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Background: Multimorbidity results in complex polypharmacy which may bear a risk of drug
interactions. A better understanding of opioid analgesics combination therapy used for pain
management could help warrant medication safety, efficacy, and economic relevance. Until
now there has been no review summarizing the opioid analgesics-related pharmacokinetic drug
interactions from the perspective of evidence based on randomized controlled trials (RCTs).
Method: A literature search was performed using PubMed, MEDLINE, and the Cochrane
Library, using a PRISMA flowchart.

Results: Fifty-two RCTs were included for data interpretation. Forty-two RCTs (80.8%) were
conducted in healthy volunteers, whereas 10 RCTs (19.2%) enrolled true patients. None of
the opioid—drug/herb pairs was listed as contraindications of opioids involved in this review.
Circumstances in which opioid is comedicated as a precipitant drug include morphine—P2Y 12
inhibitors, morphine—gabapentin, and methadone—zidovudine. Circumstances in which opioid
is comedicated as an object drug include rifampin—opioids (morphine, tramadol, oxycodone,
methadone), quinidine—opioids (morphine, fentanyl, oxycodone, codeine, dihydrocodeine,
methadone), antimycotics—opioids (buprenorphine, fentanyl, morphine, oxycodone, methadone,
tilidine, tramadol), protease inhibitors—opioids (ritonavir, ritonavir/lopinavir—oxycodone, rito-
navir—fentanyl, ritonavir—tilidine), grapefruit juice—opioids (oxycodone, fentanyl, methadone),
antidepressants—opioids (paroxetine—tramadol, paroxetine—hydrocodone, paroxetine—oxyco-
done, escitalopram—tramadol), metoclopramide—morphine, amantadine-morphine, sumatrip-
tan—butorphanol nasal sprays, ticlopidine-tramadol, St John’s wort—oxycodone, macrolides/
ketolides—oxycodone, and levomepromazine—codeine. RCTs investigating the same combination,
almost unanimously, drew consistent conclusions, except two RCTs on amantadine—intravenous
morphine combination where a different amantadine dose was used and two RCTs on morphine—
ticagrelor combination where healthy volunteers and true patients were enrolled, respectively.
RCTs investigating in true patients may reflect a realistic clinical scenario and overcome the
limitation of RCTs performed in healthy volunteers under standardized conditions. Further
research opportunities are also presented in this review.

Conclusion: Effective and safe combination therapy of opioids can be achieved by promoting
the awareness of potential changes in therapeutic efficacy and toxicities, prescribing alternatives
or changing administration strategy, tailoring dose, reviewing the appropriateness of orders, and
paying attention to medication monitoring.

Keywords: adverse drug reaction, clinical efficacy, combination therapy, drug-drug interac-
tions, drug metabolism, drug transporter, pain management, pharmacokinetics, polypharmacy
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Introduction

Multimorbidity is the principal cause of complex polyphar-
macy. Polypharmacy is not a problem in itself, but there is a
risk of drug—drug interactions (DDIs) or herb—drug interac-
tions in the event of poor awareness or a lack of coordination
among care providers and patients.

Opioid analgesics are commonly prescribed for acute and
chronic pain. A better understanding of drug-metabolizing
enzymes and transporters-involved interactions with opioids
will provide greater insight into potential DDIs and could
help warrant safety and efficacy of opioids.'! Moreover,
opioid pain management involves economic issue. Sum-
mers et al observed that chronic pain patients exposed to a
potential opioid-related DDI of major clinical significance
had significantly higher monthly health care costs in the
90-day post-index period compared to those not exposed to
an opioid-related DDI.2

A randomized controlled trial (RCT) is considered to
provide the most reliable evidence on the effectiveness of
interventions because the processes used during the con-
duct of an RCT minimize the risk of confounding factors
influencing the results.? There have been several reviews
on DDIs associated with opioids, including a review by
Kotlinska-Lemieszek et al which only included 32 case
reports or case series published till January 2014, a review
by Overholser and Foster published in 2011 which lacked
literature search strategy in spite of describing potential
DDIs associated with opioids that are frequently encoun-
tered in managed care,’ and a review by Gharavi et al
published in 2015 which lacked literature search strategy
in spite of reporting the literature related to opioids and
their drug transporter interactions.® Given that a review
summarizing the latest literature on opioid analgesics-
related pharmacokinetic DDIs from the perspective of
evidence based on RCTs has not been available, we present
an updated narrative review and propose relevant clinical
risk management to enhance rational combination use of
opioids.

Methods

Search strategy

The relevant literature was identified by searching PubMed,
MEDLINE, and the Cochrane Library till Mar 16, 2017,
using a query “opioids and drug interaction and pharmaco-
kinetics and analgesics” with a filter of “language: English;
article type: randomized controlled trials; species: humans”.

Selection criteria

Two reviewers (XQF and LLZ) independently searched the
literature and screened the relevant studies. In the event of
disagreement between the two reviewers, a third reviewer
(QZ) was consulted. Studies on opioid analgesics-associated
pharmacokinetic DDIs were included. The following stud-
ies were excluded: documents with actually irrelevant top-
ics despite being retrieved using the search terms; studies
investigating DDIs related to opioids indicated for anesthesia
or alcohol-related studies; documents such as comments,
letters, and editorials in spite of reporting RCT results;
studies involving drugs which have been withdrawn from
the market, studies involving neutral DDIs between “A” and
“B”, while the similar drugs within the same therapeutic
category of “A” did not have DDIs with “B” or the similar
drugs within the same therapeutic category of “B” did not
have DDIs with “A”. Fifty-two articles were finally included
under this search strategy and inclusion/exclusion criteria.
The PRISMA flowchart of study selection is illustrated in
Figure 1. The full text of each included article was critically
reviewed, and valuable information was summarized by data
interpretation.

