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Abstract: This article provides a historical and pharmacological overview of a new opioid
analgesic that boasts an extended-release (ER) formulation designed to provide both immediate
and prolonged analgesia for up to 12 hours in patients who are experiencing acute pain. This
novel medication, ER oxycodone/acetaminophen, competes with current US Food and Drug
Administration (FDA)-approved opioid formulations available on the market in that it offers
two benefits concurrently: a prolonged duration of action, and multimodal analgesia through
a combination of an opioid (oxycodone) with a nonopioid component. Current FDA-approved
combination analgesics, such as Percocet (oxycodone/acetaminophen), are available solely in
immediate-release (IR) formulations.
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Introduction

Each year, approximately 25-97 million patients in the USA experience acute pain.'
Based on estimates from the Centers for Disease Control, in the year 2010, approxi-
mately a little over 102 million surgical procedures were ordered or performed at office
visits.? In addition, another 51 million surgeries were performed in this same year on
an inpatient basis.’ Further estimates by the Institute of Medicine from 2011 suggest
that approximately 80% of patients undergoing surgery experienced postoperative pain,
and that approximately 88% of these surgical patients described the acute postsurgical
pain as ranging from moderate to severe or extreme.*

Opioid analgesics boast a well-established, long history as first-line therapy for
acute surgical pain. Recently, their popularity has soared, as the sales of opioid
medications have quadrupled during the past decade.’ Despite the abundance of
opioids available for treatment of acute pain, as well as the large variety of dif-
ferent classes of analgesics in addition to the opioid family, many patients still
frequently experience undertreated acute pain.' In addition to the obvious untoward
emotional, social, and psychological effects of uncontrolled pain on the patient,
this level of unmanaged intense pain bears significant negative consequences
on the community as a whole. It contributes significantly to decreased function,
thus translating more globally into decreased productivity and a noticeable cost
burden to the US businesses.*

This article provides a historical and pharmacological overview of a new opioid
analgesic that boasts an extended-release (ER) formulation aimed at providing patients
who are experiencing acute pain both immediate analgesia and continued, prolonged
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Figure | Chemical structure of oxycodone (left), physical appearance of the tablet form of ER oxycodone/acetaminophen (middle), and chemical structure of

acetaminophen (right).
Abbreviations: MW, molecular weight; ER, extended release.

analgesia for up to 12 hours. This novel medication, ER
oxycodone/acetaminophen, competes with current US Food
and Drug Administration (FDA)-approved opioid formula-
tions available on the market in that it offers two benefits
concurrently: a prolonged duration of action and multimodal
analgesia through combination of an opioid (oxycodone) with
anonopioid component. Current FDA-approved combination
analgesics, such as Percocet (oxycodone/acetaminophen), are
available solely in immediate-release (IR) formulations.

Pharmacokinetics

Oxycodone, or 4,5-alpha-epoxy-14-hydroxy-3-methoxy-17-
methyl-morphinan-6-one hydrochloride, is an opioid agonist
derived from the opium alkaloid thebaine.” It is a schedule II
controlled substance, with significant potential for abuse. IR
formulations of oxycodone have long been available on the
market for management of moderate-to-severe pain, with
frequent dosing intervals — usually every 4-6 hours. ER
formulations of oxycodone, though not in combination with
acetaminophen, have offered the advantage of longer dosing
intervals and thus the convenience of less frequent dosing.!
Opioids often are supplied as a combination pill including
a nonopioid analgesic, most commonly acetaminophen.
The main goal of this multimodal analgesic regimen is to
achieve therapeutic benefit while using reduced doses of
each individual medication in order to minimize toxic side
effects.! The combination of oxycodone and acetaminophen
in IR formulations has a long-standing history of therapeutic
use for moderate-to-severe pain.' Due to the short-acting
nature of the IR pill, it again requires frequent redosing every
4-6 hours, similar to IR oxycodone alone.

