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1. EXECUTIVE SUMMARY 

1.1. Introduction 

This briefing document is being filed to the Pulmonary-Allergy Drugs Advisory Committee to 
support the review of neffy™ (epinephrine nasal spray) 2 mg as a needle-free alternative to 
currently approved injection products for the treatment of Type I allergic reactions including 
anaphylaxis.  The proposed Indication and Usage is as follows: 

neffy is indicated for the immediate and emergency treatment of allergic reactions (Type I), 
including anaphylaxis, which may result from insect stings or bites, foods, drugs, sera, 
diagnostic testing substances and other allergens, as well as idiopathic anaphylaxis or 
exercise-induced anaphylaxis. 

neffy is an aqueous formulation of epinephrine (Figure 1) that includes a functional excipient 
dodecylmaltoside (DDM; tradename Intravail® A3).  This excipient improves the bioavailability 
of the drug when administered with an aqueous solution (similar to saline) by the intranasal (IN) 
route and gives injection-like absorption without known injection-related adverse effects (e.g., 
pain or irritation).  DDM, in the class of alkyl-glycosides, is considered Generally Recognized as 
Safe (GRAS) by the US FDA and is used in two FDA approved products in the United States 
(Tosymra® and Valtoco®).  The Unit Dose Sprayer (UDS) device utilized to deliver neffy was 
originally introduced in 1997 and is approved for use with six branded products in the US 
including NARCAN® Nasal Spray, with more than 50 million prescriptions through 2022, and 
recently approved by FDA for over-the-counter use without training. 

Figure 1:  neffy Saline Based Epinephrine Nasal Spray: Triad of -Approved Components 
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1.2. Pathophysiology of Type I Allergic Reactions and Anaphylaxis 

Anaphylaxis is the most severe form of allergic reaction, or hypersensitivity reaction, and is 
almost always unexpected, and can be life-threatening (Tang-2009).  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 
generalized vasodilation, elevated heart rate, and increased vascular permeability (Peavy-2008), 
potentially leading to cardiovascular collapse. 

Type I allergic reactions are potentially life-threatening hypersensitivity reactions that can occur 
within minutes of exposure to an allergen and generally require immediate treatment to relieve 
symptoms and prevent further progression.  If not treated immediately, the reaction can progress 
to a more severe stage known as anaphylaxis that involves constriction of the airways, swelling 
of the throat, rapid heart rate, severe hypotension and other respiratory and cardiac symptoms 
that can develop and potentially present a life-threatening emergency. 

The incidence of all-cause anaphylaxis in the United States has increased by 70% from 2004 to 
2016.  In 2016, the incidence rate was 218 per 100,000 persons in a patient population that was 
approximately 75% adults (Chaaban-2019).  

Delay in treatment may result in death by airway obstruction or vascular collapse (Joint Task 
Force on Practice Parameters-2015).  Overall rate of mortality from anaphylaxis in the United 
States is between 186 to 225 deaths per year (Ma-2013; Jerschow-2014).  The vast majority of 
these deaths are persons that did not have epinephrine available at the time of the event or were 
not treated with epinephrine prior to emergency medical personnel could arrive (Poirot-2020). 

1.2.1. Epinephrine’s Mechanism of Action  

Immediate administration of epinephrine is currently the first-line treatment for severe Type I 
allergic reactions (Shaker-2020) including anaphylaxis with more than 100 years of clinical 
experience.  Epinephrine’s Mechanism of Action (MOA) for the treatment of Type I allergic 
reactions and anaphylaxis is generally well understood and comes from direct systemic agonism 
of α- and β-adrenergic receptors, leading to a reversal of the pathological response to the 
histamine cascade caused by an antigen (Table 1). 
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in 10.9% of events (n=799) when an autoinjector was used and in 9.3% of events (n=570) when 
an IM needle and syringe was used. 

Figure 3:  Percent of Allergic Reactions Requiring a Second Dose, by Treatment—Results 
of a 12 Study Analysis 

1.4. Unmet Medical Need 

The importance of early epinephrine treatment immediately after symptoms or an allergic 
reaction are detected has been emphasized in the literature, guidelines and FDA approved 
product labeling (Fleming-2015, Sicherer-2017, Shaker 2020, Muraro-2021) for treatment of 
Type I allergic reactions and anaphylaxis.  

It has been reported that delayed use of epinephrine has been associated with the following 
increased in serious outcomes (Patel-2021; EpiPen Package Insert-2020; Hochstadter-2016; 
Andrew-2018; Liu-2020; Fleming-2015; Turner-2017):  

• Increased epinephrine requirement to control anaphylaxis symptoms (OR = 5.0)

• Abnormal vital signs – heat rate, systolic blood pressure, respiratory rate (p<0.001)

• Biphasic anaphylaxis (OR = 3.4)

• Risk factor for hospitalization (HR = 4.0)

• Fatality

However, even of those patients/caregivers who accept and fill a prescription, many either do not 
administer treatment entirely in an allergy emergency, or delay the use of epinephrine 
autoinjectors (EAIs) until symptoms progress to a more severe state, even when the patient or 
caregivers knows they are having a severe allergic reaction (Asthma and Allergy Foundation of 
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As a result of these limitations, a significant proportion of the approximate 40 million patients at 
risk of severe Type I allergic reactions in the United States do not receive or fill prescriptions for 
intramuscular injection products, such as EpiPen or generic equivalents.  Of the 3.3 million 
patients who fill their prescriptions in the US, fewer than half carry the intramuscular injectable 
products with them on a regular basis, while many of the other half delay treatment during a 
severe type I allergic reaction (Brooks-2017; Fleming-2015).  This hesitancy results in the 
prolonging troublesome symptoms and an increased risk of progression of the reaction to 
anaphylaxis, including possible long-term comorbidities or even death (Warren-2018).  

Therefore, there is a significant unmet need to address these issues as many patients and 
caregivers are unwilling to use a needle-bearing device. neffy has the potential to address many 
of these unmet medical needs as needle-free option to current injection devices (Table 17). 

