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for the complete or partial reversal of opioid depression, including respiratory depression, 
induced by natural and synthetic opioids, including propoxyphene, methadone and certain 
mixed agonist-antagonist analgesics:  nalbuphine, pentazocine, butorphanol, and cyclazocine.  
Narcan is also indicated for diagnosis of suspected or known acute opioid overdosage.  The 
indication and usage section of the labeling further states that Narcan may be useful as an 
adjunctive agent to increase blood pressure in the management of septic shock.  Narcan has 
been discontinued from marketing; however, the Agency determined that it was not withdrawn 
from sale for reasons of safety or effectiveness (74 FR 22751).  Therefore, the Applicant used 
a generic naloxone product manufactured by  in the pivotal 
relative bioavailability study to create a scientific bridge to their NDA for Narcan to establish 
the safety and efficacy of Narcan nasal spray for the proposed indication.  Although the 
Applicant owns the Narcan NDA, this NDA for Narcan nasal spray is relying on the published 
literature to support the safety and efficacy of the product in the pediatric population and, 
therefore, was submitted under section 505(b)(2) of the Federal Food, Drug, and Cosmetic 
Act.   
 
This NDA was accepted for rolling review and was granted priority review status upon 
submission of the final sections of the application reflecting the importance of this product 
from the public health perspective, as, currently, there are no approved intranasal naloxone 
products intended for use in the community.  
 
Both Narcan nasal spray and Narcan contain naloxone, and the proposed population for 
Narcan nasal spray (i.e., known or suspected opioid overdose) is encompassed by the indicated 
population for Narcan.  However, several important differences exist between Narcan nasal 
spray and Narcan.  Narcan nasal spray represents a change in the route of administration from 
intravenous (IV), intramuscular (IM), or subcutaneous (SC) injection to intranasal (IN).  
Therefore, the Applicant evaluated the potential for local toxicity in the relative bioavailability 
studies.  Narcan nasal spray also represents a change in the intended setting.  Narcan is 
generally used in healthcare settings by healthcare professionals, whereas Narcan nasal spray 
is intended to be used in a community setting by laypersons.  The Applicant submitted a 
human factors evaluation to support use in this different setting.  Lastly, the proposed dosing 
for Narcan nasal spray represents a change in dosing regimen for pediatric patients.  Narcan 
labeling recommends weight-based dosing in pediatric patients, whereas Narcan nasal spray 
contains a fixed dose of naloxone.  This review will explore these issues in greater detail, in 
addition to confirming that Narcan nasal spray achieves comparable or greater systemic 
exposures to naloxone as compared to Narcan, particularly in the period immediately after 
drug administration, as this represents a critical period in which the patient’s opioid overdose 
must be reversed to avoid irreversible injury or death. 

2. Background 
 
Accidental or intentional overdose and death associated with the use, misuse, and abuse of 
illicit and/or prescription opioids is a public health crisis in the United States.  Opioid overdose 
can occur in a patient prescribed an opioid medication or in household contacts of the patient 
and in people who misuse or abuse opioids.  Opioid overdose is characterized by life-
threatening respiratory and central nervous system (CNS) depression that, if not immediately 
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treated, may lead to significant morbidity and mortality due to irreversible hypoxic injury.  
Naloxone is a nonselective opioid receptor antagonist, with the greatest affinity for the mu-
opioid receptor that, if immediately administered, can reverse these life-threatening effects in 
an opioid overdose and prevent hypoxia-associated injury and death.  However, there are 
limitations to the use of naloxone in this setting.  The effects of some opioids, such as 
buprenorphine, may be difficult to antagonize.  Larger doses of antagonist may be necessary 
than are available and the opioid overdose must be reversed before hypoxia results in 
irreversible injury.  Also, it is important to realize that the duration of antagonists such as 
naloxone are generally shorter than the duration of action of most opioids.  Therefore, even 
when an antagonist is available, it is not a substitute for seeking emergency medical help. 
 
The US Department of Health and Human Services (HHS) has made addressing this public 
health crisis a top priority and has outlined a targeted initiative to do so that includes providing 
training and educational resources, increasing the use of naloxone, and expanding the use of 
medication-assisted treatment.  The availability of an approved intranasal naloxone product 
intended for use in the community would contribute towards meeting these goals and is of 
great importance from a public health perspective. 
 
Generic versions of Narcan are currently available; the approved Narcan labeling recommends 
initial doses of 0.4 mg to 2 mg for known or suspected opioid overdose in adults with repeat 
doses every two to three minutes up to a total of 10 mg.  In children, initial doses of 0.01 
mg/kg with repeat doses of 0.1 mg/kg are recommended.  Additionally, Evzio, an injectable 
naloxone product that delivers 0.4 mg of naloxone HCl intramuscularly or subcutaneously 
intended for use in the community, was approved on April 3, 2014, and is available.   
 
Naloxone has also been increasingly available in the community through a variety of public 
health programs, which have generally supplied an injectable formulation of naloxone (i.e., 
either a vial or syringe) along with a needle or mucosal atomizer device (MAD) to provide 
access to this life-saving medicine.  The MAD allows for the injectable formulation to be 
delivered as an intranasal spray (currently, an off-label route of administration), typically from 
an injectable solution containing 2 mg of naloxone HCl in 2 ml of solution.  The 
bioavailability of this off-label intranasal route of administration using an MAD may be less 
than the exposure following approved routes of administration for naloxone, based on reports 
in the literature, but there are also reports in the literature and from addiction treatment 
programs that naloxone administered this way has been successful in reversing opioid 
overdose.  Therefore, the minimum effective dose of naloxone is unclear.   
 
