*mmHg) AUCq 5min (Min*pg/ml.) 0.0052 -0.0182 0.5443
IM Epinephrine 0.5 mg PR AUECh.5min (Mmin*mmHg) AUCo15mia (Min*pg/ml.) 0.0124 0.1794 0.0102
IM Lpinephrine 0.3 mg PR AULCh. smin (min*mmlIg) AUCq 15min (min*pg/mL) 0.0214 0.1034 0.0419
ARS-1 2,0 mg with rhinitis PR AUECq5min (min*mmHg) AUCo 15min (min*pg/ml.) 0.0137 -0,0054 03702
ARS-1 2.0 mg PR AULEC)20min (min*mmlIIg) AUCq20min (Min*pg/mL) (.0079 1.0000 <(.0001
IM Epinephrine 0.5 mg PR AUECy.20min (min*mmHg) AUC ga0min (min*pg/mL) 00125 0.1342 0.0243
IM Epinephrine 0.3 mg PR AUECh 20min (min*mmHg) AUCo20min (min*pg/mL) 0.0174 0.0639 0.0913
ARS-1 2.0 mg with rhinitis PR AUEC).20min (min*mmllIg) AUC p.20min (min*pg/mL) 0.0120 -0.0079 0.3932
ARS-1 2,0 mg PR AUECq30min (Min*mmHg) AUCq30min (Min*pg/ml.) 0.0121 0.0378 0.1326
M Cpinephrine 0.5 mg PR AUEC) 30min (min*mmIIg) AUC o 30min (min*pg/mL) 0.0131 0.1171 0.0335
IM Epinephrine 0.3 mg PR AUECqs0min (min*mmHg) AUCq30min (Min*pg/ml.) 0.0169 0.0580 0.1022
ARS-1 2.0 mg with rhinitis PR AUECas0min (min*mmHg) AUCo30min (min*pg/ml) 0.0133 -0.0010 0.3327
ARS-12.0mg PR AUECy.45min (min*mmHg) AUCg45min (Min*pg/ml.) (.0240 0.1686 0.0075
IM Epinephrine 0.5 mg PR AUEChasmin (min*mmHg) AUCosmin (Min*pgi/ml.) L0104 0.0741 0.0754
IM Lpinephrine 0.3 mg PR AULC) 45min (minFmmlIg) AUCq 43min (inin*pg/mL) 0.0194 (0.0825 0.0644
ARS-1 2,0 mg with rhinitis PR AUECqasmin (Mmin*mmHg) AUCo45min (Min*pg/ml.) 0.0185 0,0204 0.2064
ARS-12.0mg PR AUECs.s0min (min*mmHg) AUC 60 (min*pgimL) 0.0309 0.2416 0.0014
Treatment Di}::;:ﬁl: ’ lmt:si:ﬁ:t " Slope © Adj 24 p-value ©
IM Epinephrine 0.5 mg PR AULECh.omin (min*mmig) AUC0.gomin (min*pg/mL) 0.0070 0.0126 0.2492
IM Epinephrine 0.3 mg PR AUECo samin (min*mmHg) AUC60min (min*pg/mL) 0.0172 10000 <0.0001
ARS-1 2.0 mg with rhinitis PR AULECo.gomin (min*mmIIg) AUC60min (min*pg/mL) 0.0236 0.0496 0.1124
ARS-1 2.0 mg PR AUECo.120min (Min*mmHg) AUCo120min (Min*pg/ml.) 0.0239 01950 0.0041
TM Cpinephrine 0.5 mg PR AULEC- 120min (min*mmlIg) AUCo 120min (Min*pg/mL) 0.0056 0.0026 0.3075
IM Epinephrine 0.3 mg PR AUECy. 20min (min*mmHg) AUCo120min (MinFpg/ml.) 0.0154 (.0075 0.2771
ARS-1 2.0 mg with rhinilis PR AUEC.120min (min*mmHg) AUCy 120min (min*pg/ml) 0.0223 .0691 0.0758
ARS-12.0mg PR Thinas (min) Tiax (min) 0.1617 -0.0212 0.6041
IM Epinephrine 0.5 mg PR T (min) Toax (min) -0.0691 -0.0189 0.5104
TM Epinephrine 0.3 mg PR Tena (min) T (Min) 0.4423 0.0452 0.1306
ARS-1 2,0 mg with rhinitis PR Timax (min) Tnax (min) 0.1190 -0.0250 0.6430

Gender analysis

There were 16 female subjects and 20 male subjects enrolled in this clinical trial. As expected, the
mean weight was higher for male subjects (77.5 kg vs. 68.7 kg) for male subjects as compared to
female subjects, with BMI being similar between the two groups (25.5 vs. 25.2).

For SBP the median TEmax for Eurneffy under normal conditions was more rapid for male subjects
compared to female subjects (19.5 min vs. 29 min) as well as after NAC induction (9.5 min vs. 29.5
min). For female subjects SBP TEmax was similar with Eurneffy with or without NAC induction, while
for male subjects SBP TEmax was more rapid after NAC induction (9.5 min vs. 19.5 min). For the IM
groups under normal conditions the SBP TEmax was more rapid in male subjects with the 0.3 mg dose
(19 min vs. 22.5 min) but similar with the 0.5 mg dose. The mean Emax for SBP was similar or higher
for Eurneffy as compared to IM injection in all groups and similar between genders.

For Pulse Rate (PR) median TEmax was similar between genders for Eurneffy under normal conditions.
After NAC induction PR median TEmax with Eurneffy was more rapid for male subjects (2 min vs.
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22.5 min). For female subjects the PR median TEmax was similar between normal conditions and after
NAC induction, but for male subjects the median PR TEmax was significantly faster after NAC (2 min
vs. 22.5 min) as compared to normal conditions. For IM injection the PR median TEmax was similar
between genders at both the 0.3 mg and 0.5 mg dose. The mean Emax for PR was higher for Eurneffy
then IM injection (0.3 mg or 0.5 mg) under normal conditions. After NAC induction the PR mean Emax
for Eurneffy declined in both treatment groups (male and female) in a similar way for both male and
female subjects but was still similar to 0.3 mg IM injection. There was no meaningful difference
between male and female subjects for PR mean Emax between genders in any of the treatment
groups.

Table 65 EP1 16 Demographics

Female Male
Age Height Weight Age Height Weight
BMI BMI
(year) (cm) kg) (year) (cm) kg9)
N 16 16 16 16 20 20 20 20
Mean 38.8 165.1 68.7 25.2 37.0 174.4 77.5 25.5
SD 8.6 5.7 11.3 3.8 8.2 7.8 8.6 2.5
Minimum 20.0 152.9 52.6 19.3 23.0 159.3 60.2 20.3
Median 38.5 165.8 66.9 24.7 38.0 173.7 79.1 25.6
Maximum 52.0 176.6 97.8 31.4 52.0 190.8 89.2 30.0
Table 66 EPI1 16 Pharmacodynamic Parameters by Gender
Treatment Female Male
N Mean SD Max Medi Min N Mean SD Max Medi Min
an an
SBP
neffy 2.0 mg 16 31.8 | 26.8 | 1200 | 29.0 | 1.0 | 200 | 259 | 27.3 | 1200 | 195 | 1.0
neffy 2.0 mg IN
TEMa. | vt Rrinitis 16 433 | 36.1 | 1200 | 295 | 10 | 180 | 208 | 288 | 900 | 95 1.0
x IM 0.3 mg 16 343 | 325 | 123.0 | 225 | 1.0 | 19.0 | 26.9 | 31.3 | 119.0 | 19.0 | 1.0
IM 0.5 mg 16 476 | 421 | 1190 | 295 | 1.0 | 19.0 | 36.1 | 337 | 1200 | 300 | 1.0
neffy 2.0 mg 16 237 | 196 | 880 | 19.0 | 1.0 | 200 | 184 | 141 | 400 | 18.0 | -24.0
neffy 2.0 mg IN 16 137 | 67 | 280 | 140 | 00 | 180 | 162 | 16.1 | 68.0 | 13.0 | -12.0
Emax | With Rhinitis
IM 0.3 mg 16 11.4 | 86 | 280 | 115 | -3.0 | 19.0 | 156 | 105 | 41.0 | 17.0 | -3.0
IM 0.5 mg 16 154 | 115 | 450 | 160 | 9.0 | 190 | 151 | 7.8 | 29.0 | 150 | -2.0
neffy 2.0 mg 16 835 | 976 | 3028 | 696 | -699 19 577 | 616 | 1511 | 536 | -734
neffy 2.0 mg IN 15 333 | 394 | 1221 | 264 | -168 16 453 666 | 1502 | 123 | -584
AUEC | With Rhinitis
IM 0.3 mg 14 282 | 762 | 1881 | 42 597 18 517 | 695 | 2137 | 145 | -213
IM 0.5 mg 15 534 | 647 | 2342 | 402 | -247 18 580 | 722 | 1984 | 405 | -403
DBP
neffy 2.0 mg 16 253 | 335 | 1200 | 175 | 1.0 | 200 | 46.1 | 486 | 1200 | 27.0 | 1.0
TEma Cv?gszr{ﬁirt?sg IN 16 | 315 | 365 | 1190 | 255 | 1.0 | 180 | 51.1 | 453 | 119.0 | 370 | 1.0
x IM 0.3 mg 16 358 | 449 | 1230 | 250 | 1.0 | 19.0 | 289 | 36.0 | 119.0 | 10.0 | 1.0
IM 0.5 mg 16 36.2 | 41.1 | 1200 | 23.0 | 1.0 | 19.0 | 487 | 50.7 | 119.0 | 25.0 | 1.0
neffy 2.0 mg 16 118 | 92 | 300 | 100 | 00 | 200 | 87 6.2 | 210 | 75 | -4.0
neffy 2.0 mg IN 16 6.1 6.0 | 170 | 75 40 | 180 | 82 70 | 200 | 85 5.0
Emax | With Rhinitis
IM 0.3 mg 16 6.4 78 | 290 | 55 | -40 | 190 | 5.8 78 | 26.0 | 40 | -4.0
IM 0.5 mg 16 5.4 65 | 21.0 | 45 | -3.0 | 190 | 6.1 6.0 | 17.0 | 6.0 | -5.0
AUEC | neffy 2.0 mg 15 245 | 494 | 1619 | 39 -446 18 81 380 | 941 92 -888
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Treatment Female Male
N Mean | sD | Max | M9 | wmin N Mean | sD | Max | M9 | win
an an
Cv?tfrfnszr{i?] irt?sg IN 14 100 | 439 | 1465 | -10 | -333 16 -4 534 | 720 9 -1520
IM 0.3 mg 13 52 | s47 | 722 2 | -1s01 | 15 34 | s22 | 1083 | -32 | -1134
IM 0.5 mg 11 28 | 453 | o938 87 | -902 17 87 | 421 | 706 2 | -1050
PR
neffy 2.0 mg 16 | 41.4 | 405 | 120.0 | 255 | 2.0 | 200 | 43.1 | 47.8 | 1780 | 225 | 1.0
TEma Cv?:rfquzr{ﬁirt?sg IN 16 | 226 | 233 | 89.0 | 225 | 1.0 | 18.0 | 181 | 315 | 1190 | 20 | 1.0
X IM 0.3 mg 16 | 41.0 | 31.2 | 120.0 | 440 | 2.0 | 19.0 | 442 | 36.1 | 119.0 | 440 | 5.0
IM 0.5 mg 16 343 | 343 | 1220 | 225 | 1.0 | 19.0 | 36.6 | 37.6 | 120.0 | 19.0 | 5.0
neffy 2.0 mg 16 201 | 14.7 | 58.0 | 160 | 40 | 200 | 17.3 | 13.7 | 54.0 | 140 | -4.0
. Cv?tf:]szr{i?nrt?g IN 16 128 | 137 | 530 | 130 | 80 | 180 | 9.4 | 108 | 290 | 85 | -13.0
IM 0.3 mg 16 108 | 86 | 27.0 | 11.5 | 6.0 | 19.0 | 11.2 | 7.2 | 24.0 | 11.0 | -4.0
IM 0.5 mg 16 131 | 48 | 230 | 120 | 7.0 | 190 | 137 | 9.4 | 370 | 130 | -1.0
neffy 2.0 mg 16 | 1047 | 977 | 2066 | 771 | -194 | 19 751 | 947 | 3179 | 561 | -541
AUEG \?v?;szr{ﬁ irt?g IN 14 203 | 517 | 1188 | 239 | -673 15 192 268 958 96 -10
IM 0.3 mg 14 502 | 485 | 1391 | 513 | -267 18 380 | 415 | 1335 | 253 | -231
IM 0.5 mg 16 678 | 448 | 1607 | 691 74 18 504 | 579 | 2226 | 336 | -315

The primary objectives of this study were 1) to compare ARS-1 2.0 mg under normal conditions to
ARS-1 2.0 mg when the subject experiencing rhinitis, a worst-case situation for intranasal delivery,
and 2) to IM Adrenaline 0.3 mg (reference listed drug) and IM Adrenaline 0.5 mg, both of which have
worldwide approval for the treatment of severe allergic reactions and anaphylaxis.

ARS-1 2.0 mg resulted in greater overall exposure with more rapid tmax relative to IM Adrenaline 0.3
mg. ARS-1 2.0 mg also resulted in pharmacodynamic effects that were greater than IM Adrenaline 0.3
mg and comparable to IM Adrenaline 0.5 mg.

The EPI 16 study was designed as a three-way crossover study conducted in the normal state,
comparing Eurneffy 2 mg, IM adrenaline 0.3 mg, and IM adrenaline 0.5 mg.

The results from this study indicate that Eurneffy 2 mg, when administered to individuals with rhinitis,
leads to adrenaline exposure that is not statistically different from that of IM injection. This similarity
was observed as early as 2 minutes post-dose and persisted through the first 20 minutes post-dose.
The pharmacodynamic responses, including systolic blood pressure, diastolic blood pressure, and heart
rate, showed that for at least the first 30 minutes after dosing, Eurneffy produced PD responses that
were comparable to those of IM adrenaline injection.

However, only the classical injectable form of adrenaline was used in the EP116 study (the EpiPen
group was not included). Nevertheless, the results of clinical studies suggest that the PD response may
also depend on the specific injectable form of adrenaline. From a clinical perspective, the absence of
significant differences from the classical injectable form still provides reasonable evidence of an
expected similar response to Eurneffy and injectable forms, even in patients with rhinitis.

In EPI 16 study in total 16 female and 20 male subjects were included. However, results of SBP, DBP
and PR from inconsistent number of male subjects were provided (AUEC results for SBP, DBP and PR

were provided for lower number of subjects compared to TEmax and Emax for SBP, DBP and PR). The
applicant should clarify (OC).
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The differences in the observed PD responses when Eurneffy is administered under NAC-induced
rhinitis conditions seem to be more related to the ongoing systemic Type | allergic reaction induced by
NAC, rather than a substantial divergence in the response to Eurneffy compared to injectable forms.

EPI 17. A Two-Period, Two-Treatment, Randomized Crossover Study of the Pharmacokinetics,
Pharmacodynamics and Dosing Errors After Self- Administration of Epinephrine with
Intranasal ARS-1 as compared to IM injection in Subjects with Type I Allergies.

Objectives

The primary objectives of this study were as follows:

= to assess the comparative bioavailability of epinephrine after self-administration of ARS-1 (2.0 mg IN
epinephrine) or study staff-administered intramuscular (IM) injection in subjects who have Type |
allergy conditions

= to evaluate the comparative PD response based on systolic blood pressure (SBP), diastolic blood
pressure (DBP), and pulse rate (PR) using an automated blood pressure monitoring (ABPM) device
between the two treatment groups

The secondary endpoints of this study were as follows:

= the dosing error rates with ARS-1 after self-administration

= the pharmacokinetics of ARS-1 following significant dosing errors by subjects who self-administer
with ARS-1

« the safety and tolerability of ARS-1 and IM injection

Pharmacodynamic Assessments

Pharmacodynamic measurements included SBP, DBP, and PR using an ABPM device on Day O through
Day 1. through 120 minutes post-dose while the subject remains in a sitting position.

Blood pressure (BP) and PR measurements were taken at baseline, -10 (=2 min) and -5 (%2 min)
minutes prior to instructing or dosing, and at 1 (=1 min), 5 (%2 min), 10 (*2 min), 15 (*x2 min), 20
(£ 2 min), 25 (£2 min), 30 (2 min), 45 (£5 min), 60 (x5 min), 90 (£5 min), and 120 (x5 min)
minutes after dosing in each treatment period.

Emax, TEmax, AUECO-xmin: Area under the effect time curve from time zero to x min post dose,
where x was every post-dose time point through 60 min in the PK analysis (i.e., 5, 10, 15, 20, 25, 30,
45, and 60 min), AUECO-120, AUECIast.

Pharmacodynamic Results
Systolic Blood Pressure

ARS-1 2.0 mg resulted in an increase from baseline SBP that persisted throughout the entire 120-
minute sampling period. Epinephrine 0.3 mg IM resulted in an initial increase from baseline SBP that
persisted for approximately 10-minutes post-dose, at which point SBP returned to baseline and,
eventually, to below baseline.

Pharmacodynamic Parameters

Emax: In the primary population, ARS-1 2.0 mg resulted in a mean peak effect of (SBP Emax) of 21
mmHg, and Epinephrine 0.3 mg IM resulted in a mean peak effect of 13 mmHg. Similar values were
observed in the secondary population.
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TEmax: In both the primary and secondary populations, ARS-1 2.0 mg resulted in a median time to
maximum effect (TEmax) of 18 minutes and Epinephrine 0.3 mg IM resulted in a median time to
maximum effect of 16 minutes.

AUECIast: In the primary population, ARS-1 2.0 mg resulted in a mean overall effect (AUEClast) of 934
min*mmHg) and Adrenaline 0.3 mg IM resulted in a mean overall effect of 199 min*mmHg). Similar
values were observed in the secondary population.

Table 67 Pharmacodynamic Parameters for SBP Change from Baseline — Primary Population

pAUEC
tEmax Emax AUEChayt min*mmHg
. | (min) f (mmllg) | (mintmmle) [y ppe TOAuRC | AUEC | AURC | AUEC | AUEC | AUEC AUEC | AUEC
I'reatment N
m El' ian M ean ( \f]ean 03 0-10 0-1s 0-20 0-25 0-30 0-45 0-60 0-120
(range) (%CV) (%CV) Mean
(%CV)
ARS- 20 m 2 18 21 934 46 73 106 148 194 237 370 500 1001
ool 2l mg Fla-nn | @6 (111.1 73 | 1279 | (470 | (508 | (468 | (45ny | 03 | (257 | (728
Epinephrine 0.3 | 16 13 199 15 15 10 7 8 6 2 -5 253
mg IM “loa-nn| 6oy (263.5) (2202) | (@192) | (946.9) | (1838.7) | (2066.3) | (3302.9) | (-202732) | (-8841.2) | (310.8)

Diastolic Blood Pressure

Both treatments resulted in an initial increase from baseline DBP, with ARS-1 2.0 mg resulting in a
more pronounced increase. By the 10-minute timepoint, both treatments resulted in a return to
baseline; however, Epinephrine 0.3 mg IM resulted in a markedly greater decrease from baseline that
persisted throughout the 120-minute sampling period.

Pharmacodynamic Parameters

Emax: In the primary population, ARS-1 2.0 mg resulted in a mean peak effect of (DBP Emax) of 9
mmHg, and Epinephrine 0.3 mg IM resulted in a mean peak effect of 8 mmHg. Similar values were
observed in the secondary population.

TEmax: In both the primary and secondary populations, both treatments resulted in a median time to
maximum effect (TEmax) of 5 minutes.

AUECIast: In the primary population, ARS-1 2.0 mg resulted in a mean overall effect (AUECIlast) of 171
min*mmHg) and Epinephrine 0.3 mg IM resulted in a mean overall effect of 50 min*mmHg). Similar
values were observed in the secondary population.

Table 68 Pharmacodynamic Parameters for DBP Change from Baseline — Primary Population

PAULEC
tEmay Emax AUECast min*mmHg
| (miny | (mmHg) | (min‘mmHg) e cTTUAUEC | AUEC | AUEC | AUEC | AUEC | AUEC AUEC | AUEC
Treatment N
mediﬂ“ 1\1(}31’1 (l\f[cﬂ“ 05 010 0-15 0-20 0-25 0-30 0-45 0-60 0-120
(range) | (%CV) (%CY) Mean
(%CV)
) 5 9 171 17 27 27 29 29 26 16 8 284
ARS-12.0 mg 32 o ) ) ) )
(=117 | (55.6) (238.4) (1426) | (227.0) | (3944) | (4%6.4) | (624.4) | (850.6) | (1863.9) | (43973) | (161.6)
Epinephrine 0.3 4 3 8 50 i1 13 13 7 -4 =23 -88 -154 -183
mg TM “la-nn | ms (533.1) 277.9) | @780 | (660.7) | (14657) | (-3242.0) | -621.5) | (2204 | 1677 | (3414

Pulse Rate

Mean Change from Baseline vs. Time: Both treatments resulted in an initial increase from baseline PR.
This increase persisted throughout the entire sampling period following ARS-1 2.0 mg; however,
following Epinephrine 0.3 mg IM, PR returned to near-baseline levels by approximately 15-minutes
post-dose.

Pharmacodynamic Parameters

Emax: In the primary population, ARS-1 2.0 mg resulted in a mean peak effect of (PR Emax) of
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13 bpm, and Epinephrine 0.3 mg IM resulted in a mean peak effect of 10 bpm. Similar values were
observed in the secondary population.

TEmax: In the primary population, ARS-1 2.0 mg resulted in a median time to maximum effect

(TEmax) of 22 minutes and Epinephrine 0.3 mg IM resulted in a median time to maximum effect of 13
minutes. In the secondary population, the median TEmax remained the same following Epinephrine 0.3
mg IM and was 18 minutes following ARS-1 2.0 mg.

AUECIast: In the primary population, ARS-1 2.0 mg resulted in a mean overall effect (AUEClast) of 565
min*bpm) and Epinephrine 0.3 mg IM resulted in a mean overall effect of 297 min*bpm). Similar
values were observed in the secondary population.

Table 69 Pharmacodynamic Parameters for PR Change from Baseline — Primary Population

PAUEC
tEmax Emax AUECux min*bpm
. (min) | (bpm) | (min*mmHg) [y pe T AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
I'reatment N R - -
median Mean (Mean 0-5 0-10 0-15 0-20 0-25 0-30 0-45 0-60 0-120
(range) | (%CV) (%CV) Mean
(%CV)
2 13 565 25 sl 78 98 116 131 178 238 962
ARS-12.0 mg 2o | ces (89.0) (1229) | (1268) | (1302) | (1375 | (1424) | (1488) | (1698) | (1733) | (482)
Epinephrine 0.3 9 13 10 297 10 29 54 70 76 78 87 102 181
mg IM la-un | wen (24.7) @230 | sty | as0 | a2 | (339 | 1507 | @138 | @573 | 2799

Pharmacokinetic-Pharmacodynamic Analyses
Systolic Blood Pressure

Double y-axis plots of mean PK concentrations and mean SBP change from baseline versus time are
presented in Figure 29.

Figure 29 Mean PK Concentration and Mean SBP Change from Baseline vs. Time — Primary
Population
Mean Plots of PK-PD correlation for SBP (Primary population)
(Linear Plot)
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Double y-axis plots of mean PK concentrations and mean DBP change from baseline versus time are
presented in Figure 30.
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Figure 30 Mean PK Concentration and Mean DBP Change from Baseline vs. Time — Primary
Population
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Double y-axis plots of mean PK concentrations and mean PR change from baseline versus time are
presented in Figure 30.

Figure 31 Mean PK Concentration and Mean PR Change from Baseline vs. Time — Primary
Population
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During the study all 42 subjects were able to successfully administer ARS-1. About 23.8% of subjects
experienced some degree of nasal drip.

ARS-1 2.0 mg resulted in an increase from baseline SBP that persisted throughout the entire 120-
minute sampling period. Adrenaline 0.3 mg IM resulted in an initial increase from baseline SBP that
persisted for approximately 10-minutes post-dose, at which point SBP returned to baseline and,
eventually, to below baseline. Both treatments resulted in an initial increase from baseline DBP, with
ARS-1 2.0 mg resulting in a more pronounced increase. By the 10-minue time-point, both treatments
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resulted in a return to baseline; however, Adrenaline 0.3 mg IM resulted in a markedly greater
decrease from baseline that persisted throughout the120-minute sampling period.

Both treatments resulted in an initial increase from baseline PR. This increase persisted throughout the
entire sampling period following ARS-1 2.0 mg; however, following Adrenaline 0.3 mg IM, PR returned
to near baseline levels by approximately 15-minutes post-dose. The epinephrine concentration and
change from baseline SBP appeared to be well-correlated for both treatments across the full 120-
minute timeframe. DBP appeared well-correlated with epinephrine concentration immediately post-
dose, followed by a rapid decoupling where epinephrine concentrations continued to rise while DBP
decreased. The epinephrine concentration and change from baseline PR appeared well-correlated for
the first 20 minutes post-dose.

The results of the study indicate that the self-administration of the ARS-1 produces sufficient
pharmacodynamic response, needed to anaphylaxis treatment.

EPI1 10. A Single-Period, Single-Dose Study of the Pharmacokinetics and Pharmacodynamics
of Epinephrine After Administration of Intranasal ARS-1 to Paediatric Subjects with
Systemic Allergies

Pharmacodynamic (PD) Assessments: Pharmacodynamic measurements included PR and SBP and
DBP predose and at each timepoint in the schedule of events using an automated blood pressure cuff.

Pharmacodynamic Assessments

Pharmacodynamic measurements including BP (systolic, SBP; diastolic, DBP) and PR were collected at
the following times: 2 predose measurements, collected 5 min apart (at -10 and -5 min) 5, 10, 15, 20,
25, 30, 45, 60, 90, and 120 min after dosing.