1.5. Clinical Program 

neffy’s clinical development program is centered on: 

1. Bracket approach: the rationale that a single dose of neffy has a pharmacokinetic profile 
that is similar to other injection products and bracketed by EpiPen 0.3 mg and 
Epinephrine 0.3 mg IM (discussed in Sections 1.5.1, 4.1 and 4.2) with other approved 
injection devices also within this bracket; and  

2. The use of pharmacodynamic data as a surrogate for efficacy (discussed in Sections 1.5.2 
and 4.3); 

3. With repeat dose of neffy a pharmacokinetic profile greater than injection products is 
warranted given the more serious nature of the disease including hypotension. neffy is 
dose proportional with repeat dosing and between doses, while injection products have 
been proven to not be dose proportional. 

1.5.1. Bracket Approach for Pharmacokinetics 

Approved epinephrine injection products have been shown to be highly variable from study to 
study (Figure 4) (Lockey-2022, Turner-2022) with a median Tmax values ranging from 5 to 
60 minutes and mean maximum concentration (Cmax) values ranging from 209 to 869 pg/mL 
(Table 3).  The pharmacokinetic variability observed across the injection products is likely driven 
by multiple factors including the type of device used, needle length, force of injection, location 
of injection, and injection technique (Section 4.1).  

In fact, EpiPen itself is highly variable and results from multiple studies since 2012 using 
modern bioanalytical techniques demonstrate a wide range of results across studies. neffy 2 mg is 
bracketed by these results and more consistent across studies then EpiPen (Appendix 1). 
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1.5.3. Evaluation of Various Dosing Conditions 

Because both ethical and practical limitations preclude the conduct of clinical trials in patients 
experiencing severe allergic reactions and anaphylaxis.  Therefore, ARS conducted a GLP study 
using a dog anaphylaxis model to assess absorption during acute anaphylaxis. Further, ARS 
conducted two clinical trials to assess the pharmacokinetics and pharmacodynamics of neffy 2 
mg in subjects with allergic rhinitis (EPI 16) and upper respiratory tract infections (EPI 14) in 
order to evaluate the effect of nasal edema and congestion on the absorption of epinephrine 
administered via neffy 2 mg.  Two additional studies, EPI 04 (NAC rhinitis) and EPI JP01 
(Pollen induced rhinitis), were also conducted with neffy 1 mg dose as supportive but are not 
reported in detail in this summary. 

1.6. Integrated Pharmacokinetic and Pharmacodynamic Analysis 

The primary neffy 2 mg and supportive neffy 1 mg studies conducted to support approval are 
summarized in Table 5. ARS started the development program with neffy 1 mg, which exhibited 
similar pharmacokinetics to 0.3 mg IM injection.  Subsequently, given the PK range of FDA 
approved community-use injection products, ARS decided to increase the dose to 2 mg 
considering its out of hospital use. A summary of key PK and PD findings from an integrated PK 
and PD analysis is presented below (Section 1.6.1), with an in-depth discussion of the 
comparative PK and PD results presented in Section 5.  

Table 5:  Summary of Primary (neffy 2 mg) and Supportive (neffy 1 mg) Clinical 
Pharmacology Studies (abbreviated) 

Neffy Dose Study No. Patient Population 

neffy 2 mg 
(primary) 

EPI 15 Adult: Healthy volunteer 
EPI 16 Adult: Type I allergy patients (NAC induced rhinitis) 
EPI 17 Adult: Type I allergy patients with self-administration 
EPI 10 Pediatric: Type I allergy patients ≥ 30 kg  

neffy 1 mg 
(supportive) 

EPI 03 Adult: Healthy volunteer 
EPI 04 Adult: Type I allergy patients (NAC induced rhinitis) 
EPI 07 Adult: Healthy volunteer 
EPI 12 Adult: Type I allergy patients with self-administration 

EPI JP01 Adult: Type I allergy patients (Pollen induced rhinitis) 
 

Additionally, Population Pharmacokinetic assessments (POP PK) and Physiologically Based 
Absorption Model (PBAM) were conducted.  The PBAM modeling is a more advanced method 
of modeling both PK and PD effects of drugs that considers data from clinical studies as well as 
hundreds of physiological and metabolic factors in humans.  This PBAM model was developed 
specifically for neffy as the first known specific model to replicate nasal absorption at the 
University of Florida. 
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1.6.2. Integrated Pharmacodynamics Results 

In general, neffy 2 mg dosed once resulted in pharmacodynamics responses that were comparable to or 
better than injection products (Figure 7). Changes and absolute values of blood pressure and heart rate 
were within normal physiologic levels as observed during daily activities such as exercise or climbing 
several flights of stairs.  Change from baseline for systolic blood pressure and heart rate were similar (not 
significantly different) from EpiPen, but generally statistically greater than 0.3 mg IM injection.  For 
diastolic blood pressure there was a greater drop after EpiPen or IM injection than with intranasal 
administration due to the direct to systemic route of administration (i.e., similar to intravenous infusion) 
(Tanimoto-2022). 

With twice dosing of neffy 2 mg (Figure 8) pharmacodynamic responses were generally statistically 
greater for systolic blood pressure increase as compared to EpiPen and IM injection.  This greater mean 
increase in systolic blood pressure is likely due to the fact that the pharmacokinetics of injection products 
are not dose proportional and the significant drop in diastolic blood pressure that suppresses the increase 
in systolic blood pressure.  However, given that when a second dose is needed the reaction is generally 
more severe and the patient is more likely hypotensive due to vasodilation from histamine and other 
mediators, neffy’s greater increase in systolic blood pressure is generally considered beneficial.  Changes 
in heart rate were similar to EpiPen (not significantly different) but greater than IM injection. 
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Figure 8:  Twice Dosing: Mean Change from Baseline PD vs Time and Box Plots 
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nasal discomfort (9.7%), headache (6.0%), rhinorrhea (3.0%) nausea (2.2%) throat irritation 
(1.5%) and dizziness (1.5%).  A total of 3 moderate events were observed in 1 subject with neffy 
2 mg, which included vomiting, dizziness, and heart rate decrease. Two severe events were only 
observed in 1 subject in the EPI 17 study in allergy patients and included syncope and 
hypotension.  In comparison, in the same EPI 17 study, there were 2 subjects with 3 severe 
events after treatment with 0.3 mg IM injection that included one each of syncope, asthenia, and 
blood pressure decrease.  There were no serious adverse events (SAEs) in any ARS trials with 
neffy or injection products. 