Evaluating the efficacy of a new formulation or route of administration of naloxone to 
establish an effective dose range presents significant logistical and ethical challenges, as 
already-approved naloxone-containing products are available for treatment of this life-
threatening condition, which, if not immediately treated, could result in substantial morbidity 
and mortality.  The Division has determined that it would not be ethical to deliver an 
experimental naloxone (i.e., through a novel formulation or via a novel route of 
administration) to an actual patient suffering from opioid overdose and potentially delay life-
saving treatment with an already-approved naloxone product in the context of a clinical 
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safety of the drug substance, drug product, and drug product formulation.”  There are no novel 
excipients in Narcan nasal spray.  All of the excipients are listed in the FDA Inactive 
Ingredients Database (IID) and are present at lower levels than contained in several FDA-
approved nasal drug products.  The Applicant’s specifications for the drug substance comply 
with the requirements of the United States Pharmacopeia (USP) and European Pharmacopoeia 
(EP) monographs, based on a maximum daily dose of two sprays (8 mg of naloxone 
hydrochloride).  Dr. Woo found the impurity specifications acceptable, including the 
specification for  (not detected).  Dr. Woo noted that the drug product specifications 
for the degradants were acceptable, including for (not detected). 
 
Regarding the container-closure system, the Applicant provided data on extractables; however, 
the Applicant did not conduct a leachables assessment.  The Applicant noted that leachables 
will be evaluated in long-term stability samples.  The nonclinical review team concluded that 
“the absence of leachables data does not preclude marketing approval for the following 
reasons: 1) the  plunger is used in other FDA-approved aqueous based 
nasal and injectable drug products; 2) analysis of water extracts did not identify any 
substances; 3) the Applicant has committed to monitor for leachables during stability; 4) most 
importantly, this product is indicated for an acute, single-use indication; and 5) the drug 
product is a potentially life-saving therapy.”  Dr. Woo recommends approval with a 
postmarketing commitment (PMC) to complete the leachables assessment in addition to 
providing comments to the Applicant on the leachables assessment (see Section 13 below).  I 
concur with the conclusions reached by the nonclinical reviewer, including that there are no 
nonclinical issues that would preclude approval.  
 

5. Clinical Pharmacology/Biopharmaceutics  
 
The clinical pharmacology review was conducted by Suresh Naraharisetti, PhD, with 
secondary concurrence by Yun Xu, PhD.  According to the clinical pharmacology team, this 
NDA is acceptable.  The following is a summary of the findings from the clinical 
pharmacology review. 
 
The Applicant conducted study Naloxone-Ph1a-002 (also referred to as study 002, in this 
review), a pivotal relative bioavailability study, in support of this application to establish a 
scientific bridge to their NDA for Narcan (NDA 16636) in order to establish the safety and 
efficacy of Narcan nasal spray. 
 
Study 002 was an open-label, randomized, 5-period, 5-treatment, 5-sequence, crossover study 
conducted in 30 adult male and female healthy volunteers in an inpatient setting to evaluate the 
pharmacokinetics of two doses of Narcan nasal spray (i.e., 4 mg [one spray in one nostril] and 
8 mg [one spray in each nostril) in comparison to an approved generic version of naloxone 
given intramuscularly (i.e., 0.4 mg).  Two doses of another formulation of intranasal naloxone 
that are not the to-be-marketed formulation were also evaluated in this study.  Subjects were 
assigned to one of five sequences, with six subjects planned in each sequence.  A four-day 
washout period separated the treatments.  Narcan nasal spray was administered using an  
single-dose device  with the subject in a fully supine position.  
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The left nostril was used for the 4-mg dose, and one spray was administered into each nostril 
for the 8-mg dose.  Subjects were instructed not to breathe through the nose during 
administration of Narcan nasal spray and remained fully supine for approximately one hour 
post-dose.  Intramuscular  (IM) naloxone was administered as a 1-ml (i.e., 0.4 mg/ml) single 
injection into the gluteus maximus muscle using a 23-gauge needle. 
 
Both one Narcan nasal spray in one nostril (i.e., 4-mg dose) and one Narcan nasal spray in 
each nostril (i.e., 8-mg dose) demonstrated much higher systemic exposure to naloxone, in 
terms of both AUC and Cmax values, in comparison to the reference product.  The naloxone 
plasma concentration-time profiles are shown in Figure 2.  Narcan nasal spray exhibited a 5.5 -
fold higher Cmax and 4.7 –fold higher AUCt from one spray in one nostril (4 mg total dose) 
and 11 -fold higher Cmax and 8.9 -fold higher AUCt from one spray in each nostril (8 mg total 
dose) compared to the reference, a single dose of naloxone 0.4 mg given via IM injection. 
 
Figure 2.  Mean Plasma Concentration-Time Profiles of Naloxone from 0 to 4 hours Following 
Intranasal and Intramuscular Naloxone Administration to Healthy Subjects (N = 30; n=29 for each 
treatment) 

 
Source: Dr. Naraharisetti’s review, pg. 3 
 
Both Narcan nasal spray doses demonstrated higher naloxone concentrations than the 
reference product at all time points, as described in Table 1. 
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Table 1.  Comparison of Mean Naloxone Concentrations between Intramuscular Naloxone and Two Doses 
of Narcan Nasal Spray from 2.5 to 60 Minutes Post Dose.  

