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[bookmark: _Ref80503453]Executive Summary:  
The naloxone auto-injector for intramuscular or subcutaneous injection was fast-tracked approved by the Food and Drug Administration (FDA) as the first naloxone product to be marketed for the emergency treatment of known or suspected opioid overdose, as manifested by respiratory and/or central nervous system depression, and is intended for immediate administration by laypersons as emergency therapy in any settings where opioids may be present.
Approval was based on a bioequivalence study with the reference naloxone syringe injection product; no clinical safety or efficacy studies were required by the FDA.
The main advantages of the naloxone auto-injector over naloxone kits include 
· Simplicity of use even without training; 
· Compact size and sturdy case for convenient portability;
· A retractable needle that may reduce the risks of accidental needle sticks and reuse of the syringe for injection drug use; 
· An encased needle that is not seen during the injection, which may be a desirable feature for persons who have an aversion to the sight of needles. 
Potential disadvantages include restriction to IM or SC route of administration, lack of human factor testing in non-English speaking individuals and lack of field testing by Overdose Education and Naloxone Distribution (OEND) programs.
[bookmark: _GoBack]Conclusions:  The naloxone auto-injector is the first naloxone product designed for use by laypersons in the emergency treatment of known or suspected opioid overdose, as manifested by respiratory and/or central nervous system depression. It is intended for immediate, emergency therapy in a wide range of scenarios where opioid overdose may occur (i.e., any “settings where opioids may be present”). The auto-injector was designed for use by laypersons, although the product information does not specify to whom physicians may prescribe naloxone auto-injectors (e.g., to family or friends of an at-risk person). There are potential advantages of the naloxone autoinjector that may make it preferable over the formulary naloxone kits for certain individuals.



Introduction
Naloxone injection auto-injector (EVZIO, Kaléo, Inc., formerly Intelliject]) for intramuscular or subcutaneous use was approved via a 15-week, fast-track, priority-review approval process on 3 April 2014 by the Food and Drug Administration (FDA) for the emergency treatment of known or suspected opioid overdose. This is the first naloxone product designed for use by non–health care professionals in nonmedical settings and that was constructed to withstand a range of different use environments. 
[bookmark: _Ref387671095]The purposes of this monograph are to evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to defining the role of naloxone auto-injector in emergency naloxone rescue for serious opioid overdoses; and to identify parameters for its rational use in the VA. Sources of information included the FDA’s Summary Review (April 3, 2014)[endnoteRef:1] and the manufacturer’s product dossier and Cost Offset Model. A literature search found no relevant articles on the naloxone auto-injector.  [1:  Center for Drug Evaluation and Research. Division Director Summary Review of EVZIO (Naloxone HCl Injection).] 

Pharmacokinetics
A single randomized, 2-period crossover, bioequivalence study was performed in 30 healthy adults. Injections of 0.4 mg naloxone were SC or IM depending on the participant’s subcutaneous fat thickness and underlying muscle depth.
Tmax, half-life, and Cmax using a ½-inch auto-injector needle were comparable to those for manual naloxone injection using a standard ⅝-inch needle and syringe IM/SC with a 15% greater Cmax and a Tmax that was 5 minutes faster (Table 1). 
[bookmark: _Ref387415077]Table 1	Pharmacokinetic Profile
	Parameter
	Naloxone Auto-injector
	Naloxone Standard Injection

	Tmax, median
	0.25 h
	0.33 h

	Half-life, median
	1.28 h
	1.36 h

	Cmax, geometric mean ratio (90% CI)
	1.15 (0.97–1.37)
	Reference



The AUC for the naloxone auto-injector was equivalent to the standard naloxone injection reference (i.e., the 90% CIs of the geometric mean ratios for naloxone AUCt and AUCinf were within the bioequivalence limits of 80% to 125%; values were not reported).
The FDA concluded that the results of the study showed the bioequivalence of naloxone given by auto-injector and naloxone given by standard injection.
Comparison with Formulary Naloxone Kits
As of March 2014, the VHA has made available two naloxone kits on the VA National Formulary, one for IM administration and the other for intranasal (IN) administration. The naloxone kits are assembled by the VA Consolidated Mail Order Pharmacy (CMOP).  Table 2 outlines a comparison of the naloxone auto-injector with the formulary naloxone kits.
[bookmark: _Ref387415517]Table 2	Comparison of Selected Features of Naloxone Auto-injector (IM/SC) and Naloxone Kits (IM/IN)
	Topic
	Naloxone Auto-injector IM/SC 
	Naloxone IM and IN Kits

