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1.

ALTERNATIVE ROUTES OF ADMINISTRATION

Fatalities from opioid overdose have been increasing steadily over recent years, with the rate of
opioid overdoses tripling since 2000 and more deaths reported in the United States in 2014 than in
any previous year on record. In 2014, a total of 47,055 drug overdose deaths occurred in the United
States. Of these, prescription opioid analgesics and heroin, accounted for 28,647 deaths, or 61%
of all drug overdose fatalities. Over 1,000 people are treated in emergency departments for
misusing prescription opioids daily. Unfortunately, the epidemic is not limited to adults. As
reported by Bond et al. and Bailey et al., there is a significant and concerning rise in opioid
overdose-related deaths in children and adolescents as well [Bond et al. 2012; Bailey et al. 2009].
The majority of drug-overdose deaths are unintentional or accidental (74.3%). Suicidal drug
poisoning accounts for approximately 13.1%, mental and behavioral disorders from drug use
5.1%, and homicide <1%. The highest drug-induced mortality is associated with the following
factors: 40–49 years of age, male gender, non-Hispanic whites, and living in the South, which
account for approximately 38.2% of drug-induced deaths in the US (CDC, 2012; Volkow et al.,
2014).
The pathophysiology and acute medical management of an opioid overdose is similar
irrespective of whether the opioid that was taken was legally prescribed or illegally bought on
the street. Heroin and prescription opioids such as oxycodone, hydrocodone, codeine, fentanyl,
and morphine are opioid receptor agonists. They can effectively modify the perception of pain
by binding to opioid receptors in pain pathways within the brain and spinal cord (NIDA 2015).
With larger doses, respiratory depression can occur, limiting adequate oxygenation of blood,
which reduces oxygen availability to the brain and heart, leading to unresponsiveness, anoxia,
cyanosis, and death (Boyer 2012). This respiratory depression, which is reversible until death
occurs, can take 1 or 3 hours and can be reversed with the pharmacological antidote naloxone,
which displaces opioids from the opioid receptor and blocks the binding of additional opioids for
20 to 90 minutes (Hawk et al., 2015).
Drug overdose is the leading cause of accidental death in the United States and is a global public
health issue (Wermeling, 2013). Overdose is defined as the accidental or intentional
administration of a drug at a quantity substantially greater than normally used or recommended
resulting in serious harmful symptoms or death. The most frequent drug overdose is due to
opioid misuse (CDC, 2014).
Administration of an opioid antagonist has become an accepted part of the out-of-hospital
management of opioid overdose. Acute opioid intoxication is characterized by drowsiness,
euphoria, miosis, and respiratory depression. In overdose, respiratory depression becomes
profound enough to cause anoxia, leading to death (Wanger et al., 1998). Naloxone has been
used for in-hospital opioid reversal for more than 40 years, and although rare side effects have
been reported, is has an excellent safety profile (Burris et al., 2001; Davis et al., 2014).
Naloxone requires a prescription but is not a controlled substance and has no abuse potential.
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Naloxone is readily transported across the blood-brain barrier and has a fast onset of action in
reversing opioid effects (Ngai et al., 1976). However, the ability of naloxone to reverse opioid
effects is mainly determined by the pharmacologic characteristics of the interacting opioid
agonist (i.e., the opioid that requires antagonism) (van Dorp et al., 2007). As naloxone is devoid
of agonistic activity at the µ-opioid receptor, it is regarded as a safe drug to use (ibid).
Naloxone is absorbed not only through intravenous (IV), but also by intramuscular (IM),
subcutaneous (SC), endotracheal, sublingual, intralingual, submental, and nasal routes. Via the
IV route, onset of action is within 1-2 minutes.
However, venous access can be difficult or impossible to achieve in the chronic IV drug user.
The difficulty in obtaining venous access in chronic IV drug users under emergency conditions
in the field and the enhanced risk of occupation blood contact with patients who have high risk
factors for HIV and hepatitis B suggest the need for an alternative to the IV route of
administration (Wanger et al., 1998).
Naloxone was first approved in the USA in 1971 (Narcan® injection) as a sterile solution for