Results and discussion
Metabolism and transporter profiles of

common opioid analgesics

Opioids metabolized by the drug-metabolizing enzymes of
the CYP system are associated with numerous DDIs that
may result in either a reduction in opioid effect or excess
opioid effects. In contrast, opioids that are not metabolized
by that system tend to be involved in fewer CYP-associated
pharmacokinetic DDIs.>’

However, some opioids are UGT substrates, and evidence
have shown the role of P-gp in the intestinal disposition
and/or effects of morphine, oxycodone, methadone, fen-
tanyl, and metabolites of some opioids.>!" OCT]1 plays an
important role in the hepatocellular uptake of morphine, and
polymorphisms in OCT1 gene significantly affect morphine
pharmacokinetics after codeine administration.'? Volunteers
with loss-of-function OCT1 polymorphisms had signifi-
cantly higher plasma concentrations of O-desmethyltramadol
and significantly prolonged miosis.'* Therefore, the role of
UGT, P-gp, and OCT1 in opioids-associated DDIs should
also be given importance.

Metabolism and transporter profiles of common opioid
analgesics are listed in Table 1.

submit your manuscript

1226

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Opioid analgesics-related pharmacokinetic drug interactions

Records excluded after reviewing title and abstract (n=92)

while the similar drugs within the same therapeutic
category of “A” did not have DDIs with “B” or the
similar drugs within the same therapeutic category of

e Studies involving drugs which have been withdrawn

Figure | Flowchart of literature selection.
Abbreviation: DDlIs, drug—drug interactions.

General information for opioid
pharmacokinetic DDIs in RCTs

None of the opioid—drug/herb pairs was listed as contraindi-
cations of opioids involved in this review. RCTs investigating
the same combination, almost unanimously, drew consistent
conclusion except two RCTs on amantadine—intravenous (i.v.)
morphine combination where a different amantadine dose
was used, and two RCTs on morphine-ticagrelor combina-
tion where healthy volunteers and true patients were enrolled,
respectively. Among 52 RCTs included under this review’s
inclusion/exclusion criteria, 42 (80.8%) were conducted in
healthy volunteers, whereas 10 (19.2%) enrolled true patients,
involving nine drug pairs (i.e., morphine—ticagrelor, metha-
done-zidovudine, methadone—buprenorphine, quinidine—
codeine, voriconazole-methadone, fluconazole-methadone,
metoclopramide—morphine, amantadine—morphine, and
levomepromazine—codeine).

For each DDI, the object drug is defined as the medica-
tion whose pharmacokinetics and/or pharmacodynamics
may be modified by the drug interaction process whereas the
precipitant drug is defined as the medication responsible for
affecting the pharmacological action or the pharmacokinetic

Records identified through database search
c
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(]
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duplicates removal
o (n=157)
g e Documents with irrelevant topics (n=63)
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Records screened | —p ) )
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e Alcohol-related studies (n=4)
Full-text articles excluded, with reasons (n=13)
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2 Full-text articles
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(n=65)
“B” did not have DDIs with “A” (n=10)
e Document type is letter to the editor (n=1)
g
2 from the market (n=2)
£ Studies identified for
our analysis (n=52)

properties of the object drug.!* In this review, opioid
pharmacokinetic DDIs were categorized into two circum-
stances. Circumstances in which opioid is comedicated
as a precipitant drug include morphine-P2Y12 inhibitors
(clopidogrel, prasugrel, ticagrelor), morphine—gabapentin,
and methadone—zidovudine. Circumstances in which opioid
is comedicated as an object drug include rifampin—opioids
(morphine, tramadol, oxycodone, methadone), quinidine—
opioids (morphine, fentanyl, oxycodone, codeine, dihydro-
codeine, methadone), antimycotics—opioids (buprenorphine,
fentanyl, morphine, oxycodone, methadone, tilidine, tra-
madol), protease inhibitors—opioids (ritonavir, ritonavir/
lopinavir—oxycodone, ritonavir—fentanyl, ritonavir—tilidine),
grapefruit juice—opioids (oxycodone, fentanyl, methadone),
antidepressants—opioids (paroxetine—tramadol, paroxetine—
hydrocodone, paroxetine—oxycodone, escitalopram—tra-
madol), metoclopramide—morphine, amantadine—morphine,
sumatriptan—butorphanol nasal sprays, ticlopidine—tramadol,
St John’s wort—oxycodone, macrolides/ketolides—oxycodone,
and levomepromazine—codeine.