ER oxycodone/acetaminophen , previously the study drug
MNK-795, received the FDA approval in March 2014 for the
treatment of acute pain severe enough that other therapies are
deemed not adequate.® It was then marketed with the trade
name Xartemis XR. One important Phase III efficacy study

contributed significantly to the approval by the FDA. The
study authors sought to demonstrate a statistically significant
improvement in analgesia when compared with placebo in
post-bunionectomy patients over 48 hours, and they were able
to document that the study met this primary endpoint.®

ER oxycodone/acetaminophen comprises a combination
of the opioid oxycodone hydrochloride 7.5 mg and the nono-
pioid analgesic acetaminophen 325 mg. It provides a much
improved duration of action when compared with the previ-
ously available IR formulation of oxycodone/acetaminophen.
The tablet allows dosing every 12 hours instead of every
4-6 hours, and it utilizes a dual-layer biphasic delivery mech-
anism that contains both IR and delayed-release layers, or
components.! When two tablets are administered as a single
dose consisting of oxycodone 15 mg with acetaminophen
650 mg, the medication is designed to deliver oxycodone
3.75 mg and acetaminophen 325 mg through the IR com-
ponent as well as oxycodone 11.25 mg and acetaminophen
325 mg through the ER component, which continually deliv-
ers the medication in the upper gastrointestinal (GI) tract at
a steady rate.'

The oxycodone component of the medication possesses
an oral bioavailability of 60%—87%. This is similar to that of
IR medications containing oxycodone, with both single and
multiple doses.” Detectable serum levels of oxycodone occur
approximately 30 minutes from ingestion of the ER
tablet, and maximum plasma concentrations (C_ ) are
achieved approximately 3—4 hours after administration.”
In terms of the acetaminophen component, peak plasma
levels are reached in approximately 1 hour from medication
administration.” Within 24 hours, or completion of two doses
of ER oxycodone/acetaminophen (dosed every 12 hours),
serum concentrations of both components of the medication
achieve a steady state.’

Consumption of high-fat meals will delay peak serum levels
by 2 hours, and consumption of low-fat meals with
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administration of the medication will delay peak serum levels
by 1 hour.” The oral bioavailability of oxycodone is increased
by approximately 15%, and the peak plasma level increases
by 12%-25% when the medication is administered with a
meal.” Acetaminophen’s peak serum levels are reduced by
approximately 23% by co-administration with a meal.’

When administered intravenously, oxycodone has a volume
of distribution of 2.6 L/kg.” At normal body temperature (37°C)
and pH (7.4), it exists in plasma in a 45% protein-bound state.”
Acetaminophen’s volume of distribution is approximately
0.9 L/kg, and it exists in plasma in a 20% protein-bound state.” It
distributes through most tissues with the exception of lipids.’

Both the oxycodone and acetaminophen components
undergo extensive hepatic metabolism prior to primarily
renal elimination.” The two major metabolites of oxy-
codone are noroxycodone and oxymorphone, as well as
their glucuronides.” Noroxycodone is an active metabolite,
possessing approximately 60% the potency of its parent
compound, and oxymorphone circulates in very low levels
in the plasma.” Acetaminophen undergoes three separate
metabolic pathways in the liver: glucuronidation, conjugation
with sulfate, or cytochrome P450-dependent oxidation.” The
metabolites of acetaminophen are inert.’

Pharmacodynamics

The oxycodone component of ER oxycodone/acetaminophen
contributes to the majority of the medication’s pharmacody-
namic effects on the various organ systems listed in Table 1

Table | Pharmacodynamic effects of oxycodone/acetaminophen ER

(summarized from http:/www.rxlist.com/xartemis-xr-drug.

htm). The pharmacodynamic profile is similar to that of other
opioid medications.

Clinical studies

One major efficacy study was published as a result of Phase I11
trials. This randomized, placebo-controlled, double-blind, mul-
ticenter study evaluated 303 patients undergoing unilateral first
metatarsal bunionectomy. In this acute postsurgical pain model,
fewer patients (85%) required ibuprofen rescue in the group
that was randomized to receive two tablets of ER oxycodone/
acetaminophen, when compared with the placebo group
(98%). Patients who received ER oxycodone/acetaminophen
also reported lower pain intensity scores at several fixed time
intervals postoperatively, compared with the placebo group.’

Several pharmacokinetic studies were conducted compar-
ing ER oxycodone/acetaminophen with commonly used IR
opioids, such as Roxicodone (oxycodone hydrochloride as a
5 mg, 15 mg, or 30 mg tablet), Ultracet (tramadol hydrochlo-
ride 37.5 mg with acetaminophen 325 mg), and Percocet (IR
oxycodone 7.5 mg with acetaminophen 325 mg).