intravenous (IV), intramuscular (IM), and subcutaneous (SC) administration with IV being the
recommended route. Narcan injection has been discontinued and is no longer marketed.
However, generic naloxone HCl injection solution products are commercially available in prefilled syringes and vials. The injection is available in two strengths, 0.4 mg/mL and 1.0 mg/mL.
The initial adult dose of naloxone in known or suspected narcotic overdose is 0.4 to 2 mg, which
may be repeated to a total dose of 10 mg.
In November 2015, Narcan Nasal Spray (Adapt Pharma) became the first US Food and Drug
Administration (FDA) approved non-injectable naloxone product for the treatment of opioid
overdose. This new intranasal route of administration will provide great advantages over
injection.
Overdose is a medical emergency in which response time is of the essence to save the person
who is usually unconscious, hypoxic, and in the more severe cases, apneic. Initiating treatment of
opioid an overdose as early as possible, even before the arrival of emergency medical services
(EMS) at the scene [SAMHSA, 2013] is a medical imperative and a critical determinant of
outcome in opioid overdose. As such, expanding access to those who are in close contact with a
person at risk of overdose, such as close family contacts or police officers, is critical. In response
to the increased use of opioids and the consequent risk for opioid overdose for patients and
household contacts (ACMD, 2012; UNODC/WHO, 2013), World Health Organization
guidelines (2014) on the prevention of opioid overdose deaths recommend that “people likely to
witness an opioid overdose should have access to naloxone” (WHO, 2014).
Some EMS programs have now moved toward intranasal administration of naloxone because
many patients needing naloxone are injection drug users; 80% of the injection drug user
population in large metropolitan areas is Hepatitis C positive or HIV positive (Wermeling,
2013). The safety profile of intranasal naloxone appears to be no different than that of naloxone
injection in the treatment of opioid overdose (Robinson and Wermeling, 2014). Increasing the
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pool of individuals carrying naloxone increases the likelihood that the first person to arrive at an
overdose is capable of initiating naloxone reversal (Hawk et al., 2015).
The opioid epidemic, along with the risk of blood-borne infection, reinforces the need for
alternative routes of naloxone administration for the treatment of patients with suspected opioid
overdose in the out-of-hospital setting.
Even though intranasal administration would be the preferred route for the person unresponsive
due to opioid overdose, in other circumstances this may be less than optimal. As such, having a
product that could be effectively administered via more than one route would be a definite
advantage. Examples include cases involving damage to or obstruction of the nasal mucosa or
cavity as may be the case with habitual cocaine or opioid abusers. Repeated use of cocaine (Millard
& Mejia-2000; Patel et al., 2000; Goodger et al.,2005), heroin (Peyrière et al., 2013), other opioids
(Greene, 2005) and methamphetamine (Bekhshaee et al., 2013) can cause destruction, scarring,
perforation, loss of tissue and necrosis of the nasal septum, nasal mucosa, and associated nasoand oropharyngeal tissues including the soft palate. Absorption of intranasally administered drugs,
such as naloxone, may consequently vary substantially in these individuals, making it difficult to
achieve systemic drug levels rapidly and reliably. As stated by Robinson and Wermeling (2014),
“Limitations to the use of intranasal naloxone depend in part on the structure of, or injury to, the
nose. Contraindications to intranasal administration can include nasal septal abnormalities, nasal
trauma, epistaxis, excessive nasal mucus, and intranasal damage caused by the use of substances
such as cocaine.”
In a study by Barton et al. (2005), it was shown that 9 out of 52 subjects (17%) who received
intranasal naloxone for suspected opioid overdose were unresponsive to the treatment. Five (56%)
of the nine non-responders had epistaxis (n=2), nasal mucus (n=1), trauma (n=1), or septal
abnormality (n=1) while none of the intranasal naloxone responders had any nasal abnormalities.
In another study (Barton et al., 2002), intranasal naloxone was administered to 30 patients who
presented with altered mental status with suspected opioid overdose. Only one patient did not
respond to intranasal naloxone but subsequently responded to IV naloxone. It was noted that the