Twice dosing in the ARS primary studies with neffy 2 mg giving a total dose of 4 mg 
epinephrine in 10 minutes, resulted in 100% of events being mild and expected for epinephrine. 
There were no moderate or severe events with neffy 2 mg given twice. There was 1 moderate 
event in 1 subject with 0.3 mg IM given twice, which was vomiting. 

Overall, the safety profile of neffy 2 mg was benign with >95% of events being mild common 
events and all events similar to IM injection. There was no dose related increase in adverse 
events with repeated doses of neffy 2 mg up to 4 mg. 

1.6.5.1. Pediatric Population (≥30 kg) 

Support for approval in pediatric Type I allergy patients ≥ 30 kg is provided based on 
pharmacokinetic data for the 2 mg dose of neffy in the ongoing EPI 10 study.  The EPI 10 
interim analysis in this briefing document, and filed to the NDA, assessed pharmacokinetic data 
on 57 children with severe Type I allergies at two doses including 16 children ≥ 30 kg treated 
with 2 mg neffy and 26 children ≥ 30 kg treated with 1 mg neffy (previous dose). Safety data 
from the EPI 10 studies consists of 77 children.  There were two moderate TEAEs (nasal 
discomfort and sneezing) following administration of neffy 2 mg in one subject ≥ 30 kg.  All 
other TEAEs were considered mild, and none were serious, life-threatening, or resulted in death.  

Currently, the EPI 10 study is complete with the full 21 subjects enrolled in the 30 kg or greater 
body weight group with neffy 2 mg.  Further, ARS has completed 21 subjects in the 15 to <30 kg 
group with neffy 1 mg dose and a supplemental NDA application is planned to be file for this 
lower dose and lower weight population if current application is approved. 

1.7. Benefits/Risk of neffy  

The pharmacokinetic data from the clinical pharmacology studies demonstrate that a 2 mg dose 
of neffy provided exposures that are bracketed by currently approved injection products (higher 
and more rapid exposures compared to 0.3 mg dose of epinephrine delivered by intramuscular 
(IM) administration and lower exposures than EpiPen 0.3 mg).  When administered twice, neffy 
resulted in a dose proportional increase in epinephrine concentrations. 

The pharmacodynamic results were mostly comparable between neffy and EpiPen despite the 
slightly higher and faster pharmacokinetic profile of EpiPen (Appendix 1).  While the mean 
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increases in SBP are greater than that observed with injection, the maximum change in SBP in 
any individual subject is similar between treatments and there were no indications that the more 
rapid and greater mean pharmacodynamic effect poses any safety risk to patients experiencing a 
severe systemic allergic reaction.  More likely, the efficient mean pharmacodynamic response of 
neffy may represent a potential improved effect based on time to onset, peak response, and a 
higher proportion of people having a positive hemodynamic response rapidly after 
administration. This effect may be especially relevant when a second dose is needed due to a 
more severe event (e.g., hypotension) or due to delayed treatment. 

The anaphylaxis dog model demonstrated that during anaphylaxis conditions there was no 
negative impact of hypotension and other related allergic conditions on absorption of epinephrine 
from the neffy formulation dose intranasally with the same UDS device. The EPI 16 clinical 
study with NAC induced allergic rhinitis (congestion and rhinorrhea) demonstrated that 
epinephrine absorption is more rapid and greater than IM injection for at least the first 15 to 20 
minutes after administration, which is when the efficacy of single dose epinephrine is observed 
(within 5-10 minutes). There was no meaningful impact of congestion associated with upper 
respiratory tract infections in the EPI 14 study. 

neffy demonstrated an acceptable safety profile with events that were mostly mild and 
comparable to that of injection products. 

Taken together, neffy 2 mg after single administration demonstrated comparable 
pharmacokinetic, pharmacodynamic, and safety profile to that of injection products and therefore 
patients and caregiver would benefit from this easy-to-use and needle-free option when they 
need emergency treatment.  Twice dosing with neffy 2 mg resulted in dose proportional 
epinephrine exposure and greater pharmacodynamic effect then twice dosing with injection 
product, which is appropriate given a second dose is generally needed due to more severe events. 
The many patients and caregivers who cannot accept use of a needle-bearing device currently 
have no other treatment options. neffy can potentially fill that unmet medical need. 

2. BACKGROUND 

2.1. Overview of Serious Allergic Reaction Including Anaphylaxis  

Anaphylaxis is the most severe form of allergic reaction, or hypersensitivity reaction, is almost 
always unexpected, and can be life-threatening (Tang-2009).  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 
generalized vasodilation, elevated heart rate, and increased vascular permeability (Peavy-2008), 
potentially leading to cardiovascular collapse. 

Type I allergic reactions are potentially life-threatening hypersensitivity reactions that can occur 
within minutes of exposure to an allergen and generally require immediate treatment to relieve 
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symptoms and prevent further progression.  If not treated immediately, the reaction can progress 
to a more severe stage known as anaphylaxis that involves constriction of the airways, swelling 
of the throat, rapid heart rate, severe hypotension and other respiratory and cardiac symptoms 
that can develop and potentially present a life-threatening emergency. 

The Incidence of all-cause anaphylaxis in the United States has increased by 70% from 2004 to 
2016.  In 2016, the incidence rate was 218 per 100,000 persons in a patient population that was 
approximately 75% adults (Chaaban-2019).  

Delay in treatment may result in death by airway obstruction or vascular collapse (Joint Task 
Force on Practice Parameters-2015).  Overall rate of mortality from anaphylaxis in the United 
States is between 186 to 225 deaths per year (Ma 2013; Jerschow 2014).  The vast majority of 
these deaths are persons that did not have epinephrine available at the time of the event or were 
not treated with epinephrine prior to emergency medical personnel could arrive (Poirot 2020). 

2.2. Epinephrine’s Mechanism of Action 

Epinephrine is a non-specific adrenergic agonist that is the drug of choice for the treatment of 
severe allergic reactions and anaphylaxis.  Its therapeutic efficacy comes from its direct agonism 
of α and β adrenergic receptors leading to a reversal of the pathological response to the 
histamine cascade. 