	Approved Indication and Limitations of Use
	Emergency treatment of known or suspected opioid overdose, as manifested by respiratory and/or central nervous system depression. The naloxone auto-injector is intended for immediate administration as emergency therapy in settings where opioids may be present. It is not a substitute for emergency medical care.
	Naloxone solution for injection:
· Reversal of opioid effects: For the complete or partial reversal of narcotic depression, including respiratory depression, induced by opioid including natural and synthetic narcotics, propoxyphene, methadone, nalbuphine, butorphanol and pentazocine.
· Opioid overdose: For the diagnosis of suspected acute opioid overdosage. 
Naloxone IN is used off-label.

	Drug Strengths
	IM/SC:  0.4 mg in 0.4 ml (2 auto-injectors/carton)
	IM:  0.4 mg/ml in 1 ml (2 doses/kit)
IN:  1 mg/ml in 2 ml (2 doses/kit)

	Dosage and Administration 
	Product Information Instructions:
· Instruct prescription recipient to inform those around them about the presence of the naloxone auto-injector and the Instructions for Use.
· Seek emergency medical care immediately after use, after administration of the first dose.
· Administer to adult or pediatric patients into the anterolateral aspect of the thigh, through clothing if necessary.
· Additional doses may be administered every 2 to 3 minutes until emergency medical assistance arrives.
· Do not reuse a naloxone auto-injector (each auto-injector contains only 1 dose and cannot be re-set to function once a dose is given).
· If the electronic voice/speaker instruction system does not operate properly, the naloxone auto-injector will still deliver the intended dose of naloxone hydrochloride when used according to the printed instructions on the flat surface of its label.
Additional voice instructions:  
· “Seek emergency medical attention. This device has been used and should be taken to your physician for proper disposal and a prescription refill.”
	Written instructions in brochure:
1.  Call 911; check for response.
2.  Give naloxone.
· IM:  Inject 1 ml [0.4 mg] into the muscle of upper arm, upper thigh or outer buttocks (detailed instructions also given).
· IN:  Spray one half of the naloxone cartridge [1 mg/1 ml] into each nostril (total dose, 2 mg).
· Repeat doses if no reaction in 3 to 5 minutes or if the person stops breathing again.
· Other instructions on how to assemble parts and prepare naloxone for administration.
3.  Airway Open; rescue breathing; chest compressions 
4.  Recovery position


	Specific Populations
	The naloxone auto-injector delivers a fixed dose of naloxone 0.4 mg; doses may be repeated. 
· Elderly (≥65 years old):  No dosage modifications are recommended.
· Renal or Hepatic Impairment:  No restrictions for use.
· Pediatrics:  0.4 mg.  
· Pediatric patients less than 1 year old:  Caregiver should pinch the thigh muscle while administering the dose.
	The kit instructions and OEND training direct rescuers to give fixed doses of naloxone 0.4 mg IM or 2 mg (total) !IN; doses may be repeated.
Pediatrics:  No specific instructions provided.

Prescribing Information for Naloxone Solution for Injection in Opioid Overdose
· Age 1 month and older: Initial dose, 0.01 mg/kg IV; next dose 0.1 mg/kg if needed. May give IM or SC in divided doses. If necessary, dilute with sterile water for injection.
· Neonates:  No dosing recommendation for opioid overdose

American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care for Full Reversal of Opioid Effects (Off-label)
· Younger than 5 Years or Body Weight 20 kg or Less:  0.1 mg/kg IV push, intraosseous (IO) push or ET. Follow each ET dose with at least 5 ml of isotonic sodium chloride injection.
· 5 Years and Older or Body Weight More than 20 kg:  2 mg IV push, IO push or ET. Follow each ET dose with at least 5 ml of isotonic sodium chloride injection.
Reversal of Respiratory Depression Associated with Therapeutic Opioid Use
· 1 to 5 mcg/kg, titrated to desired effect.