patient had epistaxis. The authors concluded that physical factors such as nasal septum
abnormalities, trauma, epistaxis, excessive mucus, and mucosal destruction from other intranasal
drug use (i.e., cocaine) may have a significant effect on the rate and amount of absorption of
intranasal medications, making it difficult to achieve systemic drug levels rapidly and reliably and
that drug abusers might be a population at higher risk for these nasal abnormalities.
Snorting a substance, such as cocaine or heroin, is one of the more rapid ingestion routes since
the drug bypasses the digestive tract and, later, the liver – where the drug would otherwise be
subjected to an initial round of process (e.g., first pass metabolism). Upon entering the
bloodstream, the drugs travel quickly to the brain, thus eliciting a host of intense effects shortly
after snorting. The cumulative irritation of the nostrils, nasal passages, and sinus structures can
lead to irritation of the nasal mucosa, sinusitis, and perforation of the nasal septum (Crane 2016).
Physical obstruction of the nasal passage(s) due to prior trauma and subsequent deflection of the
passageways is another possibility. Increases in mucus production and changes in mucociliary
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clearance rates could affect bioavailability. During the common cold, the efficiency of an
intranasal medication is often compromised. Nasal pathology can also alter mucosal pH and thus
affect absorption of drugs (Aurora 2002). These all suggest that another route of administration
besides IV and intranasal is necessary for out-of-hospital management of opioid overdose.
Due to these limitations, there still remains a need for other non-invasive products that offer
alternative routes of administration. Of 112 routes of drug administration listed by the US Food
and Drug Administration (FDA, 1992; updated 2014), Strang et al. considered the potential
applicability as a viable non-injectable route for emergency naloxone delivery by non-medical
personnel, and identified buccal, nasal, and sublingual routes as suitable. These routes of
administration do not require medical training, are publicly acceptable for administration by nonmedical bystanders, provide adequate systemic drug concentration, and produce sufficiently
rapid drug absorption relative to parenteral administration (Strang et al., 2016).
A challenge for expanding access to naloxone is that the medication is currently available only as
an injection for intravenous (IV), intramuscular (IM), subcutaneous (SC) injection, and recently
intranasal. Therefore, an unmet medical need is to have more user-friendly, needle-free
naloxone delivery systems available for medical professionals, first-responders, and at-home
family member use (Wermeling 2015). By making easy-to-use devices and training law
enforcement officers to administer naloxone to opioid overdose victims can increase knowledge
and confidence in managing opioid overdose emergencies (Wagner et al., 2016). Development
and approval of reliable non-injectable formulations will facilitate wider naloxone provision
across the community (Strang et al., 2016).
In a nonrandomized intervention study of naloxone co-prescription for primary care patients
receiving long-term opioid therapy for pain, patients who were prescribed higher doses of
opioids and with an opioid-related emergency department visit in the past 12 months were
independently more likely to be prescribed naloxone. Patients who received a naloxone
prescription had 47% fewer opioid-related ED visits per month in the 6 months after receipt of
the prescription and 63% fewer visits after 1 year compared with patients who did not receive
naloxone (Coffin et al., 2016).
Insys believes that this flexibility of administration is a beneficial gain in the hands of first
responders especially when a preferred route of administration may be impractical or unavailable
as in an agitated, injured or otherwise compromised patient. A major advantage of both
sublingual and intranasal drug administration via the Insys device is that it is simple and easy to
use, requires little expertise, pre-administration preparation or supervision (Stevens and Ghazi,
2000). It also requires limited training and coordination for proper usage and both routes result in
a fast absorption, allowing for a rapid onset of action. Finally, both routes also bypass first pass
elimination and enable therapeutic drug exposure levels to be achieved with relatively low
administered doses.
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2.

