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Summary 

Opioid overdose is a major public health crisis in the United States.   Treatment with naloxone has expanded, 
beyond use by clinicians in the hospital setting, but also beyond pre-hospital emergency medical services (EMS), 
into the general community.  It is critical that the available naloxone dose is consistently adequate for the 
emergency treatment of an opioid overdose and can be readily and rapidly administered by a first responder 
without exposure to needle-stick injury.  Adapt Pharma has developed NARCAN® Nasal Spray supplied as a 
single 4 mg dose of naloxone hydrochloride in a 0.1 mL intranasal spray.  Each Narcan 4 mg dose delivered by 
intranasal administration is approximately equivalent to a 2 mg dose of naloxone hydrochloride delivered by 
intramuscular injection (IM).  Narcan Nasal Spray is for intranasal administration only, in the treatment of 
suspected or known opioid overdose and frequently must be administered by someone other than a medically 
trained person.  This requires a simple, robust and easy to operate device.  The simplicity of the nasal spray was 
critical in device selection.  Selection of the chosen device was based on the small volume of liquid sprayed which 
remained in the nostril, 100 µL(microliters), regarded as the optimal for nasal administration and the higher 
naloxone concentration (40 mg/mL) which is optimal for nasal absorption. It is a single dose device that does not 
require priming before use and gives an orientation independent fine spray adhering to the nasal cavity wall, 
without the patient being alert.  This presentation briefly describes, the rationale and stages in developing Narcan 
Nasal Spray to achieve these needs. 

Introduction 

Naloxone hydrochloride is an opioid antagonist developed in the 1960’s and first approved by FDA in 1971.   
While the mechanism of action is not fully understood it is thought that it competes for opioid receptor sites in the 
central nervous system (CNS), blocking the opioid effect caused by drugs such as oxycodone or heroin, reversing 
respiratory depression and prevention of prolonged hypoxia, organ damage and mortality.    Naloxone has been 
used in the hospital and pre-hospital setting successfully with a wide therapeutic index of safety; initial dose of 0.4 
mg to 2 mg intravenous (IV) administration, with repeated doses up to 10mg.   The clinical setting, hospital,  and 
EMS, allows for IV administration,  but for many years there has been increase use of naloxone in the non clinical 
setting, mainly by IM injection but also by improvised intranasal administration. Opioid overdose is a critical health 
matter in many countries and at epidemic proportion in the US.   Overdose is not confined to those people with 
opioid addiction and dependence, it is now the single largest cause of accidental death in the US; with over 28000 
deaths in 20141, and representing a 200% increase in opioid overdose related deaths since 2000.  Over 60 
percent of those deaths are associated with individuals taking prescription opioids.  The epidemic has taken a 
twist in the last couple of years as illicit manufactured fentanyl (IMF) have entered the illegal opioid and 
counterfeit prescription opioid markets.  In British Columbia, the government has declared a public health 
emergency2 in response to the rise in illicit drug overdose deaths.  Most deaths due to overdose are in the home, 
and IV and IM treatments are not always appropriate.  Adapt Pharma (with our partner Opiant Pharma) and the 
National Institute of Drug Abuse undertook a development program for an intranasal formulation.  It was approved 
by FDA in November 2015, for use in the non clinical community setting, and launched in February 2016. 

Patient Profile and Target Product Profile 

Narcan Nasal Spray is indicated for the emergency treatment of known or suspected opioid overdose, as 
manifested by respiratory and/or CNS depression. Narcan nasal spray is intended for immediate administration as 
emergency therapy in settings where opioids may be present. The product requires a simple, robust and easy to 
operate and understand administration device. One single dose of Naloxone nasal solution delivers 4 mg 
naloxone, which achieves exposure 5 times greater than 0.4 mg injected by IM, or 47% relative bioavailability. As 
the duration (naloxone plasma half-life) is longer for certain opioids compared to naloxone, and respiratory 
depression can reoccur, a window of 60-90 minutes is provided to obtain medical treatment.  The therapeutic 
window of naloxone is high, IM injection repeated doses up to 10 mg can be given, and an immediate second 
intranasal dose of 4 mg was safe and efficacious in patients studied.  