2.2.1. Representative Epinephrine Receptor Activity 

Immediate administration of epinephrine is currently the first-line treatment for severe Type I 
allergic reactions (Shaker-2020) including anaphylaxis.  Epinephrine’s MOA for the treatment of 
Type I allergic reactions and anaphylaxis is generally well understood and comes from direct 
systemic agonism of α- and β-adrenergic receptors, leading to a reversal of the pathological 
response to the histamine cascade caused by an antigen (Table 13).  











neffy® (epinephrine nasal spray)  ARS Pharmaceuticals, Inc. 

41 

 

• Increased epinephrine requirement to control anaphylaxis symptoms (OR = 5.0) 

• Abnormal vital signs – heat rate, systolic blood pressure, respiratory rate (p<0.001) 

• Biphasic anaphylaxis (OR = 3.4) 

• Risk factor for hospitalization (HR = 4.0) 

• Fatality 

However, the Asthma and Allergy Foundation of America has reported that 72% of parents did 
not administer epinephrine to their child, even when they knew the child was experiencing a 
severe allergic reaction (Asthma and Allergy Foundation of America-2019).  Noimark et al 
(Noimark-2012) reported that on a cohort of 969 pediatric allergy patients and found that 245 
patients (25%) met the criteria for anaphylaxis over the course of one year.  Of those 245 
patients, 204 (83%) failed to treat the episode with epinephrine.  When considering patients who 
present to the emergency department, it has been reported that one-third of patients do not 
receive epinephrine prior to presenting to the emergency department, even when their severe 
allergic reaction progressed to anaphylaxis (Brooks-2017, Fleming-2015).  

The reasons for delayed epinephrine are primarily driven by fear of the needle (needle phobia), 
concerns about safety, complexity of the device and concerns about having to go to the 
emergency room (ER) after dosing, often resulting in hesitancy to use the devices, delayed 
treatment, and an increased risk of serious complications and hospitalizations (Sampson-1992; 
Søreide-1988; Pumphrey-2000, Casale-2022).  Prince et al (Prince-2018) explored the barriers to 
epinephrine use by patients and caregivers which included fear of the needle injection, failure to 
carry the EAI, failure to recognize allergic reactions, lack of proper training regarding how to use 
EAIs and cost.  Misconceptions included a belief that epinephrine should not be used in patients 
with a history of cardiovascular disease, a belief that EIAs cannot be used in infants, a belief that 
EAIs are harmful, and a belief that one must go to the emergency department following 
epinephrine use, which is implied in current product labeling.  Uncertainty regarding whether or 
not the reaction was severe enough to warrant treatment and/or a belief that epinephrine was not 
necessary being among the most commonly cited reasons (Asthma and Allergy Foundation of 
America-2019, Noimark-2012, Warren-2018).  Other cited reasons for delayed epinephrine 
administration included fear of a “bad outcome or death” (Chad-2013); a failure to recognize the 
allergic reaction, epinephrine was unavailable (Fleischer-2012); and uncertainty regarding how 
to use EAIs (Warren-2018).  The most common concerns contributing to not having epinephrine 
present at all or dosing delays in an allergy emergency are listed in Table 16. 
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treat anaphylaxis, severe allergy such as asthma, and shock.  The use of epinephrine for the 
treatment of anaphylaxis is supported by both pharmacologic and physiologic experiments in 
multiple animal studies, as well as reports from clinical experiences.  Its use has been adopted as 
the standard-of-care, first-line treatment of anaphylaxis (Lieberman-2015, Simons-2011).  

3.2. Dodecylmaltoside (DDM)  

neffy is a formulation of epinephrine that includes a proprietary functional excipient called 
dodecylmaltoside (DDM), supplied and licensed by Aegis Therapeutics.  DDM is an approved 
excipient in the United States, used to improve the bioavailability of drugs administered by the 
intranasal (IN) route. DDM loosen cell-cell junctions and enhance paracellular movement 
through the nasal epithelium, behaving as a permeation enhancer when combined with certain 
medications intended for intranasal administration (Lipton-2018, Munjal- 2017, Hogan-2020, 
Maggio-2014).  

The neffy (epinephrine) nasal spray formulation was found in Phase 1 studies to have an optimal 
bioavailability with the addition of 0.275% DDM.  DDM has been included in the formulations 
of FDA approved products, such as VALTOCO® nasal spray and TOSYMRA® nasal spray and 
there have been no safety issues reported.  

3.3. Unit Dose Sprayer (UDS) 

The UDS device used for neffy is well known and proven and has a 20-year history of use with 
no recalls.  It is a single dose device that does not require any priming or other activation. It is a 
simple to use mechanism that is highly reliable, with less than 1 in 100,000 chances of a failure 
and delivers an effective dose within specifications based on reliability testing for neffy and 
other products using the UDS device.  In addition to the real-world experience with this device 
ARS has conducted multiple reliability studies with the neffy 1 mg and neffy 2 mg products.  
The intranasal UDS device used has been commercially proven with millions of sprayers sold 
across multiple FDA-approved products, including NARCAN® for opioid overdose with 50 
million subscribed since 2015 and VALTOCO® nasal spray for epilepsy, as well as other 
approved products (Figure 15). 

3.4. Nasal Absorption of Epinephrine 

Due to their large surface-to-volume ratio, the highly vascularized turbinates, which are small 
structures within the nose that cleanse and humidify air that passes through the nostrils into the 
lungs, have the ability to rapidly absorbed intranasally delivered drugs into the systemic 
circulation.  Indeed, the nasal turbinates are the primary sites of absorption of intranasally 
delivered drugs (Kapoor-2016).  The primary factor in the fluid dynamics of a nasal spray is the 
droplet size and droplet sizes of less than 10 µm are required to penetrate past the nasopharynx 
(Calmet-2019, Frank-2012).  Above 10 µm droplet size, Frank et. al. (Frank-2012) predicts that 
nearly 100% of the spray is deposited in the nasal cavity (i.e., anterior region and turbinates). 
Droplets in the 20 µm to 120 µm size are almost exclusively captured on the terminates and the 
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design of the Unit Dose sprayer ensures that more than 80% of the total droplets are in this 
range. 