DOSE

One US approved drug product label states that, in the absence of narcotics, naloxone exhibits
essentially no pharmacologic activity (IMS, 2001). A small study including volunteers receiving
24 mg/70 kg did not demonstrate toxicity (Hospira, 2006). Naloxone has been used to reverse
over 10,000 opioid-related overdoses since initial use of the drug in the US (Wheeler, 2012).
Advocates insist that naloxone is safe and can be administered with minimal side effects other
than those associated with opiate withdrawal (Massatti, 2013).
There are variations in the recommended doses with the British National Formulary advises 0.82 mg boluses, repeated as necessary up to 10 mg for adults (10 µg/kg followed by 100 µg/kg
boluses for children), and Poisindex suggesting 0.4-2mg boluses. The dose of naloxone is
influenced by the dose of opioid ingested or injected. Extremely high doses (up to 5.4 mg/kg
boluses and 4 mg/kg/h infusions) of naloxone have been given to non-opioid dependent subjects
without any reported adverse effects (Clarke et al., 2005). Nine patients with narcotic analgesic
overdosage recovered consciousness immediately after intravenous injection of 0.4-1.2 mg of
naloxone given in divided doses over 3 minutes (Evans et al., 1973).
The major side effect associated with naloxone is the precipitation of acute withdrawal
symptoms in chronic opioid users, provoking an often violent reaction. Acute withdrawal
symptoms also include agitation, nausea, vomiting, piloerection, diarrhea, lacrimation, yawning,
and rhinorrhea. These are not generally life threatening (Chiang and Goldfrank, 1990).
Reported rates vary widely from 7-46% with 2-4 mg boluses (Clarke et al., 2005). Naloxone
dose and route of administration can produce variable intensity of potential adverse reactions and
opioid withdrawal symptoms: intravenous administration and higher doses produce more
adverse events and more severe withdrawal symptoms in those individuals who are opioid
dependent (Wermeling 2015). Withdrawal symptoms induced by naloxone administration tend
to dissipate in a period of 30-60 minutes due to the relatively short half-life of naloxone (Ngai et
al., 1976; Dowling et al., 2008).
In a study of 453 patients treated with naloxone, only 6 (1.3%) suffered complications such as
cardiac arrest, pulmonary edema, and epileptic seizures, with the primary cause of
cardiorespiratory complications from naloxone being a massive release of catecholamines
(Osterwalder 1996). These risks, although small, warrant the cautious use of naloxone and
adequate monitoring of the cardiorespiratory status of the patient after naloxone administration
where indicated.
Kerr e al. compared safety and effectiveness of a specially prepared concentrated naloxone
formulation (2 mg/mL) given via the IN versus IM routes in a randomized, controlled, open-label
trial. Eighty three received 1 mg/0.5 mL into each nostril (2 mg total) and 89 patients received 2
mg/mL IM. The authors concluded that a low adverse event rate was observed in both arms
(Kerr et al., 2009).
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3.