Summary of Statistical Analysis
Systolic Blood Pressure

Summary statistics for SBP change from baseline, by timepoint and treatment, are presented in Table
70.
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Table 70 Summary Statistics of Systolic Blood Pressure (mmHg) by Time Point and Change

from Baseline

Weight/
Treatment
Treatment Statistic 1530 kg >30 kg Total
ARS-1 0.65 mg ARS-11.0 mg ARS-1 1.0mg ARS-1 2.0mg
N 12 3 26 16 57
Day 0 Mean (SD) 102,42 (5.435) NA 109.00 (7.746) 112.50 (8.579) 108.26 (8.444)
Pre-dose Median 102.00 N/A 108.00 114.50 108.00
Min, Max 96.0,114.0 NA 93.0,125.0 93.0,123.0 90,0,125.0
N 12 3 26 16 57
o Mean (SD) 103.83 (7.566) /A 108.31 (8.303) 108.13 (9.926) 107.25 (8.547)
5 min post dose - -
Median 103.00 NA 108.50 109.00 107.00
Min, Max 90.0,118.0 NA §3.0,123.0 92.0,120.0 83.0.123.0
N 12 N/A 26 16 57
5 min post dose ["yjean (S1) 142 (5.299) N/A -0.69 (6.793) 438 (6.163) -1.02 (6.635)
gﬂa“gc from 0 dian 2.50 N/A 2,00 -6.50 1,00
Min. Max 8.0.8.0 N/A -10.0,15.0 -13.0,10.0 -13.0,15.0
N 12 3 26 16 57
10 min post Mean (SD) 107.58 (10.113) N/A 107.15 (10.306) 113.19 (8.879) 109.05 (9.871)
dose Median 104.50 N/A 106.50 115.00 108.00
Min, Max 7.0,128.0 N/A 87.0,126.0 94.0.126.0 §7.0,128.0
10 min post N 12 /A 26 16 57
dose Mean (SD) 5.17 (8.009) NiA -1.85 (10.318) 0.69 (8.739) 0.79 (9.636)
Change [rom Median 2.50 N/A -3.00 -1.50 0.00
BL Min, Max 20.27.0 NAA 224.0.20.0 13.0,17.0 240.27.0
N 12 3 26 16 57
15 min post Mcan (SD) 107.17 (7.566) N/A 109.27 (8.426) 114.44 (12.997) 110.56 (9.968)
dose Median 109.00 NA 110.50 116.00 110.00
Min. Max 90.0,118.0 N/A 89.0,125.0 90.0,136.0 89.0.136.0
Weight/
Treatment
Treatment Statistic 15-30 kg >30 kg Total
ARS-1 0.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
15 min post N 12 N/A 26 16 57
dose Mean (SD) 475(7.111) N/A 0.27 (8.254) 1.94 (10.142) 2.30(8.742)
Change from Median 4,50 N/A -1.50 4,00 1.00
BL Min, Max _8.0.14.0 N/A 15.0.21.0 _17.0,16.0 17.021.0
N 12 3 26 16 57
20 min post Mean (SD) 106.25 (6.969) N/A 110.31 (8.293) 114.81 (10.407) 110.95 (9.038)
dose Median 106.50 NFA 112.00 114.00 112.00
Min. Max 95.0.120.0 N/A 89.0,121.0 98.0,131.0 89.0.131.0
20 min post N 12 N/A 26 16 57
dose Mean (SD) 3.83 (4.489) NFA 1.31(6.763) 2.31 (9.958) 2.68(7.581)
Change from Median 3.50 N/A 1.50 3.00 3.00
BL Min, Max 2.0,11.0 N/A 212.0,12.0 [17.021.0 2170210
N 12 3 26 16 57
25 min post Mean (SD) 107.08 (8.436) N/A 108.35 (9.230) 117.00 (6.563) 110.60 {9.045)
dose Median 105.50 N/A 112.00 117.50 112.00
Min, Max 97.0.128.0 N/A 84.0,124.0 105.0,128.0 84.0,128.0
25 min post N 12 N/A 26 16 57
dose Mean (SD) 4.67 (4.418) N/A -0.65 (7.204) 4.50(9.661) 233 (7.861)
Change from Median 4,50 N/A -0.30 3.50 3.00
BL Min, Max 30,140 N/A 22.0,12.0 C18.0,25.0 220250
N 12 3 26 16 57
30 min post Mean (SD) 108.08 (9.587) N/A 109.04 (10.074) 117.13 (8.024) 111.35 (9.990)
dose Median 110.00 N/A 109.00 117.50 111,00
Min, Max 89.0.122.0 N/A 84.0,129.0 106.0,132.0 84.0,132.0
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Treatment

Statistic

Treatment

Total

15-30 kg
ARS-1 0.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
30 min post N 12 NiA 26 16 57
dose Mean (SD) 5.67(7.726) N/A 0.04 (8.374) 4.63 (8.024) 3.09 (8.446)
Change from Median 7.50 N/A -1.00 4.00 4.00
BL Min, Max 9.0,17.0 N/A S12.0,16.0 -10.0,17.0 -12.0,17.0
N 12 3 26 16 57
45 min post Mean (SD) 107.08 (9.482) N/A 109.15 (9.238) 115.94 (10.535) 110.68 (10.006)
dose Median 106.00 N/A 108.00 117.00 110.00
Min, Max 93.0,128.0 N/A 96.0,134.0 98.0,135.0 93.0,135.0
45 min post N 12 NIA 26 16 57
dose Mean (SD) 4.67 (5.499) NiA 0.15(7.943) 3.44 (8.254) 2.42(7.627)
Change from Median 5.50 N/A 1.00 2.00 3.00
BL Min, Max 5.0.14.0 N/A 20.0,15.0 0.0.18.0 20.0,18.0
N 12 3 26 16 57
60 min post Meun (SD} 102,75 (7.545) N/A 107.27 (10.854) 114,13 (12.997) 108.21 (11.296)
dose Median 100.50 N/A 106.50 116.00 107.00
Min, Max 90.0,115.0 N/A 92.0,139.0 94.0,143.0 90.0,143.0
60 min post N 12 NIA 26 16 57
dose Mean (SD) 0.33(5.975) N/A -1.73 (10.038) 1.63 (8.846) -0.05 (8.760)
Change from Median 0.50 N/A -1.00 2.00 0.00
BL Min, Max 8080 NIA 33.0.20.0 12.023.0 33.0.23.0
N 12 3 26 16 57
90 min post Mean (SD}) 102.75 (8.646) N/A 107.77 (10.626) 111.38 (14.913) 107.89 (11.827)
dose Median 103.50 NIA 107.50 110.50 107.00
Min, Max 83.0,117.0 NiA 87.0,131.0 89.0,137.0 83.0,137.0

Diastolic Blood Pressure

Summary statistics for DBP change from baseline, by timepoint and treatment, are presented in the

table below.
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Table 71 Summary Statistics of Diastolic Blood Pressure (mmHg) by Time

from Baseline

Point and Change

Weight/
Treatment
Treatment Statistic 15— 30 kg >30 kg Total
ARS-1 0.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
N 12 3 26 16 57
Day 0 Mean (SD) 65.58 (7.845) N/A 69.00 (5.879) 68.88(6.571) 08.26(06.490)
Pre-dose Median 63.50 N/A 69.50 69.00 68.00
Min, Max 56.0,82.0 N/A 55.0,80.0 59.0,81.0 55.0.82.0
N 12 3 26 16 57
5 mi a Mean (SD) 65.50 (5.697) N/A 67.62(7.161) 66.00(9.331) 66.49(7.354)
S T 6400 N/A 66.50 66.50 66.00
Min, Max 58.0,76.0 N/A 55.0,83.0 47.0,79.0 47.0,83.0
N 12 N/A 26 16 57
{;mn ptrlft dose [ \ean (SD) -0.08 (8.857) N/A -1.38 (6.616) -2.88(5.965) -1.77(6.889)
éLa”g“ oM M\edian 250 N/A -2.50 -2.50 2,00
Min, Max -24.0,10.0 N/A -14.0,16.0 -15.0,7.0 -24.0,16.0
N 12 3 26 16 57
10 min post Mean (SD} 66.25 (11.194) N/A 65.31 (7.662) 68.56(9.818) 66.72(9.053)
dose Median 64.50 N/A 67.00 68.00 67.00
Min, Max 53.0,92.0 N/A 46.0,79.0 47.0,86.0 46.0.92.0
10 mi N 12 N/A 26 16 37
min post
dose Meun (SD} 0.67 (12.844) N/A -3.69 (7.999) -0.31(6.364) -1.54(8.860)
Change from Median 1.50 N/A -3.00 0.50 0.00
BL Min, Max 29,0280 NA 28090 12090 -29.0,28.0
N 12 3 26 16 57
5 min post Mean (SD) 66.33 (7.958) N/A 69.38 (6.113) 69.19(8.479) 68.77(7.529)
dose Median 65,50 N/A 70.00 70.00 69.00
Min, Max 54.0.80.0 N/A 54.0.83.0 46.0,84.0 46.0,85.0
Weight/
Treatment
Treatment Statistic 15— 30 kg >30 kg Total
ARS-10.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
o N 12 N/A 26 16 57
15 min post
dose Mean (SD) 0.75(8.833) N/A 0.38 (5.672) 0.31(6.580) 0.51(6.941)
Change from Median 0.50 N/A 0.00 2.50 1.00
BL Min, Max -18.0,13.0 N/A -12.0,12.0 -13.0.9.0 -18.0,13.0
N 12 3 26 16 57
20 min post Mean (SD) 62.92 (7.440) N/A 67.92 (6.542) 67.75(9.169) 66.74(7.898)
dose Median 62.50 N/A 66.50 66.00 66.00
Min, Max 50.0,77.0 N/A 54.0,82.0 53.0,87.0 50.0,87.0
20 mi ) N 12 N/A 26 16 57
20 min post
dose Mean (SD) -2.67 (8.804) N/A -1.08 (5.130) -1.13(6.702) -1.53(6.623)
Change [rom Median -2.00 N/A -1.00 -1.00 -1.00
BL Min, Max 21.0,8.0 N/A -9.0,14.0 -15.0,9.0 21.0,14.0
N 12 3 26 16 57
25 min post Mean (SD) 65.75 (7.677) N/A 64.92(7.715) 70.44(9.522) 66.79(8.370)
dosc Median 05.00 N/A 65.00 68.50 67.00
Min, Max 50.0,77.0 N/A 48.0,77.0 59.0,99.0 48.0,99.0
\ N 12 N/A 26 16 57
25 min post
dose Mean (SD) 0.17 (9.074) N/A -4.08 (7.348) 1.56(8.270) -1.47(8.175)
Change [rom Median 2.50 N/A -3.00 3.50 -1.00
BL Min, Max -19.0,11.0 N/A -26.0,7.0 -14.0,21.0 -26.0,21.0
N 12 3 26 16 57
30 min post Mean (SD) 65.42 (9.728) N/A 66.54 (8.719) 68.81(6.555) 66.81(8.438)
dose Median 06.00 N/A 066.00 69.00 66.00
Min, Max 50.0,82.0 N/A 48.0,82.0 58.0,78.0 48.0,82.0
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Weight/

Treatment
Treatment Statistic 15-30 kg >30 ke Total
ARS-1 0.65 mg ARS-11.0 mg ARS-1 1.0mg ARS-12.0mg
30 min post N 12 N/A 26 16 57
dosc Mean (SD) 20,17 (11.968) N/A 2,46 (1.680) -0.06(7.188) -146(8.734)
Change from Median 1.50 N/A -2.50 0.00 0.00
BL Min, Max 31.0.19.0 NiA -17.0,14.0 -14.0,13.0 310190
N 12 3 26 16 57
45 min post Mean (SD) 63.58 (5.534) N/A 6527 (6.142) 68.44(6.532) 66.04(6.228)
dose Median 63.00 N/A 65.50 68.50 66.00
Min. Max 54.0,74.0 N/A 55.0,77.0 57.0.81.0 54.0.81.0
44 min post N 12 NiA 26 16 57
dose Mean (SD) 2.00 (6.238) N/A -3.73 (6.220) -0.44(5.059) 2.23(5.846)
Change from | Median 2,00 N/A -1.00 0.00 -1.00
BI. Min, Max 130,100 N/A 19.0,40 10,080 19.0,100
N 12 3 26 16 57
60 min post Mean (SD) 61.92 (7.267) N/A 65.54 (6.819) 66.94(7.434) 65.32(7.071)
dose Median 61.00 N/A 66.00 67.00 66.00
Min, Max 52.0.74.0 N/A 49.0,76.0 55.0,82.0 49.0,82.0
60 min post N 12 N/A 26 16 57
dose Mean (SD) 3.67(10.021) N/A 23,46 (1.716) -1.94(6.382) 2.95(7.726)
Change from Median -1.00 N/A -2.00 -2.00 -2.00
BL Min, Max 28.0.9.0 N/A 27.0,6.0 -13.08.0 .28.0.9.0
N 12 3 26 16 57
90 min post Mean (SD) 64.17 (6.913) N/A 65.46 (8.636) 66.75(8.933) 65.65(8.079)
dose Median 63.50 N/A 65.50 69.00 66.00
Min, Max 53.0.80.0 N/A 43.0,77.0 48.0,79.0 3.0,80.0
Weight/
Treatment
Treatment Statistic 15-30 kg >30 kg Total
ARS-10.65 mg ARS-11.0 mg ARS-1 1.0mg ARS-1 2.0mg
%0 main post N 12 N/A 26 16 57
dose Mean (SD) 142 (11.285) WA 3,54 (8.315) 2.13(6.937) 2.61(8.470)
Change from Median -1.50 N/A -2.00 -2.00 -2.00
BI. Min, Max 21.0.24.0 N/A -26.0,13.0 21,080 26.0.24.0
N 12 3 26 16 57
120 minpost | Mean (SD) 68.08 (8.501) N/A 66.35 (7.392) 68.19(7.808) 67.09(7.548)
dose Median 65.50 N/A 65.50 69.00 66.00
Min, Max 54.0,87.0 N/A 53.0,80.0 53.0.86.0 53.0,87.0
120 minpost | 12 NiA 26 16 7
dose Mean (SD) 2.50 (10.639) N/A 2,65 (1413) 0.69(7.964) 1L 18(8.300)
Change from Median 3.50 N/A -1.00 -1.00 -1.00
BL Min, Max -18.0.24.0 N/A -19.0,8.0 -18.0.12.0 -19.0.24.0
N 12 3 2 16 57
. Mean (SD) 66.33 (7.608) NA 66.77 (6.930) 68.88(9.926) 67.23(8.205)
seharse Median 65.00 NA 68.00 67.50 67.00
Min, Max 54.0.81.0 N/A 53.0.80.0 55.0,94.0 50.0.94.0
N 2 N/A 26 16 57
E;“‘ha“!ﬁf Mean (SD) 0.75 (4.864) N/A -2.23 (7.140) 0.00(6.782) -1.04(6.652)
rEHOM T Median 0.50 NIA 2,00 0.00 .00
Min, Max -8.0.7.0 N/A 21.0,16.0 -12.0.16.0 -21.0,16.0

Pulse Rate

Summary statistics for PR change from baseline, by timepoint and treatment, are presented in Table

72.
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Table 72 Summary Statistics of Pulse Rate (bpm) by Time Point and Change from Baseline

Treatment
Treatment Statistic 15-30 kg Total
ARS-1 0.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
N 12 3 26 16 57
Day 0 Mean (SD) 91.50 (8.639) NIA 77.31(12.454) 73.25(10.253) 79.75(12.999)
Pre-dose Median 93.50 N/A 78.00 72.50 80.00
Min, Max 75.0,106.0 N/A 55.0,100.0 55.0,94.0 55.0,106.0
N 12 3 26 16 57
) Mean (SD) 95.50 (13.971) NA 77.31(12.827) 75.69(9.075) §1.86(14.652)
3 min post dose 1= 94.50 NA 76.00 75.50 78.00
Min, Max 69.0.123.0 N/A 57.0,110.0 57.0.99.0 57.0.123.0
N 12 N/A 26 16 57
3 min post dose | vean (3D) 4.00 (13.457) NIA 0.00(10.438) 2.44(9.316) 2.11(10.768)
gﬁ“”gc from i edian 8.30 N/A 2.50 1,50 3.00
Min, Max 27.0,19.0 N/A 34.0,19.0 -9.0.22.0 34.0,22.0
N 12 3 26 16 57
10 min post Mean (SD) 96.17 (17.729) NA 80.92(14.037) 78.13(11.592) §4.40(15.991)
dose Median 43.00 N/A 78.00 75.50 81.00
Min, Max 59.0,123.0 N/A 60.0,116.0 56.0,105.0 56.0,123.0
10 min post N 12 N/A 26 16 57
dose Mean (SD) 4.67 (16.008) N/A 3.62(10.774) 4.88(7.830) 4.65(11.128)
Change from | Median 6.00 N/A -0.50 1.50 3.00
BL Min, Max -37.0,26.0 N/A -16.0,26.0 -5.0.21.0 -37.0,26.0
N 12 3 26 16 57
15 min post Mean (SD) 99.00 (20.104) NIA 82.96(16.333) 78.69(11.336) 86.11(17.684)
dose Median 96.00 N/A 81.50 79.00 82.00
Min, Max 73.0,150.0 N/A 53.0,118.0 55.0,100.0 53.0,150.0
Treatment
Treatment Statistic 15-30 kg Total
ARS-1 0.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2,0mg
15 min post N 12 N/A 26 16 57
dose Mecan (SD) 7.50 (19.732) N/A 5.65(12.541) 5.44(10.341) 6.35(13.396)
Change from Median 5.50 N/A 4.00 6.00 5.00
Bl Min, Max 23.0,58.0 N/A 10.0.42.0 150290 230,580
N 12 3 26 16 57
20 min post Mean (SD) 92.00 (11.832) N/A 80.54(13.877) 79.50(14.450) $3.79(14.783)
dose Median 93.00 NA 83.00 78.50 84.00
Min, Max 72.0,111.0 N/A 57.0.113.0 55.0,111.0 55.0,117.0
20 min post N 12 N/A 26 16 57
dose Mean (SD) 0.50 (11.366) N/A 3.23(6.301) 6.25(13.772) 4.04{10.149)
Change from Median 2.00 N/A 4.50 2.00 4.00
BL Min, Max 23.0.16.0 N/A 9.0,13.0 -10.0,45.0 23.0.45.0
N 12 3 26 16 57
25 min post Mean (SD) 9275 (11.910) NA 80.88(13,005) 78.94(12.678) 83.63(13.660)
dose Median 96.50 N/A 82.50 78.00 84.00
Min. Max 73.0.108.0 NiA 57.0,113.0 54.0.108.0 54.0.113.0
25 min post N 12 NiA 26 16 7
dose Mean (SD) 1.25 (11.616) NA 3.58(6.338) 5.69(10.830) 3.88(9.026)
Change (rom | Median 3.00 N/A 3.00 4.50 3.00
BL Min, Max 23.0,15.0 N/A 9.0,14.0 -6.0.42.0 23.0.42.0
N 12 3 26 16 57
30 min post Mean (SD) 90.25 (10.181) N/A 79.46(13.981) 77.44(13.875) 82.30(14.378)
dose Median 89.00 N/A 79.00 75.50 82.00
Min, Max 73.0,114.0 N/A 58.0.112.0 53.0.111.0 53.0,114.0
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Weight/
L Treatment
Treatment Statistic 15-30 kg >30 kg Total
ARS-1 0.65 mg ARS-1 1.0 mg ARS-11.0mg ARS-1 2.0mg
. N 12 N/A 26 16 57
30 min post
dosc Mean (SD) -1.25 (9,255) N/A 2.15(9.341) 4.19(11.912) 2,54(10.181)
Change from Median 3.00 N/A 3.50 1.50 3.00
BL Min, Max -23.0,8.0 N/A -18.0,23.0 -7.0.45.0 -23.0,45.0
N 12 3 26 16 57
45 min post Mean (SD) 86.08 (9.848) N/A 79.27(15.361) 78.56(16.480) 80.96(14.793)
dose Median 87.50 N/A 80,50 76.00 82,00
Min, Max 606.0,99.0 N/A 52.0,112.0 52.0,112.0 52.0.112.0
. N 12 N/A 26 16 57
45 min post
dose Mean (SD) -5.42 (11.453) N/A 1.96(8.838) 5.31(14.046) 1.21(11.568)
Change from Median -7.00 N/A 1.00 1.50 1.00
BL Min, Max -23.0,16.0 NiA -14.0,19.0 -14.0,46.0 -23.0,46.0
N 12 3 26 16 57
60 min post Mean (SD) 91.00 (11.724) N/A 79.65(15.579) 78.81(13.742) 83.09(15.386)
dosc Median 91.00 N/A 80,00 78.00 83.00
Min, Max 66.0,108.0 N/A 54.0,118.0 51.0,111.0 51.0.118.0
. . N 12 N/A 26 16 57
60 min post
dose Mean (SD) -0.50 (12.362) N/A 2.35(6.847) 5.56(12.072) 3.33(10.235)
Change from Median 2.00 N/A 1.00 4.00 3.00
BL Min, Max -30.0,15.0 N/A 9.0,18.0 -6.0.45.0 300,450
N 12 3 26 l6 57
90 min post Mean (SD) 84.58 (13.420) N/A 78.73(16.511) 77.19(14.242) 80.74(15.710)
dosc Median 87.00 N/A 80.50 80.00 84.00
Min, Max 56.0,103.0 N/A 51.0,111.0 49.0,98.0 49.0,112.0
Weight/
Treatment
Treatment Statistic 15— 30 kg >30 kg Total
ARS-10.65 mg ARS-1 1.0 mg ARS-1 1.0mg ARS-1 2.0mg
90 mi N 12 N/A 26 16 57
0 min post
dose Mean (SD) -6.92 (16.941) N/A 1.42(8.594) 3.94(10.043) 0.98(11.881)
Change Irom Median -6.00 N/A 0.00 0.00 0.00
BL Min, Max -40.0,22.0 N/A -12.0,28.0 -7.0,25.0 -40.0,28.0
N 12 3 26 16 57
120 min post | Mean (SD) 89.42 (10.509) NA 79.23(14.630) 76.69(12.300) 81.63(14.432)
dose Median 88.00 N/A 77.00 76.50 79.00
Min, Max 67.0.109.0 N/A 57.0.112.0 48.0,103.0 48.0.112.0
2 / 26 5
120 min post N 12 A 26 16 37
dose Mcan (SD) -2,08 (12.788) N/A 1.92(9.187) 3.44(8,959) 1.88(10.087)
Change from Median 0.50 N/A 3.00 350 2.00
BL Min, Max -29.0,15.0 N/A -25.0,20.0 -12.0,23.0 -29.0,23.0
N 12 3 26 16 57
Disel Mean (SD) 88.33(10.094) N/A 80.96(13.890) 74.63(11.690) 81.05(12.958)
ischarge - — - —
Median 89.50 N/A 80.50 76.00 82.00
Min, Max 72.0,108.0 N/A 54,0.110,0 49.0,90.0 49,0,110,0
N 12 N/A 26 16 57
D]S‘:h“"gf Mean (SD) S317 (11424 N/A 3.65(12.188) 1.38(12.055) 1.30(12.033)
Change from [0 ian 2.50 N/A 3.30 0.30 2,00
BL cdia =42 i J. . B
Min, Max -23.0,13.0 N/A -16.0,40.0 -20.0,24.0 -23.0,40.0

Pharmacodynamic Parameters
Systolic Blood Pressure
Summary statistics for change from baseline SBP by treatment are presented in Table 73.
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Table 73 Pharmacodynamic Parameters for SBP Change from Baseline

AUEC
Limax Emax AUECiaq min*mmllg
Treatment | N (min) (mmily) | (min*mmllg) yype [ AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
: . 0-5 0-10 015 0-20 0-25 0-30 045 0-60 0-120
median Mean (Mean
(range) {%CV) (%CY) Mean
(YCV)
15-30 kg
ARS-1 | s 1225 2853 3.68 1744 | 4008 63.0 84,75 1106 1879 2269 286.9
065 mg 10—=120 (43.5) 1508 332.5) 214.00 1574 127 4) 113.4). 103.1) 1013 99 1) 1497
4 ( ) ( ) ( ( ( ) ( ( ) ( ( ) ( ( )
ARS-1 N NiA NiA N/A N/A N/A N/A N/A N/A NiA NiA N/A N/A
1.0 mg ?
>30 kg
ARS-1 e 20 823 “1003 -165 749 | -0 | am 532 685 581 725 | 9971
1.0 mg B 0120y (85.3) (-806.8) (9763) | 714.5) | (8283) | (15754) | 2553.4) | (23744) | @287 | (20501 | (-808.50)
ARS-1 p 25 119 116.5 -10.39 207 134 2.54 143 36625 | 97.06 134.2 110.8
20mg | 0 90 (68.6) (756.8) (1428) | (217.1) | 6041y | (4773.8) | (11233) | (5305 | 994 | @s2e) | (7937)

Diastolic Blood Pressure
Summary statistics for change from baseline DBP by treatment are presented in Table 74.

Table 74 Pharmacodynamic Parameters for DBP Change from Baseline

AUEC
tEnax Emax AUEChast min*mmHg
. (it (mmHg} | (min*mmHg) [ ppe | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
I'reatment | N
median Mean ([\IE}II’I 0-5 0-10 015 0-20 0-25 0-30 0-45 0-60 0120
{range) (Y6CV) (% (V) Mecan
(%CV)
1530 kg
ARS-1 I 25 106 1285 035 101 1.21 2.50 483 -850 233 653 1277
(.65 mg (0= 120) (803) (700) | (-6211.8) | (-6946.7) | (10036.1) | (-6417.8) | (-2211.2) | (2789.9) | (-1547.8) | (=700.5) | (-743.1)
ARS-1 R NA NA NIA NIA N/A N/A NiA NiA NA NiA NA NiA
1.0 mg
>30ke
ARS-1 Lo | 185 492 3526 365 -162 243 254 379 543 1007 | -1538 | 383
1.0 mg 21 o122 (912) (187.5) (4318) | (2918 | (301.0) | (342.1) | (2703} | (235.3) | (2021 | 182.8) | (-186.8)
ARS-1 6| s 7 1542 690 153 153 16,7 157 1164 156 334 1359
20mg (0= 120) (76.0) (374.8) (2144) | (2516) | (4082) | (-5343) | (657.3) | (-10359) | (-12532) | -799.8) | (-419.4)
Pulse Rate

Summary statistics for change from baseline PR by treatment are presented in Table 75.

