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Abstract Oxycodone is an important therapeutic agent in the treatment of pain. However, its
excessive use in medical practice, as well as escalating rates of illegal sharing and high
potential for abuse, has generated a public health crisis in North America. The objective of
this review is to discuss the prevalence, clinical utility, pharmacology, pharmacokinetics/
pharmacodynamics, and addictive properties of oxycodone. Oxycodone has an abuse liability
that is similar to other opioids, and in some cases, even greater. The introduction to oxycodone
use can come from peers at school, during the treatment of pain, or from the black market.
Implementing approaches that increase training of doctors in conjunction with more informa-
tion for patients, as well as employing harm reduction strategies, diversion resistant products,
and drug monitoring programs, may help to reduce the risk of oxycodone misuse and abuse.
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Oxycodone Abuse

Substance abuse and addiction are public health concerns that affect society in multiple areas,
including health care, crime rates, policy, and most importantly lead to a loss of productivity
and quality of life for those affected (SAMHSA 2013). One concern has been the rising rates
of prescription opioid use. Prescription opioids are important therapeutic agents in the treat-
ment of pain. However, the overprescription of opioids, in combination with escalating rates of
illegal sharing and their high potential for abuse and addiction has led to a public health crisis.
In a World Drug Report published by the United Nations, Canada and the USA have the
highest rate of prescription opioid use in the world (United Nations 2016). The increase in
opioid abuse appears to be concurrent with the increase in the number of prescription opioid
medications written and dispensed (Johnston et al. 2017).
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Of particular concern has been the rising rate of oxycodone use. It has been reported that the
consumption of oxycodone increased by almost 500% from 1999 to 2011 (Jones 2013). The
National Survey on Drug Use and Health in 2015 revealed that in the USA, approximately
27.9 million people aged 12 or older (10.4% of the population) used oxycodone products
(Hughes et al. 2015). From this, 4.3 million people aged 12 or older reported misusing these
products in the past year, representing 1.6% of the population aged 12 or older. At the same
time, the increase in opioid abuse has increased the number of emergency room non-medical
visits, overdose deaths, and incidences of neonatal abstinence syndrome (SAMSA 2011;
Patrick et al. 2012; Sproule et al. 2009; Canadian Centre on Substance Abuse 2015; Gomes
and Juurlink 2016).

Pharmacology

Oxycodone (6-deoxy-7,8-dihydro-14-hydroxy-3-O-smethyl-6-oxomorphine) is a semisynthet-
ic opioid analgesic that is a derivative of the opioid alkaloid thebaine which is found in opium
poppies. Some common street names of oxycodone include hillbilly heroin, perc, and OC. It is
an active ingredient in a number of formulations which include intravenous injections,
immediate-release solutions/capsules (Percocet, Percodan, OXY IR, OXY FAST), and
extended-release preparations (OxyContin). Similar to other opioids, oxycodone induces
pharmacological effects that include analgesia, euphoria, feelings of relaxation (Walsh et al.
2008; Jones et al. 2011; Colucci et al. 2014), and adverse side effects including respiratory
depression, constipation, cough suppression, and sedation (Drug Enforcement Administration
2014; Walsh et al. 2008; Jones et al. 2011; Colucci et al. 2014).

Oxycodone has agonist activity on the mu (μ), delta (δ), and kappa (Κ) opioid receptors
(Ross and Smith 1997). These receptors belong to the GTP binding regulatory proteins,
(Goodman and Gilman 2001). Opioid receptors can be found in regions of the brain that
regulate pain perception/analgesia (i.e., the cingulate cortex, insula, thalamus, dorsal horn of
the spinal cord, periaqueductal gray matter), in brain regions involved in euphoria (nucleus
accumbens, ventral tegmental area), as well as other organs in the body (Basbaum and Jessell
2013).Oxycodone is effective in eliminating neuropathic, somatic, and visceral pain (Kahan
et al. 2006; Riley et al. 2008). The analgesic effects of opioids come from their ability to inhibit
ascending transmission of nociceptive information from dorsal horn of the spinal cord and to
activate inhibitory pain circuits that descend from the brain to the spinal cord (Goodman and
Gilman’s, 2011).