       
Source: Dr. Naraharisetti’s review, pg. 4 
   
Dr. Naraharisetti noted that “[t]he median naloxone Tmax after IN administration was not 
significantly different compared to the IM administration.”  However, the Tmax for the IM 
route exhibited relatively high variability (i.e., range of 0.08 to 2.05 hours) compared to the IN 
route.  Further, the IN route had slightly longer half-life of 2.1 hours compared to 1.2 hours for 
IM route. 
 
I concur with the conclusions reached by the clinical pharmacology reviewer.  There are no 
outstanding clinical pharmacology issues that preclude approval. 

6. Clinical Microbiology  
 
Not Applicable 
 

7. Clinical/Statistical- Efficacy 
 
No new clinical efficacy studies were submitted in support of this application.  The Applicant 
is cross-referencing their NDA for Narcan (naloxone hydrochloride, NDA 16636), which is 
approved for known or suspected opioid overdose, to establish the safety and efficacy of the 
proposed product. 

8. Safety 
 
There were no new safety studies submitted in support of this application.  The Applicant is 
cross-referencing their NDA for Narcan (naloxone hydrochloride; NDA 16636) to establish 
the safety and efficacy of the proposed product.  The relative bioavailability study 
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demonstrated that the naloxone levels achieved with Narcan nasal spray are approximately five 
times that of 0.4 mg naloxone given IM.  This exposure is likely to fall well within the doses 
recommended in the approved Narcan labeling, which recommends up to a 2 mg initial dose 
and repeating the dose every two to three minutes up to a total dose of 10 mg. 
 
Naloxone is generally administered in the setting of opioids, and many of the adverse events 
described in approved Narcan labeling may be attributable to the reversal of the effects of the 
opioid.  Narcan labeling describes the potential for precipitation of opioid withdrawal in 
opioid-tolerant patients characterized by body aches, diarrhea, tachycardia, fever, runny nose, 
sneezing, piloerection, sweating, yawning, nausea or vomiting, nervousness, restlessness or 
irritability, shivering or trembling, abdominal cramps, weakness, and increased blood pressure.  
In the neonate, opioid withdrawal may also include convulsions, excessive crying, and 
hyperactive reflexes. 
 
Narcan labeling also notes that, in the postoperative setting, there have been postmarketing 
reports of hypotension, hypertension, ventricular tachycardia and fibrillation, dyspnea, 
pulmonary edema, and cardiac arrest.  Death, coma, and encephalopathy have been reported as 
sequelae of these events.  These have occurred in patients most of whom had pre-existing 
cardiovascular disorders or received other drugs, which may have similar adverse 
cardiovascular effects.  Excessive doses of naloxone hydrochloride in postoperative patients 
have resulted in significant reversal of analgesia and have caused agitation. 
 
Because of the higher fixed dose of this product (i.e., 4 mg, which provide roughly 5 times the 
systemic exposure of a 0.4 mg IM dose), as compared to other naloxone-containing products 
intended for use in the community (e.g., Evzio), and the concern for precipitating adverse 
events related to the reversal of the opioid (i.e., in an inpatient postoperative population and in 
opioid-tolerant neonates), additional warning language is warranted to inform prescribers that:  
 

In monitored settings, in situations where it is preferable to avoid the abrupt 
precipitation of opioid withdrawal symptoms, consider use of an alternate 
naloxone-containing product that can be titrated to effect and, where 
applicable, dosed according to weight.  These situations include the 
emergency treatment of opioid overdose, as manifested by respiratory and/or 
central nervous system depression in the immediate, inpatient postoperative 
period, particularly in patients with pre-existing cardiac disease, and in the 
postpartum period in neonates with known or suspected exposure to maternal 
opioid use.  

 
Refer to the discussion under “Section 10 Pediatrics” regarding additionally addressing the 
potential for inducing neonatal opioid withdrawal. 
 
Narcan labeling recommends dosing with naloxone for suspected opioid overdose with repeat 
dosing in adults up to 10 mg before questioning the diagnosis of opioid overdose.  The risk of 
administering Narcan nasal spray to a patient who is not opioid-tolerant and whose symptoms 
are caused by an emergency other than opioid overdose is minimal given this wide safety 
margin.  Because Narcan nasal spray can be administered in a very timely fashion and the 
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labeling recommends immediately seeking emergency medical attention after the first dose, it 
is unlikely that administering Narcan nasal spray to a patient suffering another emergency 
would significantly delay their definitive treatment.   
 
The Applicant conducted two Phase 1 relative bioavailability studies in healthy volunteers, 
Naloxone-Ph1a-001 (also referred to as study 001, in this review) and Naloxone-Ph1a-002 
(also referred to as study 002, in this review), comparing various intranasal (IN) formulations 
of naloxone to an approved injectable formulation of naloxone given via the intramuscular 
(IM) route.    Because this NDA represents a change in the route of administration from the 
original Narcan NDA, the development program was required to evaluate the potential for 
local toxicity with this new route of administration.  The Division determined that nonclinical 
studies to evaluate local toxicity would not be required, provided that the clinical studies 
included an assessment of nasal irritation (see discussion under Section 2).  Both of the 
relative bioavailability studies collected safety data and included a formal assessment of nasal 
irritation.  Only study 002 evaluated the to-be-marketed drug product. 
 
Study 001 
Study 001 was an open-label, randomized, 3-period, 3-treatment, 6-sequence, crossover, 
inpatient study conducted in 14 healthy adult volunteers to compare the pharmacokinetics of 2 
doses of IN naloxone to IM naloxone and to evaluate safety.  Subjects received a single 2 mg 
IN dose (one spray of 0.1 mL of a 10 mg/mL solution in each nostril), a single 4 mg IN dose (2 
sprays of 0.1 mL of a 10mg/mL solution in each nostril), and a single 0.4 mg IM dose.  The to-
be-marketed formulation was not used in these studies, therefore, the results of this study are 
not emphasized in this review. 
 