TIMING

The logic behind naloxone take-home programs is that when it comes to reversing an opioid
overdose, time matters. It has been well reported that many overdoses are witnessed by
individuals who would be willing to intervene and provide assistance (Clark et al, 2014,
Wakeman et al., 2009).
IV administration can provide rapid and relatively higher exposure to naloxone in an emergency
compared with routes requiring drug adsorption. Routes of administration having an absorption
phase, depending upon the dose, may provide a slower onset of revival that may be better
tolerated during the recovery period. New products with an absorption phase adequate to reverse
the overdose, but not providing peak levels of naloxone similar to an IV dose are likely to be
successful in the prehospital treatment context. A balance should be struck between rapidity of
opioid reversal versus frequency and intensity of adverse reactions and opioid withdrawal
symptoms (Wermeling 2015). Tremor and hyperventilation associated with an abrupt return to
consciousness has occurred in some patients receiving naloxone for opiate overdosage.
Loimer conducted a study in 17 opioid-dependent patients to compare the efficacy of 1 mg of
intranasal naloxone to intramuscular and intravenous naloxone administration. Withdrawal
symptoms and vital sign changes were again used as endpoints at 1, 5, 15, 45, 90, and 180
minutes after administration. The data demonstrated that intranasal administration had a more
rapid onset and intensity of withdrawal as compared to intramuscular administration, but was not
as rapid or as intense as intravenous administration (Loimer et al., 1994). Barton demonstrated
that eighty-three percent of the patients with an opioid overdose responded to intranasal
naloxone, with an average response time of 3.4 minutes. Seven (16%) of the intranasal
responders required additional doses of IV naloxone. Nasal abnormalities were noted in 5 (of 9)
patients who did not respond to intranasal naloxone (Barton et al., 2005).
Naloxone has an onset of action within 1-2 minutes following IV administration and within 2-5
minutes following subcutaneous or IM administration. After 5 minutes, the naloxone dose Is
repeated if the person is not awakening or breathing well enough (10 or more breaths per
minute). A repeat dose may be needed 3-90 minutes later if sedation and respiratory depression
recur (Wermeling 2015). This is because most opioids (heroin, morphine, fentanyl) used by
addicts have relatively long half-lives, whereas naloxone has a half-life of only 30 min (White
and Irvine, 1999). It is necessary to adequately dose and monitor the patient.
Naloxone administration by intranasal and intramuscular administration has been shown to be
safe and effective with minimal training (Hawk et al., 2015). A study compared the
pharmacokinetic properties of intranasal naloxone (2-8 mg) delivered in low volumes (0.1-0.2
mL) to an approved (0.4 mg) intramuscular dose. All doses of intranasal naloxone resulted in
plasma concentrations and areas under the curve greater than observed following the
intramuscular dose; the time to reach maximum plasma concentrations was not different
following intranasal and intramuscular administration (Krieter et al., 2016). Another study found
that the exposure levels resulting from intranasal and sublingual administration of Naloxone 8
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mg exceed the exposure levels of the intramuscular (0.4 mg) at 2, 4, 6, 8, and 10 minutes (Data
on file).
One study estimated that using EMTs to administer naloxone could reduce time for intranasal
naloxone delivery between 5.7 and 10.2 minutes, which has the potential to significantly reduce
the mortality and morbidity associated with opioid overdose (Belz et al., 2006). Thus, it is
imperative that no matter the type of device used, it should provide naloxone PK levels higher
than IM levels at 2 minutes and beyond.

4.

PEDIATRICS

According to the American Academy of Pediatrics, “[t]here is insufficient evidence to evaluate
safety and efficacy of administering naloxone to a new born with respiratory depression due to
maternal opiate exposure. Animal studies and case reports cite complications from naloxone,
including pulmonary edema, cardiac arrest, and seizures” (AAP/AHA 2015).
The following are off-label naloxone dosing recommendations, endorsed by the American
Academy of Pediatrics and the American Heart Association, for cardiopulmonary resuscitation
and emergency cardiovascular care for full reversal of opioid effects were used to recommend
the doses indicated on the labeling:
•

Younger than 5 years or body weight 20 kg or less: 0.1 mg/kg administered by IV
push, intraosseous push, or by ET tube. 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,
intraosseus or by ET tube. Follow each dose given via ET tube with at least 5 mL of
isotonic sodium chloride injection

Studies in normal, healthy pediatric patients would not feasible to determine the appropriate dose
of the intranasal devices. Moreover, although naloxone appears to be readily absorbed after oral
administration, it low bioavailability renders it less suitable for this administration route.
Additionally, following oral administration, naloxone undergoes extensive hepatic metabolism,
indicating high first-pass effect (> 95%) (van Dorp et al., 2007). Thus, if naloxone cannot be
administered through injection or intranasally, it will not provide the desired effect. However, it
is not possible to design an ethical study to determine the correct dose for pediatric
administration using the intranasal devices, thus the dose in pediatrics should be the same as the
dose in adults.
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5.

CONCLUSION

The Agency is correct in encouraging Sponsors to explore alternative routes of administration of
naloxone for opioid overdose. An easy -to-use and economical delivery system that achieves
plasma levels of naoloxone above those obtained by IM injection in 2 to 5 minutes and the
delivery stystems can be used by laypeopole intranasally or sublingually is likely to play a
critical role in reducing the number of deaths due to opioid overdose. The Agency should
continue encouraging development of these types of delivey systems without unnecessary
obstacles.
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