There is some debate surrounding whether the μ- or Κ-opioid receptor mediate
oxycodone’s central effects. A subset of researchers argue that oxycodone’s effects on
analgesia are not facilitated by the μ-opioid receptor but instead the Κ-opioid receptor (Ross
and Smith 1997; Ross et al. 2000). This is based on studies that demonstrate that the Κ-opioid
receptor antagonist, norbinaltorphimine, is able to attenuate the antinociceptive activity of
oxycodone; whereas, the δ-selective opioid receptor antagonist, naltrinole, and μ1-selective
opioid receptor antagonist (naloxohazine) had little effects. Moreover, Neilsen et al. (2000)
showed that in morphine tolerant rats, there is a low degree of cross-tolerance to intravenous
oxycodone administration. On the basis of these studies, it was suggested that oxycodone’s
effects are mediated by mechanisms other than μ-opioid activation. But, Beardsley and
colleagues argued that oxycodone’s pharmacological activity is mediated by μ as opposed to
either Κ or δ receptors. Beardsley et al. (2004) found that only beta-FNA, a μ-opioid
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antagonist, was able to block the antinociceptive effects of oxycodone in mice during the tail-
flick test. Also, it was reported that oxycodone dose-dependently suppressed signs of sponta-
neous withdrawal in morphine-dependent monkeys indicating that it is able to induce cross-
dependence with morphine (Beardsley et al. 2004). Further, they argue that Κ-opioid agonists
are not self-administered; hence, it cannot be possible that oxycodone is predominately Κ-
opioid mediated, since oxycodone is self-administered. Furthermore, when oxycodone was
tested in rats trained to discriminate heroin (a μ-opioid agonist) from vehicle, it engendered a
complete and dose-dependent generalization (Beardsley et al. 2004), indicating that oxycodone
and heroin share overlapping subjective discriminative properties.

Pharmacodynamics and Pharmacokinetic

Oxycodone is metabolized in the liver by enzymes CYP3A4 and CYP2D6, which creates
noroxycodone and oxymorphone, respectively. Noroxycodone is a weak opioid agonist, and
oxymorphone is present in small amounts, so their effects are mostly negligible (Smith 2009).
Instead, the primary effects are predominantly mediated through the parent compound, oxyco-
done. The behavioral effects of oxycodone can last up to 5 h and in the extended-release
formulation can have effects that last up to 8–12 h (Drug Enforcement Administration 2014).

The abuse liability of a substance is partly a function of its route of administration. Different
routes of administration can lead to greater intoxication and can therefore increase risk of
addiction and overdose. After oral administration, oxycodone has a bioavailability that ranges
from 60 to 80% compared to morphine’s 40%, and the plasma protein binding of oxycodone in
human serum is 45%, which is not too different of that of morphine which is 35% (Leow et al.
1993; Kokki et al. 2004, 2012; Osborne et al. 1990). As a result, compared to oxycodone, a
twofold higher dose of oral controlled-release morphine is needed to receive same
antinociceptive effects (Silvasti et al. 1998). Similarly, in rats, after subcutaneous and intra-
peritoneal administration, oxycodone was respectively 2 and 4× more potent than morphine
(Pöyhiä and Kalso 1992).When given epidurally, morphine appears equipotent to oxycodone
in providing pain relief (Yanagidate 2004; Sng et al. 2016). However, the opposite was
observed when the drugs were administered intrathecally with morphine being 14 times more
potent than oxycodone (Pöyhiä and Kalso 1992). Oxycodone has lower affinity for the μ-
opioid receptor than morphine; however, oxycodone crosses the blood brain barrier more
effectively than morphine and has a higher cerebral distribution by volume (Weele et al. 2014;
Olkkola et al. 2013), which may contribute the observed differences in potency. Although,
when morphine binds to the receptor is more efficacious than oxycodone, or in other words
morphine activates the receptor more than oxycodone does (Thompson et al. 2004; Lalovic
et al. 2006).