Table 75 Pharmacodynamic Parameters for PR Change from Baseline

AUEC
max JECas in*h
(lr:ﬂn) Eunx (Bpm}) (;:llnlflf Imll) e
o ¥ AUEC AUEC AUEC AUEC AUEC AUEC AUEC AUFEC AUEC
I'reatment | N
. Mean r -5 010 15 0-20 0-25 0-30 0-45 0-60 o120
median (%CY) (Mean
(range) ° (%CV) Mean
(% CV)
15-30 kg
ARS-1 1 10.5 17.7 -267.9 9.93 30.99 518 72.3 782 76.7 26.6 -174 =270
0.65 mg (0-91) (83.8) (-470.6) (3244) (326.6) (312.0) (279.1) (312.5) (371.5) | (1493.7) | (-308L.1) | (-464.2)
ARS-1 N N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NiA
1.0 mg ’
> 30 kg
ARS-1 25 18 13.8 2591 -0.128 872 31.44 537 T0.1 85.0 113.6 1481 2588
1.0 mg T wo-129) (72.4) (283.6) 203112y | (8322) | 370.6) | (28400 | (2492) | (238.2) | (2657) | (260.8) | (2824)
ARS-1 16 325 154 589.8 6.17 24.0 30.0 79.5 109.2 133.7 204.7 285.8 538.1
2.0 mg 7| 0-90 (75.0) (185.0) (376.6) (247.1) (193.2) (170.0) (164.4) (167.6) (189.1) (196.0) (191.5)

Study EPI1 18

A Five-Treatment, Five-Period, Randomized, Crossover Study of the Pharmacokinetics and
Pharmacodynamics of Epinephrine After Repeat Administration of Eurneffy and Intramuscular
Epinephrine Injection in Type | Allergy Patients with Seasonal Rhinitis
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Pharmacodynamic Parameters —Primary Analysis

Systolic Blood Pressure

Under normal nasal conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean SBP Emax of 29 mmHg
and a mean AUECIast of 1211 min*mmHg and IM 0.3 mg twice resulted in mean Emax of 14 mmHg
and a mean AUECIast of 473 min*mmHg. Median tEmax values were 19 minutes for Eurneffy 2.0 mg
twice (R/L) and 38 minutes for IM 0.3 mg twice.

Under rhinitis conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean SBP Emax of 18 mmHg and
mean AUECIast of 589 min*mmHg and Eurneffy 2.0 mg twice (R/R) resulted in a mean Emax of 21
mmHg and mean AUECIast of 932 min*mmHg. Under rhinitis conditions, IM 0.3 mg twice resulted in
mean Emax of 13 mmHg and a mean AUECIast of 376 min*mmHg. Median tEmax values were 16
minutes for Eurneffy 2.0 mg twice (R/L), 26 minutes for Eurneffy 2.0 mg twice (R/R), and 30 minutes
for IM 0.3 mg twice.

Least Squares Analysis — Primary Analysis

Under normal nasal conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L) resulted in
significantly greater increases in SBP, beginning at 15 minutes post-dose and persisting through 60
minutes post-dose. Under rhinitis conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L)
resulted in significantly greater increases in SBP at 5-, 10-, 25-, and 30-minutes post-dose; and
Eurneffy 2.0 mg twice (R/R) resulted in significantly greater increases in SBP at 30-minutes post-dose.

Diastolic Blood Pressure

Under normal nasal conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean DBP Emax of 10 mmHg
and a mean AUECIast of 214 min*mmHg and IM 0.3 mg twice resulted in mean Emax of 6 mmHg and
a mean AUECIast of-20 min*mmHg. Median tEmax values were 15 minutes for Eurneffy 2.0 mg twice
(R/L) and 10 minutes for IM 0.3 mg twice.

Under rhinitis conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean DBP Emax of 6 mmHg and
mean AUECIast of 60 min*mmHg and Eurneffy 2.0 mg twice (R/R) resulted in a mean Emax of 7
mmHg and mean AUECIast of 169 min*mmHg. Under rhinitis conditions, IM 0.3 mg twice resulted in
mean Emax of 6 mmHg and a mean AUECIast of 78 min*mmHg. Median tEmax values were 10
minutes for Eurneffy 2.0 mg twice (R/L), 20 minutes for Eurneffy 2.0 mg twice (R/R), and 13 minutes
for IM 0.3 mg twice.

Least Squares Analysis — Primary Analysis

For both normal and rhinitis conditions, there were no persistent and meaningful differences between
Eurneffy 2.0 mg twice (R/L or R/R) and IM 0.3 mg twice.

Pulse Rate

Under normal nasal conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean PR Emax of 24 bpm
and a mean AUECIast of 1219 min*bpm and IM 0.3 mg twice resulted in mean Emax of 14 bpm and a
mean AUECIast of 876 min*bpm. Median tEmax values were 16 minutes for Eurneffy 2.0 mg twice
(R/L) and 45 minutes for IM 0.3 mg twice.

Under rhinitis conditions, Eurneffy 2.0 mg twice (R/L) resulted in a mean PR Emax of 22 bpm and
mean AUECIast of 979 min*bpm and Eurneffy 2.0 mg twice (R/R) resulted in a mean Emax of 22 bpm
and mean AUECIast of 1353 min*bpm. Under rhinitis conditions, IM 0.3 mg twice resulted in mean
Emax of 14 bpm and a mean AUECIast of 715 min*bpm. Median tEmax values were 11 minutes for
Eurneffy 2.0 mg twice (R/L), 16 minutes for Eurneffy 2.0 mg twice (R/R), and 28 minutes for IM 0.3
mg twice.
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Least Squares Analysis — Primary Analysis

Under normal nasal conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L) resulted in
significantly greater increases in PR through 60 minutes post-dose.

Under rhinitis conditions, relative to IM 0.3 mg, Eurneffy 2.0 mg twice (R/L) resulted in significantly
greater increases in PR through 60 minutes post-dose; and Eurneffy 2.0 mg twice (R/R) resulted in
significantly greater increases in PR through 120 minutes post-dose.

Gender Analysis:

An analysis by gender for both pharmacokinetic (PK) results and pharmacodynamic (PD) outcomes
from EPI 18 is provided below.

There were 24 female subjects and 18 male subjects enrolled in this clinical trial. The mean weight was
higher for male subjects (85 kg vs. 71 kg) as compared to female subjects, with BMI being similar
between the two groups (27 vs. 26).

Table 76 EP1 18 Summary of Demographic Data

Female Male
Age Height Weight BMI Age Height Weight BMI
(vea | (cm) | (kg) (vean | (cm) | (kg)
N 24 24 24 24 19 19 19 19
Mean 43 164 71 26 43 175 85 27
SD 10 7 15 4 11 7 12 3
Minimum 29 147 52 19 24 163 61 20
Median 41 163 68 26 45 175 84 28
Maximum 61 180 108 35 63 188 107 34

Pharmacodynamic parameters from EPI 18

For SBP the Eurneffy groups the median TEn.x was generally similar for Eurneffy between genders for
the normal group and contralateral (R/L) group, while in the ipsilateral (R/R) group the male subjects
exhibited a slightly faster SBP TEax (21 min vs. 30 min). For the IM groups the SBP TE,,x Wwas more
rapid in male subjects under normal conditions but similar after NAC induction. The mean Eax for SBP
was generally higher for Eurneffy as compared to IM injection in all groups and similar between
genders.

For pulse rate (PR) median TE,.x Was similar between genders for Eurneffy under normal conditions.
After NAC induction SBP median TEqax with Eurneffy was more rapid for female subjects (7.5 min vs.
13 min) with contralateral (R/L) dosing and more rapid for male subjects (15 min vs. 31 min) with
ipsilateral (R/R) dosing. For IM injection the PR median TEna.x Was more rapid for female subjects under
normal conditions (45 min vs. 60 min) and after NAC induction (20 min vs. 30 min). The mean E,« for
PR was similar between genders for all treatment groups.
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Table 77 EP1 18 Pharmacodynamic Parameters by Gender

Female Male
Me Me
Treatment
N lea SD | Max | dia | Min | N Msa SD | Max | dia | Min
n n
SBP
120.
neffy (R/L) 24 |20.9| 27 | 1.0 [200 | 7" | 190|216 | 14 | 1.0 | 16.0 | 60.0
IM (R/L) 24 |385| 35 | 1.0 | 45.0 1%0' 18.0 | 40.8 | 31 | 2.0 | 31.0 1%9'
TEm | neffy with Rhinitis |, | 56 6| 27 | 1.0 | 170 | 2% | 16.0 | 245 | 20 | 1.0 | 155 | 120
ax | (R/L) 0 0
neffy with Rhinitis |, | 390 | 30 | 1.0 | 205 | 2% | 170|181 | 11 | 1.0 | 21.0 | 30.0
(R/R) 0
IM with Rhinitis 23 |336| 31 | 20 | 250 |91.0| 190|384 34 | 1.0 | 300 | 12
(R/L) 0
neffy (R/L) 24 | 265 | 13 | 2.0 | 245|500 19.0|33.1| 19 | 50 | 29.0| 71.0
IM (R/L) 24 |136| 9 |-80|155|31.0|180|142| 9 |-50]135]|39.0
Ema ?Ff/fg with Rhinitis | 5, | 195 | 12 | -3.0 | 17.5 | 39.0 | 16.0 | 15.4 | 13 | -8.0 | 12.0 | 44.0
X " T
?Ff;fymw'th Rhinitis | 5, | 235 | 10 | 8.0 | 25.0 | 450 | 17.0| 181 | 10 | 2.0 | 15.0 | 38.0
'(';'/‘S'th Rhinitis 23 |11.1| 8 | 0.0 |100|26.0|19.0|145| 9 | -9.0| 14.0] 34.0
151 | 161 | 123 | 152 | 181 154 | 178 | 127 | 149 | 195
neffy (R/L) 24 1 g 6 10 | a3 | 12 | ¥ | 12 6 35 | 24 | 16
137 | 279 | 234 | 139 | 169 144 | 167 | 114 | 147 | 175
IM (R/L) 24 | 34 | & 2 | 79 | 87 | ¥ | 92 | 4 | 96 | 22 | 37
AUE | neffy with Rhinitis | ,, | 143 | 185 | 124 | 139 | 176 | . | 147 | 150 | 119 | 143 | 177
c | rRD 13 7 01 | 55 | 95 64 4 25 | 52 | 35
neffy with Rhinitis |, | 145 | 140 | 124 | 142 | 176 | . | 149 | 131 | 131 | 147 | 177
(R/R) 97 5 33 | 47 | 59 39 4 46 | 22 | 25
IM with Rhinitis >3 | 141 [ 130 [ 120 | 141 | 165 | o | 141 | 131 | 118 | 140 | 165
(R/L) 54 7 87 | 69 | 48 65 9 42 | 69 | 32
DBP
neffy (R/L) 24 |204| 25 | 1.0 | 155 1%0' 19.0 | 17.2| 11 | 1.0 | 15.0 | 45.0
IM (R/L) 24 |222| 34 | 1.0 | 100 1%1' 18.0 | 246 | 37 | 1.0 | 12.5 1%)1'
TEm | neffy with Rhinitis | >, | 546 | 33 | 1.0 | 125 | %Y | 160|336 | 41 | 1.0 | 10,0 | 13
ax | (R/L) 0 0
neffy with Rhinitis 120. 120.
e 24 | 340 34 | 10 | 225|707 170|227 | 31 | 1.0 | 100 |
IM with Rhinitis 23 | 184 | 22 | 1.0 | 11.0 | 86.0| 190 | 428 | 49 | 1.0 | 21.0 | 13
(R/L) 0
neffy (R/L) 24 |1120| 6 |-1.0|120|240|190| 94 | 6 |-30]| 9.0 |23.0
IM (R/L) 24 | 62| 6 | -50| 60 |220|180| 49 | 5 |-10]| 35 |14.0
neffy with Rhinitis -
Ema | (/) 24 | 60| 7 | ,0o| 60 |200[160| 72| 6 | 00| 55 |19.0
X " o
?s;fymw'th Rhinitis | 5, | 57 6 | 20| 50 |17.0| 170 | 8.2 6 | -3.0| 9.0 | 22.0
IM with Rhinitis -
®/L) 23 | 56| 6 |,,,| 60 |17.0|190] 63 | 8 |-50]| 40 |240
920 734 | 931 | 111 902 781 | 901 | 102
neffy (R/L) 24 Pl TN B 5 4 | 19 1| 788 | g o 81
849 | 159 | 163 | 880 | 997 840 688 | 862 | 104
IM (R/L) 24 5 > 7 ; ; 18 o | 990 | %3 o 6
AUE | neffy with Rhinitis 888 746 | 871 | 113 938 805 | 953 | 106
c | ®rD 24 1 | 93| 4 5 33 | 16 9 | ™| 1 1 76
neffy with Rhinitis |, | 884 | 107 | 738 | 875 | 113 | _ [ 919 | _ [ 807 | 915 | 103
(R/R) 7 2 8 4 41 2 8 5 55
IM with Rhinitis 886 716 | 888 | 107 861 675 | 840 | 104
(R/L) 23 7 |84 o 5 17 | 19 2 | 988 | 4 0 84
PR
Tgxm neffy (R/L) 24 |293| 35 | 1.0 | 16.0 1%0' 19.0 | 24.4 | 23 | 1.0 | 19.0 | 90.0
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Female Male

Me Me
Treatment
N Mr?a SD Max dia Min N Mr?a SD Max dia Min
n n
IM (R/L) 24 | 48.1| 40 | 1.0 | 45.0 1%1' 18.0 | 62.7 | 40 | 6.0 | 60.0 1%1'
neffy with Rhinitis 121. 120.
RIS 24 |193| 20 | 10 | 7.5 | 757 | 160|229 34 | 1.0 | 130 |
neffy with Rhinitis | >, | 480 | 47 | 1.0 | 31.0| Y | 170|184 | 17 | 1.0 | 150 | 58.0
(R/R) 0
IM with Rhinitis 23 | 208| 28 | 5.0 | 200 |12 | 190|354 | 26 | 1.0 | 30.0 | 90.0
(R/L) 0
neffy (R/L) 24 | 250]| 12 | 80 | 23.0|57.0|19.0|22.1| 11 | 6.0 | 18.0 | 46.0
IM (R/L) 24 |16.1] 112 | 2.0 [ 145|530 180|113 5 | 2.0 | 12.0] 190
Ema ?Ff/fg with Rhinitis |5, | 550 | 10 | 3.0 | 23.0 | 38.0 | 16.0 | 21.2 | 10 | 8.0 | 20.0 | 44.0
X " ..
?Sfymw'th Rhinitis | 54 1240 10 | 7.0 | 245 |470| 170|182 | 9o | 7.0 | 17.0 | 36.0
'("\?"/‘Ii‘;'th Rhinitis 23 |162| 8 | 1.0 | 170|380 | 19.0|121| 5 | 3.0 | 12.0 | 25.0
neffy (R/L) 24 1i6 762 | 212 154 228 19 %6 128 87 | 711 356
IM (R/L) 24 182 962 3;31 874 4;8 18 | 673 | 484 463 639 120
AUE [ neffy with Rhinitis 106 270 248
e | 24 o | 788 | -28 | 813 | “] 16 | 849 | 588 | 63 | 568 | <,
neffy with Rhinitis 160 138 | 307 266
iy 24 o | 890 | 93 5 c 17 | 991 | 729 | 148 | 826 | °,
IM with Rhinitis - 220 225
®L) 23 | 724 | 522 | 5, | 611 | 7% 19 | 705 | 554 | -56 | 635 |

In Study EPI 18 in total 24 female and 19 male subjects were included. Under normal conditions,
median Cmax in females was higher compared to male (773.7 vs 644.1). Under rhinitis conditions
when administered to the same nostril the difference between female and male was more pronounced
(894.1 vs 513.1). However, after administration to different nostrils median Cmax in female was lower
compared to male (408.9 vs 530.9).

Similarly, AUC after administration of Eurneffy was higher in female compared to male, both under
normal and rhinitis conditions. Of note, median AUC in female under rhinitis conditions after R/R
administration was much higher compared to R/L administration (81467 vs 43145). These results also
support recommendation to administer second dose of Eurneffy to the other nostril.

Comparable trends in differences between females and males were observed in SBP, DBP and PR.
However, pronounced differences in PR between males and females under rhinitis conditions after R/R
administration should be noted.

Supportive studies

EPI 04. A Five-Treatment, Partially Randomized Crossover Study of the Bioavailability and
Pharmacokinetics of Epinephrine After Administration of ARS -1 or Epinephrine Injection in
Subjects with Allergic Rhinitis.

Pharmacodynamic Assessments

PD measurements included BP, PR, and RR. Assessments were conducted prior to dosing, and at 15 (+
5 min), 30 (= 5 min) minutes, 1 (x 10 min), 2 (x 15 min), 4 (£ 30 min), and 6 (& 30 min) hours post
dosing.

Pharmacodynamic Results

Vital sign data (SBP, DBP and PR) up to 2 hours post dose were evaluated. The subjects were supine
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and quiescent for 1-hour period to dosing and 2 hours post dose, and vital signs were taken at 15 and

30 minutes, and at 1 and 2 hours.

Systolic Blood Pressure

Summary statistics for SBP comparing ARS-1 1.0 mg IN to rhinitis status and to Epinephrine 0.3 mg
IM, Epinephrine 0.3 mg SC, and Epinephrine 0.5 mg IM are presented by timepoint and change from

baseline are presented in Table 78.

Table 78 Summary statistic of systolic blood pressure (mm Hg) by time point and change

from baseline, sorted by treatment

Treatment
Time Point Statistic ARS-1 Epinephrine Epincphrine ARS-1 1.0 mg IN Epinephrine
L0 mg IN 13 mg M 0.3 mg 5C with Rhinitis 0.5 mg IM

N 33 36 A3 33 21

Mean (8T 3301279 112.0(9.22) L012.73) 1164 (10.80) 1126 (14.63)
Bascline

Median 1130 1120 T 1160 114,00

Min. Max a1, 157 9%, 140 87, 139 93,145 &5, 143

N 33 36 33 33 23

Meun (31 124.5 (13.99) 116,23 (12.49) 113.6(13.45) 133.9(13.14) 1185 (13.69)
15 min Post dosc - -

Median 12400 116.5 112.0 123.0 119.0

Min, Max 93, 154 93, 141 91, 140 100, 156 95, 141

N 35 36 a5 33 23
Change from Vicum (812 11.1%(12.76) 4.2%(9.16) 2.5{7.65) 7.5% (11,40 6.2 (7.50)
Bascline Median 10.0 4.0 2.0 S0 6.0

Min, Max -18. 36 =10, 29 14,21 -10,37 -9, 22

N 35 36 15 23 23

Mean (ST 124001111y 1133 (13.08) LIS (13.39) 120.2(12.86) 1212 {1647y
30 min Post dose

Median 12500 112.0 TR0 121.0 12300

Min, Max 100, 112 93,141 86, 137 o4, 151 92,152

N 33 36 a5 33 23
Change from Mean (51 17 {10.596) 1.3 (10.29 4.148.25) {11.40) K.6¥(1043)
Baseline Median 110 0.3 5.0 2.0 9.0

Min. Max -13.2% -16,21 -14, 34 -10, 23

N 36 35 33 23
1-hour Post dose Muean (813 115.4 (10.58) 116.5 (12.68) 116.7{(12.91) 1203 (15.01)

Median 11540 116.0 117.0 120.0

Treatment
Time Paint Statistie ARS-1 Epinephrine Epincphrine ARS-1 1.0 mg [N Epincphrine
1Lirmg IN {3 mg [M 0.3 mg 83C with Rhinitis 0.5 mg IM

Min, Max 96, 153 96, 137 o, 146 92,145 an, 147

N s 36 kA a3 23
Change from Mean {813} 9.9 (14.55) 3. (RA4) SA*(10.26) GA011.93) T.9(9.32)
Baseline Median 0.0 1.0 5.0 0.0 7.0

Min, Max -20, 50 =11, 20 -19,33 =25, 27 -10,23

N 35 36 i5 33 23

Mean (81 T1R.0412.20) 113.0(12.35) 1126 (11.54) 17501371 7.7 (14.44)
2 hours Post dose

Median 1180 125 Lo 1.0 1210

Min, Max 84, 140 151 93, 142 93, 142 BT, 139

N 35 3t 33 33 23
Change from Mean (51D} 4.7 (1042) LO(10.64) 1.6 (4.09) L1 (1160} 3 1(12.40)
Baseline Mediun 5.0 0.5 3.0 2.0 6.0

Min, Max -17.26 -149, 34 -2319 -17, 31 -16.25

N i5 36 35 33 23

Mean {813 7.0 {1200 AR L].66) HES6 (1139 1169 (10.64) [ 180 {157
4 hours Post dose

Median 115.0 150 L1600 1150 121.0

Min, Max a3, 111 9, 140 98, 112 %0, 115 92,132

N 35 36 35 33 23
Change from Mean {31} 3.7 (11.54) 2.8(8.77) 4.5 (9.10) 0.5 {8.48) 5.3 (10.59)
Bascline Melizm 4.0 1.5 4.4} 0.0 8.0

Min, Max 222,27 -16, 24 1819 -19.16 -14, 30

N 35 36 35 a3 23

Mean {SD) 114.1413.14) 1107 (1293 L3 (196} 1134 (10351 1147 (13.33)
6 hours Post dose

Median 1110 1110 1130 1110 L16.0

Min, Max Y0, 139 a4, 134 87, 134 94, 137 90, 136
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Treatment
Time Point Statistic ARS-1 Epinephrine Epinephrine ARS-1 1,0 mg IN Epinephrine
1.0 mg TN 0.3 mg TM 0.3 mg SC with Rhinitis 0.5 mg MV
N 35 36 35 33 23
Change fram Mean (SN} nR (1077 -1.3 (836} 2.1 (R.5R) -3.0(7.49) 2001072
Baseline Median L0 30 20 3.0 2.0
Min, Max SMIR 214,16 20, 17 22210 -S4, 22

Abbreviations: [IN—intranasal, [M—intramuscular, Max — maximum, Min — minimum, SC—subcutanecus.

Nates: Bascline = wssessment from seheduled visit privor Lo dosing ol cach dosing period; post-bascline summary is bascd on the resulls colleeled from scheduled
drmepoints,

*— greatest change (rom baseline for cach treatment group.

Diastolic Blood Pressure

Summary statistics for DBP presented by timepoint and change from baseline are presented in Table
79.

Table 79 Summary of diastolic blood pressure (mm Hg) by time point and change from
baseline, sorted by treatment

Treatment
Time Point Statistic ARS-1 Epinephrine Epinephrine ARS-1 1.0 mg IN Epinephrine
1.0 mg IN 0.3 mg IM 0.3 mg SC with Rhinitis 0.5 mg IM
N i5 36 15 13 23
i Mean (SD) 72.0(9.61) 71.5(9.58) 71.5(9.91) 75.5(9.54) TL9(10.69)
Baseline - — -
Median 72.0 710 690 75.0 70.0
Min, Max 52,92 51,92 50, 88 54,95 52.90
N 33 Kl 35 i3 23
Mean (5D)) T5.6(11.59) 72.7(9.22) T1LB(12.34) T4.8(9.95) 69.6(13.34)
15 min Post dose
Median T4.0 725 71.0 730 6ir.0)
Min, Max 55,95 54,89 52,93 56, 98 48, 105
N 35 36 35 13 23
Change from Mean (SD) 36841 1.2(7.15) 0.3 (6.19) 0.6 (7.75) 22.3(7.40)
Baseline Median 3.0 1.0 0.0 =20 =2.0
Min, Max =13, 21 =14, 20 =10, 18 =14, 19 =23, 15
N 35 36 35 i3 23
) Mean (8D) 75.3(11.89) 69.3(9.10) 69.3 (10.62) 71T (10.40) 67.0(11.64)
30 min Post dose -
Median 77.0 68,8 68.0 T0L0 67.0
Min, Max 41,97 54,87 54, 88 56,95 46, 89
N 35 36 35 i3 23
Change from Mean (SD) 313(9.26) -2.2(6.55) -2.2(5.67) -1.8 (8.36) -5.0(7.18)
Baseline Median 50 2.5 3.0 4.0 =50
Min, Max =18, 25 -15,21 -13,7 =19, 25 =20, 10
N a5 in 35 33 23
Mean (5D) T75.7(B.E]) 68.2(8.23) 69.4(10.23) T34(89]) 68.7(12.64)
1-hour Post dose -
Median 7.0 68.5 69.0 710 69.0
Min, Max O, ) 50, 84 43, 89 56, 9 50, 104
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Treatment

Time Point Statistic ARS-1 Epinephrine Epinephrine ARS-1 L& mye IN FEpinephrine
1.0 mg IN 0.3 mu 1v1 0.3 mg SC with Rhinitis 0.5 mg 1M
N 35 6 35 33 23
Change from Mean (SD) 3.0 (7.92) S35T8) -2 1{6.06) -2.1 (8.200 -3 858
Bascline Meddian 4.0 =30 20 2.0 -5.0
Min, Max =19, 2 -13,21 214,13 =21,17 224012
N i3 36 35 i3 23
Meun (S1) T34 (D.58) 0.1 (8,71 T20H9.37) T3.4 (10,200 JLO(12.11)
2 hours Post dose
Median 770 0.0 TLO 714 0.0
Min, Max 57,93 30, 87 31,96 31,90 30,90
N is 36 3s 33 23
Muean (ST 34(795) -4 (7R 05730 2.0 (TRTY 0.9 {7.61)
Change from Median 50 1.0 10 3.0 20
Baseline
Min, Max -18, 20 =22, 24 220, 14 -15,23 -16, 23
hin, Mix 54,86 52,87 53,90 51,87 52,90

Abbreviations: [N—intranasal, IM—intrarnuscular. Max — maximum, Min — minitmum, SC—subcutaneons.

Motes: Baseline = assessment from scheduled visit prior to dosing of each dosing period; post-baseline summary is based on the results collected from scheduled

Tmepelnts,

Pulse Rate

Summary statistics for SBP presented by timepoint and change from baseline are presented in Table

80.

During the first 120 minutes after dosing, subjects' PR were collected in the supine position. After this
timepoint, they were active and able to move around.