Study 002 
 
Title: Phase 1, Pharmacokinetic Evaluation of Intranasal and Intramuscular Naloxone in 
Healthy Volunteers  
 
Objectives: 

• To determine the pharmacokinetics of four IN doses of naloxone compared to a 0.4 mg 
dose of IM naloxone to identify an appropriate IN dose that could achieve systemic 
exposure comparable to an approved parenteral dose  

• To determine the pharmacokinetics of two different concentrations (20 mg/mL and 40 
mg/mL) of IN naloxone.  

• To determine the safety of IN naloxone, particularly with respect to nasal irritation 
(erythema, edema, and erosion).  

 
Duration: 18 days inpatient; single-dose with 4-day washout between doses 
 
Population: Healthy adult volunteers 
 

• Inclusion criteria 
o Males and females 18 to 55 years of age  
o Provide written informed consent  
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o BMI ranging from 18 to 30 kg/m2  
o Adequate venous access  
o No clinically significant concurrent medical conditions determined by medical 

history, physical examination, clinical laboratory examination, vital signs, and 
12-lead ECG  

o Agree to use a reliable double-barrier method of birth control from the start of 
screening until one week after completing the study.  Oral contraceptives are 
prohibited.  

o Agree not to ingest alcohol, drinks containing xanthine >500 mg/day (e.g., cola, 
coffee, tea, etc.), or grapefruit/grapefruit juice or participate in strenuous 
exercise 72 hours prior to admission through the last blood draw of the study  
 

• Exclusion criteria 
o Any IN conditions including abnormal nasal anatomy, nasal symptoms (i.e., 

blocked and/or runny nose, nasal polyps, etc.), or having a product sprayed into 
the nasal cavity prior to drug administration  

o Taking prescribed or over-the-counter medications, dietary supplements, herbal 
products, vitamins, or recent use of opioid analgesics for pain relief (within 14 
days of last use of any of these products)  

o Positive urine drug test for alcohol, opioids, cocaine, amphetamine, 
methamphetamine, benzodiazepines, THC, barbiturates, or methadone at 
screening or admission  

o Previous or current opioid, alcohol, or other drug dependence (excluding 
nicotine and caffeine), based on medical history  

o Subject consumes greater than 20 cigarettes per day on average, in the month 
prior to screening, or would be unable to abstain from smoking (or use of any 
nicotine-containing substance) for at least one hour prior to and 2 hours after 
naloxone dosing.  

o On standard 12-lead ECG, a QTcF interval >440 msec for males and >450 
msec for females  

o Significant acute or chronic medical disease  
o A likely need for concomitant treatment medication during the study  
o Donated or received blood or underwent plasma or platelet apheresis within the 

60 days prior to Day -1  
o Female who is pregnant, breast feeding, or plans to become pregnant during the 

study period or within one week after naloxone administration  
o Positive test for HBsAg, HCVAb, or HIVAb at screening  
o Current or recent (within 7 days prior to screening) upper respiratory tract 

infection  
 
Treatment: 

• Naloxone 0.4 mg IM administered into the gluteus maximus muscle 
• Naloxone 2 mg IN, one 0.1 mL spray of the 20 mg/ml formulation in one nostril 
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• Naloxone 4 mg IN, one 0.1 mL spray of the 20 mg/ml formulation in each of two 
nostrils 

• Narcan nasal spray 4 mg (one 4 mg spray in one nostril) 
• Narcan nasal spray 8 mg (one 4 mg spray in each of two nostrils) 

 
IN naloxone was delivered using an  single-dose device  
with the subject in a fully supine position.  The subject remained fully supine for 
approximately one hour post-dose.  Subjects were instructed not to breathe through the nose 
during administration of the nasal spray into the nose.  The 40 mg/ml formulation using the 

 device is the to-be-marketed product (i.e., Narcan nasal spray). 
 
Design:  This was an open-label, randomized, single-center, inpatient, 5-period, 5-treatment, 
5-sequence, crossover study.  Safety assessments included adverse events, physical 
examination, nasal passage examination, vital signs, laboratory tests (clinical chemistry, 
hematology, coagulation, urinalysis, and serum pregnancy test [females]), and 
electrocardiogram (ECG) (Table 2).  Nasal irritation was evaluated by a trained observer at the 
time points listed in Table 2 on the following scale: 
 

• Nasal Irritation Scale 
o 1 - Inflamed mucosa, no bleeding 
o 2 - Minor bleeding which stops within 1 minute 
o 3 - Minor bleeding, taking 1-5 minutes to stop 
o 4 - Substantial bleeding for 4-60 minutes, does not require medical intervention 
o 5 - Ulcerated lesions, bleeding which requires medical intervention  
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Table 2. Study 002 Time and Events Schedule 

 

 
Source: Applicant, protocol for study 002, pp. 58-9 
 
Study drug redosing and discontinuation criteria: 
 

• Redosing criteria: vital signs had to be within the following limits before study 
treatment was administered: 

o Systolic blood pressure: 140 mmHg or less and greater than 90 mmHg  
o Diastolic blood pressure: 90 mmHg or less and greater than 55 mmHg  
o Heart rate: 100 beats per minute (bpm) or less and greater than 40 bpm  
o Respiratory rate: 20 respirations per minute (rpm) or less and greater than 8 rpm 