Addictive Properties

Although oxycodone is an efficacious pain reliever, the abuse of and addiction to
oxycodone has become a major public health concern. The following subsections will
describe the effects of oxycodone on characteristics that are common to most addic-
tive substances, including: reinforcement, withdrawal, relapse, cognitive deficits, as
well as neurobiological alterations.
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Reinforcement

All drugs of abuse can act as reinforcers, that is they increase the strength of responses
that lead to their access (Everitt and Robbins 2005). Various studies have shown that non-
dependent recreational opioid users who received oxycodone reported drug-liking, eupho-
ria, and a willingness to take the drug again (Colucci et al. 2014; Zacny and Drum 2010;
Stoops et al. 2010; Walsh et al. 2008). When drug use is chronic, it can lead to a loss of
control over drug-taking, and overtime become compulsive and habitual (Ostlund and
Balleine 2008).

Oxycodone has shown to produce reinforcing effects similar in magnitude to other
opioids like heroin and morphine with substantially less negative effects (Comer et al.
2008). The differences in the positive and negative effects produced by the different
classes of opioids may differentially contribute to their addiction liability. This is sup-
ported by drug-choice procedures, which have found that when given the choice between
high doses of morphine and oxycodone, non-dependent participants strongly prefer oxy-
codone (Comer et al. 2013). Similarly, Babalonis et al. (2013) found that if given the
chance to work for money and oxycodone, non-dependent prescription opioid abusers
worked significantly harder to obtain high doses of oxycodone. And at lower doses of
oxycodone, the amount of work performed to obtain oxycodone and money was similar
(Babalonis et al. 2013). In the same individuals, oxycodone produced greater ratings of
Bdrug liking^ and Bhighs,^ compared to placebo and codeine (Babalonis et al. 2013).
These data suggest that although oxycodone is similar to other opioids in many ways, it
possesses reinforcing properties that set it apart; this may then contribute to its increased
abuse potential.

Oxycodone also has reinforcing properties in animals. It is readily self-administered in
rodents (Leri and Burns 2005; Zhang et al. 2009; Wade et al. 2015; Secci et al. 2016)
and monkeys (Beardsley et al. 2004). Similar to other opioids, self-administration of
oxycodone shows an escalation of lever pressing over time and increases in the amount
of work performed (motivation) to obtain the reinforcer (Wade et al. 2015). It also
produces a robust conditioned place preference (Kirkpatrick and Bryant 2015; Campbell
et al. 2012; Rutten et al. 2011), which indicates the ability of the drug to produce a
preference for contexts associated with positive affective experiences. Further, related to
its abuse potential, is the ability of oxycodone to produce locomotor sensitization.
Sensitization refers to the enhanced psychomotor response to a stimulus after repeated
exposure to that stimulus. It has been shown that repeated treatment with oxycodone
facilitates psychomotor sensitization (Leri and Burns 2005; Niikura et al. 2013; Liu et al.
2005; Emery et al. 2015, 2016). Since there is considerable homology in the
neurocircuitry of sensitization and drug-seeking (for review, see Steketee and Kalivas
2011) and so the sensitizing properties of drugs of abuse are thought to be relevant to
compulsive drug-seeking and drug-craving behavior.

Withdrawal

The prolonged use of oxycodone can lead to the development of withdrawal. Similar to other
opioids, oxycodone has shown to produce withdrawal symptoms in both humans (Mars et al.
2014; Wong et al. 2015) and animals (Wiebelhaus et al. 2016; Hutchinson et al. 2009). In
humans, these symptoms can be physical (writhing, tremors, nausea, muscle aches, sweating,
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weight loss, cramping) and/or motivational (dysphoric mood, craving) (Carmichael and Lee
2010). In animals, withdrawal symptoms are characterized by increases in jumps, paw tremors,
and loss of body weight (Enga et al. 2016). The desire to relieve withdrawal distress can add to
motivation to continue opioid use in both humans (Wise and Koob 2014) and animals (Gerak
et al. 2009).

Relapse

The risk of relapse during periods of abstinence poses a major challenge in the treatment of
opiate drug addiction (Gossop et al. 1989; Gossop et al. 2002). Given the magnitude of the
oxycodone abuse problem, it is surprising that little research has been performed to charac-
terize oxycodone relapse. In the research available, similar to other drugs of abuse, oxycodone
has shown to induce relapse after exposure to drug-paired cues, stress, and/or re-exposure to
the drug itself (Leri and Burns 2005; Campbell et al. 2012; Grella et al. 2011).