4. CLINICAL DEVELOPMENT PROGRAM AND RATIONALE 

neffy’s clinical development program is centered on pharmacokinetic and pharmacodynamic 
data, as randomized clinical trials in patients in patients experiencing an anaphylactic reaction 
are considered unethical: 

1. Bracket approach: the rationale that a single dose of neffy 2 mg has a pharmacokinetic 
profile that is similar to other injection products and bracketed by EpiPen 0.3 mg and 
Epinephrine 0.3 mg IM (discussed in Sections 4.1 and 4.2) with other approved injection 
devices also within this bracket; and  

2. The use of pharmacodynamic data is a surrogate for efficacy (discussed in Section 4.3).  

3. With repeat dose of neffy 2 mg a pharmacokinetic profile greater than injection products 
is warranted given the more serious nature of the disease including hypotension. neffy 2 
mg is dose proportional with repeat dosing and between doses, while injection products 
have been proven to not be dose proportional. This results in a more consistent and better 
epinephrine exposure and pharmacodynamic response with neffy 2 mg versus twice 
dosing of approved injection products. 

4.1. Pharmacokinetic Variability of Epinephrine Injection Products 

Approved epinephrine injection products have been shown to be highly variable from study to 
study (Figure 16) (Lockey-2022, Turner-2022) with a median Tmax values ranging from 5 to 
60 minutes and mean maximum concentration (Cmax) values ranging from 209 to 869 pg/mL 
(Table 18).  

While each injection product has a notably different pharmacokinetic profile, they are used 
interchangeably with same guidance.  All injection products typically demonstrate therapeutic 
effects within 5 to 10 minutes after administration, with instructions to administer a second dose 
if symptoms are not alleviated within 5 to 15 minutes if clinical benefit is not observed.  
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Figure 19:  Epinephrine concentration versus time for individual participants reaching 
plasma epinephrine concentrations of >1000 pg/mL with Tmax ≤4 min 
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varies among patients even in the same patient from one allergic reaction to another.  Such 
unpredictability of clinical course could put patients at risk of a life-threatening, potentially fatal 
condition.  Second, given the high degree of variability in severe allergic reactions (type of 
allergen, treatments provided, etc.) a large study population would be required in order to 
achieve sufficient statistical validity, something that is a particularly large practical barrier given 
the relative infrequency of anaphylaxis.  Third, adrenaline has been accepted as a treatment for 
anaphylaxis for over 100 years with various routes of administration and it is doubtful whether 
there is sufficient equipoise to support such a trial. 

Additionally, epinephrine’s MOA for the treatment of Type I allergic reactions and anaphylaxis is 
generally well understood and comes from direct systemic agonism of α- and β-adrenergic 
receptors, leading to a reversal of the pathological response to the histamine cascade caused by 
an antigen (Table 13). 

Therefore, in collaboration with the FDA, PD endpoints were used as surrogate markers for 
efficacy, with the understanding that these endpoints (blood pressure and heart rate) are 
indicative of α- and β-adrenergic receptor activation and, consequently, clinical efficacy. 
Throughout the clinical development program, neffy‘s efficacy and safety has been established 
based on a series of clinical studies in both healthy volunteers and allergy patients. 

4.4. Evaluation of Various Dosing Conditions 

Because both ethical and practical limitations preclude the conduct of clinical trials in patients 
experiencing severe allergic reactions and anaphylaxis.  Therefore, ARS conducted a GLP study 
using a dog anaphylaxis model to assess absorption during acute anaphylaxis. Further, ARS 
conducted two clinical trials to assess the pharmacokinetics and pharmacodynamics of neffy in 
subjects with allergic rhinitis (EPI 16) and upper respiratory tract infections (EPI 14) in order to 
evaluate the effect of nasal edema and congestion on the absorption of epinephrine administered 
via neffy. 

4.5. Summary of Completed ARS Clinical Studies 

Based on FDA advice, ARS conducted four primary clinical pharmacology studies for approval 
of neffy 2 mg in adults and pediatric Type I allergy patients 30 kg or greater (EPI 10, EPI 15, EPI 
16, and EPI 17).  These studies support that neffy 2 mg will have PK parameters (Cmax, tmax, 
AUC0-20, AUC0-45, and AUC0-t) within the range of US approved injection products during 
caregiver administration, self-administration and in various situations such as during rhinitis with 
rhinorrhea while in an upright sitting position.  The primary four clinical pharmacology studies 
are supported by five large clinical studies that utilize the commercial neffy 1 mg product in 
adult Type I allergy patients (EPI 04 and EPI JP01), healthy volunteers (EPI 03 and 07), and with 
self-administration by Type I allergy patients (EPI 12).  ARS started the development program 
with neffy 1 mg, which was similar to 0.3 mg IM injection.  Subsequently, given the PK range of 
community-use injection products, ARS decided to increase the dose to 2 mg considering its out 
of hospital use. A summary of the primary and supportive studies is presented in Table 20.  Five 
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• Overall PK of once- and twice-dosed treatments (Section 5.1) 

• Overall PD of once- and twice-dosed treatments (Section 5.2) 

• PK and PD in pediatric patients (Section 5.3) 

• PK and PD of Various dosing conditions (Section 5.4) 

5.1. Integrated Pharmacokinetic Results 

When administered once, the pharmacokinetic profile of neffy 2 mg was bracketed by approved 
injection products. neffy demonstrated greater and more rapid exposure compared to Epinephrine 
0.3 mg IM (the RLD drug for efficacy) and a lower Cmax and more controlled absorption relative 
to EpiPen (the upper limit for safety) (Figure 21).  

When administered twice, neffy resulted in a dose proportional increase in epinephrine 
concentrations (Figure 24).  Following two administrations ten minutes apart, neffy’s Cmax 
following twice dosing was 196% (R/L) and 202% (R/R) and neffy’s AUC0-45 was 184% (L/R) 
and 193% (R/R) of a single dose.  In contrast, the IM injection products did not result in dose 
proportional increases, with twice dosing resulting in a Cmax of 165% and an AUC0-45 of 154% of 
a single dose.  The lack of dose proportionality seen following IM injection is likely due to the 
increased blood flow into the skeletal muscle in the thigh that is more prominent following the 
first injection by IM injection (Tanimoto-2022). 

neffy’s dose proportionality may be particularly advantageous during more severe Type 1 allergic 
reactions, when a second dose is necessary to achieve an acceptable therapeutic effect. 