Opioid-related pharmacokinetic DDI mechanisms are
illustrated in Figure 2.
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Table | Metabolism and transporter profiles of common opioid analgesics

Opioids

Metabolic pathways and metabolites

Metabolizing
enzymes

Transporters

Extraction
ratio

Morphine

Tramadol

Oxycodone

Hydrocodone

Codeine

Dihydrocodeine

Buprenorphine

Fentanyl
Tilidine

Methadone

Glucuronidation to inactive metabolite 3-glucuronide (more than 50%)
and 6-glucuronide with more potent analgesic action than morphine
(approximately 10%)

O-Desmethylation by CYP2Dé6 to O-desmethylated tramadol (also

called M1, the main metabolite of tramadol with a more potent p-opioid
receptor agonist than the parent drug)

N-Desmethylation by CYP3A4 and CYP2B6 to N-desmethyl-tramadol
(also called M2, the main inactive metabolite of tramadol)
CYP3A4-mediated N-demethylation to inactive metabolite noroxycodone
CYP2Dé6-mediated O-demethylation to active metabolite oxymorphone
which must undergo secondary metabolism via glucuronidation by
UGT2B7

CYP3A4-mediated N-demethylation to norhydrocodone (a major inactive
metabolite)

CYP2Dé6-mediated O-demethylation to hydromorphone (a minor active
metabolite of hydrocodone)

Glucuronidation mostly by UGT2B7 to codeine-6-glucuronide
(approximately 60%—-80%)

CYP3A4-mediated N-demethylation to norcodeine (approximately
2%—10%)

CYP2Dé6-mediated O-demethylation to morphine (0.5%—10%)
Codeine-6-glucuronide and norcodeine have similar affinity to the
u-opioid receptor, whereas morphine has 200-fold greater affinity for the
y-opioid receptor compared to codeine

CYP2Dé6-mediated O-demethylation to dihydromorphine which has a
potency similar to morphine and can also undergo glucuronidation to
active dihydromorphine-6-O-glucuronide

N-Demethylation by CYP3A4 to weakly active metabolite
nordihydrocodeine

Glucuronidation via UGT2B7 to weakly active metabolite dihydrocodeine-
6-glucuronide (25%—30%)

Extensive metabolism (N-dealkylation) by CYP3A4 to inactive metabolite
norbuprenorphine which can further undergo glucuronidation via
UGTIA3 and UGTIAI

Glucuronidation via UGT2B7

CYP3A4-mediated N-dealkylation to inactive metabolite norfentanyl
Extensive first-pass metabolism (N-demethylation) by CYP3A4 and
CYP2CI9 to active nortilidine and subsequent N-demethylation to
bisnortilidine by the same CYP isozymes as the prodrug tilidine
N-Demethylation to an inactive metabolite 2-ethylidene-1,5-dimethyl-3,3-
diphenylpyrrolidene by CYP3A4 and CYP2B6

UGT2B7, OCTI

CYP2Dé, CYP2B6,
CYP3A4, OCTI

CYP3A4, CYP2D6,
UGT2B7

CYP3A4, CYP2Dé

UGT2B7, CYP3A4,
CYP2D6

CYP2D6, CYP3A4,
UGT2B7

CYP3A4, UGT2B7,
UGTIA3, UGTIAI

CYP3A4
CYP3A4, CYP2CI19

CYP3A4, CYP2B6

P-gp

NA

P-gp

NA

NA

NA

NA

P-gp
NA

P-gp

0.76

NA

NA

NA

0.52

NA

0.6-0.9

0.80-1.0
NA

<0.30

Abbreviation: NA, not applicable.

Circumstances in which opioid is

comedicated as a precipitant drug
Morphine—P2Y |2 inhibitors

Clopidogrel

An RCT in healthy subjects showed that 5 mg of i.v. morphine
could delay clopidogrel absorption, decrease the area under
the concentration—time curve (AUC) of clopidogrel active
metabolite by 34%, and retard and diminish clopidogrel
effects on platelet function following a loading dose of 600 mg
clopidogrel.’

Prasugrel

An RCT in healthy volunteers showed that 5 mg of i.v.
morphine could reduce the peak concentration (C_ ) of
prasugrel active metabolite by 31% (P<0.05) despite that it
did not significantly alter the AUC and drug absorption of
60-mg prasugrel and its effects on platelets. '

Ticagrelor
An RCT in healthy subjects also showed pharmacokinetic
but not pharmacodynamic DDI between i.v. morphine and
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Figure 2 Opioid-related pharmacokinetic drug—drug interaction mechanisms.

ticagrelor. Concomitant 5-mg i.v. morphine could slow the
drug absorption of ticagrelor by 1 h followed by a 180-
mg loading dose, and decrease plasma levels of ticagrelor
and its active metabolite ARC124910XX by 25%—31%
and the AUC by 22%-23% (P<0.05). However, morphine
was not found to affect the pharmacodynamic effects of

ticagrelor on platelet aggregation in whole blood, platelet
plug formation, and vasodilator-stimulated phosphoprotein
phosphorylation in healthy volunteers within 6 h after drug
administration."”

Another RCT in patients with myocardial infarc-
tion showed that 5 mg of i.v. morphine could statistically
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significantly lower the AUC values of ticagrelor and its active
metabolite by 36% and 37%, respectively, followed by a
180-mg loading dose, with a concomitant delay in ticagre-
lor T (4 vs 2 h; P=0.004). The placebo group exhibited
a stronger antiplatelet effect, whereas patients receiving
morphine were observed with a greater prevalence of high
platelet reactivity, indicating that morphine could delay and
attenuate ticagrelor action.'