Table 80 Summary statistic of pulse rate (beats/min) by time point and change from
baseline, sorted by treatment

Treatment
Time Foint Statistic ARS-1 Epinephrine Epinephrine ARS-1 L0 mg IN Epinephrine
1.0mg IN 0.3 mg IM 0.3 mg 5C with Rhinitis 0.5 mg IM
N 35 36 35 i3 23
Basellne Mean (50) a3 (10,39) 607.2(%.29) 66,1 (1002} 0.2 (8,140) 630(10.03)
Median ] A6.5 H6.0 0.0 (6.0
Min, Max 44, 53 47,85 4%, 97 31,80 45, 82
N 35 6 is 33 23
15 min Post dose Mean (50) 73.2011.70) G8.9 (9.39) 65,1 (1144} [ 69,3 (9.29)
Median 7.0 6510 680 T0.0
Min, Max 51,94 51,86 53, 109 50, 90
N a5 36 35 23
Change from Moan {513) Y (8,32) 1.7 16,13) 0 3E2) 4.2(5.26}
Baseline Median 6.0 2.0 3.0 1.0
Win, Max =14, 28 =20, 16 9,17 -4, 17
N i3 36 35 33 23
Mean (817) T4 (1145 TLT(1141) T14(1124) F1LO11.05) TE(1065)
30 min Post dose
Median o0 TL3 70.0 720 a0
Min, Mux 53,97 51,100 35,100 49,99 49, 91
N 35 36 35 33 23
Change from Mean (SD) R.0% (06T 4.5%(7.42) 530950 1.8(7.56) 6.5(7.57}
Baseline Median 2.0 4.5 (] 3.0 440
Min, Max =27, 2% =725 -15, 38 =19, 15 23,30
N 35 36 33 33 23
1-hour Post dosc Mean (5D) 741 (10.89) TLOTAL TRLO(1244) GE.0(10.05) TIE10.67)
Median 73 724 700 0.0 T
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Treaiment

Time Point Statistic ARS-1 Epinephrine Epinephrine ARS-1 L0 mg IN Kpinephrine
1.0 mg IN 0.3 mg IM 0.3 mg 5C with Rhinitis 0.5 mg IM
Min, Max 34, 100 55, B4 47, 109 52,99 33,95
™ A5 i A3 33 23
Change from Mean {510 TH(R05) 3.8(8.23) 59% (11,64 1.2 (K.96) 8,74 (£.30)
Baseline Median 8.0 a0 6.0} 1.0 8.0
Min. Max A.30 -18,21 223,35 221,13 A,27
N 15 36 15 23 23
Mean {51} 68,6 (10,37 68,4 (90K) HH.1 (10,69 67,9 (8.62) 310,79}
2 hours Post dose
Median 680 F0.0 GR.0 68,0 T0.0
Min, Max 50, 4 51,86 ), 102 49, §4 32,95
N 35 6 13 33 2
Change from Mean {51 2.3 (6,66} 1.2{7.99) 2,0 (10409} 1.3 (9.47) 33 (6.65)
Baseline Median 2.0 2.0 kX 2.0 0
Min, Max 412,15 -15, 16 220,28 221,20 -6, 15

Abbreviations: IN=intranasal, [M=intramuscular, Max — maxinom, Min — minimuom, SC—subcuraneous,

Moless Buseline — wsyessiment o seheduled visit prior we dosing of cach dosing period; post-hascline summery is based on the resulis collected from sehaedoled

timepoints.

* — areatest change [rom baseline T each treatment group

EPI 04 was a five-treatment, partially randomised crossover study of the bioavailability and

pharmacokinetics of epinephrine after administration of ARS-1 (1.0 mg I.N.) in healthy subjects and in

subjects with rhinitis or epinephrine injection (0.3, 0.5 mg I.M.).

Subjects who received ARS-1 1.0 mg IN showed higher PB and greater changes in BP within the first
30 minutes post treatment compared to Epinephrine IM and SC injections. Comparison of maximum

change in SBP after administration of ARS-1 1.0 mg IN was statistically significantly higher than that of

Epinephrine 0.3 mg IM.

However, a significant more rapid reduction in haemodynamic response (SBP and HR) was observed
after ARS-1 administration in patients with induced rhinitis. The effect of the drug is significantly
reduced 30 minutes after administration and almost disappears after 60 minutes. The PD effects of

ARS in patients without rhinitis were longer and lasted up to 2 hours.

EPI O7. A Five-Period, Five-Treatment, Randomized Crossover Study of the Pharmacokinetics

of Epinephrine After Administration of Intranasal ARS-1 or EpiPen to Healthy Volunteers.

Pharmacodynamic Assessments

PD measurements included pulse and BP (systolic and diastolic pressure) using an automated blood

pressure measuring device. Pulse and BP measurements were taken at baseline, pre-dose (twice after

at least 5 minutes of supine or semi-supine position, at least 5 minutes apart) and at 5 (2 min), 10
(£2 min), 15 (£2min), 20 (x2min), 25 (£2min), 30 (£2 min), 45 (x5 min), 60 (&5 min), 90 (x5

min), and 120 (x5 min) minutes after dosing. PD were evaluated with the PK blood samples up to 120
minutes post-dose.

Respiratory rate and temperature were assessed at prior to dosing, the 15 (= 5 min), 30 (£ 5 min)
minutes, 1 (+ 10 min), 2 (£ 15 min), 4 (£ 30 min), and 6 (* 30 min) hour time points after dosing.

Standard vital signs (BP, pulse rate, respiratory rate, and temperature) were assessed at 4 (+ 30

min), and 6 (= 30 min) hour time points.
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Pharmacodynamic Results

Systolic Blood Pressure

Summary statistics of SBP by time point, sorted by treatment are presented in Table 81.

Table 81 Summary statistic of systolic blood pressure (mmHg) by time point and change

from baseline, sorted by treatment

Treatment
Time Point Statistic ARS-1 1.0 mg IN AR&;:&% IN AR:;L:&R% IN Eol';l;:;l 0.3Emplgpte:icc
(L/R))
N 35 36 35 36 36
Bl Mean (SD) 116.20 (10.266) 113.53 (9.176) 115.00 (10.803) 115.44 (10.582) 114.17 (10.565)
Median 114.00 114.00 115.00 115.50 114.00
Min, Max 100.0, 136.0 92.0,132.0 95.0,138.0 87.0, 140.0 95.0,139.0
N 35 36 33 36 36
) Mean (SD) 125.37 (12.200) 127.36 (14.013) 126.94 (15.492) 122.44 (14.193) 122.75 (15.754)
5 min post dose -
Median 125.00 130.00 126.00 121.00 122.50
Min, Max 106.0, 152.0 99.0, 151.0 102.0, 178.0 93.0, 152.0 79.0, 164.0
N 35 36 35 36 36
5 min post dose Mean (SD) 9.17 (9.028) 13.83 (11.052) 11.94 (11.697) 7.00 (10.190) 8.58 (15.062)
Change [rom BL Median 9.00 14.00 11.00 5.00 6.50
Min, Max 9.0.28.0 -10.0, 36.0 7.0, 43.0 -10.0, 40.0 -28.0. 40.0
N 35 36 35 36 36
Mean (SD) 128.00 (14.536) 138.22 (16.964) 134.74 (16.355) 123.36 (14.802) 125.83 (12.580)
10 minpostdose = e 128.00 142,00 132.00 121.50 123.50
Min, Max 99.0, 150.0 106.0, 170.0 108.0, 178.0 98.0,151.0 101.0, 148.0
N 35 36 35 36 36
10min post dose Mean (SD) 11.80(12.952) 24.69 (15.534) 19.74 (14.345) 7.92(10.541) 11.67 (12.481)
Change from BL Median 11.00 26.00 19.00 6.50 10.00
Min, Max -15.0,39.0 -1.0,54.0 -7.0,49.0 -10.0, 34.0 -14.0,43.0
N 35 36 33 36 36
15 min post dose | Mean (SD) 128.17 (14.462) 144.56 (20.082) 136.37 (16.477) 118.75 (14.514) 128.86 (12.878)
Median 131.00 145.00 138.00 119.00 130.00
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Treatment
. . . PR "nilPe
Time Point Statistic ARS-1 10 mg IN AR:I‘_.:-LD mg IN AI{S—I‘].].(I 1:lg IN EpiPen |]_3L,.E: ll.\]\l-ice
ce (L/R) twice (1./1.) L3 mg (LIR))
Min, Max 102.0, 132.0 9.0, 191.0 103.0, 1630 91.0, 145.0 950, 151.0
N 35 36 a5 36 36
15 min post dosc Mean (510} L1.97 (12.067) 303 (18735 2137 (16.360) 3.30410.302) 14.69 {13090
Change trom BL Median 100 33.50 22.00 350 12.00
Min, Wax =100, 400 =1.0, 690 =T0A), B30 =160, 33.0 =200, 39.0
N 35 36 35 360 36
i Mean (812} 130,37 (17.138) 146,83 (21,427 137.63 [15.960) 12438 (167700 129,39 (15 480)
20 min post dose - - — —
Wedian 134,00 146,50 141.00 126,00 12450
Min, Max 101.0, 164.0 99.0, 195.0 12,0, 170,10 920, 1570 B6.0, 1650
N a3 36 33 36 36
30 min post dose Mein (S13) 1417 (15,311} 33.31 (18.966) 2263 (15.752) 914411427 15.22{12.51%)
Change trom BL Median 15.00 33.50 24.00 7.00 17.00
Min, Max -18.0, 410 -6.0, 66,41 -R.0, 350 ST AT S350, 320
N 35 36 34 36 36
e Mean (SDy 2886 (10,183 144,44 (19.807) L3700 (14.592) 22.81115.840 L2897 (17.407)
2 pastdose I 134.00 146.00 136.50 122,00 128,50
Min, Wax 94.4), 1560 24K 1780 1050, 1624 9.0, 15001 10340, 139,10
N 35 36 34 360 36
23 min post dose Mean (3T} 12,66 (12.744) 3092 (17.426) 2212 {14284 TA6(10.916) 1481 {14.899)
Change [rom Bl Medinn TELA 3550 22.00 G400 15,50
Min, Max -2000, 370 -2.0, 6400 -5.0.45.0 -15.0, 380 -9.0, 720
N a3 36 a5 33 36
) Maeun (81} 126,26 (15.721) THLTT {17.8960) 13546 (14.261) 120011 {15.132) 125367 (14.434)
Al min post dose - - - —
Median 130,00 139,000 L39.00 123,00 126,50
Min, Max 4.0, 1530 1000, 172.0 a6, 160.0 R7.0, 130.0 RO AN
Treatment
Time Point Statistic ARS- ARS- i AN Lpil'en
oy | LR | | me
N 35 36 35 35 36
3 min post dose Mean (500 10,06 (12.395) 26,55 (13.4049) 2046 (14.527) 4.57(12.125) 11.50(12.429)
Change from L Mudian 1000 25410 33.00 6.00 11.00
Min, Max =120, 43.0 =50, 580 =15.0, 470 S21.0, 270 =170, 310
N A3 36 33 35 36
Mean (513 125,49 (15.629) 13472 (17.124) 130,14 (13.456) 12437 (13,701 126,42 {14,719
45 min post dose -
Median 23.00 136.50 1 3100 122.00 129.50
Min, Max 9u.4), 159.0 101.0, 167.0 1030, 1530 1000, 1550 Y80, 1540
N 35 36 35 3z 36
45 min post dose Mean (ST 9.29(11.3357) 2119{15.928) 15,14 (13.38a) BRI(0.01N 12.25 (14.758)
Change from BL Median 10n00 2100 14.00 500 10.00
Min, Max -16.0, 34.0 -7.0, 540 -l6.0,41.0 6.0, 28.0 -170, 470
N 35 36 35 3s 36
) Mean (SD) 12591 (12.176) 129,69 (16.283) 12807 (15.464) L1914 (13,73 1) 12519 (13.665)
Ol min post dose " - A I
Moedian 127.00 12650 126401} 127,00 128.50
Min. Max L03.0. 1500 98.0, 1600 98,0, 161.0 97.0, 155.0 L0, 1310
N 33 36 33 35 36
60 min post dose | Mean (51 9,71 (4.726) 16,17 (14,155 3.17413.350) 3,60 (10.430) 11,03 (14310
Change from BL Median 1000 13.00 12.00 3.400 12.00
Min, Max =70 310 =6.0. 4210 =2000h 52,0 =120, 310 =21.0, 360
N i3 36 i3 33 36
Muoan (513 118.06 (12.712) 121.89 (13.955) 121,71 (14.016) 117.20 (14,647 117.97(12.914)
90 min post dose - - -
Median L18.00 122,00 125,00 11500 117.00
Min, Max a6, 144.0 940, 151.0 970, 1430 95.0, 138.0 0950, 1510
90 min post dose N 35 36 35 35 36
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Treatment
Time Point Statistic ARS10mgIv | ARST :,EJLII% IN AI{SHICBIEJLIFL% IN i 0_3F$:)f‘:ice
= (L/R)
Change from BL Mcan (SD) 1.86 (10.296) 8.36(12.762) 6.71 (12.851) 1.66 (10.488) 3.81(12.674)
Median 2.00 6.50 8.00 1.00 2.00
Min, Max -14.0,25.0 -16.0, 38.0 -23.0,28.0 -12.0,31.0 -18.0,34.0
N 35 36 35 35 36
) Mean (SD) 119.29 (13.179) 122.11 (13.625) 120.31 (14.531) 119.49 (10.801) 116.58 (10.552)
120 min post dose -
Median 119.00 122.00 122.00 121.00 114.00
Min, Max 93.0, 148.0 97.0, 151.0 92.0, 146.0 98.0, 142.0 99.0, 144.0
N 35 36 35 35 36
120 miin post dose | Mean (SD) 3,00 (11.046) 8.58 (12.477) 531 (12.981) 3.94 (8.724) 2.42 (10.890)
Change from BL Median 3.00 9.00 4.00 5.00 2.00
Min, Max -19.0,21.0 -25.0, 36.0 -26.0,29.0 -15.0,19.0 -21.0,29.0

Abbreviations: BT = bascline, Epi = epinephrine, TM = intramuscular, IN = intranasal, Max = maximum, Min = minimum, PD = post dose, SD = standard deviation,

Source; Table 14.3.7; Listing 16.2.9.1

Diastolic Blood Pressure

Summary statistics of DBP by time point, sorted by treatment are presented in Table 82.
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Table 82 Summary statistic of DBP (mm Hg) by time point and change from baseline, sorted

by treatment

Treatment
Time Point Statistic ARS-1 1.0 mg IN ARtS“:ilc:.(OL;% IN \RS‘_.IL:(OLIJI]]?) IN %]311:;1 0. SEII; ]gP:\:lice
) (L/R))
N 35 36 35 36 36
BL Mean (SD) 72.29 (8.101) 71.50 (7.268) 71.00 (6.932) 71.42 (8.470) 70.61 (9.030)
Median 71.00 72.00 71.00 71.50 71.00
Min, Max 53.0. 88.0 57.0, 3.0 58.0, 84.0 54.0, 89.0 46.0,91.0
N 33 36 35 36 36
. Mean (SD) 79.17 (8.713) 75.94 (7.982) 75.54 (7.453) 71.08 (7.485) 69.19 (7.167)
5 min post dose - - -
Median 79.00 75.00 77.00 70.50 69.00
Min, Max 64.0, 100.0 59,0, 96,0 58.0, 87.0 55.0, 87.0 55,0, 86.0
N 35 36 35 36 36
5 min post dose Mean (5D) 6.89 (7.642) 4.44 (6.421) 4.54(7.022) -0.33(6.132) -1.42 (6.963)
Change from BL Median 6.00 4.50 5.00 0.00 0.00
Min, Max -6.0, 30.0 -6.0,28.0 -10.0,21.0 -11.0, 13.0 -19.0, 12.0
N 35 36 35 36 36
Mean (SD) 77.86 (8.307) 78.17 (9.013) 77.23 (8.479) 70.64 (8.271) 7136 (7.717)
10 min post dose - -
Median 78.00 80.00 79.00 70.50 71.00
Min, Max 65.0,100.0 60.0. 98.0 55.0,97.0 54.0, 87.0 55.0, 86.0
N 35 36 35 36 36
10min post dose Mean (SD) 5.57(7.732) 6.67 (7.460) 0.23 (6.353) -0.78 (8.233) 0.75 (9.808)
Change from BL Median 7.00 5.00 4.00 -0.50 0.00
Min, Max -11.0,26.0 -5.0,25.0 -6.0,23.0 -18.0,12.0 -18.0, 26.0
N 35 36 35 36 36
15 min post dose Mean (SD) 75.23 (10.466) 76.42 (10.606) 76.69 (10.099) 68.83 (8.150) 6831 (9.916)
Median 75.00 76.00 78.00 69.00 70,50
Treatment
Time Point Statistic ARS-1 10 mg IN .-\]ié:;-ilc: .:]L;rl% ™ .-\R:;;NI: FL(IIB ™ Eo fl:;]::él l)JEn]-Jn;P:\]:ir.e
(L/R))
Min, Max 52.0.940 32,00, 100 59,0, 1000 530,870 43.0, 580
N a3 36 33 A6 36
15 min posl dose Mesmn (500 294 (10.335) 4492 (11101} 569 (822K =258 (5.793) =231 (9255}
Change trom BL Median 3.00 A.00 6000 -3.00 -1.00
Min, Max =210, 310 S26.01, 270 -850, 220 =160, 13.0 -24.0,17.0
N as 36 35 36 30
. Mean (5D) 7460 (205900 THHEL (B.0492) 7343 (8462) 649,97 (2.497) 66,92 (9.967)
20 min post dose - - - -
Median 7300 73.00 7500 T2.00 6H7.00
Min, Mix S0.0, 960 S56.0, 940 54.40,91.0 54.0.93.40 4100, 85.0
N as 36 35 36 36
20 min posl dose Muan (817) 23531 (8.567) 431 {8.454) 443 (7.5200 -4 (7.647) =369 (8501}
Change trom BL Median 1.00 5.00 400 -2.00 -2.00
Min, Max =160, 22.0 130, 200 -15.0,21.0 =170, 130 260,110
N as 36 34 6 36
. Mean (S1)) TEET(IL194) TEAS(R22T) (7.31 (R.193) 6819 {11.471)
25 min post dose - -
Median 70,00 74.50 08.50 67.00
Min, Muax 520, 100.0 560,930 a3, 910 45.0, 8240 47.0,99.0
N 35 36 34 36 36
25 min post dose Mean (ST)) 3290192600 275 (7.546) 4356 (6.514) RGN <242 (10.432)
Chinge rom BL Median 5.00 4,50 4,50 -4,01 -3.00
Min, Max S0, 220 S12a, 190 -14.0, 18.0 -15.0,9.0 S23.0,23.0
N 35 36 35 35 36
i Wean (510 TRO4I0.76D) TEIT (AR50 TSO0{7.364) 68,20 (7.545) 66.92 (8.689)
30 min post dose - -
Meilian F2A0 75.50 TN LRI 67.00
Min. Max 510,980 500,920 6200, 940 51.0, 8840 430, 840
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Treatment

Hime Foint Statistic ARS-1 1.0 mg TN ’mﬁ‘i:f Lﬂf) = M{t:i:(“ o n ﬁ"ﬂlﬁ: I].SFi::;aPr:iee
i i . {L/R))
N 35 30 35 35 36
30 min post dose | Meim (SD) 1.66 (8.908) 367 (7.903) 4000 (7.666) 311 {6.443) =360 (9.988)
Change lrom BT Median 300 200 41400 =300 -4.00
Min, Max S15.0017.0 S12.0, 2.0 -1, 3.0 2200, 13.0 2740, 180
M 33 30 35 33 36
Mein (1)) 7294 (8754) 74,83 (8.614) T4.97 (8,126} 7140 (4.458) G036 (34,118)
45 min post dosc -
Median F2.00 74,00 TEA0 FEXUL G400
Min, Max 54.0,92.0 550,900 574,950 34.0,90.0 A0, RR0
N 35 30 35 35 6
45 min post dosc Meun (50) 066 (7017) 333 (6.080) 397 (.053) 009 (7717 -1.25 (9.262)
Chinge from Bl Median 0,00 350 ER Y] 2.00 =300
Min, Max S16.0, 1240 60,190 -170, 200 190, 150 2200, 22.0
™ 33 36 33 i3 a6
. Mean (50 732049267 A2 TLRZTIN TS (6A19) OR.69(7LT0T)
G0 min post dose - - —
Median 72,00 74,50 7400 T1.400 o4.50
Min, Mix 530,90 540,910 5900, 940 ST, TR0 47.0.82.0
N 35 36 3% 35 16
60 min post dose Mean (5D 0.91(7.671) 292 (7.14H) 380 (8.464) -0.80(7.627) -1.92 [9.394)
Change from BL | Median LOG 2.50 441 200 -00.50)
Mim, Mux S19.0, 140 S11.0, 2040 S11.0, 240 -16.0, 17.0 2220, 150
™ 35 36 35 i3 a6
. Mean (SD) TATTHLIRD TIEI(B.ATH TI26 (K179 TI20(RR53) O8.61 (6.807)
90 min post dese - -
Median 71.00 FA.00 73.00 71410 649,00
Min, Mix 53.0,93.0 ST, 940 ol 91.0 54.0, 96,0 510,810
90 min pust duse N 35 36 is 35 36
Treatment
fmefant | Swse |y priomgry | ARSITOMEIN | ARSTLOmgIN Epien 0.3 e fice
/ i) 0.3 mg (L/R))
Change from BL Mean (51 LAY (2.011) 2,31 (9.093) 2.2607.310) 0,00 (%,583) SO0 T30
Wediam 3.00 2.50 400 200 =1.50)
Min, Max -19.0, 23.0 -154,24.0 -14.0, 190 S27.0, 130 =240, 130
N 35 36 33 33 36
_ Wean {STH 75.49 (9.086) 7289 (8074 75.20(9.551) 7123 (7.574) 7222 (7.983)
120} min post dose - ~ —
Median 7400 73.50 TE.00 7300 73.50
Win, Max 600,970 30,0, 870 a0, 99,0 55.00, 930 1.0, 840
N 35 36 3 33 36
120 min post dose | Mean {ST3) 3.20(7851) 1.39¢7.830) 4200 {7760} 191 (R.780) 161 (10.283)
Change from BL Median 1.00 2.00 100 2.00 .50
“lin, Max -12.40, 25,0 -18.0,17.0 140,210 -16.0, 23.0 =230, 24.0

Abbreviations: T’

baseline, Tipi

epinephrine, Tv
Source: Table 14.3.7; Listing 16.2.9.1

inteamuscular, TN

inteanasal, Max

s i mum, Min

minimum, PT)

posL dose, ST

slandard deviation.
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Pulse Rate

Summary statistics of PR by time point, sorted by treatment are presented in Table 83.

Table 83 Summary statistic of pulse rate by time point and change from baseline, sorted by

treatment
Treatment
Time Point Statistic ARS-1 1.0 mg IN AI{‘S—"I L0 mg IN J\RS—"I 1.0 mg IN EpiPen 0.3Erﬂtgp§:‘ice
wice (L/R) twice (L/L) 0.3 mg (L/R))
N 35 36 35 36 36
L Mean (SD) 59.37(6.996) 59.72(8.534) 60.71(7.902) 60.97(8.157) 63.28(8.059)
Median 59.00 60.50 60.00 63.00 62.50
Min, Max 46.0,71.0 44.0,79.0 45.0.87.0 45.0,77.0 50.0,87.0
N 35 36 35 36 36
. Mean (SD) 67.37(11.212) 71.03(10.363) 71.23(9.668) 69.58(10.238) 70.00(9.716)
S min post dose - -
Median 66.00 70.00 72.00 66.50 69.50
Min, Max 50.0,97.0 50.0,91.0 52.0,101.0 51.0,89.0 52.0,85.0
N 35 36 35 36 36
5 min post dose Mean (SD) 8.00(8.805) 11.31(8.039) 10.51(8.929) 8.61(7.765) 6.72(10.194)
Change from BL Median 7.00 12,50 10.00 7.50 7.00
Min, Max -9.0,38.0 -5.0,31.0 -11.0,33.0 -6.0,25.0 -22.0,34.0
N 35 36 35 36 36
Mean (SD) 70.37(9.997) 78.25(12.443) 75.31(11.842) 70.78(10.715) T1.89(11.740)
10 min post dose - -
Median 70.00 76.50 76.00 69.00 72,00
Min, Max 52.0,98.0 56.0,109.0 56.0,98.0 54.0,94.0 50.0,109.0
N 35 36 35 36 36
10min post dose Mean (SD) 11.00(8.317) 18.53(10.617) 14.60(11.536) 9.81(10.042) 8.61(11.970)
Change from BL Median 9.00 19.00 15.00 8.00 8.50
Min, Max 1.0,39.0 -5.0,40.0 -7.0,36.0 -9.0,45.0 -27.0.46.0
N 35 36 35 36 36
15 min post dosc Mean (SD) 71.54(12.042) 79.11(14.390) 76.83(11.242) 69.00(10.321) 73.69(9.600)
Median 72.00 78.00 76.00 68.00 73.50
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Treatment
Time Point Statistic S-11. : S-11. i EpiPen
ARSTLomgiy | ARSTLOmEIN | ARS) L0 meIN Eyiren b3me i
Min, Max 53.0,106.0 56.0,108.0 55.0,100.0 54.0,100.0 57.0.96.0
N 35 16 15 36 36
15 min post dose | Mean (SD) 12.17(10.453) 19.39(12.654) 16.11(10.377) 8.03(7.049) 10.42(9.664)
Change from BI. Median 10.00 16.00 14.00 6.00 9.00
Min, Max -6.0,38.0 -5.0,46.0 -5.0,42.0 -1.0,36.0 -16.0.34.0
N 35 36 35 36 36
20 i post dose Mean (SD) 69.57(10.097) 77.92(13.756) 74.31(11.430) 69.75(10.742) 73.67(10.298)
Median 68.00 75.50 73.00 68.00 74.50
Min, Max 49.0,94.0 51.0,102.0 51.0,97.0 51.0,108.0 54.0,100.0
N 15 16 15 36 36
20 min post dose | Mean (SD) 10.20(8.058) 18.19(12.247) 13.60(11.327) 8.78(9.705) 10.39(10.434)
Change from BL Median 9.00 16.00 13.00 8.50 7.50
Min, Max -7.0,32.0 -2.0,44.0 -9.0,39.0 -7.0,44.0 -13.0,36.0
N 35 36 34 36 36
Mean (SD) 69.34(11.133) 78.31(13.916) 75.00(12.748) 68.39(11.360) 73.89(10.025)
25 min post dosc -
Median 71.00 79.50 74.50 67.00 74.00
Min, Max 48.0.91.0 51.0,98.0 54.0,103.0 52.0.98.0 52.0,98.0
N 35 36 34 36 36
25 minpost dosc | Mean (3D) 9.97(8.900) 18.58(12.648) 14.35(12.730) 7.42(8.412) 10.61(10.341)
Change from BL Median 9.00 18.50 14.00 7.00 8.00
Min, Max -9.0,32.0 -6.0,45.0 -7.0,45.0 -6.0,34.0 -13.0,33.0
N 35 36 35 35 36
Maan (ST) 70.23(12.905) 80.08(14.600) 75.80(10.286) 70.23(9.197) 77.03(11.751)
30 min post dose -
Median 69.00 80.00 75.00 70,00 76.00
Min, Max 50.0,106.0 55.0,117.0 58.0,94.0 52.0.91.0 54.0,102.0
Trealment
Fime Point Statistic ARS-1 1.0 mg TN AR:H{ :(1: m N Al{t::ilui‘ ("1 n:g) IN t%ll::: D_{;:'::g:::)%w
N a3 A6 35 15 i6
30 min post dose Muan (513 10.86010.126) 20,36(12.971) 15000100363 §.20(8.254) 13.75(11.850)
Change trom BL Median #.00 22.00 16.00 9.00) 12,50
Min, Max S341L38.0 545240 602510 -40.29.0 13,0360
N 35 36 15 i3 36
Mean {SI) TLT(10.528) 83.00({13.363) TRA11.293) 72.40(9.300) 80.33010.907)
435 min post dose - — - -
Median 72400 §3.50 TH.00 TLOO #0050
Min, Max 34.0.96.0 52.0,112.0 37.0.105.0 56.0,98.0 53.0,103.0
N 35 36 35 35 36
45 min post dose Mean (SD) 12.37(2.280) 23.28(12.743) 17.91{1 L3300y 1 1.46(7.265) 17.06(9.378)
Change from Bl Mudiam 1100 2700 20,00 13.00 16.00
Min, Max 141,280 SL0A70 - HL,A6.0 0310 INETR
N 35 36 35 35 36
60 i post dose Mean (5D T0.0311.485) THO9(13.249) 74.14(9.290) 68,549,620 76860 10.508)
Median &0.00 7850 73.00 £7.00 75.50
Min, Max 50,0970 56.0.106.0 57.0,97.0 52.089.0 80970
N a3 A6 15 15 i6
60 min post dose Maan (S13) 1L66(9.725) 1%.97(11.787) 13.43(9.705) TA0(7093) 13.58(10.976)
Change trom BL Median 2,00 18.50 LL.D0 7.00) 12,00
Min. Max 041320 S5041.40 =500 =5.0.23.0 =5.0.40.0
N 35 36 15 is 30
) Muan (513 68.74(12.349) 768313712 T22310.293) 67.46(9.034) F1.94(9.807)
A min post dose - — - -
Median 67.00 78.50 70.00 67.00 7250
Min, Max 49.0.97.0 54.0,106.0 55.0,90.0 52.0,85.0 55.0,98.0
90 min post duse M 35 36 35 35 36
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Treatment
. . - s ~pil
Time Point Statistic ARS-1 1.0 e IN Akts-} 1.0 mgIN ARS-1 1.0 mg IN EpiPen O_JL'E:I":M
wice (L/R) twice (1./1) 0.3 mg (LIR))
Change from B Mean (ST Q3T(1.428) 1711{11.114) IIS1%.528) 651(7.249 R.67(9.255)
Median 800 18400 12,00 .00 3,50
Min, Max -11.0,38.0 S5 L -8.0,29.0 -9.0,30.0 -11.0.31.0
N 35 36 A5 i3 36
Mean (S10) GRSTILS03) TEM11.305) T466(11.35) 7. 3109044 T1.75(9.503)
120 min post dose - - n -
Median 7100 7400 7o.00 65.00 7250
Min, Mux A47.0.89.0 54010310 S5.0.102.10 S1AKRY0 490880
N 35 36 35 35 36
120y min post dase Mean (SD) LO20(9.155) 15 78(9.399) L3940 10.994) 6, 3T(H353) 547167
Change (rom BL | Median 9.00 [6.00 16.00 6.00 §.00
Min, Mux =7.0,.30.0 =4IL30L0 =10.0.38.0 -5.0,230 =17.0,26.0
Ahbreviations: BT, baseline, Tipt - epinephrine, TM - intramuscular, TN inwanasal, Max - maximuem, Min - minimuom, PTY - postdese, S standard deviation.