  
• Discontinuation criteria: 

o Systolic blood pressure >180, diastolic blood pressure >110, respiratory rate 
>24 or <8 

o Significant arrhythmia defined as >6 beats of supraventricular tachycardia or ≥3 
beats of ventricular tachycardia (study drug was discontinued for a clinically 
significant abnormal ECG at any time after clinic admission)   

o QTcF interval >500 msec 
o Reported significant nausea or abdominal pain 
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o Reported significant chest pain or dyspnea  
o Subject confusion, seizures or seizure like behavior, agitation or inability to 

cooperate 
o Subject requests to leave the experiment or is unwilling or unable to cooperate 

in carrying out the assigned protocol procedures  
 

Primary endpoint: Pharmacokinetic 
 
Secondary endpoints: Adverse events, vital signs (heart rate, sitting blood pressure, and 
respiratory rate), ECG, clinical laboratory changes, and nasal irritation (erythema, edema, and 
erosion)  
 
Results 
This section will focus on the results of study 002 because this is the only study that employed 
the to-be-marketed formulation.  However, the results from study 001 did not identify any 
specific safety concerns for those other formulations of IN naloxone (i.e., no deaths, serious 
adverse events, or discontinuations due to adverse events; limited number of mild adverse 
events, none of which suggest significant local toxicity with IN naloxone). 
 
Extent of exposure: 
In study 002, there were a total of 87 single exposures of Narcan nasal spray to a nostril (Table 
3).  Thirty unique subjects received Narcan nasal spray, including 28 subjects who received 
both 4 mg in one nostril and 4 mg in each nostril (8 mg total dose), 1 subject who received 4 
mg in one nostril only (subject was discontinued due to an adverse event), and 1 subject who 
received 4 mg in each nostril (8 mg total dose) but not 4 mg in one nostril (discontinued at the 
subject’s request), as summarized in Table 4.  The extent of exposure and nasal irritation 
monitoring are adequate to evaluate the potential for local toxicity.  
 
Table 3. Overall Extent of Exposure, Studies 001 and 002. 

 
Source: Applicant, summary of clinical safety, pg. 7 
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Table 5. Demographics and Baseline Characteristics, Study 002. 

 
Source: Applicant, study 002 clinical study report, pg. 32 
 
Safety results: 
All thirty subjects received at least one dose of study medication and were included in the 
safety population.  There were no deaths or serious adverse events.  One subject discontinued 
due to an adverse event (AE).  This subject was a 26 year-old male with a history of smoking 
who was discontinued 4 days after receiving Narcan nasal spray 4 mg (one spray in one 
nostril).  The subject had a blood pressure reading that did not meet redosing criteria and was 
discontinued by the investigator.  The subject had the following blood pressure readings: 
137/73 mmHg (screening), 144/73 mmHg (baseline), 138/81 mmHg (5 minutes pre-dose), 
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134/76 mmHg (30 minutes post-dose), 140/72 mmHg (60 minutes post-dose), 144/85 and 
147/93 mmHg (120 minutes post-dose), 153/85 and 150/83 mmHg (480 minutes post-dose), 
and 147/87 and 160/84 mmHg (Day 2).  Prior to the next scheduled dosing (Day 5), the 
subject’s blood pressure was 141/80 and 144/86 mmHg.  He was subsequently discontinued as 
he did not meet redosing criteria.  This subject appears to have hypertensive issues at baseline, 
and it is unclear what role the study medication may have played in this case. 
 
There were 27 adverse events (AEs) reported by 17 subjects.  All AEs were considered mild in 
severity except for the one subject who experienced a moderate increase in blood pressure that 
lead to discontinuation.  Table 6 lists all AEs that occurred in study 002.  The list of AEs for a 
particular treatment includes all AEs recorded beginning with the administration of that 
treatment until the next treatment administration in the sequence.  The Narcan nasal spray 
groups (40 mg/ml formulation) are highlighted in yellow in the table.  AEs reported for 
subjects in the Narcan nasal spray groups included increased blood pressure, musculoskeletal 
pain, headache, and xeroderma, in addition to AEs indicative of local nasal irritation, including 
nasal dryness, nasal edema, nasal congestion, and nasal inflammation.  The IM naloxone 
comparator arm reported nausea, dizziness, and headache.  
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Table 7.  Nasal Irritation, Study 002. 

 
Source: Applicant, study 002 clinical study report, pg. 68 
 
The adverse event profile demonstrated the potential for Narcan nasal spray to result in mild 
local irritation.  There is no question that this is an acceptable risk given the potentially life-
saving benefits of this medication; however, the potential for local irritation will be 
communicated in labeling. 

9. Advisory Committee Meeting  
 
An Advisory Committee Meeting was not held for this application. 

10. Pediatrics 
 
Narcan is approved for use in the entire pediatric age range.  In contrast to adults, approved 
labeling recommends weight-based dosing for known or suspected opioid overdose in 
children.  The Narcan package insert contains the following pediatric labeling: 
 

Usage in Children 
Opioid Overdose–Known or Suspected: 
The usual initial dose in children is 0.01 mg/kg body weight given IV.  If this 
dose does not result in the desired degree of clinical improvement, a 
subsequent dose of 0.1 mg/kg body weight may be administered.  If an IV 
route of administration is not available, naloxone may be administered IM or 
SC in divided doses.  If necessary, naloxone hydrochloride injection can be 
diluted with sterile water for injection. 