Taken together, RCTs investigating DDIs between mor-
phine and P2Y'12 inhibitors in true patients may reflect a
realistic emergency scenario and overcome the limitation of
RCTs performed in healthy volunteers under standardized
conditions. The most likely mechanism for an appreciable
delay in the onset of effect seems to be that morphine impairs
gut absorption of orally administered P2Y 12 receptor inhibi-
tors by reducing gut motility via myenteric plexus mediated
by p-opioid receptors. It is necessary to develop strategies
overcoming or at least diminishing the negative impact of
morphine on the antiplatelet effect of oral P2Y 12 receptor
inhibitors in patients with acute myocardial infarction. i.v.
cangrelor can provide a rapid onset and maximal platelet inhi-
bition and thus might be an alternative of other oral P2Y12
antagonists for use in combination with morphine. Ticagrelor
administered as a crushed tablet was bioequivalent to whole-
tablet administration, but it took a shorter time to reach the
peak plasma concentration (7' ) compared to whole-tablet
administration (1 vs 2 h) and an increased plasma concentra-
tion of ticagrelor and ARC124910XX at early time points
was noted, which may offset the adverse effect of morphine
on efficacy of oral P2Y'12 receptor inhibitors.? Such man-
agement should be evaluated in further head-to-head RCTs
in true patients.

Morphine—gabapentin

An RCT in healthy male volunteers revealed a DDI between
gabapentin 600 mg and controlled-release morphine 60 mg.
The combination of morphine and gabapentin resulted in a
significant increase in pain tolerance compared to morphine
plus placebo. Pharmacokinetics of morphine and its glucuro-
nides were not altered in the presence of gabapentin, whereas
the AUC of gabapentin significantly increased by 44.4%
(P<0.05) when morphine was coadministered.”’ The phar-
macokinetic changes in gabapentin may be due to increased
absorption caused by reduced intestinal motility induced
by morphine. Unlike the results of morphine—gabapentin
DDI, another RCT confirmed that there was no significant
pharmacokinetic DDI between morphine and gabapentin
enacarbil, a prodrug of gabapentin designed for improving

absorption by high-capacity transporters expressed through-
out the intestine.?

Methadone—zidovudine

Zidovudine is primarily metabolized to an inactive gluc-
uronide form via UGT enzymes. An RCT confirmed that
methadone-maintained patients receiving standard zidovu-
dine doses exhibited greater zidovudine exposure. Acute
methadone treatment significantly increased oral and i.v. zid-
ovudine AUC by 41% and 19%, respectively, while decreas-
ing zidovudine clearance by approximately 20% for both
routes. Chronic methadone treatment significantly decreased
zidovudine clearance by 26% for both routes. These pharma-
cokinetic changes may be primarily due to the inhibition of
zidovudine glucuronidation by methadone and the decreased
renal clearance of zidovudine.?® It would be necessary to
increase toxicity surveillance and reduce zidovudine dose
when the two agents are given concomitantly. Another RCT
showed that the opioid-dependent pharmacotherapeutic
agent buprenorphine had no statistically significant effect on
zidovudine disposition,* and would not produce zidovudine
toxicity. Therefore, buprenorphine may be used as an alter-
native to methadone to be coadministered with zidovudine.

Circumstances in which opioid is

comedicated as an object drug
Rifampin—opioids

Morphine

An RCT in healthy male volunteers investigated the influence
of rifampin 600 mg/day for 13 days on analgesic effects and
pharmacokinetics of oral morphine 10 mg. Coadministration
of rifampin considerably significantly reduced the mean AUC
and C_ of'morphine by 27.7% and 40.7%, respectively, and
consequently abolished the analgesic effect of morphine.
Interestingly, rifampin treatment also reduced the AUC
values and urinary recoveries of morphine-3-glucuronide
and morphine-6-glucuronide,” indicating that the rifampin—
morphine DDI could not be attributed to induction of UGTs
although rifampin is a potent UGT inducer and morphine
is a UGT2B7 substrate. A hypothesis was proposed in the
case report by Fudin et al; that is, rifampin-mediated intes-
tinal P-gp induction diminished morphine absorption and
ultimately decreased plasma free morphine and metabolites.
Therapeutic regimen for a complex patient could be suc-
cessfully titrated from oral morphine to a buprenorphine
transdermal patch by balancing managed pain, history of
drug abuse, completion of rifampin therapy, and a reasonable
pain regimen upon discharge.?
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Tramadol

An RCT in healthy subjects evaluated the effect of enzyme
induction with rifampicin 600 mg once daily for 5 days
on the pharmacokinetics and pharmacodynamics of oral
(100 mg) and i.v. (50 mg) tramadol. Rifampicin significantly
decreased the exposure to tramadol and M1 by 43%—-59%
after both oral and i.v. administration, increased the clear-
ance of i.v. tramadol by 67%, and reduced bioavailability
of oral tramadol from 66% to 49%.>” However, rifampicin
pretreatment could not interfere with the pharmacological
effects of tramadol in this sample population. Rifampicin’s
induction of CYP3A4 and CYP2B6, rather than CYP2D6,
is the most plausible explanation of the observed reduc-
tion in tramadol and M1 AUC and the shortened apparent
half-life of M1.