Two of the studies were performed with healthy vol-
unteers, with the first study comparing ER oxycodone/
acetaminophen in both one- and two-tablet doses every
12 hours with IR oxycodone/acetaminophen in one-
tablet doses every 6 hours.! The second study evaluated
ER oxycodone/acetaminophen in two-tablet doses every
12 hours compared to IR oxycodone alone, IR tramadol/

Organ system Effects

Manifestation

Central nervous
system hypercarbia or electrical stimuli

Direct suppression of medullary cough center
Miosis

Gastrointestinal Direct stimulation of medullary chemoreceptor

system trigger zone

Decreased gastric acid secretions, increased antral muscle tone,

Decreased responsiveness of brainstem respiratory centers to

Respiratory depression
Reduced cough
Pupils may not dilate to dark

Nausea or vomiting

Delayed digestion of food and constipation

reduced stomach motility, decreased propulsive small intestinal
contraction, delayed small intestinal digestion, decreased colonic

peristalsis, and increased colonic muscle tone or even spasm

Decreased biliary secretions or Sphincter of Oddi spasm

Decreased pancreatic secretions
Cardiovascular
system peripheral vascular resistance
Inhibited baroreceptor reflexes
Endocrine system

and luteinizing hormone

Stimulation of prolactin and growth hormone secretion

Peripheral vasodilation (both arteries and veins) and decreased

Inhibited secretion of adrenocorticotropic hormone, cortisol,

Reduced digestion of food, abdominal pain, and
transient serum amylase elevation

Hypotension (particularly in hypovolemic patients)
flushing, perspiration, and conjunctival erythema (eyes)
Orthostatic hypotension

Inhibition of stress response

Varying individual effects

Stimulation of pancreatic insulin and glucagon secretion
Either stimulation or inhibition of thyroid-stimulating hormone

Immune system Wide variety of immunomodulatory effects

Clinical impact being studied
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acetaminophen, and IR oxycodone/acetaminophen in one-
tablet doses every 6 hours.!

The authors of both studies were able to demonstrate
similar plasma concentrations and steady-state pharma-
cokinetics for the ER formulation when compared with the
various IR medication formulations.'! They were also able to
ascertain that the 12-hour ER dosing delivered less variable
plasma levels of oxycodone and lower serum trough levels
of acetaminophen, without increased incidence of adverse
events.' In addition, the clinical effects were proportional to
the doses administered with the ER formulation in one-tablet
and two-tablet forms.'

Pharmacology and substance abuse
As opioid sales have dramatically increased recently over
the past decade, so has the potential for substance abuse.’
Although the FDA-approved label for ER oxycodone/acet-
aminophen does not specifically make use of language cau-
tioning against or deterring from narcotic abuse, Mallinckrodt
continued to work closely with the FDA during the Phase
I trial period to “develop more data to characterize abuse-
deterrence features of Xartemis XR and other products
utilizing this technology platform”.® The pharmaceutical
company continued to conduct several studies addressing
the abuse potential of the medication, and was able to dem-
onstrate that the ER formulation had no more, and in fact
less, of an addictive potential, which they quantified in the
study as “drug liking” and “drug high” measured by visual
analog scales, than the IR formulation that had already been
available on the market for many years.’

One of the Phase I trials of ER oxycodone/acetaminophen
was published in August 2014. It compared the “positive
subjective drug effects” of the ER formulation of oxycodone/
acetaminophen with those of the IR formulation. This random-
ized, double-blind, placebo-controlled trial was conducted on
55 healthy volunteers, and was able to demonstrate that the
ER formulation resulted in delayed peak effects, lower peak
effects, and lower drug liking scores measured by visual
analog scale than the IR formulation of oxycodone/acetamino-
phen.’ The comparison between formulations looked at two
dosages, 15 mg oxycodone with 650 mg acetaminophen and
30 mg oxycodone with 1,300 mg acetaminophen, and found
similar results regardless of dose administered.’

The study authors also investigated the crushed form of the
ER pill and found that the crushed pill containing 30 mg oxy-
codone with 1,300 mg acetaminophen in ER form provided
even more delayed subjective effects when compared with the
crushed pill in IR form or the intact pill in ER form.’ This final

investigation sought to address the attempts at chemical altera-
tion, including crushing, of narcotic pills by substance abusers
to improve the subjective effects. Therefore, the authors were
able to demonstrate that the ER formulation does not present a
higher addictive potential than IR formulations of oxycodone/
acetaminophen. On the contrary, the ER formulation may
actually prove less attractive to potential substance abusers
in intact form or in chemically altered form.