Based on the use of Narcan Nasal spray for this indication, patient profile and the required product profile a high 
level risk assessment using a Potential Medical Harm List was carried out.  This list using a severity ratings for the 
product risk management assessment as follows:  Disastrous (D) Results in patient death, Critical  (C) Results in 
permanent impairment or life-threatening injury, Important (I) Results in injury or impairment requiring professional 
medical intervention, Slight (S) Results in temporary injury or impairment not requiring professional medical 
intervention,  Negligible (N) Inconvenience or temporary discomfort.   The occurrence of the event are rated in the 
range, very high to very low. The severity rating along with occurrence is tabulated into an overall rating as: 
Acceptable, As Low as Reasonably Possible, or Unacceptable. Examples are given in Table 1   
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Table 1. Potential Medical Harm List and Overall Assessment of Naloxone Nasal Spray 

Harm 
Severity 
Rating 

Occurrence 
Overall Rating 

Comments 

Single “No dose” 
delivered by device 

Critical Low 
Unacceptable 
requires 
mitigation  

Potential life-critical administration; 
even at 1 in 50,000 defect level 
assumed to high; requires to be very  
low 

Multiple “No dose” 
delivered by device 

Critical Negligible Acceptable 
Second device failing at 1 in 50,000-
100,000 rate would be 1 in 
2,500,000,000 – 10,000,000,000  

 

A similar approach of risk assessment given in Table 2 was applied to development based on the ideal product 
formulation and device attributes 

Table 2 Target Product Profile and High Level Risks and Mitigation for Important Product Attributes for 
Naloxone Nasal Administration 

Attribute Rationale Risk if defective Mitigate Risk by 

Product is easily 
portable 

Must be available for 
immediate use 

Delay in treatment 
may be harmful or 
fatal 

Small discreet, package which is 
easily portable  

Product is easy to 
open and make 
ready for use 

Must be available for 
immediate use 

Delay in treatment 
may be harmful or 
fatal 

Easily opened secondary 
packaging (still providing 
adequate protection). Device 
ready for use. 

Product must be 
easily non-tamper 
evident 

Must be available for 
immediate use and be 
correct quality product 

Administration of 
Incorrect/forged 
product may be 
harmful or fatal 

Integral seals easily recognised. 
Quality product easily recognised. 

 

Rationale for Product Design 

Intranasal administration is an attractive option for local and systemic delivery of therapeutic agents. The nasal 
mucosa is easily accessible, administration is non-invasive, does not require needles or other penetrating 
devices, is essentially painless and can be performed easily by a witness/first responder, or by 
physicians/professionals in emergency settings, including to unconscious, or semi-conscious patients.  The drug 
delivery offers a rapid onset of therapeutic effects, circumventing gastrointestinal degradation and hepatic first- 
pass metabolism of the drug.  However, drug concentration and delivered volume, physical properties of drug like 
molecular weight and lipophilicity need to be within specific ranges for the drug to be absorbed3.  In addition 
Lipinski et al4 developed a rule of 5s for nasal delivery to be effective based on: 

• Drug characteristics: molecular weight <500 Da and Log P < 5 

 Potency  required to be high: < 5 mg per dose 

 Solubility need to be high: > 50 mg/mL to achieve dose in maximal nasal spray volume of 100 μL/spray 

• pH of solution: approximately 5.5, 

 Osmolality: <500 mosm/kg. 

 Both recognised the physical size of the nasal cavity required a small volume of maximally 100 μL with 
0.2 mL divided between two nostrils to achieve effective delivery, and avoid run off beyond the nasal 
cavity. 