Cognitive Deficits

Those brain regions that underlie addiction overlap with those involved in cognitive
processing (i.e., learning, memory, flexible decision making, impulsivity) (for review,
see Gould 2010). And exposure to oxycodone has shown to influence some of these
processes. For example, pre-clinical research has revealed that animals with repeated
exposure to oxycodone are impaired on behavioral flexibility tasks. More specifically,
rodents that had been previously exposed to oxycodone showed diminished ability to
change a dominant response which was no longer useful to a response that was useful
(Seip-Cammack and Shapiro 2014). This is interesting, because one hypothesis pur-
ports that drugs of abuse impair flexible decision-making by altering mechanisms in
the brain that compute reward expectancies, which may then result in behavior that is
compulsive and habitual. In fact, oxycodone exposure has shown to alter the function
of the hippocampus (Zhang et al. 2015), which is thought to be necessary to respond
to the environment in a flexible manner (Vilà-Balló et al. 2017). Davis et al. (2010)
showed that female rats that were treated with oxycodone produced offspring that had
impaired spatial learning (Davis et al. 2010). These data suggest repeated oxycodone
exposure can cause cognitive deficits; this could in turn have effects on the ability of
individuals to control drug-taking and drug-seeking.

Neurobiology

The opioid system is heavily linked to the mesolimbic dopamine (DA) system
(Johnson and North 1992). One of the G-protein-coupled receptors, the μ-opioid
receptor, is found throughout the mesolimbic system and modulates DA release in
the nucleus accumbens, affecting responses to drug reward (Le Merrer et al. 2009).
Opioids act on the mesolimbic DA system through inhibition of GABA interneurons
in the ventral tegmental area (VTA) which exert an inhibitory control on DA neurons
in the nucleus accumbens. Hence, opioids indirectly activate the DA system through
GABA inhibition (Johnson and North 1992). The role of DA signaling is multiface-
ted, it has been shown to be involved in learning and predicting the occurrence of
rewards (Schultz and Dickinson 2000), ascribing incentive salience to neural
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representations of rewards and cues (Berridge and Robinson 1998), and has roles in
attention, sensorimotor behavior, or effort which then influences reward pursuit
(Ikemoto and Panksepp 1999; Horvitz 2000).

One hypothesis is that the difference in addiction liability of different drugs of
abuse might be a result of differences in DA activity. A study by Weele et al. (2014)
profiled differences in how oxycodone and morphine affected DA activity. They
utilized fast-scan cyclic voltammetry and microdialysis combined with mass spectrom-
etry to reveal that during the first minute following a morphine infusion there was an
increase in extracellular DA and GABA; however, this increase in GABA concentra-
tion was not observed after an oxycodone infusion. Since GABA has shown to inhibit
DA activity, it offers an explanation as to why phasic DA release activity for
morphine returned to baseline following the first minute, but persisted for oxycodone
throughout the 15-min measurement period; it would also explain why there was a
greater amplitude of phasic DA (DA transients) for oxycodone (Weele et al. 2014).
Increases in DA transients are thought to be associated with increased addiction
liability, and so it is possible that oxycodone has greater addictive liability, which
would also explain the earlier study reported where oxycodone was more reinforcing
than morphine in a drug-choice procedure (Comer et al. 2013).This increased respon-
siveness to DA has also been demonstrated in studies where mice pre-treated with
oxycodone show greater locomotor supersensitivity to quinpirole (a D2/D3 DA recep-
tor agonist) than morphine pre-treated mice (Emery et al. 2015). Overall, these results
suggest oxycodone exerts effects on the DA system that are different from other
opioids.