The pharmacological formulation of ER oxycodone/
acetaminophen, by using several inactive ingredients, acts as
a deterrent to abuse, by posing additional obstacles to chemi-
cally extracting the oxycodone component.’ This requires
additional effort on the part of potential substance abusers,
when compared to the more straightforward extraction of the
active ingredient in other opioid pills.’

The inclusion of several inactive ingredients within the
large tablet of ER oxycodone/acetaminophen also poses yet
another obstacle to substance abusers by making snorting or
intravenous injection challenging.’ For example, the tablet
transforms into a thick, gelatinous material when it dissolves
into a liquid medium, thus making it difficult to aspirate into
a syringe for intravenous abuse.’ It also makes snorting the
drug difficult, since the humidity within the nasopharynx
results in the same thick, sticky, pasty texture.’ The tablet is
also difficult to dissolve, break, or crush because of one of the
inactive ingredients, polyethylene oxide; the formulation also
presents a significant obstacle to “cooking” the tablet on a
spoon.® As a result of all these significant impediments to the
chemical alteration of ER oxycodone/acetaminophen, rec-
reational substance abusers may view this medication as a
less attractive alternative to older opioids.’

Adverse reactions

Adverse side effects of ER oxycodone/acetaminophen can
be categorized in terms of frequency of occurrence. Some of
the more common side effects, occurring with an incidence
greater than 10%, include dizziness and nausea.'® Less frequent
side effects, occurring 1%—10% of the time, include headache
(10%), vomiting (9%), drowsiness (4%), constipation (4%),
skinrash (2%), erythema (1%), excoriation (1%), pruritis (1%),
skin blistering (1%), peripheral edema (1%), dysuria (1%),
hot flashes (1%), elevated liver enzymes, diarrhea, dyspepsia,
xerostomia, fatigue, insomnia, and cough.'

Significant rare side effects, some of which can be
life-threatening, and occurring <1% of the time, include
respiratory depression, withdrawal syndrome, palpitations,
chest discomfort, cognitive dysfunction, memory impair-
ment, excess sedation, migraine, hypersensitivity reaction,
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Table 2 Adverse side effect profile of extended-release oxycodone/acetaminophen

Adverse effect

Specifics

Management

CNS depression

Respiratory depression

Hepatotoxicity

Hypotension

Impaired physical or mental abilities

Greatest susceptibility during initiation of therapy and
dose adjustments or increases

Risk factors: acetaminophen dose >4 g/day, concurrent
EtOH (alcohol) intake, comorbid liver disease, and
consumption of other acetaminophen-containing medications
Risk factors: concurrent vasoactive drugs, general

anesthesia, hypovolemia, and cardiovascular disease

Caution when performing tasks requiring mental
alertness such as driving or operating machinery
Appropriate equivalent dosing when converting
from another opioid

Caution in patients with chronic obstructive
pulmonary disease

Limit total daily acetaminophen dose to 4 g/day,
limit EEOH consumption and consumption of
other medications containing acetaminophen
Caution in patients with risk factors, especially
cor pulmonale or acute myocardial infarction

Orthostatic hypotension Ambulatory patients

Anaphylaxis Hypersensitivity to acetaminophen

Hypersensitivity to other phenanthrene opioids

Monitor for signs/symptoms during drug
initiation and dose increase periods

Do not use

Use with caution

(hydromorphone, oxymorphone, codeine, levorphanol)

Hypersensitivity to sulfites (in some formulations)

Dermatologic reactions to Stevens—Johnson syndrome

acetaminophen (serious/fatal) Toxic epidermal necrolysis

Acute generalized exanthematous pustulosis

Do not use

Discontinue immediately if allergic symptoms
occur

Discontinue medication if rash develops
Supportive care

Specialist consultation (dermatology)

Note: Data from US Food and Drug Administration.?'
Abbreviation: CNS, central nervous system.

hypertension, myoclonus, and hypogonadism.''"'> Table 2
outlines more specific concerns regarding adverse side effects
as well as their prevention and management.'