5.1.1. Pharmacokinetics of Once Dosed Treatments 

Mean by-treatment (once dosed) plasma concentration vs time profiles are presented in Figure 21 
and that of self-administration is presented in Figure 22. Pharmacokinetic parameters are 
presented in Table 21.  

neffy’s pharmacokinetic profiles were bracketed by EpiPen (at the upper end) and Epinephrine 
IM 0.3 mg (at the lower end). 
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will enter the systemic circulation after absorption from the nose followed by going through the 
venous and the heart, and the skeletal muscle may be exposed to only 15-20% of the total 
epinephrine dose based on the distribution of cardiac output at rest (Klabundel-2021).  Such 
differences due to route of administration have been reported using a dog anaphylaxis model 
where IM injection of epinephrine decreased mean arterial pressure, pulmonary wedge pressure 
and cardiac output (Figure 27) (Mink-2004). 
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Figure 27:  Pharmacodynamic Responses by Route of Administration in Dog Anaphylaxis  
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5.5. Additional Analyses Across Studies 

5.5.1. Population PK Modeling (POP PK) 

A Population Pharmacokinetic (PPK) and Population Pharmacokinetic/Pharmacodynamics 
(PPK/PD) Modeling and Simulation were conducted to develop a population PK model to 
characterize the absorption and disposition of epinephrine in adults after intranasal 
administration via neffy and intramuscular administration via injection including needle/syringe 
and EpiPen.  Leveraging the pharmacokinetic data from neffy studies in adults, the PK and PD 
outcomes for neffy were estimated for pediatric subjects with these simulated outcomes based on 
age groups: 4- <6 y, 6-<12 and 12-18 years.  

Pediatric simulations suggest that AUC and Cmax values overlap with adult AUC and Cmax values 
with increasing exposure at lower weights.  Changes in SBP and HR values in the pediatric 
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. 

5.5.2. Physiologically Based Absorption Model Analysis 

The model first developed in adults appropriately predicted the mean PK behavior as well as the 
variability.  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 three clinical trials. 
Considering all of the above, the model was considered appropriate to predict epinephrine mean 
and population plasma concentrations after the IN administration of neffy in healthy adults. 

The parameters of the population PBAM model for neffy were scaled to pediatrics to bridge the 
information to this population.  Modeling was based on the adult population PK data in healthy 
subjects and then the inclusion of different scaling factors to extend epinephrine PK into 
pediatrics 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 EPI 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. 

A comparison of the simulated and observed plasma concentrations of epinephrine after the 
single IN dosing of neffy in study EPI 10 is shown in Figure 32.  Mean observed concentrations 
of patients in EPI 10 and the predictions using the PBAM model in a virtual population (n 
=1500) are displayed in Figure 32. 
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Figure 32:  Comparison of Epinephrine Plasma Profiles in Pediatrics from EPI 10 

  

 

 

Comparison of epinephrine plasma profiles in pediatrics from study EPI 10 with the PBAM model predictions (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). A) 0.65 mg neffy 15-30kg, B) 1 mg neffy >30 kg, C) 2 mg neffy >30 kg 
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5.5.2.1. Conclusions 

In conclusion, this analysis indicates that the predicted exposures in pediatrics are in line with the 
expected values in adults supporting the 1 mg dose in children 15 to <30 kg and the 2 mg dose 
for children ≥30 kg and the general adolescents and adult populations. 

5.5.3. Effect of Weight on Epinephrine Concentration 

An exploratory analysis to determine the effect of body weight on Cmax and AUC0-t was 
performed as part of the Integrated Pharmacokinetic-Pharmacodynamic Analysis. 

Increased body weight was associated with decreased systemic drug exposure (negative 
regression slope) following treatment with Epinephrine 0.3 mg IM, Epinephrine 0.3 mg IM 
twice, or EpiPen 0.3 mg twice.  In contrast, neffy IN dosed once or twice was not shown to be 
statistically significantly affected by body weight, with P values >0.05 (Table 34).  

Unlike bodyweight, there was no consistent relationship between BMI and drug exposure (a mix 
of negative and positive regression slope amongst the various formulations was observed) (Data 
not shown but presented in the Integrated Analysis Table 279 and Figures from 289 to 312). 
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5.6. Human Factors 

ARS has completed an informative study and two human factor validation studies (a Primary and 
a Post-Validation Supplemental (Bridging) study) to demonstrate that neffy is easily used, and 
labeling is well understood by patients, caregivers, and passerby persons.  The primary Human 
Factor Validation study was conducted based on the original labeling used in the EPI 12 self-
administration clinical trial.  The primary Human Factor Validation study included 90 subjects, 
consisting of 30 severe allergy patients, 30 caregivers, 15 passer-byes (people with no 
understanding of the disease or epinephrine), 15 medical professionals, and 15 children aged 12 
to 17 who were also severe allergy patients.  For adult participants there was no training, and 
they were able to use neffy without any notable errors simply by reading the blister package 
labeling (which would be carried with them) alone during both self-dosing or dosing a simulated 
patient. Children (severe allergy patients, age 12 to 17 years) were trained in advance of the 
study and then brought back to dose without further instruction with only the blister package 
labeling for reference.  All children assessed (N=15) were able to use neffy correctly in a 
simulated emergency allergy situation based on prior training and the information on the blister 
backing (quick reference guide). 

After modifications to the Instructions for Use (IFU) and Quick Reference Guide (QRG) to 
specify to insert the nozzle of the sprayer into the nose until the fingers touch the nose, and to 
hold straight, as well as improvements to the pictures demonstrating correct and incorrect dosing 
(based on observations in clinical studies), a Bridging Human Factor Validation Study was 
conducted in 60 persons with severe allergies to ensure that the labeling improvements did not 
result in any unanticipated negative outcomes.  This bridging study included 60 persons: 
15 untrained adult patients who self-administered, 15 untrained adults who were caregivers, 
15 adolescents who self-administered without training, and 15 adolescents who self-administered 
with training.  The outcome of this Bridging Human Factor Validation study was that all adults 
dosed without error and correctly per the IFU and QRG with a high degree of understanding 
based on the labeling.  In trained adolescents, there were no significant errors and good 
understanding of the labeling.  In untrained adolescents there was potential for some subjects to 
be surprised by the device activation, which in a few cases, caused the sprayer to come out of the 
nose after activation.  Overall, the study demonstrated that all untrained adults can properly dose 
neffy without training and based on the IFU and QRG.  Adolescents who were trained also had 
no errors, while adolescents who were first time users with no previous experience using the 
device may experience possible dosing errors by pulling the nozzle out of the nose right after 
activation.  It could not be determined from this study if the behavior would result in any 
inadequate dosing. 