Chronic exposure to oxycodone has also shown to produce structural and functional
changes in regions of the brain that mediate affect, impulse, reward, and motivation which
are dysregulated in addiction (Upadhyay et al. 2010). For example, in prescription opioid-
dependent subjects, where oxycodone was the commonly consumed prescription opioid in the
last 30 days, a significant volumetric loss in the amygdala, decreased anisotropy in axonal,
efferent and afferent pathways of the amygdala, and decreased functional connectivity in the
brain networks in the anterior insula, amygdala, and nucleus accumbens was observed
(Upadhyay et al. 2010).

Pathways to Oxycodone Addiction

Oxycodone use occurs in both medical and non-medical users. The purpose of this section is to
review the possible motives, sources, and routes to abuse.

Adolescents

The nonmedical use of oxycodone products among adolescents has been a growing public
health concern over the last decade. The National Institute of Drug Abuse (2016) reported that
the prevalence of OxyContin use in Grades 8, 10, and 12 is no longer increasing and has
stabilized. There are various estimates on the amount of non-medical use of prescription
opioids in adolescents, and some studies have revealed that up to 24% of adolescents have
used oxycodone products (Wu et al. 2008). Oxycodone use is especially troublesome in this
age group, because during this developmental period, the brain is highly plastic, and the
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prefrontal cortex which is important for executive control is still under development (Casey
et al. 2008). Therefore, the use of drugs during this period can be even more detrimental
(Squeglia et al. 2009).

It was reported that most prescription opioid abuse is initiated with oxycodone products,
and the age of first use for these products is on average 15 years old (Vosburg et al. 2016). The
misuse of prescription opiates by adolescents tends to be largely experimental (Mccabe et al.
2007); however, a number of other reasons have also been indicated such as to get high, or to
stop pain. One study identified that the belief that the drug is Bcontrollable^ and Bsafe^
compared to illicit drugs, as well as the ease of access of oxycodone formulations from friends
and family’s medicine cabinets are also factors that have significantly contributed to the misuse
of oxycodone (Katz and Hays 2004). This increase in prescription opioid misuse has also
increased the overdose rates among young adults, who experienced a greater increase in rates
of death from opioid analgesics than any other age group (Frank et al. 2015). Furthermore,
those adolescents who have previously abused prescription opioids, heroin, or have become
addicted to prescription opioids reported oxycodone as their preferred prescription opioid
(Vosburg et al. 2016; Osgood et al. 2012). Pre-clinical studies have also shown that oxycodone
exposure during adolescence increases sensitivity to drugs later on in life (Sanchez et al. 2016).

BStreet Addicts^

Oxycodone has become a popular street drug through its ability to induce a heroin-like
euphoria (Comer et al. 2008). Sellers et al. (2006) conducted a field study regarding the
relative abuse potential of opioid formulations (fentanyl, hydromorphone, and oxycodone) in
Canada and found using the Opiate Attractiveness Scale, oxycodone was the most attractive.
In one study of opioid-dependent patients, 37% of patients reported receiving opioids solely
from physician prescriptions, 26% from both a prescription and the Bstreet,^ and 21% from the
street (Canadian Centre on Substance Abuse 2015). In another study, data was collected from
various prescription drug abuser samples which indicated that street dealers are a primary
source for unlawfully obtaining prescription drugs, reaching 70–80% among street drug users,
treatment clients, and methadone maintenance patients (Cicero et al. 2011; Inciardi et al.
2010). It was also found that the main source of oxycodone differed according to the primary
motivation for use. For example, those who used oxycodone for euphoria or withdrawal were
twice as likely to use a dealer as those whose primary motivation was pain relief (Davis and
Johnson 2008).