Souree: Table 14.3.7; Listing 16.2.9.1

Exploratory Pharmacokinetic-Pharmacodynamic Analysis

Double-Y Plots

- Relative to EpiPen, ARS-1 was more correlated with changes in SBP. Correlation coefficients ranged
from 0.3143 to 0.5802 for ARS-1 and from -0.0132 to 0.3420 for EpiPen.

- There was no consistent correlation between change from baseline DBP and epinephrine
concentration; the Pearson correlation coefficients for DBP ranged from -0.0776 after EpiPen 0.3 mg to
0.2695 after ARS-1 1.0 mg IN twice (L/L).

- Weak to moderate positive correlations were observed between ARS-1 and PR. Correlation
coefficients ranged from 0.2321 to 0.5249 for ARS-1 and from 0.3723 to 0.4868 for EpiPen.

EPI O7 was a five-period, five-treatment, randomised crossover study of the pharmacokinetics of
epinephrine after administration of intranasal ARS-1 or EpiPen to healthy volunteers. PD
measurements included pulse and BP (systolic and diastolic pressure) using an automated blood
pressure measuring device.

The mean SBP change from baseline was higher after ARS-1 1.0 mg IN than for EpiPen 0.3 mg, for
both single dose and 2 administrations. The effect of epinephrine on SBP was most pronounced after
ARS-1 1.0 mg IN twice compared to the other treatments; the mean SBP change from baseline was
higher for (L/L) than for (L/R). There was a significant relationship between SBP change from baseline
and epinephrine concentration for all treatments.

As in studies EPI 03 and EPI 04, I.N. epinephrine administration was associated with an increase in
DBP while 1.M. administration resulted in a decrease. This discrepancy in effect is not fully clear.
However, the phenomenon appears to be permanent.

The effect of epinephrine on PR was more pronounced after ARS-1 1.0 mg IN twice compared to the
other treatments; the mean PR change from baseline was higher for (L/L) than for (L/R). There was a
significant relationship between PR change from baseline and epinephrine concentration for all
treatments. In general, a significant relationship between the noncompartmental effect parameters for
PR change from baseline and the epinephrine PK exposure parameters was observed for after ARS-1
1.0 mg IN (single dose), ARS-1 1.0 mg IN IN (L/L), EpiPen 1.0 mg (single dose), and EpiPen 1.0 mg
twice.
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EPI 12: A Four-Period, Four-Treatment, Randomized Crossover Study of the
Pharmacokinetics, Pharmacodynamics and Dosing Errors After Self-Administration of
Adrenaline with Intranasal ARS-1, EpiPen, and Symjepi in Subjects with Type | Systemic
Allergies

Pharmacodynamic measurements
The following PD parameters were calculated for change from baseline SBP, DPB, and HR: Emax, TEmax,
AUECO-xmin, AUEC0-120min, AUECIast.

Pharmacodynamic Results
Pharmacodynamic Parameters

Summary statistics for change from baseline SBP, DBP, and PR by treatment are presented in Table
84, Table 85, Table 86.
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Table 84 Pharmacodynamic Parameters for SBP Change from Baseline

Eos | AUEChu PAUEC
O (mmHg | (min*mmH min*mmHg
DI (min) ) g) AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC | AUEC
mediaﬂ 0-5 o-10 0-15 0-20 0-25 0-30 0-45 0-60 0-120
(cange) nMean (‘}\'lesn Mean"
(%CV) | (%CV) (%CY)
Primary Population
ARS-1 1.0 mg 21.58 156 664
IN0.25% DDM | 18 | (500 | 0% 08 5 206 53.9 77.4 107 143 169 225 264 389
Period | 115) . (98.5) (138) (149) (169) | (169) (157 | (e (182) (190) | (286)
9-00 16.8 580
EpiPen03mg | 29 | (500~ | <o 597 24.1 69.7 105 138 171 200 278 312 259
115) ’ 99.7) (139) (143) (141) (137 | (34 | (133 (141) (164) | (354)
16014y 479
Symjepi 0.3 mg | 34 | (4.00— (?8"!) 17 21.1 47.2 61.1 79.8 106 129 161 162 124
115) : (17) (142) (159) asn | @10 @ony | (197 (233) (305) | (783)
ARS-1 1.0 mg 14.0 13.6 478
IN035% DDM | 17 | (500 | (7)) 205) 19.9 55.2 76.9 92.9 107 114 144 148 107
Period | 115) ( (187) (206) 226) | (3n (239 | @1 (320) (@14) | (1070)
Secondary Population
ARS-1 1.0 mg 215 156 664
IN025%DDM | 18 | (5.00- | o7 08 5 20.6 53.9 77.4 107 143 169 225 264 389
Period | 15y | 792 (98.5) as8) | 49 | 169y | e | asn | aen | asy | a9y | 286)
900 17.8 575
EpiPen 0.3 mg | 36 | (5.00— (61-8) 942 28.5 82.2 124 159 197 228 304 335 267
115) : (94.2) (113) (117) a1 | a1 (112) | (114 (122) (145) | (331)
160 149 481
Symjepi 03 mg | 36 | (400~ | e, 114) 23.6 54 69.9 89.5 118 143 176 177 147
115) : ( (132) (145) (168) | (188) (183) | (180) (212) (276) | (645)
ARS-1 1.0 mg 115 141 436
IN0.35%DDM | 18 | (5.00— (m'e) 195 22 59.9 85.5 106 123 131 163 ( 173 119
Period 1 115) (195) (169) (187) o | o4 (209 | (235) 278) (350) | (937)

Source: EPI 12 First Amendment to the PK Report: Table 13, EPI 12 PK Report: Appendix Tables: 11¢, 11d
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Table 85 Pharmacodynamic Parameters for DBP Change from Baseline

. Emse | AUECus PLATEG
(l:l"'l) (mmHg | (min*mmH min*mmHg
T ) g) AUEC AUEC AUEC AUEC AUEC AUEC AUEC AUEC AUEC
reatment N
median 0-5 0-10 0-15 0-20 0-25 0-30 0-45 0-60 0-120
() Mean (Mean Mean"
(%CV) (%CV) (%CV)
Primary Population
ARS-1 1.0 mg 28.0 . "
IN0.25% DDM | 18 | (5.00- (90 0) 168 7.08 18.2 24.1 21.3 17.9 12.9 -18.8 -42.5 26.6
Period 1 115) : (168) @0 | @ | Gie | 33 | ®17 | (1380) | 1480) | (887 | (2690
28.0 4.03 -30.7
EpiPen 0.3 mg 29 | (4.00 - 1'27 91.] -6.06 (- -21.7 -35.6 -49 -66.3 -88.0 -150 -202 -330
115) (=7 (911 245) (-203) (-194) (-184) (-174) (-160) (-136) (-127) (-154)
16.0
Symjepi 0.3 mg | 34 | (4.00— 5”668 752;'; 112 | 104 | 783 | -2 | 286 | -445 | -1 -161 208
115 | (10 (356) (1610) | (-4780) | (-1020) | (-606) | (-486) | (-373) | (-2200 | (-205) | (-26%)
ARS-1 1.0 mg 18.0 3.94 315
IN0.35%DDM | 17 | (5.00- 1'25 66.() -1.36 (- -9.82 -24.1 -35.5 -47.9 -56.2 -93.1 -154 -358
Period | 5 | (123 (-660) 1320) | (540 | (340) | (287) | (259 | (256) | (-228) | (188) | (-154)
Secondary Population
ARS-1 1.0 mg 28.0(5 811 212
IN0.25%DDM | 18 .00 - 96 0 168 7.08 18.2 24.1 213 17.9 12.9 -18.8 -42.5 26.6
Period | 15y | (900 (168) @30) | @61 | 636 | 333 | @®17) | (1380) | (-1480) | -887) | (2690)
215 4.39 1.46
EpiPen 0.3 mg 36 | (4.00 - 1‘] . 18‘700 -4.85 -18.3 -31 -41.5 -54.6 -73.8 -126 -169 -274
nsy | (D S Vol on | 28y | 212) | (208 | (203 | (-186) | (-159) | (-150) | (-180)
1801 59 83.8
Symiepi 0.3 mg | 36 [ (400~ | /3 o 0922 | -L13 -6.85 -16 251 | -40.1 -103 -149 2200
s | (12 (466) (1920) | (-4280) | (-1140) | (673) | (540) | (405 | 232 | 216 | (:302)
ARS-1 1.0 mg 18.0 428 204
IN035%DDM | 17 | (5.00- 1‘]7 90'8 -0.868 -7.01 -17.9 -27.6 -41 -52.7 -98.2 -161 -374
Period 1 115) (17 (-908) (-2010) | (-753) | (-470) | (-379) | (303) | (267) | (-211) | (-175) | (-144)

Source: EPI 12 First Amendment to the PK Report: Table 12, EPI 12 PK Report, Appendix Tables: 10¢, 10d

Table 86 Pharmacodynamic Parameters for PR Change from Baseline

pAUEC
tEmax Emax AUEChst min*mmHg
" i
S, - (min) | (mmHg) | (min*mmHg) ™ rpe AUEC AUEC AUEC AUEC | AUEC AUEC AUEC | AUEC
o < mediaﬂ Mean (Meﬂn 0-5 0-10 0-15 0-20 0-25 ’ 0-30 0-45 0-60 0-120
(range) | (%CV) (%CV) Mean
(%CV)
Primary Population
ARS-1 1.0 mg IN 280 778
0.25% DDM 18 | (.00 @49 376(113) | -0.556(- | -1.95(- 8.68 14 134 15.6 12,1 24.1 39.1
Period | 115) : 3270) 2600) (880) (768) (1050) | (1140) | (2390) (1660) | (2220
9.00
EpiPen 0.3 mg 29 | (@.00- (g'ﬁqg) 227(116) 9.74 234 28.8 36 38.8 416 53.3 532 8.7
115) : (238) (242) (273) (263) (304) (338) (379) (494) (6030)
18.0
Symiepi 0.3 mg | 34 | Go0— | 532 252 (149) 721 153 15.6 19.9 282 377 545 1.5
(101)
85.0) (361) (441) (635) (657) (583) (513) (523) 65(577) | (-9620)
ARS-1 1.0 mg IN 14.0
0.35% DDM 17 | .00 (71'?(:) 200 (129) 311 10.6 163 17.6 18.2 18.3 353 -30.5 229
Period | 115) (789) (687) (735) (954) (1190) | (1400) | (102000 | (15200 | (-409)
Secondary Population
ARS-1 1.0 mg IN 28.0 (5 778
0.25% DDM 18| .00- y 376 (113 -0.556 -1.95 8.68 14 13.4 15.6 12.1 24.1 39.1
(84.9) 13
Period | 115) : (-3270) | (-2600) (880) (768) (1050) | (1140) | (2390 (1660) | (2220)
8.00
EpiPen 0.3 mg 36 | (4.00- ;g‘z 237 (105) 17.3 30.1 478 58.5 64.2 68.5 83.4 873 38
115) (88.8) (162) (164) (181) (176) (193) (212) (243) (295) (1280)
16.0
Symijepi 03 mg | 36 | (5.00- ;2836 275 (138) 931 20.1 215 265 359 46.1 66.2 787 30.4
85) 96.3)) (288) (343) (466) (493) 456 | (16) (424) @es) | (@370
ARS-1 1.0 mg IN 140
0.35% DDM 17 | (s.00 71'3: 247 (127) 3.21 12.6 22.1 263 283 292 227 2.5 -161
Period | 115) (109) (740) (567) (537) (636) (757) (866) (1580) | (-18500) | (-592)

Source: EPI 12 First Amendment to the PK Report: Table 14, EPI 12 PK Report: Appendix Tables: 12¢-2, 12d-2

Relationship between plasma concentration and effect

Exposure Analysis
Linear regression of mean change from baseline SBP versus mean epinephrine concentration is

presented in Table 87.
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Table 87 Linear Regression of Mean Change from Baseline SBP vs Mean Epinephrine

Concentration

Dependent
Regression Mean ASBP vs Epinephrine Concentration
Tx l Study I Effect Level Estimate P value Lower 95% Cl1 Upper 95% Cl1
ARS']]N]'O ME  ppro3 Slope 0.0401 0.0268 0.00578 0.0744
EP1 03 Intercept 0.900 0.669 -3.72 5.52
LP1 07 Slope 0.0635 0.00847 0.0213 0.106
EPI 07 Intercept 0.808 0.727 -4.35 5.97
ARS-11.0mg N
IN twice (L/L) EPI 07 Slope 0.0435 0.0144 0.0113 0.0757
EPL 07 Intercept 10.2 0.00973 3.22 17.1
ARS-1 1.0 mg
IN twice (L/R) EPT03 Slope 0.0215 0.0520 -0.000235 0.0432
EPL 03 Intercept 5.83 0.0326 0.602 111
EPI 07 Slope 0.0243 0.135 -0.00940 0.0579
EP1 07 Intercept 1.19 0.676 -5.12 7.49
ARS-20mE  gpp Slope 0.0433 0000106 0.0302 0.0563
EPI 15 Intercept -2.64 0.0866 -5.78 0.494
EPI 16 Slope 0.0428 0.00280 0.0203 0.0653
EPT 16 Intercept -3.63 0.107 -8.27 1.01
ARS-120mg _ . _
IN twice (L/R) EPIL 15 Slope 0.0265 4.66L-05 0.0195 0.0336
EPI 15 Intercept 0.707 0.624 -2.55 3.96
ARS-12.0mg . )
IN twice (R/R) EPI 15 Slope 0.0293 <0.00001 0.0236 0.0350
EPI 15 Intercept 0.108 0.928 -2.60 2.82
Epinephrine 0.3 = 1p, 5 Slope 00238 0.0161 0.00557 0.0420
mg IM
EPI 03 Intercept -2.01 0.0604 -4.13 0.108
EPT 15 Slope 0.00736 0.353 -0.0101 0.0249
EPI 15 Intercept -1.78 0.155 -4.42 0.862
EPL 16 Slope 0.00800 0.223 -0.00616 0.0222
EPI 16 Intercept -0.233 0.781 -2.32 1.81
Epinephrine 0.3
mg IM twice EP1 03 Slope 0.00924 0.185 -0.00533 0.0238
(L/R)
EPI 03 Intercept 0.396 0.764 -2.50 3.30
Epinephrine 0.5 .0 5 Slope 0.0214  0.00641 0.00768 0.0351
mg IM
LP1 03 Intercept -0.887 0.429 -3.31 1.53
EPI 16 Slope 0.00931 0.0704 -0.00101 0.0196
EPT 16 Intercept -0.160 0.874 -2.46 2.14
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Dependent

Regression Mean ASBP vs Epinephrine Concentration

Tx | Study | Effect Level Estimate P value Lower 95% CI Upper 95% CI
EpiPen 0.3 mg EPI 07 Slope 0.0274 0.0108 0.00826 0.0464
EPI 07 Intercept 0.503 0.744 -2.93 3.94
EPI 15 Slope 0.0180 5.15E-05 0.0132 0.0229
EPI 15 Intercept -1.81 0.00663 -2.93 -0.686
Fpiben {OL'?RIT;g EPI 07 Slope 00320 6.59E-05 0.0222 0.0418
EPI 07 Intercept 0416 0.759 -2.60 3.44
EPI 15 Slope 0.0218 0.000123 0.0151 0.0286
EPI 15 Intercept -2.53 0.0509 -5.08 0.0132

Linear regression of mean change from baseline HR versus mean epinephrine concentration is

presented in Table 88.
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Table 88 Linear Regression of Mean Change from Baseline Heart Rate vs Mean Epinephrine

Concentration

Dependent
Regression Mean AHR vs Epinephrine Concentration
. Lower Upper
Tx Study Effect Level Estimate P value 95% CI 95% CI
ARS-1 1.0 EPL 03 Slope 0.0327 0.0114 0.00896 0.0564
mg IN
EPI 03 Intercept 2.61 0.0817 -().388 5.61
EPI 07 Slope 0.0432 0.0358 0.00368 0.0828
EPI 07 Intercept 4.40 0.0690 -0.433 9.24
ARS-11.0
mg IN EPL0O7 Slope 0.0211 0.0591 -0.00103 0.0433
twice (L/L)
EPI 07 Intercept 8.26 0.00404 3.48 13.0
ARS-1 1.0
mg IN EPI 03 Slope 0.0210 0.000459 0.0116 0.0304
twice (L/R)
EPI 03 Intercept 6.31 3.41E-05 423 8.39
EPI 07 Slope 0.0296 0.0840 -0.00500 0.0642
EPLO7 Intercept 6.07 0.0629 -0.415 12.6
ARS-1 2.0 EPI 15 Slope 0.0193 0.0259 0.00308 0.0354
mg IN
EPI 15 Intercept 2.93 0.118 -0.954 6.81
EPI 16 Slope 0.0243 0.00710 0.00900 0.0396
EPI 16 Intercept 1.84 0.209 -1.31 4,99
ARS-12.0
mg IN EPI 15 Slope 0.0164 0.00915 0.00552 0.0272
twice (L/R)
EPI 15 Intercept 4.19 0.0883 -0.815 9.19
ARS-12.0
mg IN EPI 15 Slope 0.0151 0.0175 0.00356 0.0267
twice (R/R)
EPI 15 Intercept 5.11 0.0643 -0.397 10.6
Epinephrine — ppp )4 Slope 0.0282 0.0306 0.00317 0.0532
0.3 mg IM
EPI 03 Intercept -0.0189 0.988 -2.81 2.77
EPI 15 Slope 0.00390 0.544 -0.0106 0.0184
EPI 15 Intercept 0.742 0.448 -1.44 2.93
EPI 16 Slope 0.0180 0.0649 -0.00145 0.0374
EPI 16 Intercept -0.710 0.572 -3.55 2.13
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Dependent
Regression Mean AHR vs Epinephrine Concentration
. Lower Upper
Tx Study Effect Level Estimate P value 95% CI 95!:: I
Epinephrine
0.3 mg IM EPL 03 Slope 0.0176 0.0439 0.000580 0.0347
twice (L./R)
EPI 03 Intercept 3.6l 0.0300 0.419 6.80
Ef;nsf’ghme EPI 03 Slope 0.0282 0.00235 0.0124 0.0440
EPI 03 Intercept 0.726 0.557 -1.91 3.36
EPI 16 Slope 0.0109 0.0406 0.000616 0.0211
EPI 16 Intercept 1.21 0.252 -1.08 3.49
Fpih . 03 gpror Slope 00243 0.0242 0.00409 0.0444
EPL 07 Intercept 3.60 0.0517 -0.0329 7.23
EPI 15 Slope 0.00892 0.0265 0.00139 0.0165
EPI 15 Intercept 1.15 0.159 -0.579 2.89
EpiPen 0.3
mg twice EPIO7 Slope 0.0188 0.0507 -7.05E-05 0.0377
(L/R)
EPI 07 Intercept 4.51 0.113 -1.33 10.4
EPI15 Slope 0.0135 0.0231 0.00248 0.0245
EPI 15 Intercept 3.70 0.0729 -0.448 7.84

Linear fegression of mean change'from baseline DBP is présented in Table 89.
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Table 89 Linear Regression of Mean Change from Baseline DBP vs Mean Epinephrine
Concentration

Dependent
Regression Mean ADBP vs Epinephrine Concentration
Tx Study Effect Level Estimate P value Lower 95% CI Upper 95% CI
ARS’;N' Ome ppros Slope -0.0214 0.181 -0.0547 0.0119
EPI 03 Intercept 4.58 0.0458 0.107 9.06
EPI 07 Slope 0.00812 0.618 -0.0270 0.0433
EPI 07 Tntercept 1.05 0.564 -2.88 4.99
ARS-1 1.0 mg y :
Ntwice (1) EP1O7 Slope 0.0124 0.161 -0.00586 0.0308
EP107 Intercept 3.83 0.0398 0217 7.45
ARS-1 1.0 mg A . -
N twice (LR, EP103 Slope -0.0134 0.0494 -0.0268 -4.07E-05
EPI 03 Intercept 7.15 0.000726 3.92 10.4
LEP107 Slope 0.00448 0.689 -0.0197 0.0287
EPI 07 Intercept 2,13 0.279 -2.02 6.29
AR*"}NZ'O M EpIIS Slope -0.00321 0.210 -0.00859 0.00217
EPI 15 Intercept 0.164 0.760 -1.01 1.34
EPI 16 Slope 0.00367 0.541 -0.00981 0.0171
P 16 Intercept -0.989 0.428 -3.77 1.79
ARS-1 2.0 mg .
N twice (L) EPIIS Slope 0.00221 0.0432 8.36E-05 0.00434
EPI 15 Intercept -0.245 0.552 -1.14 0.653
ARS-1 2.0 mg ‘ ]
Ntwico RR)  EP113 Slope 0.000384 0.528 -0.000941 0.00171
EPI 15 Intercept 0.479 0.0937 -0.0991 1.06
Epinephrine 0.3y 3 Slope 00270 00226 -0.0493 -0.00477
mg IM
EPI 03 Intercept -0.542 0.647 3.3 2.04
EPI 15 Slope 0.0284  1.63E-05 -0.0362 -0.0207
EPI 15 Intercept 0.278 0.570 -0.789 1.34
EPI 16 Slope 00345 0.000538 -0.0481 -0.0209
EP1 16 Intercept 0.649 0.464 -1.33 2.63
Epinephrine 0.3
mg IM twice EPI 03 Slope 20.0250  0.00114 -0.0370 -0.0129
(L/R)
EPI 03 Intercept 1.24 0.272 -1.16 3.64
Epinephrine 0.5 ppy 3 Slope -0.0119 0.0713 -0.0250 0.00127
mg IM
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Dependent
Regression Mean ADBP vs Epinephrine Concentration
Tx | Study [ EffectLevel | Estimate | Pvalue | Lower95% c1 | Upper95% c1

EP1 03 Intercept -1.06 0.327 -3.38 1.26

EPI 16 Slope -0.0185  0.00197 -0.0276 -0.00938
EPI 16 Intercept -0.196 0.826 223 1.84

EpiPen 0.3mg  EPI07 Slope -0.00922 0.147 -0.0223 0.00384
EPI 07 Intercept 0.583 0.560 -1.57 2.74

EPI 15 Slope 200169  0.00148 -0.0254 0.00843
EPI 15 Tntereept -0.456 0.575 223 1.32

EpiPen 0.3 g 1py g7 Slope 0.00772  0.0201 -0.0139 -0.00149

twice (L/R)

EPI 07 Tntereept 0.471 0.565 -1.29 2.23

EPI 15 Slope -0.00863  0.00159 -0.0130 -0.00425
EPT 15 Intercept -0.469 0,497 -1.97 1.03

2.6.3. Discussion on clinical pharmacology

Four primary clinical pharmacology studies (EPI 10 (paediatric population), EPI 15 (healthy
volunteers), EPI 16 (healthy volunteers), EPI 17 (self-administration in subjects with type | allergies))
were conducted to characterise the pharmacokinetics of intranasally administered adrenaline 2 mg,
Eurneffy, and to contextualise its pharmacokinetics to other authorised adrenaline products
administered via SC or IM route. Cross-over study design was considered appropriate. The studies also
evaluated the comparative pharmacodynamic response. Haemodynamic endpoints were used as
surrogate markers (blood pressure, systolic and diastolic; heart rate) predictive of clinical efficacy
through activation of a- and B-adrenergic receptors. The use of surrogate pharmacodynamic endpoints
were in accordance with the EMA in Scientific Advice (EMEA/H/SA/4077/1/2019/SME/III).