Contraindications

Patients who should not take ER oxycodone/acetaminophen
include those who have experienced a prior allergic reaction
or hypersensitivity to oxycodone, acetaminophen, or other
component of the pharmaceutical composition, those
with severe acute asthma or severe respiratory depression
predisposing them to hypercarbia, and those with ileus.!?
Patients who have a known history of allergic reaction to
other opioids should exercise caution, since little data exist
regarding cross-reactivity for opioid hypersensitivity.'°

Effect on comorbidities

Adrenal insufficiency

Chronic opioid exposure may cause secondary hypogonad-
ism, with associated sexual dysfunction, infertility, mood
disorders, and osteoporosis.!' ER oxycodone/acetaminophen
should be used with caution in patients with adrenal insuf-
ficiency or Addison’s disease.

Acute abdomen
Signs/symptoms may be masked by administration of ER
oxycodone/acetaminophen. '

Biliary obstruction

Patients with biliary duct disease should use ER oxycodone/
acetaminophen with caution, as it may cause Sphincter of
Oddi spasm and worsen biliary tract dysfunction, with pos-
sible progression to acute pancreatitis.”!

Altered mental status

ER oxycodone/acetaminophen may potentiate CO, retention
caused by hypoventilation and as such should be used with
caution in patients with central nervous system depression
or coma. These patients may experience adverse intracranial
effects associated with hypercarbia.’

Gl pathology

Due to its chemical preparation, ER oxycodone/acetaminophen
upon ingestion tends to swell and develop increased adhesive-
ness within the GI tract. Patients with a narrowed intestinal
lumen may experience inability to pass the pill through the GI
tract. An alternative analgesic regimen should be considered
in patients with intestinal narrowing. '

Liver disease

Patients with alcohol-related hepatic disease, particularly
those consuming more than three alcoholic beverages per
day, are at increased risk of hepatotoxicity. Hepatotoxicity
is associated with acetaminophen dosing greater than
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4 g/day, as well as long-term exposure to ER oxycodone/
acetaminophen. '

Substance abuse

As with all narcotic medications, tolerance, chemical depen-
dency, psychological dependency, addiction, and substance
abuse may develop with chronic exposure to ER oxycodone/
acetaminophen.>!® Reports exist of patients crushing,
chewing, snorting, or injecting the dissolved form of the
medication, which may result in the uncontrolled delivery
of the oxycodone, overdose, and death.>'° The potential for
dependency or substance abuse should be assessed for each
patient on an individual basis prior to administration of the
medication.

Neurotrauma or elevated intracranial pressure
Similar to other opioid medications, administration of ER
oxycodone/acetaminophen may potentiate hypoventilation,
hypercarbia, and as a result elevated intracranial pressure
(ICP) in patients with recent head trauma, intracranial lesions,
or preexisting issues with ICP.!?

Pulmonary disease

Respiratory depression may occur with opioid medications
and can result in potentially life-threatening hypercarbia.
Patients with increased susceptibility include those with
preexisting obstructive pulmonary pathophysiology such as
chronic obstructive pulmonary disease, cor pulmonale, and
scoliosis with impaired respiratory function.'

Other

Patients with morbid obesity, renal insufficiency, seizure
disorder, psychosis, G6PD deficiency, thyroid dysfunction,
prostate enlargement, or urethral stricture should use caution
with administration of oxycodone/acetaminophen. '

Patient-specific considerations

Neonates exposed to ER oxycodone/acetaminophen for
extended periods of time in utero are at risk of developing
physical dependence in utero and neonatal withdrawal syn-
drome after delivery, with symptoms ranging from irritabil-
ity, high-pitched crying, and abnormal sleeping patterns, to
nausea, vomiting, diarrhea, hyperactivity, failure to thrive,
and tremors.!° If the syndrome remains undiagnosed in the
neonate, these symptoms can progress to life-threatening
reactions.!®"® Parturients requiring chronic opioid therapy
during pregnancy must be followed by a neonatologist in
the peripartum period for early recognition and treatment of

the withdrawal syndrome in the neonate based on specific
protocols formulated by the neonatologist.!” The neonate may
also display respiratory depression or other signs of opioid
toxicity at delivery. Therefore, an opioid antagonist such as
naloxone, should be available for reversal of opioid-induced
respiratory depression in the neonate. '

Surgical patients may develop decreased bowel motility
postoperatively while taking opioid analgesics such as ER
oxycodone/acetaminophen.”!° Concomitant administration of
a stool softener aids in the prevention of opioid-associated
constipation.