Researchers have also characterized how route of administration affects non-
medical use of oxycodone. It was found that the rates of unemployment were more
than double in intravenous (IV) users than that of intra-nasal (IN) users (Jones et al.
2011). Although in this sample recreational use of oxycodone began a number of
years later (mid- to late 30s), all participants reported recreational drug use beginning
in their early to mid-teens (IN: 16 and IV: 13), where marijuana was typically their
first drug of abuse, 84%. A majority of the users reported purchasing oxycodone on
the street (IV: 48%, IN: 68%) or from an individual with a prescription (IV: 48%, IN:
24%) (Jones et al. 2011). Comparatively, few IV abusers indicated that they obtained
oxycodone from a prescription that they themselves obtained from a physician (4%);
whereas, this number was 16% for the IN group (Jones et al. 2011). Overall this
suggests that the abuse patterns of IV and IN users are different, and might require
different treatment interventions.
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One concern is that the use of these prescription opioids will lead to illicit drug use. And in
fact, of those that were abusing opioids, a majority reported that their first opioid was a
prescription drug (oxycodone or fentanyl) (Cicero et al. 2014). Grau et al. (2007) also found
that individuals who initiated non-medical opioid use with oxycodone had a greater incidence
of transitioning to heroin use or injection of drugs. Many oxycodone pill users reported that a
consideration for using heroin was that heroin was more easily available than prescription
opioid pills and/or heroin was cheaper (Mars et al. 2014; Cicero et al. 2014; Kuehn 2013).
Oxycodone is an expensive street drug, an 80-mg OxyContin pill retails for approximately
$6 at a pharmacy, but sells for around $80 on the street (Dasgupta et al. 2013), whereas the
street price for 80 mg of heroin was approximately $45 (Ciccarone et al. 2009; Ciccarone
2009).

Pain Patients

Physiological Dependence

Individuals who take opioids as prescribed for pain management are still vulnerable to
developing drug dependence and/or tolerance. These changes typically occur as a result of
counter adaptations expressed in opioid receptors and their intracellular signaling cascades
(Henriksen and Willoch 2008). It is however possible to be dependent or tolerant to
particular effects of oxycodone in the absence of addiction. And while withdrawal is one
of the criteria that can be met for an individual to be diagnosed with opioid use disorder, it
is not one that needs to be met. Moreover, it is not considered to be met in those
individuals who are taking opioids under appropriate medical supervision (American
Psychiatric Association 2013).

Opioid addiction as a cause of appropriate medical management of pain is rare, and some
studies suggest that opiate addicts and pain patients are largely separate populations. For
example, Edlund et al. (2007) studied over 15,000 veterans who were prescribed opioids for
pain and maintenance for 3 months. They reported that only 2% of the study population
developed opioid abuse (specific statistics with respect to the various classes of prescription
opioids were not available). In another study, non-abusers of prescription opioids only self-
administered oxycodone when they judged that they required pain relief, whereas those
identified as prescription opioid abusers administered oxycodone in the presence and/or
absence of pain, even though both groups reported similar subjective effects for oxycodone
(Comer et al. 2010). In addition, animal studies have also shown that opioids are less
rewarding in the presence of ongoing pain (Narita et al. 2007; Betourne et al. 2008).Taken
together, these findings suggest that addiction related outcomes for oxycodone may be
different in pain patients. That being said, the relief from pain is a form of reinforcement
itself, and so the transition to use outside of appropriate suggested medical consumption is a
risk. Hence, careful medical supervision for those using oxycodone (or other prescription
opioids) is still necessary.

Sell, Diversion, and Other Opioids

A subset of individuals, who are prescribed oxycodone, inappropriately use or divert them.
According to the Substance Abuse and Mental Health Services Administration (SAMHSA),
approximately 70% of those abusing pain relieving medications received them illicitly and less
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than 20% acquire the drugs directly through a prescription from a doctor. There are several
sources of drug diversion: (1) theft of medications in transit; (2) theft of drugs by employees;
(3) stolen or forged prescriptions; and (4) doctor shopping (Smith andWoody 2005). In a study
by Rigg et al. (2012), an in-depth semi-structured interview was conducted with a diverse
sample of prescription drug dealers. They found that drug dealers relied on a wide variety of
diversion methods, which included visiting multiple pain clinics, stealing medications from
pharmacies, and purchasing medications from patients (Rigg et al. 2012). One of the most
common methods of diversion is transfer of prescription opioids by patients who have received
legitimate prescriptions to family members or friends who are trying to self-medicate generic
pain (Mccabe et al. 2007; Volkow & Mclellan 2016). Finally, approximately 7–10% of
diversion occurs among patients who feign pain to acquire prescription opioids (Gwira et al.
2014).