In the pivotal studies, subjects with prior nasal fractures, severe nasal injuries, polyps, polyposis,
recurrent epistaxis [>1 nosebleed per month], deviated septum, etc. were excluded from the
participating population. The primary four clinical pharmacology studies are supported by five clinical
studies that utilise a 1 mg dose Eurneffy in adult Type 1 allergy patients (EPI 04 and EPI JPO1),
healthy volunteers (EPI 03 and 07) and with self-administration by Type 1 allergy patients (EPI 12).
Other supportive studies include pilot ranging studies such as EPI 02.

Of note, two studies (EPI 09 and EPI 13) were considered supportive for safety and not considered
valid for PK and PD outcomes, due to study conduct errors. The EPI 09 study was repeated to provide
results for self-administration of Eurneffy 1 mg in adults and EPI 17 to give results from self-
administration of Eurneffy 2 mg in adults (EPI 12).

EPI118 study investigated PK and PD parameters after the administration of a repeat dose of Eurneffy
(twice to the same nostril and to the opposite nostril) in patients with NAC (Nasal Allergen Challenge)
using epinephrine IM at a dose of 0.3 mg as comparator (in normal conditions and in patients with
NAC).

The initial dose-escalation pharmacokinetic (PK) studies with Eurneffy determined that an IN dose of 1
mg adrenaline in a volume of 100 pL closely matched that of a 0.3 mg dose of adrenaline delivered by
intramuscular (IM) administration. Subsequent studies also demonstrated that adrenaline absorption
following repeat administrations of Eurneffy in the same nostril was potentiated by the prior Eurneffy
administration, mainly when there were only 24 hours between Eurneffy doses. This “carry-over effect”
is likely attributable to subtle alterations to the nasal mucosa that do not fully resolve within 24 hours,
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resulting in enhanced intranasal absorption of subsequent doses. Given the rapid clearance of
adrenaline, studies were typically conducted with a 24-hour wash-out before the applicant discovered
the potential for a carry-over effect. Thus, repeated administration of Eurneffy to the same nostril
appeared to enhance adrenaline exposure artificially. As a result of this carry-over effect, the
pharmacokinetic results of EPI 01, EPI 02, EPI 06 and EPI 11 represent a level of adrenaline exposure
that is artificially inflated and not representative of the exposure expected in a real-world treatment
setting. Therefore, additional studies were conducted with adequate wash-out periods to avoid any
impact of this carry-over effect (EPI 15, EPI 16, and EPI 17 as presented above). These studies were
designed to assess the comparative bioavailability of a single dose of Eurneffy 2 mg relative to single
IM doses of adrenaline via needle/syringe and/or adrenaline auto-injectors (AAIS).

Pharmacokinetics

Methods

The applicant has conducted Population Pharmacokinetic assessments (POP PK) and Physiologically
Based Absorption Model (PBAM), to evaluate the data and extrapolate the PK and PD to other
populations. The results of the POP PK model were consistent with the PBAM model. In paediatric
allergy patients 230 kg Eurneffy 2 mg has a predicted Cmax that is bracketed by IM adrenaline 0.3 mg
injection on the lower end and by EpiPen on peak exposure. These simulations support that the overall
exposure from Eurneffy 2 mg in the paediatric allergy patient population =30 kg will be in the
efficacious and safe range as compared to approved injection products in this population.

The issue of higher adrenaline exposure in subjects weighing 30 kg after a double administration of the
drug (extreme scenario) was discussed during the procedure.

Absorption, distribution and elimination

The applicant has investigated absorption after administration of the proposed dosage form, and
results have been compared among products with different routes of administrations (i.e., IN, IM, SC
including investigation of potential impact on absorption by rhinitis and possible misuse, when second
dose is administrated into the same nostril.

Eurneffy 2 mg IN had comparatively higher partial AUCs than adrenaline 0.3 mg IM/ 0.5 mg IM up to
first 12 minutes after administration, while till 10 minute it was lower respectively. In addition, studies
with EpiPen 0.3 mg as reference product demonstrated that Eurneffy 2 mg IN had lower Cmax and
pPAUCs up to 60 min after single dosing or repeated dose. While AUClast was higher after ARS-1 2.0
mg IN, it is not considered clinically significant as exposure to adrenaline (Cmax and AUC) during first
minutes after administration are considered the most important for the effect.

In most cases, exposure after intranasal administration was higher than when the drug was injected.

In the treatment of anaphylactic disorders after the administration of epinephrine, the expected clinical
effect occurs after 5-15 minutes, and if there is no sufficient clinical effect, another dose of the drug is
administered. In case of unsatisfactory clinical response after the first dose, subsequent administration
of ARS-1, either to the same nostril or to the other nostril, also resulted in higher exposure to repeat
injectable adrenaline.

EPI 15 study showed that the use of ARS-1 2.0 mg Cmax values was 38% lower than EpiPen and 26%
higher than Epinephrine IM. Epinephrine exposure after ARS-1 2.0 mg administration was the highest
(43500 min*pg/mL) compared to other formulations tested (EpiPen (30900 min*pg/mL), and
Epinephrine injection IM (29000 min*pg/mL)). Total exposure measured by AUC last, was 17% higher
compared to EpiPen and 30% higher compared to Epinephrine IM injection.
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EPI15 study tested a second administration of the drug after 10 minutes. The selected time point,
which is 10 minutes in the EPI 15, aligns with the recommended timeframe of 5-15 minutes as
suggested in both US and EU guidelines and is reflected in the agreed SmPC section 4.2.

EPI 16 study investigated the effect of induced rhinitis on adrenaline absorption after one dose of
Eurneffy, as anaphylactic reactions are likely to occur with rhinitis. A higher increase in adrenaline
concentration after intranasal administration was observed in subjects with induced rhinitis compared
with classical injectable administration (Epinephrine IM 0.3 mg). The Cmax magnitude was lower (260
pg/mL) than under normal conditions (386 pg/mL). In addition, the total exposure (AUClast) after
ARS-1 2.0 mg administration during rhinitis was lower (19700 min*pg/mL) compared to IM
Epinephrine 0.3 mg (25900 min*pg/mL) and to Eurneffy under normal conditions (29400 min*pg/mL).

Gender effect

Since the non-clinical anaphylaxis model study in dogs show substantial gender differences in
adrenaline absorption, the applicant was requested by CHMP to analyse and present the EPI 16 and
EPI 18 studies results (PK and PD data) by gender.

In Study EPI 18, in total 24 female and 19 male subjects were included. Under normal conditions,
median Cmax in females was higher compared to male (773.7 vs 644.1). Under rhinitis conditions
when administered to the same nostril the difference between female and male was more pronounced
(894.1 vs 513.1). However, after administration to different nostrils median Cmax in female was lower
compared to male (408.9 vs 530.9). Similarly, AUC was higher in female compared to male, both
under normal and rhinitis conditions following Eurneffy administration. Of note, median AUC and
median Cmax (894.1 pg/ml) in female under rhinitis conditions after R/R administration was much
higher compared to R/L administration (median AUC 81467 vs 43145). However, the significance of
this finding is unknown. The maximum level of Cmax in females (2567.9 pg/ml) remain within that
observed in Eurneffy in normal condition (R/L), in which Cmax is still higher than after IM
administration. The higher exposure in female translates in a higher effect on change from baseline of
SBP and PR compared to male subjects, but it is still lower to that observed in normal condition with
Eurneffy. Moreover, for SBP and PR the TEmax in male treated with Eurneffy (R/R) in rhinitis
conditions is faster than in female. Additionally pronounced differences in PR between males and
females under rhinitis conditions after R/R administration should be noted. Taking all data into
consideration, the CHMP considered that the PK differences in gender should not have an influence on
efficacy and safety of Eurneffy.

Overall, the results of clinical studies suggest that the PD response may also depend on the specific
injectable formulation of adrenaline used. It was confirmed that Eurneffy exhibited higher variability
than injectable forms, particularly concerning the AUClast parameter. However, the variability of partial
AUC and Cmax was similar among all adrenaline forms, including intranasal, and consistent across
different conditions in which Eurneffy was administered, including cases of rhinitis and different doses
(1 or 2 mg).

From a clinical perspective, the absence of clinically significant differences between Eurneffy and the
classical injectable form provides reasonable evidence of an expected similar response between
Eurneffy and injectable forms, both in patients with rhinitis and under normal conditions.

Administration- related errors

EPI117 study assessed correctness and the frequency of administration-related errors with Eurneffy.
The administration of ARS-1 was not associated with incidents of application errors in contrast to
EpiPen and adrenaline i.m. administered by professional staff.

No specific studied investigating metabolism of adrenaline interconversion, PK of metabolites or
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consequences of possible genetic polymorphism were performed which is acceptable considering the
well-established knowledge of adrenaline with other formulations. The PK and PD intra and inter-
variability observed after ARS-1 IN is similar to IM or EpiPen administration.

Second administration (R/L versus R/R nostril)

It was demonstrated that the exposure to Eurneffy under rhinitis conditions and administered in the
contralateral nostril (R/L) showed lower exposure than observed under normal conditions (R/L). The
effect in rhinitis conditions (R/R) is closer to that observed with Eurneffy under normal conditions,
whereas the effect in rhinitis conditions (R/L) is closer to that observed with IM administration.

Further, the administration of Eurneffy in the same nostril or in the contralateral one under normal
conditions did not differ in terms of PK/PD. Additionally, the human factor (HF) studies, showed that if
participants used their non-dominant hand or actuated the spray contralaterally for the second dose,
they had less of a secure grip on the spray device. Taking all into consideration, it should be concluded
that the recommendation to use the same nostril for the second dose is justified. The SmPC section 4.2
adequately reflects this recommendation.

Pharmacodynamics

Chosen haemodynamic endpoints (i.e., mean changes from baseline SBP, DBP and HR) are considered
relevant to characterise the mechanism of action. The lack of clinical studies with patients at risk of
anaphylaxis is endorsed as considered unethical.

EPI 15 and EPI 16 studies indicated that Eurneffy 2 mg results in pharmacodynamic responses (SBP

and HR/PR) comparable to EpiPen, but more rapid and robust than IM adrenaline injection with needle
and syringe. The haemodynamic response (SBP and HR), observed with Eurneffy were comparable to
EpiPen. SBP and HR results between ARS-1 administered twice to both the same nostril (R/R) and two
different nostrils (L/R) were comparable to each other as well as to EpiPen 0.3 mg administered twice.

In conclusion, the applicant has demonstrated the positive correlation of change from baseline Emax
on SBP and HR with epinephrine Cmax values in timely manner. However, there is a lower effect and
more rapid drop in haemodynamic response following the use of ARS-1 in the presence of rhinitis is
observed.

In all studies the linear regression of the mean change from baseline stratified by treatment for SBP
and HR results showed that the PD effect was positively correlated with increasing mean epinephrine
concentrations. Population (POP) PK and Pharmacologically Based Absorption Model (PBAM) analyses
provided additional support based on the data from Eurneffy studies. The model predicts adrenaline
plasma concentrations after Eurneffy 1 and 2 mg and can be extrapolated to children. The PBAM model
also supports that nasal cavity size does not have significant impact on absorption. Overall, Eurneffy
presents equivalent haemodynamic responses relative to the approved products, which supports
comparable treatment of severe allergic reactions and anaphylaxis.

Special populations

In the paediatric population, a slight increase in absorption was observed in children >30kg after ARS-
1 2.0 mg administration. Epinephrine levels were proportional between 1.0 and 2.0 mg dosing in
children >30 kg.

Based on the POP PK model age was not a significant covariate for nasal absorption of adrenaline from
the nasal mucosa Eurneffy formulation. The recommended posology in children with a body weight
= 30 kg is the same as adults.

In elderly subjects (patients agreed 65 years or older), no pharmacokinetic data are available after
nasal administration of adrenaline. No dose adjustment is required.
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Adequate information has been included in SmPC (section 4.2).

2.6.4. Conclusions on clinical pharmacology

The PK/PD programme is considered comprehensive. All issues were addressed satisfactorily, and results
adequately reflected in SmPC.

2.6.5. Clinical efficacy

The application for nasal spray administration is based on literature data describing adrenaline’s use as
the first-line treatment of Type | allergic reactions; and pharmacodynamic data as a surrogate for
efficacy.

Due to both ethical and practical limitations, it is not possible to conduct controlled clinical trials to
assess the efficacy of adrenaline for the treatment of severe allergic reactions and anaphylaxis and a
review of the literature has confirmed that no prospective, randomised controlled clinical trials have
been conducted to substantiate the use of adrenaline for treatment of anaphylaxis (Sheikh-2008,
Rubin-2014). Involvement of body organ systems in anaphylaxis varies among patients even in the
same patient from one allergic reaction to another (Fisher-1995, Simons-2010a). Such unpredictability
of clinical course could put patients in a risk of life-threatening, potentially fatal condition (Fisher-1987,
Dinakar-2012, Lieberman-2015, Brown-2020, Pumphrey-2000).

Given the issues outlined above, the application for nasal spray administration is based on literature
data describing background of adrenaline’s use as the first-line treatment of Type | allergic reactions;
and pharmacodynamic data as a surrogate for efficacy.

Adrenaline has been used over 110 years in various indications (treatment of anaphylaxis, severe
allergy such as asthma, and shock) with about 60 years of use for the treatment of anaphylaxis.
Adrenaline has been adopted as the standard-of-care, first-line treatment of anaphylaxis worldwide as
stated in literature (Lieberman-2015, Simons-2011, Simons-2015, EAACI-2021). Therefore, there is
extensive clinical experience of use of adrenaline for severe systemic allergic reactions, including
anaphylaxis,

While dosing differs internationally, initial doses for persons 30 kg or greater body weight are typically
0.3 milligrams (mg) to 0.5 mg by injection, with repeat dosing, as necessary. Typically, total doses up
to 1.0 mg by injection are sufficient to resolve most cases, with some events requiring even higher
doses (Jarvinen-2008, Noimark-2012).

In Europe, the usual dose of adrenaline for allergic reactions in adults is 0.3 mg by IM injection for
patients with body weight greater than 25 — 30 kg. European Union treatment guidelines recommend
that when using adrenaline auto-injectors, patients weighing between 7.5-25 kg should receive 0.15
mg dose, with patients being moved to 0.3 mg dose at 25—-30 kg (Muraro-2022, Gloaguen-2017). In
the absence of clinical improvement or if deterioration occurs, a second injection with an additional 0.3
mg dose may be administered 5 — 15 minutes after the first injection.

It has been well documented that the sooner administration of adrenaline can occur, the less severe
the systemic allergic reaction may become and less likely it will be to develop into an anaphylaxis
event or other severe outcomes and reduce the likelihood of hospital admission or death, as compared
with adrenaline initial injection only after Emergency Department arrival. (Simons-2010b, Simons-
2001).

A retrospective analysis of anaphylaxis related deaths over the course of 25-years found that of 77%
of fatalities were in patients who did not receive adrenaline prior to experiencing cardiac arrest (Xu-
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2014).

The use of a commercially made adrenaline autoinjector has been the current out-of-hospital standard
of care and, in some situations, is prescribed to all patients who have experienced anaphylactic
reactions or who are at risk of anaphylaxis. Previously, use of adrenaline IM injection (vial with needle
and syringe) was more common.

In EU for community use, defined as caregiver administration or patient self-administration auto-
injectors or prefilled syringes are the most typically used method of administration. (as 0.3 mg
injection for all persons 30 kg (0.01 mg/kg) and above and as 0.5 mg auto-injector product for larger
persons or when a 0.3 mg auto-injector has been used and failed to resolve an allergic event). For
children aged 6 months and greater with body weight of > 15 kg, a 0.15 mg auto-injector dose is
available for community use.

As mentioned earlier, heart rate and blood pressure are being used as easily measurable PD indicators
of al - and B1 adrenergic receptor agonism and, as such, serve as the pharmacodynamic surrogates of
efficacy. However, both heart rate and blood pressure effects are mediated via al and Bl adrenergic
receptors, which are less sensitive than the 2 adrenergic receptor. Effects such as bronchial smooth
muscle relaxation and increased bronchodilation, coronary vasodilation, inhibit plasma exudation, and
decreased mast cell mediator release are mediated by the B2 receptors, therefore, cannot be directly
measured, in subjects experiencing severe allergic reactions.

Effects of the al and B2 can counteract each other with vasoconstriction effect from al and
vasodilation effect from 2. At low doses, B2 receptor activation decreases peripheral resistance,
however, once adrenaline concentrations increase enough to stimulate the al receptors,
vasoconstriction become prominent and, thus reverse the 2 mediated vasodilatation, resulting in a
net increase in SBP. Therefore, once the SBP increase occurs by al mediated vasoconstriction at
higher adrenaline plasma concentrations, it can be assumed that adrenaline concentration has reached
the level where B2 effects are activated.

Adrenaline efficacy is supported by surrogate pharmacodynamic data with Eurneffy as marker for
efficacy. As discussed in earlier clinical pharmacology section, Eurneffy is within the range, yet typically
more rapidly absorbed, of pharmacokinetics obtained from various different injection products and
devices that are all known to be highly effective.

2.6.5.1. Dose-response

The initial dose-escalation pharmacokinetic (PK) studies with ARS-1 determined that 1 mg adrenaline
in a volume of 100 pL closely matched that of a 0.3 mg dose of adrenaline delivered by intramuscular
(IM) administration. However, subsequent studies demonstrated the possibility that adrenaline
absorption following subsequent administrations of ARS-1 was potentiated by “carryover effect”. This
issue was addressed in EPI 11b, where repeated doses of ARS-1 to the same nostril are separated by
at least 12 days, allowing time for the nasal mucosa to return to baseline before administering a
second dose. The results of EP1 11b, combined with the first dose analysis conducted for Studies EPI
03 and EPI 07 informed the selection of the 2 mg dose for subsequent ARS-1 studies conducted in
both adults and children.

Studies EPI 15, EPI 16, and EPI 17 were designed to assess the comparative bioavailability of a single
and repeat dose of ARS-1 2 mg relative to single IM doses of adrenaline via needle/syringe and/or
AAls without carryover effect and are the basis for approval.

Study EPI1 11b was a Phase 1 randomised, crossover study conducted in two groups to evaluate the
pharmacokinetics of adrenaline after administration of intranasal ARS-1 to healthy volunteers. The
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primary objectives of this study were:

= Group 1: to assess the comparative bioavailability of four pharmacy compounded formulations of
ARS-1 with 0.25% or 0.30% DDM and different adrenaline concentrations in healthy volunteers under
fasted conditions

= Group 2: to assess the comparative bioavailability of two commercially manufactured formulations of
ARS-1 with different manufacturing dates, as well as two pharmacy compounded formulations in
healthy volunteers under fasted conditions.

Twenty-six healthy volunteer subjects (13 per Group) were randomised as follows:
Group 1:
= a single dose of Symjepi (adrenaline injection) 0.3 mg

« a single dose of ARS-1 1.3 mg with 0.25% DDM, pH 4.5

a single dose of ARS-1 1.5 mg with 0.25% DDM pH 4.5

a single dose of ARS-1 1.5 mg with 0.30% DDM, pH 4.5

a single dose of ARS-1 1.8 mg with 0.30% DDM, pH 4.5
Group 2:
= a single dose of EpiPen (0.3 mg adrenaline injection)

« a single dose of ARS-1 1.0 mg with 0.25% DDM (Commercial Lot 190932)

a single dose of ARS-1 1.0 mg with 0.25% DDM (Commercial Lot 202130)

a single dose of ARS-1 1.5 mg with 0.30% DDM, Citrate Buffer at pH 4.5

a single dose of ARS-1 2.0 mg with 0.30% DDM at pH 4.5

For all treatments, dosing was alternated for the intranasal administration between the left and right
nostril to provide a minimum of 12-days between doses to the same nostril, eliminating the carryover
effect observed in earlier studies.

No consistent trend was observed in the adrenaline concentration-time profiles in Group 1. Within
Group 2, peak concentrations were observed within 10 min with EpiPen followed by ARS-1 2.0 mg with
DDM 0.30%, ARS-1 1.5 mg with DDM 0.30%, ARS-1 1.0 mg with DDM 0.25% (Commercial Lot
202130), and ARS-1 1.0 mg with DDM 0.25% (Commercial Lot 190932). In general, the
concentration-time profiles after administration of ARS-1 (Group 2) increased with dose though the
mean concentration-time profiles were similar between the two commercial lots of ARS-1. These
results combined with the first dose analysis from studies EPI 03 and EPI 07, informed the decision to
select the 2 mg dose.

2.6.5.2. Main studies

Studies EPI 15, EPI 16, EPI 17 and EPI 10 were submitted as main studies in support of efficacy.

All of those listed are PK/PD studies. For the design, methods, conduct and outcomes of studies please
refer to the Clinical pharmacology sections above. No formal surrogate markers for efficacy are defined
for any of the studies, but the study reports state that given the predictable effect of epinephrine
administration on PR and SBP, increases in both these measures can be considered reliable predictors
of its efficacy as an anti-anaphylactic agent.
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Special populations

Subjects between the ages of 4 and 55 years were included in the main ARS-1 studies, and a history of
hypertension and cardiovascular disease, clinically significant gastrointestinal, renal, hepatic,
neurologic, haematologic, endocrine, oncologic, pulmonary, immunologic, psychiatric, or cardiovascular
disease, severe allergies or any other condition was mentioned among exclusion criteria. In summary,
studies in special populations were not provided.

Table 90 Summary statistics to reach 100 pg/ml epinephrine plasma concentration,
injection treatments

Treatment
ARS-110mz | ARS-110mg | ARS110mg | ARS120mg | ARS120mg | ARS120mg
] N twice (L'L) | IN twice (L'R) ™ IN twice (LR} | IN twice (R/R)
Time of Onset
Statistic {min)
N 85 T 34 T £l EL
Aean 114 1449 10.4 502 10.3 059
5D L 518 487 135 118 L]
CVig 511 347 469 151 124 TOg
Min 0606 548 154 0 0383 02642
Median LS 141 39 632 T.18 052
Aax 54 243 65 111 T1d 413
Abbreviatgons: CV = coefficient of variation, TN = infranazal L = left, max = marxinmom min = minimum B = nght, 50 = sandard deviation
Treatment
Epinephrime Epimephrine 0.3 mg Epinephrine 0_3 mg Epinephrine 0.5 mz Epifen 0.3 mz
0.3 mz Thi I ewice (L/R) sSC AT EpiPem (.2 mg twice (LK)
Time of Dnzet
Statistic (mmim)y
N 166 T EE] 122 TG T8
Adean 165 124 236 14 434 4.96
=3 ] 18 164 179 17.6 505 538
CVaa 170 133 758 126 116 108
Afin o 0 0_B66 0178 o 0
Aledian 785 202 245 844 7] 2 A6
Adax 323 116 81.6 142 236 208

Abbreviadons: CW = ceefficient of variston, I = intrapmscular, L. = left, max = maximom, min = minivopm,. FL = rght, 5D = standard dewiadon
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2.6.5.3. Clinical studies in special populations

Not applicable.

2.6.5.4. In vitro biomarker test for patient selection for efficacy

Not applicable

2.6.5.5. Analysis performed across trials (pooled analyses and meta-analysis)

Not applicable

2.6.5.6. Supportive studies

Not applicable.

2.6.6. Discussion on clinical efficacy

Design and conduct of clinical studies

The mechanism of action of adrenaline that leads to its therapeutic efficacy is well understood and
comes from its direct agonism of a- and B-adrenergic receptors, leading to a reversal of the
pathological response to the histamine cascade caused by an antigen. Conducting PK/PD clinical trials
instead of randomised clinical trials in target population is considered appropriate for the proposed
indication, i.e. treatment of Type | allergic reactions as randomised clinical trials would be unethical.
Changes of blood pressure (al effect) and heart rate (B1 effect) are considered appropriate surrogate
endpoints of adrenalin efficacy in treatment of Type | allergic reaction.

Data from the primary clinical trials for the 2 mg dose of Eurneffy in adults (EP1 15, EPI 16, and EPI
17 [self-administration]) and children 30 kg or greater (EPI 10) are presented to support approval of
this application. Primary PK/PD studies in adults with a 1 mg dose of Eurneffy (EPI 03, EPI 04, EPI 07,
EPI 12 [self-administration] and EPI JPO1) as well as other pilot studies are supportive information.

Efficacy data and additional analyses

The results of the study EPI 11b combined with the first dose analysis from studies EPI 03 and EPI 07,
informed the decision to select the 2 mg dose. Data from EPI 11b show considerable variation in
exposure of different doses of Eurneffy (e.g. 1.5 mg dose shows higher exposure compared to 2 mg),
however, exposure of 2 mg dose is bracketed by manually injectable and EpiPen formulations,
therefore the choice of the 2 mg dosing is justified.

During the clinical programme, as anaphylactic reactions are likely to occur with rhinitis, the influence
of the rhinitis on the PK and PD of the nasally administered (single and twice) adrenaline was studied
in patients with NAC (Nasal Allergen Challenge) as well as in patients who have Type | allergy. Overall,
the Cmax magnitude and the total exposure AUClast after Eurneffy 2.0 mg administration during
rhinitis was lower than under normal conditions. In addition, PD response (PR and SBP) followed 0.3
mg injection was similar to Eurneffy under normal conditions with either once or twice dosing. For
details see clinical pharmacology section.

To justify the SmPC recommendation to use the second dose of 10 minutes after the first dose, the
applicant presented pooled data from studies EPI 15, 16, 17 showing that the first physiological
response of IN adrenaline starts immediately after dosing and is higher than IM injection but
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comparable to EpiPen. The analysis of PD response in the EPI 18 study additionally confirmed the
proposed timing for the second dose. The analysis of PD response in the EPI 18 study additionally
confirmed the proposed timing for the second dose.

Assessment of paediatric data on clinical efficacy

In the paediatric population, a slight increase in absorption was observed in children >30kg after ARS-
1 2.0 mg administration. Epinephrine levels were proportional between 1.0 and 2.0 mg dosing in
children >30 kg.

Based on the POP PK model age was not a significant covariate for nasal absorption of adrenaline from
the nasal mucosa Eurneffy formulation.

Therefore, the recommended posology in children with a body weight = 30 kg is the same as adults.

