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Background

Medical need Potential issues with autoinjectors

The product needs 
to be available

Bulky packaging and restrictive storage conditions may 
limit carrying of the product

The product needs 
to be used

Invasive route of administration may deter timely use
Needle phobia may be an issue in patients

The product needs 
to be effective

Auto-injectors have limited shelf-life (esp. if stored 
improperly)

The product needs 
to be safe

Accidental finger and bone injections
Preservatives/antioxidants needed for stability

Unmet medical need with current epinephrine auto-injectors for 
treatment of anaphylaxis:



Epinephrine as an amorphous nasal powder

• A spray-dried homogenous powder, 
including epinephrine and 
excipients in composite amorphous 
particles

• A commercially available single-
dose administration device

• A compact storage tube with built-
in moisture protection



Bioavailability study



Study design
• A 5-period, cross-over, pharmacokinetic study in 40 healthy 

volunteers

• Four investigational powder formulations, OX640-1 to -4 containing 
1 mg epinephrine vs EpiPen® 0.3 mg dosed in a randomized 
sequence

• PK sampling at 21 sampling timepoints (including 3 baseline 
samples) until 360 min (6h) after dose, with frequent initial 
sampling

• Blood pressure and heart-rate were measured as pharmacodynamic 
parameters at the time of blood sampling



Pharmacokinetic results

• Peak and early exposure (0-20 min) 
was comparable between OX640 and 
EpiPen®, while total exposure was 
somewhat higher for OX640

• EpiPen® displayed the most rapid 
initial absorption, with nasal 
formulations catching up within 8-10 
min

• Early OX640 exposure may be 
bracketed between EpiPen® and IM 
0.3 mg given by manual syringe 
(comparison to literature)

• Of the OX640 formulations, OX640-3, 
and -4 appeared more rapid than -1 
and -2

1) FDA Briefing Document, Pulmonary-Allergy Drug Advisory Committee Meeting, May 11, 2023
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• OX640 formulations 
produced a rapid increase 
in blood pressure and 
heart rate

• Blood pressure effects 
were higher from nasal 
formulations than from 
EpiPen® throughout the 
sampling period

• Results support a 
comparable onset of 
desired vasopressor 
effects to EpiPen (despite 
differences in early 
exposure)

1)
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Pharmacodynamic results



Safety results
• OX640 formulations and EpiPen® demonstrated a similar systemic 

safety profile, with typical sympathomimetic side effects, including 
headache, palpitations, tremor, hypoesthesia and hypervigilance 
being most common

• One subject was discontinued due to reoccurring ECG changes after 
dosing (prolonged QRS complex after both EpiPen® and OX640 
administration)

• Most subjects reported local discomfort in connection with nasal 
dosing, typically mild nasal stinging/burning



Stability data



Chemical stability at 40°C (104°F)

• Epinephrine degradation was substantial in the 
aqueous EpiPen® formulation:
• Decrease in assay from 105 to 73% with associated 

increase in degradation products (RS)
• An enantiomeric purity of only 76% at 12 months
➢ ~55% of the nominal dose remaining at 12 months

• Minimal degradation and racemization of OX640 
powder formulations over 12 months, with full 
strength maintained
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Chemical stability at 50°C (122°F)
• 6-month data at 50°C for 

formulation OX640-3

• EpiPen data at 40°C was included for 
reference

• Results indicate excellent stability of 
powder formulations also at 50°C, 
with <3% degradation over 6 months
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Shot weight at different temperatures
• To assess device performance, at 

different temperatures, emitted 
shot weights of formulation OX640-
3 was assessed after overnight 
storage in RT, 50°C (122°F) and 
-20°C (-4°F), n=7 per condition

• The full dose was delivered at all 
tested temperatures, supporting 
that the product was operational 
over the entire temperature range
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Concluding remarks



Concluding remarks…
• In this study OX-640 showed comparable PK and PD data to EpiPen 

and IM Epinephrine

• The stability of OX-640 is far superior to the EIA's currently on the 
North American Market

• Thus, OX-640 has the potential to be a safe and effective 
epinephrine delivery device
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