Based on the two Human Factor Validation studies conducted, neffy can be easily used by 
patients, caregivers, adolescents, and passerby persons based on the IFU and QRG.  For some 
adolescents training may be appropriate to gain experience with the device, and ARS is planning 
to ensure medical professionals train adolescents who may self-administer prior to prescribing 
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neffy.  The updated IFU and QRG were well understood by subjects and did not result in any 
unanticipated dosing errors. 

6. OVERVIEW OF EFFICACY 

6.1. Overall Pharmacokinetic Assessment 

The results of the pharmacokinetic data demonstrated that pharmacokinetics of neffy 2 mg once 
dosing including HCP- and self-administration were well within the range (bracketed by) of 
injection products as defined by 0.3 mg IM injection with needle and syringe and 0.3 mg EpiPen 
(Table 21).  

neffy 2 mg dosed once and twice (L/R and R/R) were similar in exposure and comparable to 
EpiPen when dosed twice (R/L). Given there was no statistical difference between neffy 2 mg 
dosed once in each nostril (R/L) or twice in one nostril (R/R), there is no need to instruct users to 
alternate nostrils which can be a confusing instruction and lead to dosing errors (Table 27).  

In studies with twice dosing, neffy 2 mg was dose proportional and similar if dosed once in each 
nostril (L/R) or twice in one nostril (R/R).  The exposures from neffy 2 mg dosed twice were 
similar to 0.3 mg EpiPen dosed twice.  In all ARS studies, IM injection regardless of device used 
did not result in proportional increases in exposures (Table 27).  If a second dose is needed, the 
reaction is more serious and neffy provides dose proportional second dose, unlike injection 
products where the second dose is less than dose proportional.  

6.2. Overall Pharmacodynamics Assessment 

Pharmacodynamic data indicate that neffy 2 mg results in pharmacodynamic responses (SBP and 
HR) that are comparable to EpiPen, and comparable to or better than IM injection with needle 
and syringe, likely resulting in more consistent activation of α- and β-adrenergic receptors.  The 
comparable PD response of neffy relative to EpiPen despite differences in pharmacokinetic 
results may be due to the route of administration dependent differences in β2-mediated 
vasodilation in the thigh. Considering that there may be some degree of mast cell mediator-
induced vasodilation occurring during allergic reaction, the neffy administration avoiding 
injection into the thigh should not undermine epinephrine’s efficacy. 

6.3. Various Case Dosing Assessment 

ARS also conducted a GLP study using a dog anaphylaxis model to assess absorption during 
acute anaphylaxis, clinical studies in subjects with allergic rhinitis (EPI 16) in subjects with 
upper respiratory tract infections (EPI 14) in order to evaluate the effect of nasal edema and 
congestion on the absorption of epinephrine administered via neffy. 

• Dog Anaphylaxis model supports that epinephrine absorption following neffy does not 
appear to be negatively impacted by the hypotension caused by anaphylaxis; and in fact 
may be enhanced by an increase in vascular permeability. 
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• NAC induction of rhinitis resulted in more rapid absorption (edema) but more rapid 
clearance (rhinorrhea). Overall Cmax and tmax were superior to IM injection (needle and 
syringe). pAUC was greater for neffy through 30 to 45 min and absolute concentration 
was greater through 15 to 20 minutes.  Since a second dose is administered 5 to 15 
minutes following the initial dose if no effect observed in the first 5 to 10 minutes, this 
change in PK is not considered to be clinically meaningful and a second dose of neffy 
would be administered within the time frame where exposure was greater for neffy then 
injection. 

• Infectious Rhinitis (URTI) resulted in less change between normal and rhinitis conditions, 
compared to NAC induction of rhinitis, where neffy was administered immediately after 
when symptoms of rhinitis and congestion were greatest. 

Overall, epinephrine is absorbed at least as well during hypotension caused by anaphylaxis with 
absorption perhaps being enhanced by an increase in vascular permeability.  This increase in 
absorption was also observed in the study with allergic rhinitis.  However, accompanying 
symptoms such as rhinorrhea may reduce overall exposure.  There was no meaningful impact on 
pharmacokinetics while dosing neffy in patients with URTI. There is a low risk from Rhinitis 
anticipated and there is only negative impact on pharmacokinetics when rhinorrhea is present. 
However, neffy concentrations in all scenarios are greater than IM injection for at least the first 
15 to 20 minutes, during which a second dose is administered if no observed effect in 5-15 
minutes (current treatment guidelines and labeling). 

7. OVERVIEW OF SAFETY 

7.1. Relevant Animal Toxicity and Product Quality Information 

The toxicology of epinephrine is well understood in the literature and epinephrine is an approved 
product in many countries.  The neffy formulated with 0.25% DDM has been evaluated after 
intranasal administration in rats at concentrations up to 0.8 mg.  At doses higher than the human 
therapeutic doses, a 2-year carcinogenicity study with epinephrine injection, showed no 
carcinogenic effects in male or female F344/N rats exposed to aerosols containing 1.5 or 
5 mg/m3 l- epinephrine for 2 years or in B6C3F1 mice exposed to 1.5 or 3 mg/m3 l-epinephrine 
for 2 years (Dietz-1990). 