Elderly or debilitated patients may be more suscep-
tible to develop respiratory depression or other adverse
side effects of ER oxycodone/acetaminophen.”* Caution
should be used during administration of this medication to
the frail or elderly. Renal clearance of oxycodone may also
be decreased in elderly patients, necessitating appropriate
dosing changes.'

In one of the Phase III trials conducted by the pharma-
ceutical company Mallinckrodt, 607 subjects were treated
with ER oxycodone/acetaminophen. Of these, approximately
10% (63 total) were over the age of 65. Within this geriatric
group, 1.6% (ten total) were older than the age of 75. There
were no unfavorable or unexpected adverse reactions expe-
rienced in the elderly patients who received ER oxycodone/
acetaminophen tablets.'> At the same time, however, geriatric
patients may exhibit a greater sensitivity to oxycodone when
compared with the younger patient population. So, special
care should be taken when prescribing this medication for
geriatric patients, with specific caution in ascertaining the
dosing amount and frequency.'®

Pregnant patients should use this opioid medication with
caution, since it is transferred across the placenta to the
neonate. Parturients who must take the medication expose
the fetus to the risk of neonatal withdrawal syndrome at birth
and should be followed by a neonatologist in the peripartum
period.

ER oxycodone/acetaminophen is classified as pregnancy
category C.

Unfortunately, the literature on the effects of ER
oxycodone/acetaminophen on pregnant patients is sparse.
No randomized controlled trials with adequate study design
have been performed in this patient population to assess the
pharmacokinetic effects on the parturient as well as the pla-
cental absorption to the fetus. Also lacking are data on how
the pharmacokinetics of the ER formulation may compare
with the pharmacokinetics and placental transfer of currently
available IR formulations of oxycodone/acetaminophen.'’
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At this time, the literature does contain some epidemio-
logical data on the safety profile of acetaminophen alone in
the parturient population. According to data from two large
population-based studies on acetaminophen use by pregnant
women in their first trimesters, acetaminophen use in preg-
nant women seems to carry no increased risk of significant
congenital deformities.”® In contrast, limited studies exist
evaluating the incidence of congenital malformations related
to oxycodone use in the parturient patient. Hence, as of yet,
the incidence of malformations in human pregnancies has not
been established for oxycodone. The baseline prevalence of
major congenital deformities when looking at all pregnan-
cies is approximately 2%—4%, without adjustments made for
peripartum drug exposure.'’ Also, the baseline prevalence of
pregnancy loss, when including all pregnancies regardless of
pharmacological history, is approximately 15%—-20%."

Currently, there are no animal studies on the reproductive
or developmental effects of the combination of oxycodone with
acetaminophen in the ER form.'"® Animal data do exist from
studies performed on the individual components separately.
When rats and mice were exposed to clinically relevant doses
of acetaminophen, the published literature associated those
exposures to reproductive and developmental adverse events in
their fetuses.'® Similarly, when pregnant rats were treated with
doses of acetaminophen that are almost similar to the maximum
human daily dose, this exposure was linked to increased bone
variations in their fetuses as well as other fetotoxic effects.'

When a similar maximal dose was administered to preg-
nant rats in another study, both the mothers and the fetuses
developed necrotic regions within their livers and kidneys. '
Interestingly, mice that received acetaminophen within the
human clinical dosing range exhibited several adverse repro-
ductive effects. They displayed a decreased number of litters,
impaired growth, abnormal sperm in their offspring, as well
as decreased weight at birth in the next generation. '

Oxycodone on the other hand has not been linked to
adverse reproductive or developmental effects in animal
studies. The literature on rats and rabbits has demonstrated
no teratogenic or embryo—fetal toxic effects of oxycodone
doses larger than human clinical doses.'”