2.6.7. Conclusions on the clinical efficacy

Data from clinical studies using PD surrogate endpoints - blood pressure and heart rate - demonstrate
the efficacy of IN adrenaline comparable to manual and autoinjector adrenaline products. The same
dose can be administered in adults and children above 30 kgs. In case of not complete response a
second administration can be done after 10 minutes of the initial administration, using a second
device.

2.6.8. Clinical safety

The applicant conducted in total fourteen pharmacokinetic/safety studies with Eurneffy (ARS-1) in
healthy volunteers (EPI 03, EPI 06, EPI 07, EPI 11, EPI 11b, and EPI 15), in patients with Type |
allergies (EPI 09, EPI 12, EPI 13, and EPI 17), in patients with allergic rhinitis (EPI 04, EPI 16, and EPI
JP 01), and paediatric patients with Type 1 allergies (EPI 10 - study is ongoing at the time of this MAA)
with the commercial formulation of ARS-1, including formulations with variable concentrations of the
dodecylmaltoside excipient (DDM) (0.25% - 0.35%), which bracket the commercial formulation
concentration of DDM (0.275%b).

2.6.8.1. Patient exposure

550 subjects were enrolled and received at least one dose of ARS-1. Due to the crossover design of
each study, subjects received more than one exposure to ARS-1 per study, for a total of 1069 total
exposures to ARS-1 across the fourteen studies. In addition, only 537 subjects were treated with ARS-
1 as on some occasions the same subject was enrolled more than once.

In EPI 15 Study, 59 out of 59 subjects (100%) received at least one dose of study medication. Out of
these, 54 unique subjects received one dose of study drug. Fifty subjects (84.7%) completed the study
age 21 to 54 years as nine subjects withdrew prematurely. Of note, an additional cohort with 17
subjects was enrolled due to an error in processing PK samples at the clinical site, five of these 17
subjects were subjects from Cohort 1 who re-enrolled.

In Study EPI 16, 36 out of 36 subjects (100%) received at least one dose of study medication. Thirty-
four subjects (94.4%) completed the study as two subjects withdrew prematurely. Subjects ranged in
age from 20 to 52 years.
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In Study EPI 17, 45 out of 45 subjects (100%) received at least one dose of medication. Forty-one
subjects (91.1%) completed the study as four subjects were discontinued after the first dose following
physician decision. Subjects ranged in age from 23 to 53 years.

As of the interim analysis cutoff date, in the ongoing EPI 10 paediatric study, a total of 57 subjects
were enrolled. Subjects ranged in age from 4 to 17 years. Thirty-two subjects (56.1%) were male and
25 subjects (43.9%) were female. Forty-two subjects (73.7%) were White, 10 subjects (17.5%) were
Black or African American, and 5 subjects (8.8%) were Asian. Three subjects (5.3%) were Hispanic or
Latino and 54 subjects (94.7%) were not Hispanic or Latino.

A pooled number of subjects that received a 2 mg dose includes subjects that received two 1 mg doses
spaced 10 minutes apart and separate information regarding the intended medical product dose of 2
mg is displayed below. Comparing both groups, no substantial differences on demographic profiles are
observed (see table below) except for minimum age (20 vs 8 years).

Table 91 Demographic Profile of Patients in Controlled Trials by Pooled Treatment Safety
Population — ARS Treatments

Only single dose 2.0 Pooled 2 mg
Demographics mg (N=134) n(%) * (N=344) n(%) **
Age(Year)
Mean (SD) 39.5(9.10) 37.0(10.64)
Median 40.0 37.0
Minimum,Maximum 20,54 8,55
Sex
Male 82(61.2) 210(61.0)
Female 52(38.8) 134(39.0)
Race
White 61(45.5) 144(41.9)
Black or African American 40(29.9) 124(36.0)
Asian 18(13.4) 38(11.0)
American Indian or Alaska Native 3(2.2) 9(2.6)
Native Hawaiian or Other Pacific 2(1.5) 5(1.5)
Islander
Other 10(7.5) 24(7.0)
Ethnicity
Hispanic or Latino 39(29.1) 96(27.9)
Not Hispanic or Latino 95(70.9) 248(72.1)

* from ISS Addendum #2 only single dose of 2 mg
** from Clinical Overview (), including two 1 mg doses spaced 10 minutes apart.

2.6.8.2. Adverse events
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All abnormal changes from baseline were collected, graded with regards to severity or clinical
significance, and assessed for causal relationship.

Study subjects were evaluated post-exposure to ARS-1 (with and without induced rhinitis), IM
adrenaline, SC adrenaline, EpiPen, and Symjepi in clinical studies: EPI 03, EPI 04, EPI 06, EPI 07, EPI
JPO1, EPI 09, EPI 10 (interim results), EPI 11, EPI 11b, EPI 12, EPI 13, EPI 15, EPI 16, and EPI 17 in
the pooled integrated summary of safety.

Treatment-emergent adverse events were pooled into 18 different types and dose levels:

¢ ARS-10.5 mg, 0.65 mg, 0.8 mg, 1 mg, 1.3 mg, 1.5 mg, 1.8 mg, 2 mg, and 4 mg
¢ ARS-11 mg and 2 mg with rhinitis IN

e Adrenaline 0.3 mg, 0.5 mg, and 0.6 mg IM

e Adrenaline 0.3 mg SC

e EpiPen 0.3 mg and 0.6 mg

e Symjepi 0.3 mg

Table 92 Summary of Treatment-Emergent Adverse Events by Treatment - Pooled
Population for EPI 15, EPI 16, and EPI 17

ARS-1 Nasal Epinephrine IM EpiPen
2 mg' 4 mg’ 0.3 mg 0.5 mg 0.3 mg 0.6 mg (L/R)?
(N=134) (N=42) (m=134) (n=235) (n=55) (m=42)
(%) n(%) (%) (%) (%) 1(%)
No. (%) of Subjects with at Least | TEAE 33 (24.6) 8(19.0) 10(7.5) 1(2.9) 2(3.6) 1(2.4)
No. (%) of Subjects with at Least 1 SAE 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
I];?S.C(s;:t)ht:iai;ﬁiech with TEAE Leading to 0(0.0) 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
No. (%) of Subjects with Treatment Related TEAE 30(22.4) 6(14.3) 9(6.7) 0(0.0) 2(3.6) 1(2.4)
No. (%) of Subjects Who Disd 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Common Adverse Events from Primary 2 mg Clinical Trials (Integrated Summary of Safety of

EPI 15, EPI 16, and EPI 17)

In support of the intended commercial dose of, the 2 mg primary studies safety analysis pools data
from studies EPI 15, EPI 16, and EPI 17 and compares the adverse events of single dose ARS-1 (2.0
mg) and repeat dose ARS-1 (4.0 mg) to the injectable epinephrine control arms. The analysis pools the
subjects with and without rhinitis. The N size for the analysis is the number of subjects per each

treatment received and not the number of exposures (i.e., unique subjects only).

This summary of adverse reactions from the 2 mg primary clinical Eurneffy studies includes a
breakdown of events observed in the 2 mg treatment group that occurred in in = 10% of subjects
(most common adverse reactions); = 1% and < 10% of subjects and = 2 subjects; and lastly, those
events observed in < 1% and = 2 subjects.

Most Common Adverse Reactions (2 10%o)

There were no adverse reactions observed in = 10% of subjects in the ARS-1 2 mg treatment group.

Other Adverse Reactions (2 1% and < 10%)

Other common adverse reactions that occurred in more than = 2 subjects and observed in = 1% and
< 10% of subjects in the ARS-1 2 mg group were as follows: Nasal discomfort (9.7%)

Other Adverse Reactions (< 1%0)
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Other adverse reactions that occurred in more than = 2 subjects and observed in < 1% of subjects in

the ARS-1 2 mg group were as follows: headache (6.0%), rhinorrhoea (3.0%), nausea (2.2%), throat
irritation (1.5%), dizziness (1.5%).

A display of treatment-related adverse events and occurrence rates from the pooled primary 2 mg

studies is presented by treatment in Table 93.

Table 93 Incidence of Treatment-Related Treatment-Emergent Adverse Events - Pooled
Population for EPI 15, EPI 16, and EPI 17.

ARS-1 Nasal Epinephrine TM EpiPen
System Organ Class 3__ﬂlﬁ1 4_ﬂ_12j U-E mg 0-5_ mf 03:!1_15 [&fﬂg
Preferred Term (_‘I.ll:é':)-‘ ) (;‘:;;};} (nu(q}f}-” “:1(*.11?;5} (':‘{@;i ) (1:1(1;):)
iitfr'::; ;t::t leastOne | 30 (22.4) | 6(123) | 9(67) | 0f00) | 2(36) | 1(2.9)
:::gi'ar‘:tt;:‘ ;i';‘::;:f:"d 18(13.4) | 3(7.1) | 1(0.7) | 0(0.0) | 0(0.0) | 0(0.0)
Nasal Discomfart 13(2.7) | 0f(0.0) 0 (0.0) 0{0.0) 0{0.0) 0 (0.0)
Rhinarrhea 4(3.0) 2 (4.8) 0 (0.0) 0{0.0) 0{0.0) 0 (0.0)
Throat Irritation 2(1.5) 0{0.0) 0 (0.0) 0{0.0) 0{0.0) 0 (0.0)
Sneezing 0 (0.0) 1(2.4) 0 (0.0) 0{0.0) 0{0.0) 0 (0.0)
Nervous System Disorders 10(7.5) 4 (9.5) 5(3.7) 0 (0.0) 1(1.8) 0 (0.0)
Headache g8(6.0) | 3(7.1) 3(22) | o(o.0) 1(1.8) 0 (0.0}
Dizziness 2(L5) | o(0.0) 2(15) | o(0.0) 0 (0.0) 0 (0.0}
Syncope 1{0.7) | 00.0) 1{0.7) | 0(0.0) 0 (0.0) 0 (0.0}
Presyncope 0(0.0) 1(2.4) 1(0.7) 0(0.0) 0(0.0) 0 (0.0}
Gastrointestinal Disorders 3(2.2) 1(2.4) 6 (4.5) 0 (0.0) 0 (0.0) 0 (0.0)
Mausea 3(22) | o(o.0) 4(3.0) | 0(0.0) 0 (0.0) 0 (0.0}
Vomiting 1{0.7) | 00.0) 2(15) | o(0.0) 0 (0.0) 0 (0.0}
Diarrhea 0(0.0) | o(0.0) 1{0.7) | 0(0.0) 0 (0.0) 0 (0.0}
Dry Mouth 0(0.0) | o(0.0) 1{0.7) | 0(0.0) 0 (0.0) 0 (0.0}
Hypoesthesia Oral 0(0.0) 1(2.4) 0(0.0) 0(0.0) 0(0.0) 0 (0.0}
Eye Disorders 2(1.5) 0 (0.0} 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Lacrimation Increased 1(0.7) 0(0.0) 0(0.0) 0({0.0) 0 (0.0) 0 (0.0)
Ocular Discomfort 1(0.7) 0(0.0) 0(0.0) 0({0.0) 0 (0.0) 0 (0.0)
e oitis| 167 | 009 | 100 | 000 | 100 | 100
Feeling Jittery 1(0.7) 0{0.0) 0 (0.0) 0{0.0) 0{0.0) 0 (0.0)
Asthenia 0 (0.0) 0{0.0) 1(0.7) 0{0.0) 0{0.0) 0 (0.0)
Fatigue D (0.0) 0 (0.0) 1{0.7) 0 {0.0) 0{0.0) 0 (0.0}
Injection Site Discomfort 0(0.0) | o(0.0) of0.0) | o(0.0) 1(1.8) 0 (0.0}
Injection Site Pain 0(0.0) | o(0.0) of0.0) | o(0.0) 0 (0.0) 1(2.4)
Investigations 1(0.7) 0 (0.0} 2(1.5) 0 (0.0) 0 (0.0) 0 (0.0)
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ARS-1 Nasal Epinephrine IM EpiPen

5 2 - 0.6 mg
System Organ Class ({ ";g:} (‘i_"_‘ﬁ} (0.3 1";&“ [D'° ';15} {0'3 n_]f} (L/R)?

N=. i b 4 n= n=as> =33 _
Preferred Term n(%) n(%%) n(%) n(%) n(%) []:.ll:_ﬂ;f}
Body Temperature Decreasad 1(0.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 {0.0)
Heart Rate Decreasad 1(0.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 {0.0)
Blood Pressure Decraasad 0(0.0) 0(0.0) 2(1.5) 0(0.0) 0(0.0) 0 {0.0)

Musculoskeletal and

Connective Tissue Disorders (o7 0(0.0) 0(0-0) 0(0.0) 0{0.0) 01{0.0)

Temporomandibular Joint

syndrome 1{0.7) | ofo.0) 0{0.0) | 0(0.0) 0 (0.0) 0(0.0)

Skin and Subcutaneous Tissue 1(0.7) 0(0.0) 3(22) 0(0.0) 0(0.0) 0(0.0)

Disorders

Hyerhidrosis 1(0.7) 0{0.0) 3(2.2) 0{0.0) 0(0.0) 0 (0.0)
Vascular Disorders 1(0.7) 0 (0.0) 2(1.5) 0 (0.0} 0 (0.0) 0 (0.0)
Hypotension 1(0.7) 0{0.0) 2(L.5) 0{0.0) 0(0.0) 0 (0.0)
Cardiac Disorders 0 (0.0) 0 (0.0) 2(1.5) 0 (0.0} 0 (0.0) 0 (0.0)
Palpitations 0 (0.0) 0{0.0) 2(1.35) 0 {0.0) 0(0.0) 0 (0.0)
Psychiatric Disorders 0 (0.0) 0 (0.0) 1(0.7) 0 (0.0} 0 (0.0) 0 (0.0)
Anxiety 0 (0.0) 0{0.0) 1(0.7) 0{0.0) 0(0.0) 0 (0.0)

In EP15 study, all TEAEs were considered mild, and none were life-threatening or resulted in death. No
AEs were considered serious or resulted in discontinuation from the study. 7.1% of subjects
experienced at least one adverse event in Part 1 of the study. 19.0% experienced at least one adverse
event in Part 2 of the study.

While it is acknowledged that the overall number of TEAE was low there were two cases of vomiting
following administration of ARS — 1 2.0 mg in two subjects (3.6%)

Abnormal ECG results were observed in the majority of subjects at baseline and following all
treatments, but none of the observed abnormal ECG results were considered clinically relevant.

Study EPI 16
In EPI16 study, 28% of subjects experienced at least one treatment emergent adverse event.

25.0% and 2.9% of patients experienced a TEAE following ARS-1 2.0 mg and Epinephrine 0.5 mg IM,
respectively. Of note, following ARS-1 2.0 mg administration 2.9% with rhinitis experienced a TEAE
and 13.9% and 5.6 % of subjects experienced headache and dizziness, respectively,

There was a relevant difference in the incidence of AE between ARS-1 and epinephrine IM groups. Of
note, there were no treatment-related TEAEs in patients in rhinitis following administration of ARS-1.

Study EP1 17

In EP117 study, 53.3% of subjects experienced at least one treatment emergent adverse event. 50.0%
experienced a total of 35 TEAEs following ARS-1 2.0 mg. Three events (vomiting, decreased heart rate,
and dizziness) in two subjects were considered moderate, and one subject treated with Neffy 2mg
experienced severe syncope and hypotension but resolved without sequala or medical intervention.
This event was rated possibly related by the principal investigator, however the applicant considered
these events were more related to the specific EP117 study procedures (the clinical site used separate
needle punctures for each blood draw and did not use a catheter as standard site procedure) and not
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to the adrenaline treatment, given syncope and hypotension was not observed in any other applicant
clinical trials.

These severe events (syncope and hypotension) were observed in both treatment arms, Eurneffy 2 mg
and IM adrenaline injection 0.3 mg. Two subjects in the IM adrenaline injection 0.3 mg group
experienced severe syncope, with one having hypotension and the other associated asthenia and blood
pressure decreased.

All other TEAEs following ARS-1 2.0 mg were considered mild. 22.7% experienced a total of 29 TEAEs
following Epinephrine 0.3 mg IM. Five events (vomiting, headache [2 reports], hypotension, and
presyncope) in four subjects were considered moderate, and three events (asthenia, syncope, and
blood pressure decreased) in two subjects were considered severe. All other TEAEs following
Epinephrine 0.3 mg IM were considered mild. No TEAEs were considered serious or resulted in
discontinuation from the study.

In EPI110, paediatric study, there was one moderate TEAE (nasal discomfort following administration of
ARS-1 2.0 mg in a subject > 30 kg). All other TEAEs were considered mild, and none were life-
threatening or resulted in death.

In subjects greater than 30 kg treatment emergent AEs (TEAE) occurring in = 2 subjects following
administration of ARS-1 1.0 mg included: nasal discomfort and rhinorrhoea (three subjects each,
11.5%) and sneezing, rhinalgia, oropharyngeal pain, nasal mucosal disorder, taste disorder,
lacrimation increased, and ocular hyperaemia (two subject each, 7.7%o).

Treatment emergent AEs occurring in = 2 subjects following administration of ARS-1 2.0 mg included:
nasal discomfort and IN paraesthesia (four subjects each, 25.0%); sneezing (3 subjects, 18.8%); and
rhinorrhoea, rhinalgia, paraesthesia, fatigue, and feeling jittery (2 subjects each, 12.5%). There was
one moderate TEAE (nasal discomfort following administration of ARS-1 2.0 mg in a subject > 30 kQ).
All other TEAEs were considered mild, and none were serious, life-threatening, or resulted in death.

2.6.8.3. Serious adverse events, deaths, and other significant events

No deaths have occurred in clinical studies conducted with Eurneffy and adrenaline injection. No SAEs
and significant AEs have been reported in clinical studies with Eurneffy_and adrenaline injection.

2.6.8.4. Laboratory findings

In clinical studies with ARS-1 and adrenaline injection, there has been no significant clinical laboratory
evaluation findings related to the safety of the test article.

2.6.8.5. Discontinuation due to adverse events

There were no discontinuations due to adverse events in any of the studies.,

2.6.8.6. Post marketing experience

Not applicable.
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2.6.9. Discussion on clinical safety

Patients population

In total 537 subjects were exposed to Eurneffy with a total of 1069 total exposures to ARS-1 across

the fourteen completed clinical studies. Of those subjects, 171 patients with type | allergies (EPI 09,

EPI 12, EPI 13, and EPI 17), 102 patients with induced rhinitis (EPI 04, EPI 16, and EPI JPO1) and 57
paediatric patients with type | allergies (EPI 10) received at least one dose of ARS-1.

All included patients were between 19 and 55 years of age. Patients included in Studies EPI 15, EPI 16
and EPI 17 were between 20 and 54 years of age. In total 134 patients were exposed to the dose of 2
mg of ARS -1 in the pivotal studies. Moreover, 42 patients received 2 administrations of 2mg ARS-1.

Pooled number of subjects that received a 2 mg dose includes subjects that received two 1 mg doses
spaced 10 minutes apart and separate information regarding the intended medical product dose of 2
mg should be displayed. Nonetheless, comparing groups with and without two 1 mg doses included in
the pooled 2 mg group, no substantial differences in demographic profiles are observed except for
minimum age (20 vs. 8 years).

Additionally paediatric patients above 4 years of age were included in the EPI 10 study, which is
ongoing.

Patients with renal and or hepatic impairment, women during pregnancy and breast feeding were not
specifically studied. This is acceptable by CHMP. The studied population is considered representative.
Effects of weight on adrenaline concentration following adrenaline injection versus intranasal
formulation is discussed earlier in the clinical pharmacology section. Effects of weight might be a more
important covariate as compared to either BMI or age. The majority of subjects being from North
America, and a total of only 36 subjects from Japan. No subjects recruited in the studies from Europe
and Rest of World, respectively however, since adrenaline is a well-known active substance in EU, this
is acceptable. The overall size of the safety database can be considered sufficient taking into account a
well — known safety profile of epinephrine.

Adverse events

Of note, there may be a reporting bias in the ARS-1 arms since subjects were asked if they felt any
nasal discomfort, as well as nasal irritation or nasal pain since the latter were part of the study
evaluation measures. However, discomfort, irritation, or pain of the injection groups were not solicited.
Any reports in the injection groups were voluntarily reported.

Overall, in all completed studies conducted by the applicant, 24.6%, 19% of patients exposed to nasal
adrenaline dose of 2 mg and 4mg experienced at least 1 TEAE, respectively.

2 mg dose administration
There were no adverse reactions observed in 210% of subjects in the ARS -1 2mg treatment group.

The most common adverse reaction that was observed in the clinical studies in =2 subjects and
observed in 21% and <10% in patients exposed to 2mg ARS-1 was nasal discomfort. Other reported
AE included headache, rhinorrhoea, nausea, throat irritation and dizziness.

Moderate events after receiving a dose of ARS-1 consisted of 2 events of nasal oedema, and 1 event
each of dyspnoea and presyncope; 1 event each of nasal discomfort, sneezing, heart rate decrease,
dizziness, vomiting. Severe events after use of ARS-1 consisted of 1 event each of syncope and
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hypotension (ARS-1 2 mg). Severe events for syncope and hypotension were observed both in ARS-1 2
mg and IM adrenaline injection 0.3 mg trial arms.

4 mg dose administration

Overall, there were no significant differences in rates of adverse events comparing a single dose and
two repeated 2 mg doses (total dose — 4 mg). Furthermore, it is comparable to twice a dosing of i.m.
adrenaline. In subjects receiving two doses the most common adverse events were headache (7.1%)
and rhinorrhoea (4.8%).

Reported adverse events are coherent with adverse events observed in case of adrenaline systemic
exposure described in literature, with exception of local nasal symptoms.

No differences in blood pressure-related AEs were observed between patients treated with ARS-1 and
EpiPen. However, in total 9% of patients exposed to ARS-1 2mg experienced blood pressure increase.
Moreover, 6.1% of patients exposed to ARS-1 2mg experienced palpitations. Majority of nasal-related
AE were considered mild and did not require any treatment.

Assessment of paediatric data on clinical safety

EPI-10 (A Single-Period, Single-Dose Study of the Pharmacokinetics and Pharmacodynamics of
Epinephrine After Administration of Intranasal ARS-1 to Paediatric Subjects with Systemic Allergies).

In paediatric patients aged 4 to 17, there was one moderate TEAE (nasal discomfort following
administration of ARS-1 2.0 mg in a subject > 30 kg). All other TEAEs were considered mild, and none
were life-threatening or resulted in death. Overall, the safety profile in patients above 30kgs is similar
to the one observed with adult data.

In summary, no cases of serious adverse events or deaths were reported during the overall clinical
development programme. No subjects discontinued due to AEs in the overall clinical development
programme. There have been no significant clinical laboratory evaluation findings related to the safety
of the test article.

Results of ECG following administration of the treatment was provided only for Study EPI 15. However,
since abnormal ECG results were observed in most of the subjects at baseline, the effect of ARS-1
administration is very difficult to interpret.

2.6.10. Conclusions on the clinical safety

Adrenaline has a well known and characterised safety profile following its use for many decades. The
safety profile has been adequately characterised for the nasal formulation. No major safety concerns
have been identified.

2.7. Risk Management Plan

2.7.1. Safety concerns

The following summary of safety concerns is agreed in the RMP:
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Table 94 Summary of safety concerns

Summary of safety concerns

Important identified risks

None

Important potential risks

Medication error

Missing information

None

2.7.2. Pharmacovigilance plan

Routine pharmacovigilance activities beyond adverse event reporting and signal detection include

specific follow-up questionnaires for medication errors. No additional PhV activities are planned.

2.7.3. Risk minimisation measures

Table 95 Summary table of pharmacovigilance activities and risk minimisation activities by

safety concern

Safety concern

Risk minimisation measures

Pharmacovigilance activities

Important potential
risk:

Medication error or
mishandling of device

Add

Routine risk minimisation
measures:

SmPC section 4.2: Posology and
method of administration.

PL section 2: What you need to
know before you use Eurneffy.

PL section 3: How to use Eurneffy
(Instructions for Use: to be
included in the blister pack that
contains the Eurneffy device).

itional risk minimisation

measures:

training device
training videos
digital educational material

IFU within Eurneffy device
blister

Routine pharmacovigilance activities
beyond adverse reactions reporting
and signal:

Targeted questionnaire in case of
medication errors.

Additional pharmacovigilance
activities:

None

2.7.4. Conclusion

The CHMP considers that the risk management plan version 4 is acceptable.
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2.8. Pharmacovigilance

2.8.1. Pharmacovigilance system

The CHMP considered that the pharmacovigilance system summary submitted by the applicant fulfils the
requirements of Article 8(3) of Directive 2001/83/EC.

2.8.2. Periodic Safety Update Reports submission requirements

Based on the new administration route and new device to be used in emergency situations, the PRAC is
of the opinion that a separate entry in the EURD list for Eurneffy is needed, as it cannot follow the
already existing entry for epinephrine. The requirements for submission of periodic safety update
reports for this medicinal product are set out in the Annex Il, Section C of the CHMP Opinion. The
applicant did request the alignment of the new PSUR cycle with the international birth date (IBD). The
IBD is 17 January 2019.

2.9. Product information

2.9.1. User consultation

The results of the user consultation with target patient groups on the package leaflet submitted by the
applicant show that the package leaflet meets the criteria for readability as set out in the Guideline on
the readability of the label and package leaflet of medicinal products for human use.

3. Benefit-Risk Balance

3.1. Therapeutic Context

3.1.1. Disease or condition

Anaphylaxis is the most severe form of allergic reaction, or hypersensitivity reaction, is almost always
unexpected, and can be life-threatening (Tang-2009). Delay in clinical diagnosis and treatment may
result in death by airway obstruction or vascular collapse (Joint Task Force on Practice Parameters-
2015).

The prevalence of anaphylactic reactions in Europe and different subpopulations has been described in
the literature with a relative variability observed. The incidence of all-cause anaphylaxis in Europe
ranges from 1.5 to 7.9 per 100 000 person-years, translating to an approximate 0.3% lifetime risk
(Panesar-2013). In the US lifetime prevalence of an anaphylaxis event is up to 2%, with a mortality
rate of approximately 1% (Kemp, 2007, Tang, 2009, Arnold, 2011).