 
Because Narcan nasal spray represents a change in dosing regimen (a fixed 4-mg dose) and 
route of administration (intranasal) for naloxone, the Applicant is required to conduct a 
pediatric assessment under the Pediatric Research Equity Act (PREA).  Efficacy studies are 
not feasible in pediatric patients in the same way they are not feasible in adults.  However, 
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unlike in adults, pediatric pharmacokinetic studies in healthy children are not feasible because 
of limits on the ability to conduct studies in normal, healthy children where the study involves 
more than minimal risk.  Therefore, the Applicant was required to support the safety and 
efficacy of Narcan nasal spray in pediatrics, based on a review of available information, 
including the published literature, clinical practice guidelines, and the approved labeling for 
Narcan.  This pediatric assessment was required to have addressed the following issues: 
 

• The safety and effectiveness of the proposed dose of naloxone for all pediatric age 
ranges, including neonates 

• Justification for the proposed dosing volume in all pediatric patients, including 
neonates 

• Justification for why the absorption of drugs through the nasal mucosa will not be 
different in pediatric patients, including neonates, compared to adults 

• A device (e.g., nasal tip) that can appropriately deliver the correct volume to all 
pediatric patients, including neonates     

 
The Applicant received an agreed pediatric study plan (PSP) on June 22, 2015, which included 
a plan to submit the required pediatric assessment with the NDA.  The Division of Pediatric 
and Maternal Health (DPMH) was consulted to evaluate the adequacy of the pediatric 
assessment to support approval in the full pediatric age range and the proposed labeling. 
 
DPMH recommended “approval for the proposed indication for pediatric patients from birth to 
under age 17 years for emergency treatment of known or suspected opioid overdose until 
emergency medical services can be provided by trained professionals,” provided that “DAAAP 
is satisfied that IN delivery with the proposed unit dose device will result in absorption of a 
minimally effective dose in pediatric patients of all ages.”       
 
DPMH raised concerns in their review about the safety of the proposed product as it relates to 
IN drug delivery.  Specifically, DPMH requested DAAAP to confirm that the actuator tip may 
be properly positioned and, based on concerns of differences in nasal morphology, can deliver 
a minimally effective dose in pediatric patients under five years of age.  Further, given the 
fixed dose, DPMH raised concerns that the 4-mg dose could deliver a dose approximately 100-
fold higher than what is recommended in Narcan labeling if the full dose is systemically 
absorbed.  DPMH raised additional concerns for the potential to induce respiratory distress 
with intranasal instrumentation in the youngest patients because of obligate nasal breathing.  
 
Therefore, DPMH recommended a postmarketing requirement (PMR) and a postmarketing 
commitment (PMC) to, respectively, capture any treatment failures or serious AEs of airway 
obstruction, respiratory distress, or respiratory arrest in pediatric patients under one year of age 
and evaluate the pharmacokinetic profile of this product in patients under five years of age.  
 
This application was discussed at a meeting of the Pediatric Review Committee (PeRC) on 
November 4, 2015, where the above PMC and PMR were initially discussed. 
 
Narcan nasal spray is intended to address community-based treatment of opioid overdose, and 
it is vitally important that laypersons, who will be administering the product, do not have to 
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make complex medical decisions, such as determining a weight-based dose or having to decide 
between different doses for different age groups.  The caregiver must seek definitive medical 
treatment on the patient’s behalf after administering Narcan nasal spray in this treatment 
setting.  Pediatric use of Narcan nasal spray in the youngest age ranges must be considered in 
the context of the different clinical scenarios where naloxone may be used in that population: 
 

• Otherwise healthy children may be accidentally exposed to an opioid that is available 
in their environment resulting in life-threatening CNS and respiratory depression that 
requires naloxone.   

• A pediatric patient who is taking a prescribed opioid for medical reasons may 
accidentally overdose on that opioid requiring naloxone.  Use of naloxone in this 
population may result in signs and symptoms of opioid withdrawal if the patient is 
opioid-dependent, and this possibility would depend on the duration of prior opioid 
exposure.   

• Naloxone may be required for neonates in the delivery room who present with 
respiratory depression at the time of birth due to maternal exposure to opioid, and these 
neonates may or may not be opioid-dependent depending on the duration of prior 
exposure to maternal opioids. 

• Opioid-dependent babies born to mothers on medication-assisted treatment or who are 
illicitly using opioids may be treated with a gradual opioid taper at home in order to 
prevent life-threatening opioid withdrawal and may be at risk for opioid overdose.      

 
Additional considerations in this treatment setting include that naloxone prescribed for use in 
the community may ultimately be administered to a person other than the recipient of the 
prescription because it cannot be known in advance who will overdose on an opioid.  It is 
vitally important for Narcan nasal spray to be available for an accidental opioid ingestion in a 
child who may not have been the person for whom the prescription was written.  Because of 
the wide safety margin for naloxone, particularly in non-opioid-dependent patients in a non-
hospital setting, and that the dose of naloxone delivered from Narcan nasal spray, based on the 
pharmacokinetic study conducted in adults, is relatively high compared to what is 
recommended in the approved Narcan labeling for the youngest pediatric patients, there is a 
reasonable expectation that an effective dose of naloxone will be systemically available to 
reverse the life-threatening effects of the opioid in the youngest patients.  Narcan nasal spray 
results in a systemic exposure to naloxone that is approximately 5 times that of the 0.4 mg IM 
dose.  Evzio, which delivers a 0.4 mg IM dose, is approved in pediatric patients down to birth.  
Although the nasal tip may not fit in the nostrils of all pediatric patients, the opening through 
which the medication is sprayed is small enough to deliver the medication into the nose, if 
positioned properly.   
 