Inappropriate Prescription

Inappropriate prescribing practices have likewise contributed to an increase in the
availability of opioids to the general public. The rise in the rate of oxycodone prescrip-
tions between 1995 and 2004 has been correlated with increases in non-medical use,
Emergency Room Department visits, and unintentional opioid death (Wisniewski et al.
2008; Dhalla et al. 2009). Factors contributing to this trend include a lack of consensus
among doctors regarding appropriate use and dosing of medications as well as for-profit
clinics whose physicians may prescribe opioid products beyond what is necessary (CDC
2014).

Prevention and Treatments

It would be unrealistic to eliminate oxycodone medications altogether, because they are
extremely effective for treating various types of pain (Moradi et al. 2012; Riley et al. 2008).
Instead, efforts need to be directed at decreasing the misuse of these medications. Some of
these initiatives involve increasing information available to patients and doctors, harm reduc-
tion strategies, diversion resistant products, and use of drug monitoring programs.

Better Information

Many non-medical prescription opioid users are uninformed about factors that may lead to
overdose and techniques for preventing/responding to overdose situations (Lankenau et al.
2012; Frank et al. 2015).Therefore, directives aimed at increasing awareness may help to
decrease the risk of overdose deaths. In fact, it was found that drug use decreases when drugs
are perceived as harmful (U.S. Cong., Senate Caucus on International Narcotics Control 2014).
And since most illicit drug use starts in adolescence (SAMHSA 2017; SAMHSA 2012),
programs aimed specifically at teenagers may be very effective.

Because easy access to oxycodone products from family medicine cabinets can be one
source of access, it would be useful to ensure that all patients receiving opioid therapy receive
education regarding the safe storage and disposal of opioid medications. The Government of
Canada is also working to reduce problematic opioid use and its related harms, by proposing
that the use of warning stickers (i.e., similar to those seen with cigarettes) and patient
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information handout be mandatory with all prescription opioids at time of sale (Health Canada
2017).

Harm Reduction/Maintenance

Harm reduction strategies are becoming a popular approach in reducing risky drug use
behaviors. These programs are designed to decrease drug-related harm without requiring the
cessation of drug use. They include three major programs: (a) needle exchange programs; (b)
maintenance therapy; and the (c) use of naloxone.

Needle Exchange Programs

Often intravenous use of oxycodone and other opioid drugs is employed, because it
produces rapid and heightened effects of the drug. An Australian study found that
95% of regular opioid abusers reported Binjection^ as the most common route of
abuse (Peacock et al. 2015). And of those opioid-dependent individuals who enroll in
methadone maintenance treatment programs, the proportion of individuals reporting
injection as a route of abuse was 15% for the immediate release of oxycodone and
38% for the controlled release of oxycodone (Rosenblum et al. 2007). One problem
associated with intravenous use is that it can lead to collapsed veins, skin infections,
and increased risk of contracting infectious diseases (i.e., HIV and hepatitis B and C)
through contaminated needles. So to help mitigate these risks, needle and syringe
programs have been employed. These are interventions where sterile needles/syringes
and other injecting equipment is provided to drug users.

Maintenance Programs

Opioid substitution treatment programs have also been employed to diminish the use and
effects of illicit opiates (i.e., withdrawal, decrease cravings) and reduce the risk of opioid
overdose.

Naloxone

Unintentional opioid overdose deaths have been a serious public health concern. They
are predominately a result of oxycodone’s respiratory depressive effects. To help
reduce and prevent overdose deaths, naloxone injectable and nasal spray kits have
been available to be taken home by individuals, as well as to be carried by first
responders. Naloxone is a μ-opioid receptor antagonist, which competitively binds to
μ-opioid receptors. As a result, it can rapidly reverse the central nervous system
depressive effects of opioid agonists, hence, helping to intervene in cases of opioid
overdose. However, naloxone has shown to diminish opioid tolerance and may
increase risk of overdose in individuals who return to illicit drug use. In fact,
overdose deaths associated with oral naltrexone are three to seven times higher than
those associated with methadone maintenance therapy (Gibson and Degenhardt 2007).
And so, patient information about the effects of naloxone on subsequent opioid use is
important.
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Diversion Resistant Products

When OxyContin pills are crushed, there is an increase in the associated positive subjective
effects (Webster et al. 2012), which leads to greater misuse and abuse. In order to reduce the
risk of oxycodone abuse reformulated and tamper resistant products were designed. Some of
these supposed tamper resistant formulations include: ReMOXY, which is oxycodone in a gel
capsule that is resistant to crushing, breaking, freezing, dissolving, and heat alteration; Targin,
which is an oxycodone/naloxone combination that is less attractive for non-medical use due to
reduction in euphoric feelings that accompany its use; and Oxy/niacin, which is a formulation
that does not decrease analgesic effects but does increase the potential for adverse effects.