The proposed indication for Eurneffy is the emergency treatment of allergic reactions (anaphylaxis) due
to insect stings or bites, foods, medicinal products and other allergens as well as idiopathic or exercise
induced anaphylaxis. Treatment is indicated for adults and children with a body weight =30 kg. The
recommended dose for patients =30 kg body weight is a single intranasal administration of 2.0 mg
adrenaline which can be increased to a second dose in case of initial incomplete clinical response.
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3.1.2. Available therapies and unmet medical need

Adrenaline is a non-specific adrenergic agonist that is the drug of choice for the treatment of severe
allergic reactions and anaphylaxis, and its appropriate use in these circumstances is widely
documented in the published literature. Its therapeutic efficacy comes from its direct agonism of a and
B adrenergic receptors leading to a reversal of the pathological response to the histamine cascade.
Adrenaline also effectively reverses the symptoms of rhinitis, urticaria, bronchospasm, and
hypotension due to its pharmacological antagonist properties on smooth muscles, blood vessels, and
other tissues.

Commercially available adrenaline autoinjectors are the current out-of-hospital practice standard of
care to all patients having experienced anaphylactic reactions or at risk of anaphylaxis. When properly
used, these devices can allow for early administration of adrenaline to stop or reduce the intensity of
the systemic allergic reaction before refractory anaphylaxis develops.

There have been reports related to safety due to overdose, with IV adrenaline inducing rapid
cardiovascular changes, and inadequate dilution (Pumphrey-2000, Andre-2019, Ring-2018). IV
administration is only recommended for the treatment of severe events, including hypotension, under
careful clinical monitoring (Brown-1998, Simons- 2010b, Wood-2013, Ring-2018, Lieberman-2015).

Published guidelines based on extensive clinical evidence support the efficacy and safety of IM
administration of adrenaline at a dose of 0.01 mg/kg (maximum of 0.5 mg), or 0.15 mg (15 kg to

30 kg children) and 0.3 mg up to 0.5 mg in adults. Administration should be given without delay at the
onset of symptoms related to a systemic allergic reaction (Pumphrey-2000) to effectively stop the
allergic reaction.

Subcutaneous (SC) administration has been used, however literature data suggest that IM
administration, including EpiPen, in the vastus lateralis muscle of the thigh produces a more rapid rate
of increase in adrenaline plasma levels than SC or IM administration in the deltoid muscle of the arm.

3.1.3. Main clinical studies

The clinical development programme for adrenaline (ARS-1, Eurneffy) consists of clinical pharmacology
studies conducted in healthy subjects and in allergic patients with chronic rhinitis.

The pivotal data supporting the indication consist of data from four cross-over Phase | PK/PD trials (EPI
15,16,17,10) in healthy volunteers and rhinitis patients comparing PK and PD parameters between
Eurneffy 2 mg intranasal spray and several marketed epinephrine injections, i.e., Epinephrine 0.3 mg
and 0.5 mg IM and EpiPen 0.3 mg IM. Treatments were dosed once or twice.

EPI118 assessed PK and PD parameters after the administration of a repeat dose of Eurneffy
intranasally in patients with Nasal Allergen Challenge (NAC) compared with epinephrine IM at a dose of
0.3 mg (in normal conditions and in patients with NAC).

Adult data:

Studies EPI 15, EPI 16, and EPI 17 were designed to assess the comparative bioavailability of a single
and repeat dose of ARS-1 2 mg relative to single IM doses of adrenaline via needle/syringe and/or
AAls without carryover effect.

EPI 15 study assessed the effects of single and repeat (twice) dosing of Eurneffy 2 mg in adult healthy
volunteers compared to 0.3 mg IM injection and 0.3 mg EpiPen single and repeat (twice).

EPI 16 Study compared the effects of administration of Eurneffy 2 mg in normal nasal conditions and
during induced rhinitis in allergy patients compared to 0.3 mg IM and 0.5 mg IM injection by HCP.
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EPI 17 Study assessed pharmacokinetics, pharmacodynamics and dosing Errors After Self-
Administration of Epinephrine with Intranasal ARS-1 as compared to IM injection in Subjects with Type
I Allergy).

EPI 18 study assessed PK and PD parameters after the administration of a repeat dose of Eurneffy
intranasally (twice to the same nostril and to the opposite nostril) in patients with NAC (Nasal Allergen
Challenge) compared with epinephrine IM at a dose of 0.3 mg (in normal conditions and in patients
with NAC).

Primary PK/PD studies in adults with a 1 mg dose of Eurneffy (EPI 03, EPI 04, EPI 07, EPI 12 [self-
administration] and EPI JPO1) as well as other pilot studies and are presented in this MAA as
supportive information due to significant carry-over effect identified during previous assessment.

Paediatric data:

EPI 10 A Single-Period, Single-Dose Study of the Pharmacokinetics and Pharmacodynamics of
Epinephrine After Administration of Intranasal ARS-1 to Paediatric Subjects with Systemic Allergies.

3.2. Favourable effects

Data to support this application are based on surrogate pharmacodynamic endpoints.

The PK data from the clinical pharmacology studies demonstrate that Eurneffy pharmacokinetic profile
is similar to the profile of IM dosing by an EpiPen or adrenaline injected with syringe and needle.

Adrenaline is well absorbed from nasal cavity and appears to distribute quickly into tissues.

In the EPI10 study, it was demonstrated that epinephrine levels were dose proportional between 1.0
and 2.0 mg dosing in in paediatric allergy subjects >30 kg. The pharmacokinetic results demonstrates
that in children =30 kg, Eurneffy 2 mg results in adrenaline absorption that is comparable to that
observed in adults and expected based on PBAM. Eurneffy elicited SBP and PR responses comparable
to what is observed in adults.

EPI 15 study showed that of Cmax values after ARS-1 2.0 mg administration was 38% lower compared
to EpiPen and 26% higher compared to Epinephrine IM. Total exposure measured by AUC last, was
17% higher compared to EpiPen and 30% higher compared to Epinephrine IM injection.

After single nasal dose Eurneffy 2 mg, the increase in SBP and PR were within the range of adrenaline
injection treatments (injection 0.3 mg IM injection using a needle-syringe product and/or an auto-
injector product) during the first 10 minutes post-dose and higher through 60 minutes post-dose.

After two nasal doses of Eurneffy 2mg, the total exposure (AUC last) after (R-R) administration was
45% higher compared to EpiPen and 14% higher compared to (L/R) administration. The SBP and PR
responses was similar to two intramuscular doses of adrenaline injection (using an autoinjector).

EPI117 study was performed in subjects with history of Type | Allergy. No changes between Cmax was
observed after ARS-1 2.0 mg and Epinephrine 0.3 mg IM administration. AUCO-t was greater after
ARS-1 2.0 mg administration compared to Epinephrine 0.3 mg IM. On the other hand, it was
demonstrated that the PD of adrenaline following self-administered one nasal dose of Eurneffy 2 mg to
one intramuscular dose of adrenaline injection 0.3 mg (using a needle-syringe product) was similar to
that observed in the study EPI 15.

EPI 16, and EPI 18 were performed in subjects after single and double administration, respectively, in
subjects with allergy patients (in normal nasal conditions and followed nasal challenge).
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In EPI 16 study it was demonstrated that PK parameters (Cmax and AUCIlast) followed single
epinephrine administration (2.0 mg) in subjects with induced allergic rhinitis (nasal challenge) was
lower than in subjects with normal nasal conditions and comparable with injectable form (IM
Epinephrine 0.3 mg).

IN EPI 18 study the PK and PD of epinephrine after two doses of Eurneffy 2.0 mg under allergic rhinitis
conditions (NAC) were compared to two doses under normal conditions. Additionally, the study tested
the administration of the second dose of the drug to the same and the opposite nostril. Under normal
and under rhinitis conditions mean epinephrine concentrations were greater for Eurneffy relative to
Epinephrine IM 0.3 mg (regardless of whether the drug was administered to the same or the opposite
nostril). Similarly, Cmax values of epinephrine (with ipsi- and contralateral dosing) were higher than
following IM 0.3 mg. The mean SBP, DBP, and PR change were greater for Eurneffy relative to IM 0.3
mg, regardless of nasal condition and of whether the drug was administered to the same or the
opposite nostril.

Haemodynamic data indicate that administration of Eurneffy resulting in rapid stimulation of a and 8
adrenergic receptors leads to increased heart rate (HR) and systolic blood pressure (SBP) as the
surrogate markers for efficacy in treating systemic allergic reactions. The mean haemodynamic effects
of ARS-1 were typically greater than that observed with epinephrine injection.

3.3. Uncertainties and limitations about favourable effects

The main uncertainty is related to absence of RCTs in target population demonstrating efficacy of IN
adrenaline, including paediatric population. The efficacy is demonstrated by using pharmacodynamic
surrogate markers. Overall, there was high intra-individual variability in observed PK and PD values
that potentially might lead to lower efficacy in certain individuals.

Studies in a population of patients with experimentally induced rhinitis have shown that administration
of I.N. adrenaline in this patient population results in a slightly different PK/PD profile than in a
population of subjects without rhinitis. A faster absorption of epinephrine was observed in people with
rhinitis, however, the total exposure as well as the Cmax levels reached were lower than in normal
conditions. At the same time, a more rapid decline in blood concentrations was observed.

In the pivotal studies, subjects who had prior nasal fractures, severe nasal injuries, polyps, polyposis,
recurrent epistaxis [>1 nosebleed per month], deviated septum, etc. were excluded from the
participating population. In clinical practice, ARS-1 will also be able to be used in this group of
patients. Nonetheless, the conducted studies have shown that in a diverse population varying in nasal
cavity size, including paediatric and adult populations of different genders (women and men), no
significant differences in PD were observed. At present, a different response to the drug in the
described population is not expected.

The PK and PD parameters of epinephrine following Eurneffy administration were studied in EPI 10
study and were also analysed using popPK and PBAM. Paediatric data indicate that the PK parameters
fall within the range of approved injectable products. However, greater and more rapid exposures
relative to IM adrenaline 0.3 mg and slightly lower exposures compared to EpiPen are expected.

3.4. Unfavourable effects

Overall, no major safety concerns have been identified in the performed studies.

There was higher incidence of nasal discomfort and headache in patients exposed to ARS-1 compared
to Epinephrine IM or EpiPen. In EPI 16 study relevant differences in the incidence of TEAE were
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observed between patients with and without rhinitis exposed to ARS-1. 25.0% and 2.9% of patients

experienced a TEAE following ARS-1 2.0 mg and Epinephrine 0.5 mg IM, respectively. Of note 2.9%
with rhinitis experienced a TEAE following ARS-1 2.0 mg administration. 13.9% and 5.6 % of subjects
experienced headache and dizziness, respectively, following ARS-1 2.0 mg administration. Of note,

there were no treatment-related TEAEs in patients in rhinitis following administration of ARS-1.

Following repeated administration of 2mg of Eurneffy, the most common adverse reactions were throat
irritation (18.8%), headache (17.6%), nasal discomfort (12.9%), and feeling jittery (10.6%).

In EPI 10 study, followed ARS-1 administration the most frequent TAEs were nasal discomfort,
rhinalgia, nasal mucosal disorder, nasal paraesthesia, oropharyngeal pain and rhinorrhoea. All (beside

one - nasal discomfort following administration of ARS-1 2.0 mg) TEAEs were considered mild, and
none were life-threatening or resulted in death. Overall, the safety profile of Eurneffy in the paediatric
population with weight above 30 kgs was similar to the one observed in adults.

3.5. Uncertainties and limitations about unfavourable effects

No patient above 55 years of age were included in the studies. Clinical safety studies did not include
individuals with history of heart conditions or arterial hypertension.

3.6. Effects Table

Table 96 Effects Table for Eurneffy

Effect Short

Descripti
on

Unit

Treatment

Favourable Effects (PD surrogate results)

Control

Uncertainties/
Strength of evidence

SBP SBP
(systolic Emax
blood

(mean)
pressure)
HR HR Emax
(heart (mean)
rate)

mmH

bpm

ARS-1 2.0 mg
I.N. (N - 42) -
23.6
ARS-1 2.0 mg
I.N. (N - 42)-
17.3

EpiPen 0.3 mg
I.M. (N — 42) -
18.2

Adrenaline IM

-0.3mg (N -
42)

11.9

EpiPen 0.3 mg
.M. (N — 42)—
12.3

Adrenaline IM
-0.3mg (N -
42)

9.71

ARS-1 resulted in the greatest
increase from baseline SBP. The

mean Emax and AUECIast were

Epil5

significantly higher following ARS-1

relative to both EpiPen and IM
Epinephrine.

The Emax and AUECIlast were

Epil5

significantly higher following ARS-1

relative to EpiPen and IM

Epinephrine.
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DBP
(systolic
blood

pressure)

SBP
(systolic
blood

pressure)

HR
(heart

rate)

DBP
(systolic
blood

pressure)

SBP
(systolic
blood

pressure)

Short

Descripti
on

DBP
Emax

(mean)

SBP

Emax

(mean)

HR Emax

(mean)

DBP
Emax

(mean)

SBP

Emax

(mean)

Unit

mmH

bpm

Hg

mmH

Treatment

ARS-1 2.0 mg
I.N. (N - 42) -
8.1

ARS-1 2.0 mg
I.N. (N - 36)—
20.8

ARS-1 2.0 mg
I.N. (rhinitis)
(N-33)- 15.0

ARS-1 2.0 mg
I.N. (N - 36)—
18.5

ARS-1 2.0 mg
I.N. (rhinitis)
(N-33)- 10.8

ARS-1 2.0 mg
I.N. (N - 36)—
10.0

ARS-1 2.0 mg
I.N. (rhinitis)
(N-33)— 7.15

ARS-1 2.0 mg
I.N. (N - 42)—
20.0

Control

EpiPen 0.3 mg
.M. (N - 42)—
5.62

Adrenaline IM
- 0.3 mg(N -
42) - 5.48

Adrenaline IM
0.3 mg (N-31)
—13.4

Adrenaline IM
0.5 mg (N-32)
—15.2

Adrenaline IM
0.3 mg (N-
31)-11.1

Adrenaline IM
0.5 mg (N-
32)- 13.6

Adrenaline IM
0.3 mg (N-
31)- 5.26

Adrenaline IM
0.5 mg (N-
32)- 5.69

Adrenaline IM
0.3 mg (N-
42)-13.0

Uncertainties/
Strength of evidence

Mean DBP Emax values were Epil5
significantly different following ARS-1
relative to IM Epinephrine, but not

significantly different from EpiPen.

Epi 16

There were no differences in overall
effect between ARS-1 2.0 mg
(normal nasal conditions) and either
dose of IM Epinephrine.

The first 30 minutes post-dose, ARS-
1 2.0 mg with rhinitis resulted in a
peak effect (Emax) that was
comparable to both IM Epinephrine
0.3 mg and 0.5 mg.

Epi 16

Overall effect (AUECIast) following
ARS-1 2.0 mg (normal nasal
conditions) was significantly greater
relative to both doses of IM

Epinephrine.

Rhinitis resulted in lower peak and

overall effect.
Epi 16

Overall effect (AUECIast) following
ARS-1 2.0 mg (normal nasal
conditions) was greater relative to IM
Epinephrine 0.3 mg, but not IM
Epinephrine 0.5 mg.

Rhinitis did not have a significant

impact on any DBP PD parameters.

ARS-1 2.0 mg resulted in an increase  Epil7
of SBP that persisted throughout the
120-minute sampling period.

Epinephrine 0.3 mg IM resulted in an

initial increase of SBP that persisted

for approximately 10-minutes post-

dose, at which point SBP returned to

baseline
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Short Unit Treatment Control Uncertainties/
Descripti Strength of evidence
on
HR HR Ennax bpm ARS-1 2.0 mg Adrenaline IM Both treatments resulted in an initial Epil7
(heart (mean) I.N. (N - 42)— 0.3 mg (N- increase from baseline PR. This
rate) 13.0 42)-10.0 increase persisted throughout the
sampling period following ARS-1 2.0
mg
DBP DBP Mm ARS-1 2.0 mg Adrenaline IM Both treatments resulted in an initial Epi 17
(systolic Emax Hg I.N. (N - 42)— 0.3 mg (N- increase from baseline DBP, with
blood (mean) 9.0 42)— 8.0 ARS-1 2.0 mg resulting in a more
pressure) pronounced increase. By the 10-
minute timepoint, both treatments
resulted in a return to baseline
SBP SBP mmH ARS-1 0.65 X ARS-1 0.65 mg EPI10
systolic Emax mg (n-11)—
t()IZod ’ 12?2(5 ) RS SR
(mean)
pressure) ARS-1 -2.0 mg
ARS-1 -1.0
mg (n-25)— The mean Emax (mmHg) following
8.23 the administration of ARS-1 was
N <200 comparable in all analysed groups
mg (n-16)—
11.9
Age of
subjects - 4
and <18 years
HR HR Emax bpm ARS-1 0.65 ARS-1 0.65 mg EPI10
:Ztej)rt (mean) ;n7g.7(n—11)— ARS-1 -1.0 mg
ARS 1.0 ARS-1 -2.0 mg
mg (n-25, The mean Emax (bpm) following the

subjects >30
kg)— 13.8

ARS-1 -2.0
mg (n-16,
subjects >30
kg)— 15.4

Age of
subjects - 4

and <18 years

administration of ARS-1 was

comparable in all analysed groups

Assessment report

EMA/328958/2024 Page 160/165



Short Unit Treatment Control Uncertainties/
Descripti Strength of evidence
DBP DBP Mm ARS-1 0.65 ARS-1 0.65 mg EPI10
systolic Emax H mg (n-11)—
(sy g 9 (¢ ) ARS-1 -1.0 mg
blood (mean) 10.6
ressure ARS-1 -2.0 m
P ) ARS-1 -1.0 g
mg (n-25)— The mean Emax (mmHg) following
4.92 the administration of ARS-1 was
comparable in all analysed groups
ARS-1 -2.0 P Y group
mg (n-16)—
7.0
Age of
subjects - 4
and <18 years
Unfavourable Effects
Nasal % ARS-1 2 mg Epinephrine ARS-1 — N=134 Pooled
discom- - 9.7% IM — 0% ) . EP115+
Epinephrine IM — n=90
fort . EP116+
EpiPen — 0% )
EpiPen — N=97 EPI117
Head- % ARS-1 2 mg Epinephrine ARS-1 — N=134 Pooled
ache — 6% IM 0.3mg — . . EP115+
Epinephrine 0.3 mgIM — n=55
2.2% EP116+
. . Epinephrine 0.5 mgIM — n=35 EPI117
Epinephrine
IM 0.5mg — EpiPen 0.3mg— N=55
0%
EpiPen 0.6mg— N=42
EpiPen 0.3mg
—1.8%
EpiPen 0.6mg
— 0%
Nasal Subjects % ARS-1 (2 ARS-1 (1 mg) ARS-1 (1mg)— N=26 EPI-10
discom- >30 kg mg) — 25% —11.5%
ARS-1 (2mg) — N=16
fort b.w.
Intra- Subjects % ARS-1 (2 ARS-1 (1 mg) ARS-1 (1mg)— N=26 EPI-10
nasal >30 kg mg) — 25% — 0%
ARS-1 (2mg) — N=16
paraesth b.w.
esia
Sneezing  Subjects % ARS-1 (2 ARS-1 (1 mgQ) ARS-1 (1mg)— N=26 EPI-10
>30 kg mg) — —7.7%
ARS-1 (2mg) — N=16
b.w. 18.8%
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Effect Short Treatment Control Uncertainties/

Descripti Strength of evidence
on
Fatigue  Subjects % ARS-1 (2 ARS-1 (1 ARS-1 (1mg)— N=26 EPI-
>30 k mg) — mg) — 0% 10
s 9 9 -0%  \Rs-1(2mg) — N=16
b.w. 12.5%
Feeling Subjects % ARS-1 (2 ARS-1 (1 ARS-1 (1mg)— N=26 EPI-
jitter >30 k mg) — mg) — 0% 10
U s 9 9 -0%  \Rs-1(2mg) — N=16
b.w. 12.5%

3.7. Benefit-risk assessment and discussion

3.7.1. Importance of favourable and unfavourable effects

The clinical pharmacology programme includes analysis of PK and PD parameters in healthy subjects
followed single or double administration, including subjects with induced allergic rhinitis as well as
paediatric subjects as studies in the target population would be considered unethical.

Efficacy and safety data from clinical trials are based on surrogate validated pharmacodynamic
endpoints. The applicant utilised haemodynamic endpoints (blood pressure (systolic and diastolic) and
heart rate) as surrogate markers predictive of clinical efficacy through activation of a- and (-
adrenergic receptors.

The applicant conducted a GLP pharmacokinetics study to evaluate the pharmacokinetics of ARS-1
after administration with and without anaphylaxis conditions using Beagle dogs. More pronounced
absorption of intranasal epinephrine was reported in animals with anaphylaxis at earlier timepoints
compared to animals without anaphylaxis, suggesting that anaphylaxis increases the rate of
epinephrine absorption. The provided non-clinical pharmacokinetic data show that intranasal ARS-1
can be administered during anaphylaxis and the pharmacokinetic parameters are not impaired during
anaphylaxis event.

A comparison of PD responses following ARS-1 administrations (once or twice) was also performed. In
addition, the changes in the PD of ARS-1 were also assessed following injections in subjects with
induced rhinitis, including two consecutive injections of the drug into the same nostril as well as into
two different nostrils.

The pivotal clinical pharmacology studies conducted with Eurneffy (EPI 15, EPI 16, EPI 17, EPI 10 and
EPI 18) (as well as supportive studies) demonstrate the efficacy and safety of adrenaline by the nasal
route of administration. The PK data from the clinical pharmacology studies demonstrate that Eurneffy
has a pharmacokinetic profile similar to the PK profile of IM dosing by an EpiPen or adrenaline injected
with syringe and needle.

Main uncertainties pertain to intra-individual variability in observed PK and PD values that potentially
might lead to lower efficacy in certain individuals, however overall PK and PD values remained within
the range of other adrenaline injectors.

Haemodynamic data indicate that Eurneffy resulting in rapid stimulation of a and B adrenergic
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receptors leads to increased heart rate (HR) and systolic blood pressure (SBP) as the surrogate
markers for efficacy in treating systemic allergic reactions. The mean haemodynamic effects of ARS-1
were greater than that observed with epinephrine injection but remained within the range of other
adrenaline tested products.

Overall, no major concerning safety issues have been identified in the performed studies, one event of
syncope and hypotension were observed after single 2 mg ARS-1 administration. There were no cases
of death in clinical studies. The most frequently occurring adverse reactions observed in clinical
studies of Eurneffy 2 mg and after a second 2 mg dose included nasal discomfort, blood pressure
increased, headache, feeling jittery, throat irritation and palpitations.

3.7.2. Balance of benefits and risks

The available PK/PD and safety data indicate that epinephrine administered intranasally may be a
useful alternative to treatment with intramuscular epinephrine injections. The data support an
authorisation for nasal administration for emergency treatment of allergic reactions (anaphylaxis) due
to insect stings or bites, foods, medicinal products and other allergens as well as idiopathic or exercise
induced anaphylaxis. Treatment is indicated for adults and children with a body weight = 30 kg.

3.7.3. Additional considerations on the benefit-risk balance

Not applicable.

3.8. Conclusions

The overall benefit/risk balance of Eurneffy is positive, subject to the conditions stated in section
‘Recommendations’.

4. Recommendations

Outcome

Based on the CHMP review of data on quality, efficacy and safety the CHMP considers by consensus
that the benefit-risk balance of Eurneffy is favourable in the following indication:

Emergency treatment of allergic reactions (anaphylaxis) due to insect stings or bites, foods, medicinal
products and other allergens as well as idiopathic or exercise induced anaphylaxis. Treatment is
indicated for adults and children with a body weight = 30 kg.

The CHMP therefore recommends the granting of the marketing authorisation subject to the following
conditions:

Conditions or restrictions regarding supply and use

Medicinal product subject to medical prescription.

Other conditions and requirements of the marketing authorisation
® Periodic Safety Update Reports

The requirements for submission of periodic safety update reports for this medicinal product are set
out in the list of Union reference dates (EURD list) provided for under Article 107¢c(7) of Directive
2001/83/EC and any subsequent updates published on the European medicines web-portal.
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The marketing authorisation holder shall submit the first periodic safety update report for this product
within 6 months following authorisation.

Conditions or restrictions with regard to the safe and effective use of the medicinal product
® Risk Management Plan (RMP)

The MAH shall perform the required pharmacovigilance activities and interventions detailed in the
agreed RMP presented in Module 1.8.2 of the marketing authorisation and any agreed subsequent
updates of the RMP.

An updated RMP should be submitted:
e At the request of the European Medicines Agency;

e Whenever the risk management system is modified, especially as the result of new
information being received that may lead to a significant change to the benefit/risk profile or
as the result of an important (pharmacovigilance or risk minimisation) milestone being
reached.

® Additional risk minimisation measures

Prior to the launch of Eurneffy in each Member State (MS), the MAH must agree on the content and
format of the educational materials, including communication media, distribution modalities with the
National Competent Authority.

The following materials with key elements should be provided to minimise the risk of medication errors
in the context of an emergency situation.

The MAH shall ensure that in each Member State where Eurneffy is marketed, all healthcare
professionals and patients/carers who are expected to prescribe, dispense, use Eurneffy have access
to/are provided with the following educational information:

= Physician educational material
= Patient/Care givers information pack
Physician educational material:
e The Summary of Product Characteristics
« Training device
= Healthcare professionals training material (Training videos)
0 training device to familiarise with use of Eurneffy device
o Indications in which Eurneffy should be used.
0 Detailed description of the administration procedures of Eurneffy
o Importance of seeking medical assistance when using Eurneffy
0 Relevant information on the Eurneffy single dose device and how to use it
0 Instructions on correct handling of Eurneffy device.
o Need to always carry a second device in case of second dose would be required
0 Need to seek emergency medical assistance

o0 Patient’s preparation for the procedure and subsequent monitoring
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o Management of early signs and symptoms of selected safety concerns, namely severe
allergic reaction/anaphylaxis

Patient/Care givers information pack:

< Patient information leaflet

= Training device provided by physician as needed

= Patient/care givers digital information brochure (training Videos):

o0 Indication in which Eurneffy should be used including anaphylaxis/severe allergic
reaction action plan

o] Information on how to identify a serious allergic reaction

0 A description of the correct use of Eurneffy and the need to seek emergency medical
assistance when using Eurneffy

0 Detailed description of the modalities used for the self-administration of Eurneffy,
0 A description of the best course of action if second dose is needed.
o0 Need to always carry a second device in case of second dose would be required

o0 Monitoring and guidance for actions following use of Eurneffy

Conditions or restrictions with regard to the safe and effective use of the medicinal product
to be implemented by the Member States

Not applicable.
These conditions fully reflect the advice received from the PRAC.
New active substance status

Based on the review of available data, it is considered that adrenaline is not a new active substance, as
it is a constituent of medicinal products previously authorised within the European Union.
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