Development started with laboratory bench top batches, the main objective to assess formulations with a stable 
high concentration of naloxone.  With a stable formulation candidate a number of container closure and devices 
were studied.   Again based on stability study data, a pilot clinical study was initiated.   In parallel, spray 
characterisation studies were carried out.  Based on optimisation of the formulation, discussion with regulatory 
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authorities, and significantly scaled up and characterised manufacturing process, a subsequent pivotal 
pharmacokinetics study was initiated.   The clinical report and stability from registration batches form a key part of 
pre-NDA meeting with the FDA.  The reference product, agreed with the agency, in the PK studies, was chosen 
based on the lowest approved effective naloxone dose.  The approved route of administration was IM injection at 
an approved dose of 0.4 mg naloxone. PK evaluation was completed for exposure, (AUC) maximum 
concentration, Cmax, time to maximum concentration tmax, and initial naloxone plasma concentration.  Table 3 
gives examples of product attributes measured in the final product configuration.  

Table 3 Target Product Profile and High Level Risks and Mitigation for Important Product Attributes for Naloxone 
Nasal Administration – Results for Selected Formulation 

Attribute Rationale Risk if defective Formulation Achieved 

Product  
formulation must 
be delivered in 
volume which 
remains in nostril 

Avoids excessive 
solution from being 
swallowed which has 
much lower oral 
bioavailability. Avoids 
excessive solution being 
inhaled and 
coughing/choking in non-
alert or unconscious 
patient. 

Concentration and 
volume of spray to be 
optimised including use 
in supine position. 

Solution of 4 mg in 100 µL; retained 
in nostril; full dose administered 
easily in nasal spray. 

Relative bioavailability at 47% Vs IM 
injection Clinical studies included 
supine patients with no issues of 
excess solution being or reported or 
observed. 

Product must be 
robust and 
reliable when 
carried around in 
normal use 

Police and first  
responders to 
emergency calls or use 
by members of  public 
would require device to 
be carried by patient or 
person administering 

Stable at room 
temperature,  but also 
cover summer/winter 
use, 

Not effected by defects 
from walking, driving, 
normal work  

Stability data shows 10 to 40 mg/mL 
solution stable at 25oC for 24 
months and 6 months at 40oC, 
confirming excursions to 40oC in 
routine use would not affect the 
product. 

 

The spray is formed by the liquid exiting the device spray orifice and has been characterised by a number of 
techniques such as Spray Pattern, Plume geometry and Dose Delivered.  These attributes are critical to ensure 
the correct dose volume of solution (100 μL) is delivered from each sprayer, and that the actuator also forms the 
required shape and pattern for liquid spray, including limits on % < 10 μm, which is the largest droplet size which 
can be inhaled into the upper regions of the lung. 

Human Factor Usability and Label Comprehension Testing 

A number of studies were completed. Firstly qualitative studies were carried out to refine and improve the product 
label to a point where quantitative studies were initiated. An Accelerated and Compressed Evaluation (ACE), 
which consisted of 3 consecutive and iterative Human Factors/ Label Comprehension Pre-Tests, was conducted 
to assess the ability of subjects to understand the labelling, Patient Insert (PI), including a quick start guide 
(QSG), and to demonstrate simulated use of a naloxone nasal prototype device.  The purpose of this testing 
schedule was to learn and adjust the labelling and materials in an iterative and accelerated manner. The 
objectives of the study were:  

(1) To evaluate the subject’s ability to correctly demonstrate the steps for evaluating a patient for the 
medication, administering the medication, monitoring the patient and, if appropriate, giving a second 
dose, as instructed in the QSG (Human Factors);  

(2) To evaluate the subject’s ability to comprehend key messages in the PI (Comprehension);  
 