Lactating mothers should not use ER oxycodone/acetamin-
ophen, because oxycodone is secreted in the breast milk, and
may result in the accumulation of medication in the neonate.'
Potential adverse side effects from toxic serum levels in the
infant may result, such as excess sedation or respiratory depres-
sion. Breast-feeding patients who do require administration of
the medication should be followed closely by their physician
for possible adverse effects on the neonate or infant.'®

Acetaminophen is also secreted in human breast milk in
small amounts. Based on results from one small study examin-
ing the effects of a 1,000 mg maternal dose of acetaminophen
on breast-feeding infants, the infants were exposed to less
than 1.85% of the weight-adjusted oral dose ingested by their
mothers.'® Similarly, based on data from another study which
examined the effects of maternal acetaminophen on breast-fed
infants, looking at more than 15 nursing mothers, the calculated
daily dose of acetaminophen within the infants was approxi-
mately 1%—2% of the dose the mothers had ingested.'”> One
well-documented case report does exist describing a rash in
a breast-fed infant whose mother was taking acetaminophen
while lactating. The infant’s rash was temporally related to the
mother’s acetaminophen use, as it resolved when the mother
stopped taking acetaminophen, and it reappeared when she
began taking acetaminophen again.'® Based on the recommend-
ations of the American Academy of Pediatrics, oral acetamino-
phen is considered compatible with breast-feeding.'®

However, because of the potential for serious adverse reac-
tions in nursing infants from ER oxycodone/acetaminophen
specifically related to the oxycodone component, discussion
between the lactating mother and her physician must weigh
the risk-to-benefit ratio.'” The importance of the medica-
tion for the mother’s health needs to be taken into account
and weighed against the importance of the continuation of
breast-feeding. In short, the potential benefit should justify
the potential risk to the newborn or infant.

Drug-drug interactions

Medications affecting cytochrome P450
The oxycodone component of ER oxycodone/acetaminophen
undergoes a significant amount of hepatic metabolism via
the cytochrome P450 enzyme system.'” It may therefore
contribute to interactions with other medications that are also
metabolized by the same enzyme group. Below is a further
delineation of the specific isoenzymes within the P450 system
that may contribute to drug—drug interactions, specifically
isoenzyme CYP3A4 and isoenzyme CYP2D6.

Cytochrome CYP3A4 inhibitors

Medications that inhibit this enzyme’s activity could poten-
tially impede the clearance of oxycodone, which is metabo-
lized to a significant degree by this isoenzyme.!* This may
in turn lead to increased serum oxycodone concentrations as
well as possible prolonged therapeutic effects of the opioid
medication.” Simultaneous use of other medications which
may have inhibitory effects on the isoenzyme CYP2D6 may
further amplify these interactions, with heightened risk of
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respiratory depression or excess sedation.'s Patients who
receive ER oxycodone/acetaminophen along with another
medication that inhibits cytochrome CYP3A4 or CYP2D6
require frequent monitoring, with potential adjustments in
dosing until stable medication side effects have been assessed
on an individual patient basis." Inhibitors of CYP3 A4 meta-
bolic activity are listed in Table 3.

Cytochrome CYP3A4 inducers

Medications that induce the activity of the isoenzyme CYP3A4
may lead to increased hepatic metabolism of oxycodone, and
thus may result in increased clearance of the drug, as well
as possible decreased therapeutic effect or in the worst case

Table 3 Medications that may affect metabolism of extended-
release oxycodone/acetaminophen through the cytochrome
P450 system, specifically isoenzyme CYP3A4

CYP3A4 inhibitors CYP3A4 inducers

Amiodarone Aminoglutethimide
Amprenavir Bexarotene
Aprepitant Bosentan
Atazanavir Carbamazepine
Chloramphenicol Dexamethasone
Clarithromycin Efavirenz

Conivaptan Fosphenytoin
Cyclosporine Griseofulvin
Darunavir Modafinil
Dasatinib Nafcillin
Delavirdine Nevirapine
Diltiazem Oxcarbazepine
Erythromycin Phenobarbital
Fluconazole Phenytoin
Fluoxetine Primidone
Fluvoxamine Rifabutin
Fosamprenavir Rifampin
Grapefruit juice Rifapentine

Imatinib St John’s wort
Indinavir
Isoniazid
Itraconazole
Ketoconazole
Lapatinib
Miconazole
Nefazodone
Nelfinavir
Posaconazole
Ritonavir
Quinupristin
Saquinavir
Tamoxifen
Telithromycin
Troleandomycin
Verapamil
Voriconazole

scenario symptoms of opioid withdrawal in patients who have
been exposed to oxycodone long enough to develop chemical
dependence on the medication.”” Similar to above, patients
who are receiving ER oxycodone/acetaminophen along with
a medication that induces the CYP3A4 isoenzyme should
be monitored closely for symptoms of narcotic withdrawal
or decreased efficacy, and dose adjustments should be made
accordingly. Inducers of CYP3A4 are listed in Table 3.