Oxycodone

An RCT in healthy volunteers showed that oral rifampin
600 mg once daily for 7 days significantly decreased the
AUC values of 0.1 mg/kg i.v. and oral oxycodone 15 mg by
53% and 86%, respectively, reduced oral bioavailability of
oxycodone from 69% to 21%, and attenuated pharmacologic
effects of oral oxycodone.? Induction of CYP3A by rifampin
is the underlying mechanism for pharmacokinetic changes. To
maintain adequate analgesia, dose adjustment of oxycodone
may be necessary when used in combination with rifampicin.

Methadone

An RCT in healthy volunteers showed that rifampin decreased
bioavailability and plasma concentrations of methadone,
and increased oral (1.7-fold) and i.v. (3.2-fold) clearance,
CYP3A4-mediated 2-ethylidine-1,5-dimethyl-3,3-diphe-
nylpyrrolidine (EDDP) formation clearances, and hepatic
extraction (all P<0.05).%

Taken together, given that four RCTs have revealed clini-
cally important pharmacokinetic interaction between rifam-
picin and morphine, tramadol, oxycodone, and methadone, it
would seem prudent to avoid using this drug concomitantly
with these four opioids in clinical settings. Regarding rifam-
picin—opioid combination, it is challenging to find an opioid
analgesic for patients receiving rifampicin, since the major
enzymes involved (CYPs other than CYP2D6, and UGTs)
in the metabolism of all classes of opioids are significantly
induced by rifampicin. Rifabutin and rifampicin are two
rifamycins that are structurally similar and share mechanisms
of action. Rifabutin is a less potent inducer than rifampicin.
Evidence show that rifabutin could not produce any sig-
nificant changes in the pharmacokinetics of methadone in

HIV-infected former injecting drug users, and opiate with-
drawal in buprenorphine-maintained patients.’*! Further
studies may be conducted to confirm whether rifabutin is an
alternative to rifampicin coadministered with opioids.

Quinidine—opioids

Morphine

An RCT in normal healthy volunteers showed that oral
quinidine altered subjective self-assessments of the effects
of oral but not i.v. morphine. Quinidine 600 mg significantly
increased the oral morphine C___by 88% and AUC by 60%
rather than significantly affecting elimination rate.® The
underlying mechanism for such pharmacokinetic changes
may be that morphine is a P-gp substrate and quinidine affects
the absorption and bioavailability of orally administered
morphine by inhibition of intestinal P-gp efflux.

Fentanyl

An RCT in normal healthy volunteers showed that quini-
dine 600 mg significantly increased oral fentanyl effects
as measured by the change in dark-adapted pupil diameter
(miosis) and subjective self-assessment, but it did not alter the
magnitude or time to maximum miosis, time-specific pupil
diameter, or subjective self-assessments after i.v. administra-
tion of fentanyl (2.5 pg/kg). Quinidine increased oral fentanyl
plasma C__ by 162% and AUC by 171% (both P<0.05)
but had no effect on apparent elimination, suggesting that
intestinal P-gp could affect the absorption and bioavailability
of oral fentanyl.3? Quinidine had less effect on i.v. fentanyl
pharmacodynamics, suggesting that P-gp has less effect on
brain access of fentanyl.

Oxycodone

An RCT showed that premedication with 200 mg quini-
dine in healthy CYP2D6 extensive metabolizers (EMs)
could prevent the production of active oxymorphone and
significantly reduce plasma oxymorphone levels, without
substantially affecting the pharmacodynamic effects of
20 mg controlled-release oxycodone (e.g., psychomotor
or subjective drug effects, adverse effects).”* An RCT by
Samer et al showed that blocking CYP2D6 (with quinidine)
reduced C__ of oxymorphone and noroxymorphone by
40% and 80%, and increased noroxycodone AUC by 70%.
The magnitude of quinidine—oxycodone DDI depended on
CYP2D6 genotype. The increase in noroxycodone exposure
in the presence of quinidine was more pronounced in ultrar-
apid metabolizers (UMs) than EMs, and in EMs than in poor
metabolizers (PMs).*
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Codeine

An RCT in healthy subjects compared the pharmacokinet-
ics and pharmacodynamics of codeine 120 mg with and
without quinidine 100 mg between Caucasian and Chinese
CYP2D6 EMs. Quinidine significantly reduced codeine
O-demethylation in both ethnic groups; however, the extent
of quinidine—codeine interaction was ethnically dependent.
The absolute decrease was greater in Caucasians (115.8125.9
vs 46.81£10.6 mL/min, respectively, P<0.03). Quinidine
diminished morphine production by CYP2D6 inhibition and
markedly reduced codeine’s analgesic, respiratory, psycho-
motor, and miotic effects (P<0.01) in the Caucasians rather
than in the Chinese.* Another RCT in drug-experienced but
never-dependent subjects showed that short-term quinidine
pretreatment (50 mg four times daily for 4 days) inhibited
codeine O-demethylation more than did single-dose (50 mg)
quinidine pretreatment (P<0.01).%

Dihydrocodeine

An RCT in healthy subjects showed that blockade of the
CYP2D6-dependent metabolism of dihydrocodeine to
dihydromorphine with quinidine 50 mg premedication
significantly reduced the production of active metabolite
dihydromorphine, but it did not attenuate the analgesic effects
of a single dose of slow-release dihydrocodeine 60 mg. It
indicated that the systemic morphine metabolites of dihydro-
codeine are not of major importance for the analgesic effect
of dihydrocodeine and that CYP2D6 PMs could gain similar
analgesia as EMs.?” However, it is necessary to confirm these
results with repeated dosing in patients with pain.