In situations where a younger child is being considered for a prescription for naloxone to be 
used in the community to address the risk for accidental exposure or in cases where there is 
concern for inducing potentially life-threatening withdrawal, alternative products may be more 
appropriate.  Additionally, in supervised medical settings, such as in the delivery room, 
emergency room, or inpatient unit, a weight-based naloxone dose that is amenable to titration 
is more appropriate.   
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The benefits of having this product available for those pediatric patients who may be 
accidentally exposed to an opioid resulting in life-threatening CNS and respiratory depression 
far outweighs the risks in this setting.  Labeling must clearly describe which pediatric patients 
may not be the most suitable for this product so that the prescriber can make an informed 
decision as to which naloxone product to prescribe in these settings.  I conclude that Narcan 
nasal spray should be approved for the full pediatric age range without the proposed PMR and 
PMC.     
 
The concerns that DPMH raised resulting in their recommendations for a PMR could be 
addressed through enhanced pharmacovigilance, which should be considered to capture any 
treatment failures or serious AEs of airway obstruction, respiratory distress, or respiratory 
arrest in pediatric patients under one year of age.  However, the Division has determined that, 
after extensive internal discussion, the proposed PMC to assess the pharmacokinetics in 
patients less than five years of age poses significant feasibility and ethical challenges because, 
in settings where this study could potentially be conducted (i.e., inpatient-type settings), 
another more appropriate naloxone therapy would be available (i.e., weight-based product), 
and, therefore, it would not be ethical to use a potentially suboptimal product for that setting in 
a clinical study.  The value of this product in the community for the youngest pediatric patients 
will be clearly communicated in labeling, and its value does not necessarily fully extend to all 
community-based clinical scenarios or healthcare settings.          

11. Other Relevant Regulatory Issues  
 
There are no unresolved relevant regulatory issues.   
 
Inspections of the clinical and analytical portions of the relative bioavailability study 
The Office of Study Integrity and Surveillance (OSIS) conducted an inspection of the 
analytical portion of the pivotal relative bioavailability study (study 002) and arranged an 
inspection of the clinical portion of the study with the Office of Regulatory Affairs (ORA).  
OSIS recommended that “the clinical and analytical data from study Naloxone-Phla-002 be 
accepted for Agency review.”  The final classification for both the clinical portion (Vince & 
Associates Clinical Research) and the analytical portion  was 
VAI (voluntary action indicated).  
 
The OSIS review noted two observations at the clinical site (Vince & Associates Clinical 
Research) and a Form FDA 483 was issued.   
 

1. Observation:  “An investigation was not conducted in accordance with the 
investigational plan.”  
 
 The first issue involved one subject who developed a respiratory rate of 25 per 

minute at the 30-minute post-dosing time point.  The protocol specified that 
subjects be discontinued for a respiratory rate of less than 8 or greater than 24 and 
did not allow for repeat measurements.  However, the source document designed 
by the study site allows for repeated measurements, per the study site’s Standard 
Operating Procedure (SOP).  A study sub-investigator was called to assess the 
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disregarded.  The third subject had a one minute deviation at the 5-minute post-
dose time point.  The clinical pharmacology reviewer concluded that “this one 
minute deviation at [the] 5 minute time point in one subject would not affect the 
calculated [pharmacokinetic] parameters [or] conclusion for the study,” and I 
concur with that assessment. 
 
 The second issue involved adverse event information not corresponding to 

applicable source documentation.   
 
Two subjects reported adverse events related to nasal irritation (i.e., nasal edema 
and left nostril dryness with occasional bleeding); however, those subjects had 
corresponding nasal examinations recorded as normal (i.e., “0” on the nasal 
irritation scoring scale).  Physical exam finding do not always correlate with 
subjective reports. 
 
Two additional subjects reported adverse events related to nasal irritation and also 
had corresponding nasal examinations recorded as normal.  However, these 
subjects had their corresponding nasal examination score(s) changed to “1” 
(inflamed mucosa, no bleeding) at a later time or date, in some cases over a month 
later. 
 
For all of these cases, the same sub-investigator was involved (i.e., identified as 
“LDV”).  These findings do not impact the safety evaluation of the investigational 
product.  The finding of safety for Narcan nasal spray is primarily resting on the 
Applicant cross-referencing their NDA for Narcan injection.  We are relying on 
this study to provide a qualitative assessment of the potential for local nasal 
irritation, and this study did demonstrate that Narcan nasal spray has the potential 
to cause mild local irritation.  This conclusion is unchanged by these inspectional 
findings.  Further, it is unlikely that the sub-investigator missed a serious finding 
on nasal examination, and the issue appears to be with the more clinically subtle 
aspects of the exam (i.e., “0” versus a “1”).  However, these findings do raise 
concerns over the adequacy of the training for the clinical nasal examination.     

 
Financial disclosures 
The Applicant certified that the investigator did not have reportable financial disclosures. 
 
505(b)(2) committee 
This application was presented at a meeting of the 505(b)(2) committee on October 26, 2015, 
and it was cleared for action from their perspective.  The 505(b)(2) committee recommended 
that an approval action be coordinated with the Exclusivity Board/Office of Regulatory Policy 
(ORP), as they may wish to include a memorandum to the record regarding the potential for 
exclusivity attached to other naloxone-containing products to block the approval of this NDA.  
A memorandum from ORP is pending at the time of this writing, 
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• Risk Benefit Assessment 
 

The Applicant established the safety and efficacy of the naloxone contained in 
Narcan nasal spray by conducting a relative bioavailability study to bridge to their 
NDA for Narcan (NDA 16636).  This study compared two doses of Narcan nasal 
spray to an approved generic injectable naloxone product and demonstrated that the 
systemic exposure to naloxone was much higher than that of an initial approved 
dose of naloxone for injection (i.e., 0.4 mg IM) at all measured time points.  
Therefore, the Applicant successfully met the pharmacokinetic standard outlined by 
the Division, which was required to ensure that Narcan nasal spray will deliver an 
effective dose of naloxone in a timely fashion.  This is particularly important in the 
early time points where it is critical to provide adequate exposure to naloxone given 
the grave consequences of under treating an opioid overdose.    
 