	Injection Mechanism

	· The naloxone solution is contained in a sterile glass container with a crimp seal adjacent to the needle.  
· Upon activation of the naloxone auto-injector by the user, one end of the needle extends into the patient at a 90-degree angle perpendicular to the plane of the thigh, and once fully extended, the other end of the needle punctures the septum of the crimp seal to deliver the drug product.
· The drug injection is powered by a small amount of compressed argon gas contained in a cylinder.
· Drug is distributed distal to the needle tip because there is force behind the fluid jet.
· The entire injection process (from activation to needle retraction) takes less than 5 seconds.
	· With manual administration intended for IM injection, drug is injected at about a 90-degree angle to the plane of the injection site (i.e., thigh, arm) and delivered into the tissue close to the needle tip.

	Package Contents
	Each carton contains 
(2) Purple and yellow, single-dose auto-injectors with ⅝-inch, 23-G retractable needles (only ½ inch of the ⅝-inch needle is exposed); each auto-injector has
· Voice instructions to guide the user through each step of the injection
· Printed instructions on device label; the auto-injector will still administer the proper dose if the voice instructions do not work properly as long as the user follows the printed instructions. 
· To be held against the skin for at least 5 seconds (the voice instructions count down from 5 seconds then state “injection complete”).
(1) Reusable Trainer (a white and black auto-injector device without needle and active drug) that can be used more than 1000 times (to reset, users must leave the Trainer in its outer case for at least 5 seconds between practice sessions.)
(1) Prescribing Information insert
(1) User Information leaflet
(1) Trainer Information leaflet
	Each IM zippered pouch contains 
(2) Naloxone 0.4 mg/ml (1 ml) vials
(2) Syringe, 3 ml with 25-G, 1-inch needle
(2) Alcohol swabs
(1) Laerdal face shield CPR barrier or equivalent
(1) Pair of gloves
(1) Instructions 
(1) Opioid Safety brochure

Each IN zippered pouch contains
(2) Naloxone 1 mg/ml (2 ml) prefilled needleless syringe
(2) Mucosal Atomizer Device (MAD 300)
(1) Laerdal face shield CPR barrier or equivalent 
(1) Pair of gloves 
(1) Instructions 
(1) Opioid Safety brochure

Training kits:  to be improvised by local facilities

	Package Dimensions
	Pocket-size:
· Length 3⅜ inches
· Width 2 inches
· Depth ⅝ inch
	Purse size:
· Length 11⅛ inches
· Width 5⅞ inches
· Depth ⅝ inch

	Storage
	· Keep at room temperature (68°F to 77°F); do not refrigerate or freeze.
· DO NOT expose to extreme heat or cold.
· Excursions permitted between 39°F and 104°F. Stability outside this temperature range is unknown.
· Tests have shown that the naloxone HCl in the auto-injector remained within specifications up to 6 months at temperatures between 100.4 and 107.6°F.
· Because the effects of x-rays on naloxone HCl are unknown, the patient should request that the auto-injector be inspected visually rather than x-rayed..
	· Keep at room temperature (68°F to 77°F)
· Excursions permitted between 59°F and 86°F
· Protect from light.
Because the effects of x-rays on naloxone HCl are unknown, the patient should request that the naloxone in kits be inspected visually rather than x-rayed

	Disposal of Used or Expired Product
	· Use a biohazard sharps container. Patients should take used or expired naloxone auto-injectors to a healthcare professional for proper disposal.
· Never discard naloxone auto-injector in regular trash. 
· The Trainer device contains common lithium coin cell batteries that deliver minimal wattage and pose no fire hazard; follow state and local environmental regulations for disposal.
· For California Only: Both the naloxone auto-injector and Trainer device use lithium coin cell batteries containing Perchlorate Material; special handling may apply. See www.dtsc.ca.gov/hazardouswaste/perchlorate..
	· Syringe with Needle (IM):  Use FDA-cleared or alternative suitable sharps or contaminated sharps container (i.e., shatter proof, leak proof and puncture resistant; e.g., empty liquid laundry detergent container) and dispose of used sharps containers according to community guidelines.
· Needleless Syringe and Atomizer (IN):  Use biohazard waste container.