Methadone

An RCT in healthy subjects showed that quinidine 600 mg
could increase the plasma concentrations of oral methadone
10 mg in the absorptive phase and the miosis caused by
methadone, suggesting that intestinal P-gp could affect oral
methadone absorption and hence its clinical effects. Quini-
dine had no effect on pharmacodynamics of i.v. methadone
10 mg, suggesting that P-gp seems unlikely to be a determi-
nant of the access of methadone to the brain.*

Taken together, the mechanism for quinidine—opioids
DDIs may involve P-gp inhibition (morphine, fentanyl, and
methadone) or CYP2D6 inhibition (oxycodone, codeine).
Combination use of quinidine and opioids is uncommon in
clinical practice. Quinidine is more likely used as a known
probe inhibitor of CYP2D6 and P-gp to investigate the pos-
sibility of DDI between opioid and inhibitor of CYP2D6
or P-gp.

Antimycotics—opioids

Buprenorphine

An RCT in healthy male volunteers revealed the DDI risk
precipitated by voriconazole and posaconazole during
therapy with sublingual buprenorphine. A 5-day oral pre-
treatment with voriconazole (400 mg twice daily on the first
day and 200 mg twice daily thereafter) increased the mean
AUC i i) of buprenorphine 1.80-fold (P<0.001), C_
1.37-fold (P<0.013), and half-life (z,) 1.37-fold (P<0.001).
Posaconazole appeared to have a weaker DDI with buprenor-
phine compared to voriconazole because its treatment
(400 mg twice daily for 5 days) increased the AUC,  of
buprenorphine 1.25-fold (P<0.001).** The underlying DDI
mechanism may be probably via inhibition of CYP3A4-
mediated N-dealkylation of buprenorphine.

Another RCT in healthy subjects showed negligible
effects of ketoconazole 200 mg administered twice daily on
the pharmacokinetics of buprenorphine following the admin-
istration of a buprenorphine transdermal system 10 pg/h for
7 days, without apparent safety concerns with buprenorphine
transdermal system—ketoconazole combination.*

Care should be exercised in the combined use of
buprenorphine with triazole antimycotics, particularly with
voriconazole. Metabolism of buprenorphine during therapy
with buprenorphine transdermal system seems unlikely to
be affected by coadministration of CYP3A4 inhibitors. It is
interesting to further investigate the underlying mechanism
for difference in extent of pharmacokinetic DDIs related with
different formulation characteristics of buprenorphine and
different triazole antimycotics.

Fentanyl

An RCT studied the interactions of i.v. fentanyl 5 pg/kg
with voriconazole and fluconazole in healthy volunteers.
The mean plasma clearance of i.v. fentanyl was decreased
by 23% (P<0.05) and 16% (P<0.05) after administration of
voriconazole (400 mg twice on the first day and 200 mg twice
on the second day) and fluconazole (400 mg once on the
first day and 200 mg once on the second day), respectively.*!
Another RCT investigated the influence of CYP3A inhibition
by ketoconazole 200 mg administered orally twice daily over
2 days on the single-dose pharmacokinetics of i.v. fentanyl
5 pg/kg in healthy volunteers. Results showed that keto-
conazole could significantly increase fentanyl AUC i)
by 33% and reduce systemic clearance by 22%.%> However,
another RCT showed neutral DDI between itraconazole
(200 mg once daily for 4 days) and i.v. fentanyl (single dose
of 3 pug/kg) in healthy volunteers.®
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Caution should be exercised, especially in patients who
are given ketoconazole, voriconazole, or fluconazole during
long-lasting fentanyl treatment to avoid respiratory depres-
sion induced by insidiously elevated fentanyl concentration.

Morphine

An RCT revealed that itraconazole 200 mg once daily for
4 days could moderately increase plasma concentrations of
oral 0.3 mg/kg morphine by 28% in healthy male volunteers,
probably by enhancing its absorption by inhibiting intestinal
wall P-gp. However, itraconazole did not significantly affect
the pharmacokinetic variables of M3G or M6G or the phar-
macodynamic effects of morphine.*

Oxycodone

An RCT assessed the effect of miconazole oral gel 85 mg
administered three times daily (t.i.d.) on the pharmacokinet-
ics of oral immediate-release oxycodone 10 mg in healthy
volunteers. Pretreatment with miconazole oral gel caused a
strong inhibition of the CYP2D6-dependent metabolism and
moderate inhibition of the CYP3A4-dependent metabolism
of oxycodone, resulting in increased exposure to oral oxy-
codone and moderate clinical relevance of the interaction.*

Another RCT investigated the effect of voriconazole
on the pharmacokinetics and pharmacodynamics of single-
dose oxycodone 10 mg in healthy subjects. Pretreatment of
voriconazole (two doses of 400 mg twice daily, followed
by five doses of 200 mg twice daily) drastically increased
the mean AUC i of oxycodone by 3.6-fold, C__ by
1.7-fold, and elimination half-life by 2.0-fold (P<0.001).
The AUC (O-infinty) ratio of noroxycodone to oxycodone was
decreased by 92% (P<0.001), and that of oxymorphone
increased by 108% (P<0.01), indicating that inhibition
of CYP3A-mediated oxycodone N-demethylation by
voriconazole resulted in shunting to CYP2D6 pathway of
the opioid. Pharmacodynamic effects of oxycodone were
modestly increased by voriconazole.*® Lower doses of
oxycodone may be needed during voriconazole comedica-
tion to avoid opioid-related adverse effects especially after
repeated dosing.