Single intranasal instillation of neffy in a rat at a dose up to 0.8 mg was not associated with any 
adverse findings.  Some microscopic changes in the nasal passages were indicative of minor 
irritation caused by the test article but were fully healed with no visible sequelae at 15 days. 
Given these microscopic changes were expected from the absorption enhancing agent, Intravail 
(dodecyl-maltoside) and due to their low severity, limited distribution, and reversibility, these 
changes were not considered to be adverse.  Based upon the results of this study a NOAEL of 0.8 
mg administered as a single intranasal instillation was established in the rat. 
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While there are published nonclinical studies with epinephrine dosed in various animal models 
there is no anticipated risk of toxicity in humans at the doses being administered where levels are 
within the normal endogenous level of the body.  In addition, the nonclinical pharmacology, 
pharmacokinetics, and toxicological profile of epinephrine by the IV, IM, SC, and inhalation 
routes of administration have been evaluated, are found in the literature, and were part of several 
approved MAA, NDA, and ANDA applications.  

The collective nonclinical data supports an acceptable level of safety for neffy considering the 
extensive clinical experience with epinephrine and ARS clinical studies in more than 550 
individuals and more than 1069 administrations of neffy, including repeat dosing up to 4 mg. 

7.2. Safety of neffy in Clinical Studies 

Fifteen pharmacokinetic/safety studies were completed with neffy in healthy volunteers (EPI 03, 
EPI 06, EPI 07, EPI 11, EPI 11b, and EPI 15), in patients with Type I allergies (EPI 09, EPI 12, 
EPI 13, EPI 14, and EPI 17), in patients with allergic rhinitis (EPI 04, EPI 16, and EPI JP 01), 
and pediatric patients with Type I allergies (EPI 10 - study is ongoing at the time of this NDA).  
These referenced studies were conducted with the commercial formulation of neffy, as well as 
formulations that contained varied concentrations of the excipient dodecylmaltoside (DDM) 
(0.25% - 0.35%), which bracket the commercial formulation concentration of DDM (0.275%). 

7.2.1. Demographics and Extent of Exposure 

7.2.1.1. Extent of Exposure in Pivotal Safety Studies 

A cumulative total dosing exposure was evaluated on a study population which consisted of 
approximately 600 subjects that were enrolled and received at least one dose of neffy in the 
studies in primary PK/PD studies EPI 15, EPI 16, EPI 17, and EPI 10 (interim pediatric study); 
supportive PK/PD studies EPI 03, EPI 04, EPI 07, EPI JP01, EPI 11b, EPI 12, and EPI 14; and 
the non-supportive PK/PD studies EPI 06, EPI 09, EPI 11, and EPI 13. Due to the crossover 
design of each study, subjects received more than one exposure to neffy per study, for a total of 
1127 total exposures to neffy across the fifteen studies.  

7.2.1.2. Demographic and Other Characteristics from Primary neffy 2 mg Studies (EPI 
15, EPI 16, and EPI 17) 

In support of the intended commercial dose of neffy, an integrated safety analysis of the primary 
studies using neffy 2 mg was also conducted.  The 2 mg primary studies safety analysis pools 
data from studies EPI 15, EPI 16, and EPI 17 and compares the AEs of single dose neffy (2 mg) 
and repeat dose neffy (4 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). 
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The relevant demographic, baseline, and other characteristics collected from the pooled safety 
population include age in years, age in groups, sex (gender), races, and ethnicities and are 
summarized below, as well as in Table 35. 
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do not administer treatment entirely or delay the use of epinephrine autoinjectors (EAIs) until 
symptoms progress to a more severe state, even when the patient or caregiver knows they are 
having a severe allergic reaction.  These limitations are primarily driven by fear of the needle 
(needle phobia), concerns about safety, complexity of the device and concerns about having to go 
to the emergency room (ER) after dosing, often resulting in hesitancy to use the devices, delayed 
treatment, and an increased risk of serious complications and hospitalizations.  As a result of 
these limitations, a significant proportion of the approximate 25 to 40 million patients at risk of 
severe Type I allergic reactions in the United States do not receive or fill prescriptions for 
intramuscular injection products, such as EpiPen or generic equivalents and therefore there is a 
significant unmet need to address those issues, with a needle-free option. 

The pharmacokinetic data from the clinical pharmacology studies demonstrate that a 2 mg dose 
of neffy provided exposures that are bracketed by currently approved injection products (higher 
and more rapid exposures compared to 0.3 mg dose of epinephrine delivered by intramuscular 
(IM) administration to ensure efficacy and lower exposures than EpiPen 0.3 mg to ensure safety).  
When administered twice, neffy resulted in a dose proportional increase in epinephrine 
concentrations, whereas injection did not give proportional increases in exposure. 

The pharmacodynamic results were mostly comparable between neffy and EpiPen despite the 
slightly higher and faster pharmacokinetic profile of EpiPen.  The smaller drop in the DBP that 
helped to increase SBP efficiently following neffy as compared to injection products may be 
attributed to avoiding injection into the skeletal muscle in the thigh that promotes β2-mediated 
vasodilation in and blood flow into the skeletal muscle. 

While the mean increases in SBP are greater than that observed with injection, the maximum 
change in SBP in any individual subject is similar between treatments and there were no 
indications that the more rapid and greater mean pharmacodynamic effect poses any safety risk 
to patient experiencing a severe systemic allergic reaction.  More likely the more efficient mean 
pharmacodynamic response of neffy may represent a potential improved effect based on time to 
onset, peak response, and a higher proportion of people having a positive hemodynamic response 
rapidly after administration. This is especially relevant when a second dose is needed due to a 
more severe event or due to delay in treatment. 

Both POP PK and PBAM modeling studies, as well as literature, support that the use of neffy 
2 mg should be acceptable in children aged 12 years or greater who are at least 30 kg body 
weight. 

Both the anaphylaxis dog model and clinical study with induced allergic rhinitis demonstrated 
that epinephrine absorption with neffy is increased compared to IM injection for at least the first 
15 minutes after administration, which is when the efficacy of a single dose of epinephrine is 
observed, prior to a second dose being given. 

neffy demonstrated acceptable safety profile that were mostly mild and comparable to that of 
injection products. 
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Taken together, neffy demonstrated comparable pharmacokinetic, pharmacodynamic, and safety 
profile to that of injection products and therefore patients and caregiver would benefit from this 
easy-to-use and needle-free option when they need emergency treatment.  The many patients and 
caregivers who cannot accept use of a needle-bearing device currently have no other treatment 
options. neffy may potentially fill that unmet medical need. 
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