	Clinical Efficacy in OEND
	· FDA did not require new clinical efficacy studies to be performed.
· Efficacy and safety are based on a single bioequivalence study comparing the auto-injector with the reference product, naloxone syringe injection.
· No reports have been published on actual clinical experience with the naloxone auto-injector as part of OEND programs.
	· See Naloxone Kit Recommendations for Use under Clinical Recommendations, available at www.pbm.va.gov .
· Observational study results suggested potential benefit in reducing opioid overdose deaths with IN naloxone in an OEND program.
· Other reports of experience with using IM and IN administration for OEND are available. 

	Potential Advantages
	· Pocket-size; convenient; portable
· Relatively easy to use even without prior training
· Retractable needle may reduce accidental needle sticks
· The needle is not seen before, during or after the injection; this may be a desirable feature for persons who have an aversion to the sight of needles.
· Discourages re-use of the device by injection drug users.
· The auto-injector cannot be opened by hand and modified; opening it by using a tool is difficult and renders it nonfunctional.
· Can be stored in a wider temperature range
· The auto-injector case provides adequate protection from light
· Withstands wider range of use environments:  rainfall moisture; physical impact when dropped from up to 4 feet; altitudes up to 10,000 ft.
	· Similar kits have been field tested
· Instructions provide more detail on calling emergency medical services and providing cardiopulmonary resuscitation

	Potential Disadvantages
	· If the voice instructions fail, persons with poor vision may have difficulty reading the label instructions because of the small font size
· Restriction to IM or SC route of administration
· Needle length in children less than 1 year old; the skin should be pinched to prevent the needle from contacting bone. If the needle strikes bone, the needle may be broken or damaged and delivery of drug may be obstructed.
· Lack of human factor testing in non-English speaking individuals; these persons may require training
· Lack of field testing by Overdose Education and Naloxone Distribution (OEND) programs.
	· Larger kit size may discourage potential rescuers from carrying kits
· Needles and syringes may be re-used by injection drug users and increase risk of transmitting infectious diseases
· IN Naloxone is an unapproved route with limited efficacy/safety evidence.
· IN administration requires higher doses; larger dose requirements may contribute to naloxone shortages
· Requires more assembly and steps; may be more difficult to use for some lay persons (no human factor testing; no testing of hazards during layperson use)
· No voice instruction
· Lack specific dosage and administration instructions for children
· The 7/8-inch needle may over-penetrate in about 4% of children less than 1 year of age1
· No data on use of IN naloxone via atomizer in children
· No sharps containment