Another RCT in healthy CYP2D6 EMs showed that
pretreatment with ketoconazole increased the AUC of oral
oxycodone (0.2 mg/kg) 2.0- to 3.0-fold compared with
placebo or paroxetine. Decrease in pupil diameter induced
by oxycodone together with placebo could be accentuated
in the presence of ketoconazole. Ketoconazole, rather than
paroxetine, increased the analgesic effect and adverse events
(e.g., nausea, drowsiness, and pruritus) of oxycodone.

Pharmacodynamic changes associated with CYP3A4 inhi-
bition may be clinically important in patients treated with
oxycodone.**

Methadone
An RCT in male patients on methadone therapy evaluated
the pharmacokinetic interaction between voriconazole and
methadone at steady state and the safety and tolerability
profile during the coadministration. Voriconazole (200 mg
twice daily administered following 400-mg twice-daily
loading doses on the first day) increased the steady-state
exposure of both methadone enantiomers, but the magnitude
of increase in (S)-methadone exposure was twice as much as
that of pharmacologically active enantiomer (R)-methadone.
Methadone patients receiving voriconazole showed no signs
or symptoms of significant opioid withdrawal or overdose.’

Another RCT determined the effect of 200 mg/day oral
fluconazole on methadone disposition in volunteers receiving
methadone maintenance therapy. Fluconazole pretreatment
for 14 days significantly increased serum methadone AUC by
35%, and serum methadone peak and trough concentrations
by 27% and 48%, respectively, and reduced oral clearance
of methadone by 24%; however, patients cotreated with
fluconazole did not exhibit signs or symptoms of significant
narcotic overdose.*®

Methadone has a wide therapeutic window, and therefore,
the addition of voriconazole or fluconazole to methadone
therapy is not likely to require adjustment of methadone
dose. However, caution should be still exercised because
cessation of voriconazole or fluconazole therapy may lead
to withdrawal symptoms caused by a decrease in methadone
concentrations after tolerance had developed to higher ones.

Tilidine

An RCT investigated the influence of the potent CYP2C19
and CYP3 A4 inhibitor voriconazole (400 mg) on the pharma-
cokinetics and analgesic effects of tilidine 100 mg in healthy
volunteers. Voriconazole caused a 20-fold increase in serum
tilidine AUC and delayed the onset of analgesic activity. Also,
it significantly inhibited the sequential metabolism of tilidine
and increased exposure of the active nortilidine. Combination
use of voriconazole and tilidine almost doubled the incidence
of adverse events.*

Oral tramadol

An RCT investigated the possible interaction of tramadol
with the antifungal agents terbinafine (CYP2D6 inhibitor)
and itraconazole (CYP3A4 inhibitor) in healthy subjects
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including eight CYP2D6 EMs and four CYP2D6 UMs.
Terbinafine 250 mg once daily for 4 days increased the
AUC O-infiity)? C .. and elimination half-life of oral tramadol
50 mg by 115%, 53%, and 48%, respectively (P<0.001),
decreased the AUC iy Cona and elimination half-life
of M1 by 64%, 79%, and 50%, respectively (P<0.001).
Terbinafine reduced subjective drug effect of tramadol
(P<0.001). In contrast, itraconazole had minor effects on

tramadol pharmacokinetics.>

Protease inhibitors—opioids

Oxycodone

An RCT investigated the effect of ritonavir 300 mg and lopi-
navir/ritonavir 400/100 mg administered for 4 days on the
pharmacokinetics and pharmacodynamics of oral oxycodone
10 mg in healthy volunteers. Ritonavir and lopinavir/ritonavir
strongly inhibited the CYP3A-mediated N-demethylation of
oxycodone, and significantly increased the AUC of oxyco-
done by 3.0-fold and 2.6-fold, the elimination half-life, and
the self-reported drug effect (all P<0.001).%! Reductions
in oxycodone dose may be needed to avoid opioid-related
adverse effects when oxycodone is used clinically in patients
during ritonavir and lopinavir/ritonavir treatment.

Fentanyl

An RCT investigated possible interactions between multidose
ritonavir and i.v. fentanyl 5 pg/kg in healthy volunteers. By
inhibiting the CYP3A4-mediated metabolism of fentanyl,
ritonavir reduced fentanyl clearance by 67% (P<0.01),
increased the AUC , |, by 81% (P<0.01), and prolonged
elimination half-life from 9.444.6 to 20.1+8.4 h (P<0.01).%
Caution should be exercised if fentanyl is given to patients

receiving ritonavir therapy.

Tilidine
An RCT in healthy volunteers revealed that ritonavir treat-
ment (300 mg twice daily) for 3 days altered the sequential
metabolism of tilidine, substantially reducing the partial
metabolic clearances of tilidine to nortilidine and nortilidine
to bisnortilidine and resulting in a 2.0-fold increase in the
exposure of the active nortilidine.*

Taken together, three RCTs investigated DDIs between
protease inhibitors and opioids (i.e., oxycodone, fentanyl, and
tilidine), involving the mechanism of CYP3A4 inhibition.