Two Human Factor and Label Comprehension Validation Studies were conducted with the final draft Nasal Spray 
packaged configuration, in subjects over 12 years of age. Two subgroups were recruited within the general 
population sample, including Low Literacy and Adolescent (12-17 years of age) subgroups. Primary, Secondary 
and Exploratory Objectives were collected.  In all studies subjects were not trained in the use of the device or 
explanation of label instructions presented.  Both studies were similar but in Study 1 –one device was used, 
whereas in Study 2-two devices were presented in the packaging configuration.  Study 2 was also differentiated 
by two sub sections; one cohort was given the Patient User section of product labelling and allowed to read in real 
time.  The second cohort were not give any instructions to read, which simulates a real emergency situation. In all 
cases subjects were presented with a scenario of an unconscious overdose victim simulated by a life-sized 
mannequin similar to those used for cardiopulmonary resuscitation training. Subjects were given the product with 
labeling and asked to proceed as they would in a real-life emergency; no training or coaching was provided either 
prior to or during the simulation. Background noise, in the form of TV and radio, was introduced into the scenario 
to simulate voices and noise from onlookers.  The primary objectives were selected because of the critical impact 
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on delivering care to the victim of an overdose. These included the ability to demonstrate administration of the 
medication and to comprehend key messages in the labeling. In the Human Factors, subjects correctly completed 
the critical tasks in the human factors simulated use by 1) Inserting nozzle into nostril, 2) Pressing plunger to 
release dose into nose. The secondary objectives were important, but of lesser critical impact to the urgent 
administration of the medication. Subjects correctly completed the secondary tasks in the human factors 
simulated use: Check for response, Call 911, Move to Recovery Position after administering the dose.  
 
In the Comprehension section, subjects responded to the following comprehension questions from the Patient 
Information such as; Product Indication (product use), Product Indication (medical treatment), How Narcan Nasal 
Spray should be used, Necessary to get emergency medical help after using Narcan Nasal Spray, Signs of opioid 
overdose, Potential withdrawal symptoms after use of Narcan Nasal Spray.  The primary analysis for human 
factors was the correct demonstration of 2 critical tasks (insert the nozzle in the nose and depress the plunger to 
release a dose).  Subjects demonstrated the ability to correctly perform both critical tasks, meeting the success 
threshold in studies using either 1 or 2 devices. Using 1 device, 90.6% of subjects (n = 48 of 53) were able to 
correctly perform both critical tasks. Similar results were obtained in the study 2, using 2 devices: in arm 1, which 
included a review of the QSG, 90.6% (n =29 of 32) of subjects correctly performed both critical tasks, while in arm 
2, 90.3% (n = 28 of 31) of subjects correctly performed both critical tasks without reviewing the QSG.  
 
Device History File and Reliability 

The device history file (DHF) is initiated at the early stages of development and maintained throughout the life of 
the product.  Based on the FDA medical devices guidelines it uses a traditional waterfall model design process 
and became applicable to Combination Products in January 20155   Those products comprised of two or more 
regulated components, as naloxone drug product and a uni-dose nasal sprayer which is physically combined and 
produced as a single entity, Narcan is classified as a Combination Product.  As sponsor and manufacturer, one 
must implement a streamlined approach, demonstrating compliance with the drug CGMPs (21 CFR part 211) and 
selected parts of the quality system (QS) regulation (21 CFR part 820) rather than demonstrating full compliance 
with both.  One significant QS which can catch drug product manufacturer unawares, is Design Controls (21 CFR 
820.30).  This system outlines the design outputs that have been established for all design inputs, design 
verification and validation activities must be performed to ensure that the combination product design output 
meets design input requirements, including user needs and intended uses. These activities must be documented 
in the design history file and must be subjected to design reviews.  

The design history file for a combination product should address all design issues relating to the combined use of 
the constituent parts. The file is maintained by quality department and the basis for maintenance of the file is the 
change control systems.   As owner of the file you are responsible for all aspects.   As Narcan is used in a 
lifesaving, emergency setting then, from both design and product control strategy perspectives, the importance 
and data required to prove reliability of the product, including its use in conditions which were much more 
demanding than normal room temperature required additional consideration of all stages of product manufacture 
from components, device sub-assemblies, filled and final packaged product. At each stage structured reviews 
including Fault Tree Analysis was used to identify and implement additional controls which increased the levels of 
reliability to assure patient received a full spray on device operation. Since Narcan US launch almost 300,000 
doses of Nasal Spray have been dispensed.  The product has been well received with no product complaints or 
devices failures confirming the ease and reliability in actual use. 
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