IM, Intramuscular; IN, Intranasal; OEND, Overdose Education and Naloxone Distribution
Clinical Safety
No new clinical safety studies were required by the FDA. Contraindications, Warnings and Precautions and Adverse Reactions are similar to the reference product, naloxone injection. 
Human Factors User Interface Design of Intelliject Naloxone Auto-injector Study
The FDA required the sponsor to conduct a human factors validation study to optimize labeling, instructions for use and the device-design user interface. The study included 40 English-speaking participants (19 juveniles 12–19 years old and 21 adults 20–65 years old) who were asked to deliver a simulated injection to a mannequin without training or reading the Medication Guide. Participants were informed that the device was an auto-injector and that they were to use it to simulate a “real opioid emergency.” The results of this study showed that 36 (90%) of the participants used the Study Unit properly. Participants took on average about 1 minute (64.0 [range, 30–160) seconds for adults and 57.6 [range, 30–110] seconds for juveniles) to administer the simulated injection from selection of the Study Unit to injection completion. The remaining 10% of participants (n = 4) failed to deliver what would have been an effective dose because they failed to press the delivery mechanism firmly enough to engage the injection mechanism (n = 2), unknowingly used the Trainer instead of the Study Unit (n=1) or failed to hold the unit in place for a full second (n = 1). 
The FDA Summary Review reported the following five issues related to observed user errors and difficulties (note that there may be discrepancies in the counts of participants compared with the numbers given by the manufacturer above):
1. Used Trainer Device. 5 juvenile participants used the trainer instead of the study device because it was a simulation / pretend situation.
2. Initial Difficulty Pulling Off Red Safety Guards. 4 juvenile participants experienced some difficulty initially but were able to pull the red safety guard off.
3. Inappropriate Injection Site. 4 adults and 2 juvenile participants injected into the front, back or inner thigh instead of the outer thigh. Although these are not ideal injection sites, IM/SC injections were still delivered.
4. Insufficient Pressure Applied to Activate Device. 1 adult and 1 juvenile participant. The device manufacturer (Intelliject) believed that if a user committed a critical use error, the residual risk would be the patient receiving the current standard of care from emergency medical personnel.
5. Did Not Hold Device in Place for at Least 1 Second. The actual times of the needle injecting and drug dispensing were classified information. The voice prompt instructs the user to hold the device against the outer thigh for 5 seconds and provides a countdown (“five, four, three, two, one”).
The FDA reviewer for the human factors validation study concluded that the results were acceptable and no further optimization of the design or labeling was necessary. 
Pediatric Concerns
Needle Length and Hitting Bone. In children less than 1 year of age, the ½-inch needle may strike bone. Therefore, the skin should be pinched when giving naloxone with the auto-injector to reduce the risk of the needle hitting bone and breaking or becoming damaged, which may interfere with drug delivery. The FDA required the manufacturer to conduct a postmarketing study to show that the needle length is safe for use by patients less than 1 year of age during expected conditions of use.
Pediatric Dose. The 0.4-mg dose and a second available dose were considered adequate for children under the intended circumstances of use. Recommended pediatric doses are shown below.
Table 3	Pediatric Dosing Recommendations
	Naloxone Injection Product Label
	American Academy of Pediatrics and the American Heart Association (Off-label) †

	“Narcotic” [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 injection can be diluted with sterile water for injection.
	Younger than 5 years or body weight 20 kg or less: 0.1 mg/kg administered by IV push, intraosseous push, or by endotracheal tube (ET). Follow each dose given via ET tube with at least 5 ml of isotonic sodium chloride injection.

5 years and older or body weight more than 20 kg: 2 mg administered by IV push, intraosseous push or ET. Follow each dose given via ET with at least 5 ml of isotonic sodium chloride injection


† Cardiopulmonary resuscitation and emergency cardiovascular care for full reversal of opioid effects (as reported in the FDA Summary Review).
Sentinel Events
None.
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
Table 4	Potential Look-alike Sound-alike Name Confusion
	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Naloxone Auto-injector 0.4mg/0.4ml

	Lanoxin
Nalbuphine
Naltrexone

	Lanoxin
Levothyroxine

	Lanoxin

	Naproxen
Naloxone/Buprenorphine
Naloxone/Pentazocine
Nalfon

	EVZIO
	None
	None
	None
	Evista
Avinza
Evozac


Conclusions
[bookmark: Conclusions]The naloxone auto-injector is the first naloxone product designed for use by laypersons in the emergency treatment of known or suspected opioid overdose, as manifested by respiratory and/or central nervous system depression. It is intended for immediate, emergency therapy in a wide range of scenarios where opioid overdose may occur (i.e., any “settings where opioids may be present”). The auto-injector was designed for use by laypersons, although the product information does not specify to whom physicians may prescribe naloxone auto-injectors (e.g., to family or friends of an at-risk person). There are potential advantages of the naloxone autoinjector that may make it preferable over the formulary naloxone kits for certain individuals.
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