After the introduction of these reformulated versions, it was found that the abuse of the
reformulated extended-release oxycodone (ERO) was 41% lower than historical abuse for
original ERO (Butler et al. 2013), which may be a result of the decreased abuse liability of the
reformulated oxycodone products. In comparison to the original ERO, the reformulated ERO
was shown to decrease the positive subjective effects and increase the negative effects (Perrino
et al. 2013; Harris et al. 2013). Although the introduction of reformulated/tamper resistant
oxycodone has the potential to decrease oxycodone abuse, it may be associated with a switch
to illicit drugs. It was found that the recent abuse-deterrent OxyContin was associated with a
36% decrease in the use of that medicine, but during the same time frame, it was coupled with
a 42% increase in heroin use (Coplan et al. 2013; Cicero & Ellis 2015; Dart et al. 2015). In
fact, nonmedical abusers of oxycodone have stated that the switch to heroin use for them was
because oxycodone was not available to them (U.S. Cong., Senate Caucus on International
Narcotics Control 2014). This has important implications for developing policies, as it is not
ideal to shift the addiction to a more potentially dangerous opioid.

Education

The education of physicians offers another avenue that can be exploited to decrease overall
oxycodone abuse. Physicians admit that they are not confident about how to prescribe opioids
safely (Keller et al. 2012), and both physicians and pharmacists state that they are not confident
in their ability to detect prescription drug abuse, discuss abuse issues with their patients, or
discuss treatment facility options (Hagemeier et al. 2013). This suggests that medical school
training on pain management and addiction needs to improve, which can leave clinicians more
knowledgeable about how to manage addictions. Doctors can also employ urine drug screen-
ing to help identify illicit drug use and drug diversion (Katz and Fanciullo 2002) or look at
alternate treatments for chronic pain such as NSAIDS, i.e., acetaminophen.

Prescription Drug Monitoring Program

Lastly, decreasing the amount of oxycodone that is available through sources of diversion like
doctor shopping (obtaining a prescription from multiple prescribers) and pill milling (inappro-
priate prescribing practices by doctors) is a promising avenue. A part of the opioid problem
stems from a lack of supervised medicine consumption (Bell 2010). One survey found that of
those that used opioids for nonmedical purposes, approximately 20% received opioids from
more than one prescriber (Jones et al. 2014). The use of online databases available to doctors
and pharmacists that provide information about medical history could help to hinder the ability
of individuals to acquire multiple prescriptions. In fact, drug monitoring programs have shown
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to decrease the number of opioid medications prescribed (Chakravarthy et al. 2011). In
addition, practices like Bupscheduling^ where patients are not able to fill a prescription
automatically, but need a new one will force patients to visit their prescribing doctor more
frequently, may allow doctors to be more informed of their patient’s oxycodone use. One
concern with prescription monitoring programs is their effect on patients being chronically
treated for pain with opioids. The under treatment of pain could decrease pain-related
outcomes such as patient function and quality of life. In addition, studies have also shown
that a decrease in prescription opioid prescribing was associated with increased use of heroin
(Cicero et al. 2012). So, are we just replacing one addiction for another? These are all factors
that need to be considered when developing public policies and designing programs.

Conclusion

A multifaceted approach in treating the opioid crisis that includes better clinical training in the
management of acute and chronic pain, patient education, diversion resistant products, and
harm reduction programs are likely to help curb the epidemic of oxycodone addiction. Also,
the use of programs that are tailored for specific populations (i.e., adolescents, street users)
may be more effective at ameliorating the opioid abuse crisis.
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