Cytochrome CYP2D6 inhibitors

Several cardiovascular medications, including amiodorone
and quinidine, as well as certain antidepressants inhibit this
isoenzyme and could potentially decrease its metabolism of
oxycodone to oxymorphone.'> Although the interaction has not
yet led to reported clinically significant adverse outcomes, it
may prove helpful to prescribers when selecting specific medi-
cations in concurrence with ER oxycodone/acetaminophen.

Cytochrome CYP2D6 inducers

Several pharmacological studies have demonstrated that this
isoenzyme is not susceptible to induction by currently known
medications.'” Genetics plays a significant role in the enzyme’s
metabolic activity, rather than induction, with significant eth-
nic differences in metabolism of certain medications.!” These
genetic and ethnic variations are listed in Table 4.

Special pharmacological
considerations

Other narcotic medications

Because ER oxycodone/acetaminophen has a different
pharmacokinetic profile from that of IR formulations of the
medication, it is not interchangeable with other oxycodone/

Table 4 Genetics affecting ethnic differences in CYP2D6é metabolic
activity

CYP2Dé6 Genetic Ethnic group affected

metabolic activity  differences

None Poor Asian 1%
African American 2%-5%
Mexican American 3%—6%
Caucasian 6%—10%

Low Intermediate  Undetermined

Normal Extensive Majority of population

High Ultrarapid Finnish and Danish 1%

North American (Caucasian) 4%
Greek 10%

Portuguese 10%

Saudi Arabian 20%

Ethiopian 30%

Note: Copyright © PharmacyTimes 2008. Modified from Horn JR and Hansten PD.
Get to know an Enzyme: CYP3A4. Available from: http://www.pharmacytimes.com/
publications/issue/2008/2008-09/2008-09-8687#sthash.4OTK | ba4.dpuf.®

Note: Copyright © PharmacyTimes 2008. Modified from Horn JR and Hansten PD.
Get to know an Enzyme: CYP2D6. Available from: http://www.pharmacytimes.com/
publications/issue/2008/2008-07/2008-07-8624."
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ER oxycodone/acetaminophen for acute pain

acetaminophen drugs.'® The frequency of administration
as well as the peak effect of the medication becomes chal-
lenging to calculate when the various formulations are used
simultaneously.

Pediatric overdose

Accidental ingestion of ER oxycodone/acetaminophen
can result in toxic, even lethal, overdose of the oxycodone
component, the acetaminophen component, or both, in
infants or children.'* Extra caution should be used in stor-
age of the medication to keep it out of the reach of young
children. Emergency medical attention is required in the
case of pediatric overdose, for treatment of oxycodone or
acetaminophen toxicity.

Opioid withdrawal

Narcotic withdrawal may be precipitated by sudden discon-
tinuation of a mu-opioid agonist medication such as oxy-
codone after prolonged exposure, or by the use of an opioid
agonist and antagonist at the same time. In patients who
have been exposed to ER oxycodone/acetaminophen for a
prolonged period of time, discontinuation of the medication
should be achieved by gradual dose decreases of approxi-
mately 50% every 2—4 days.'” This gradual approach aims
to prevent triggering an opioid withdrawal syndrome.

Summary

ER oxycodone/acetaminophen is a novel opioid analgesic that
extends the duration of action beyond that of currently avail-
able tablets that combine an opioid with a nonopioid analgesic.
Its ability to provide IR and ER components for severe, acute
pain is unique, and offers an excellent therapeutic advantage
within an acute care setting. Yet, it also carries significant risks
of adverse side effects, similar to many opioid medications.
Therefore, patients receiving this medication on an outpatient
basis must be closely monitored by a physician at regular
intervals for assessment of side effects and for appropriate
gradual dose adjustments. Caution must be exercised when
this medication is used in special patient populations, such as
those at the extremes of age, debilitated patients, those with
specific comorbidities that place them at heightened risk of
adverse medication effects, and pregnant or lactating women
due to potential effects on the fetus or neonate.

Further studies are needed to investigate the long-term
outcomes, such as time to return of full function and
duration of analgesic need, in postsurgical patients taking
ER oxycodone/acetaminophen, and to also take a more
extensive review of the efficacy of the medication for acute
postoperative pain when compared with IR opioids.
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