The application supported the change in route of administration by evaluating the 
potential for local toxicity in the relative bioavailability study, the change in 
intended treatment setting (i.e., from use in a healthcare setting by health 
professionals to use in a community setting by laypersons) by conducting a human 
factors study, and the change in dosing regimen for pediatric patients (i.e., from 
weight-based dosing to a fixed dose) by providing a pediatric assessment with 
support from the published literature.   
 
This product would be the first approved intranasal naloxone product.  It is 
intended for use in the community and will provide an important alternative to 
other approved naloxone products, which require a needle for drug administration.  
The risks discussed in this review are far outweighed by the potential benefits of 
this potentially life-saving medication.  Therefore, I recommend approval for adults 
and the full range of pediatric patients in the proposed indication with the labeling 
recommendations described throughout this review. 
 

• Recommendation for Postmarketing Risk Evaluation and Management Strategies 
 

None 
 

• Recommendation for other Postmarketing Requirements and Commitments 
 

Postmarketing Requirements: 
 

1. Establish reliability requirements for the combination product and complete 
testing which verifies combination product reliability as described in detail 
below: 

 
a. Establish reliability requirements for your combination product. It is 

recommended that reliability be directly specified as R(t) = x%, where t = 
time and x% = probability of meeting essential performance requirements. 
These requirements should be objective and relate to the ability of a 
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population of devices to meet essential performance requirements after pre-
conditioning to elements outlined within c, below. The reliability 
requirements should be verified with a high degree of statistical confidence. 

b. Provide rationale and justification supporting the clinical acceptability of 
the established reliability requirements. 

c. Perform a test to verify the reliability requirements specified above. 
 

Devices assessed within the reliability test should be preconditioned to worst-case 
reasonably foreseeable conditions. The Agency has conceived the following 
recommended preconditioning activities, however you should provide rationale 
supporting the final precondition elements chosen, and the order in which the 
products are conditioned. Your assessment of the preconditioning parameters 
should be based on your own failure analyses (e.g., fault tree analysis) in order to 
assure that the scope of preconditions and their boundary values are adequately 
correct and complete. 
 

• Shipping 
• Aging 
• Storage orientation and conditions 
• Vibration handling 
• Shock handling (e.g., resistance to random impacts, such as being dropped) 

 
Devices assessed within the reliability analysis should be activated under worst-
case reasonably foreseeable conditions. The Agency has conceived the following 
recommended circumstances of activation; however, you should provide rationale 
supporting the final circumstances of activation chosen. 
 

• Activation orientation 
• Environmental temperature 

 
2. Establish procedures for monitoring reports of failure of the combination 

product to activate or failure of the combination product to deliver the full 
labeled dose.  Provide annual updates to the NDA record, which contain a 
detailed analysis of reported device failures (including reported malfunctions 
that did not result in patient harm), full event narratives, and the results of root 
cause analysis performed for the reported failure. 

 
Postmarketing Commitments: 

 
1. Conduct and submit an adequate leachable safety assessment for your drug 

product and container closure system.  This assessment must include leachable 
data from long-term stability studies taking into consideration the proposed 
shelf-life to determine if the specified extractables also leach into the drug 
product over time, and a toxicological risk assessment justifying the safety of 
the leachables taking into consideration the maximum daily dose of the 
identified materials for this drug product. 
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2. A postmarketing commitment to test drug product batches on stability through 
the course of expiry at the excursion conditions of 4°C to 40°C.  (final language 
pending at the time of this writing) 

 
• Recommended Comments to Applicant 
 

Additional Comments for the Leachables Assessment: 
 

1. The leachable compounds you propose to evaluate in your leachables 
assessment appear appropriate. 

2. In your leachables assessment, evaluate at least three batches of your drug 
product over the course of your stability studies at multiple timepoints 
during the proposed shelf-life of your product. 

3. Submit a toxicological risk assessment for any leachable that exceeds 5 
mcg/day.  From a genetic toxicology perspective, any leachable that 
contains a structural alert for mutagenicity must not exceed 120 mcg/day for 
this acute indication, or be adequately qualified for safety.  The risk 
assessment should be based on the maximum level of each leachable 
detected in long-term stability samples that include any intended secondary 
container closure system(s) unless otherwise justified. 
 Published literature to support the safety of a leachable rarely 

provides adequate detail of the study design and study results to 
permit a thorough independent evaluation of the data. Summary 
reviews, (e.g., BIBRA, CIR, HERA), although potentially useful to 
identify original source material, are not acceptable as the source 
material is not provided and the conclusions cannot be 
independently verified.  Submission of any published study reports 
must be accompanied by a detailed comparison to modern 
toxicology study endpoints and any shortcomings of the study must 
be discussed and justification must be provided to support your 
assertion that these data are adequate to support the safety of your 
container closure system. 

 Safety justifications based on analogous compounds are also not 
acceptable unless you can provide adequate data to support your 
conclusions that a risk assessment based on one compound can be 
logically interpolated to represent an adequate safety evaluation for 
your leachable.  This should include a detailed understanding of the 
absorption, distribution, metabolism, and elimination of the 
compounds and an adequate scientific bridge to interpolate a 
NOAEL for the leachable. 
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