Grapefruit juice—opioids
Grapefruit juice is a selective intestinal CYP3A and P-gp
inhibitor. There were three RCTs investigating DDIs between

grapefruit juice and opioids, involving the mechanism of
CYP3A inhibition.

Oral oxycodone

An RCT in healthy volunteers examined the effect of grape-
fruit juice 200 mL t.i.d. taken for 5 days on the pharmaco-
kinetics and pharmacodynamics of oral oxycodone 10 mg.
Grapefruit juice statistically significantly increased the
AUC iy bY 1.7-f0ld, the C_ | by 1.5-fold, and the half-life
of oxycodone by 1.2-fold as compared to water. The forma-
tion of CYP3A4-dependent metabolites noroxycodone and
noroxymorphone decreased, while CYP2D6-mediated oxy-
morphone formation increased in the presence of grapefruit
juice. These pharmacokinetic changes were accompanied by
modest alterations in the pharmacodynamic effects of oxy-
codone (e.g., the impairing effect of oxycodone on self-rated
performance was enhanced, whereas the analgesic effect of
oxycodone in the cold pressor test was not affected).**

Fentanyl

An RCT in healthy volunteers revealed that peak fentanyl
concentrations, time to peak, AUC, and maximum pupil
diameter change from baseline following administration of
oral transmucosal fentanyl citrate were minimally affected
by grapefruit juice.”® When treating breakthrough pain, with
careful attention to maximal mucosal absorption and minimal
swallowing, CYP3A-related drug interactions are unlikely to
affect the onset or magnitude of oral transmucosal fentanyl
analgesia.

Methadone

An RCT in healthy volunteers showed that grapefruit juice
decreased the EDDP/methadone AUC ratio by 48% (P<0.05)
after oral methadone but not i.v. methadone administration,
with minimal effect on plasma concentrations and clearance
of methadone following oral and i.v. administration.?

Antidepressants—opioids

Paroxetine—tramadol

An RCT in healthy CYP2D6 EMs showed that potent
CYP2D6 inhibitor paroxetine was a dose-dependent dilator
of the pupil and a dose-dependent inhibitor of (+)-tramadol’s
O-demethylation.’® Another RCT in healthy CYP2D6 EMs
investigated the influence of paroxetine pretreatment (20 mg
daily for 3 days) on the biotransformation and the hypoalgesic
effect of tramadol 150 mg. Paroxetine pretreatment increased
the AUC of (+)- and (—)-tramadol by 37% and 32%, respec-
tively, and decreased the AUC of (+)- and (—)-M1 by 67% and
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40%, respectively. The hypoalgesic effect of tramadol was
reduced by paroxetine in human experimental pain models,
particularly in opioid-sensitive tests.’’

Paroxetine—hydrocodone

An RCT in healthy subjects showed that coadministration
of paroxetine 20 mg once daily for 12 days did not alter sys-
temic exposure to hydrocodone and occurrence of adverse
events following single-dose once-daily administration of
extended-release formulation of hydrocodone bitartrate
20 mg, suggesting that hydrocodone can be coadministered
with CYP2D6 inhibitors at therapeutic doses without dos-
age adjustment.

Paroxetine—oxycodone
Two RCTs determined whether inhibition of CYP2D6
alone by paroxetine (20 mg once daily) or inhibition of both
CYP2D6 and CYP3A4 by a combination of paroxetine
(20 mg once daily) and itraconazole (200 mg once daily)
administered for 5 days could alter the pharmacokinetics of
and pharmacological response to i.v. oxycodone 0.1 mg/kg
or oral immediate-release oxycodone 10 mg in healthy sub-
jects. The effect of paroxetine on the plasma concentrations
of i.v. oxycodone was negligible, whereas the combination of
paroxetine and itraconazole prolonged the mean elimination
half-life of i.v. oxycodone from 3.8 to 6.6 h (P<0.001) and
increased the exposure to i.v. oxycodone 2.0-fold (P<0.001),
but did not result in pharmacodynamic changes.*
Paroxetine alone reduced the AUC - of the CYP2D6-
dependent metabolite oxymorphone by 44% (P<0.05), but
had no significant effects on the plasma concentrations of
oxycodone or its pharmacological effects following oral
administration of oxycodone in healthy volunteers. Pretreat-
ment of paroxetine and itraconazole increased the mean
AUC i) of oxycodone by 2.9-fold (P<0.001), its C__ by
1.8-fold (P<0.001), and visual analog scores for subjective
drug effects, drowsiness, and deterioration of performance
(P<0.05).%° Tt indicates that inhibition of both CYP3A4 and
2D6, rather than only CYP2D6, could precipitate substantial
pharmacokinetic interactions with i.v. and oral oxycodone.

Escitalopram—tramadol

An RCT investigated the pharmacokinetic and pharma-
codynamic effect of escitalopram 20 mg/day on tramadol
150 mg in healthy subjects. Escitalopram could significantly
decrease the median AUC i) of (+)-M1 by 29%, but it
did not impair the analgesic effect of tramadol assessed by
the cold pressor test.®! The underlying mechanism may be

that escitalopram is a weak inhibitor of CYP2D6 whereas
paroxetine is a strong CYP2D6 inhibitor.

Amantadine—-morphine

Amantadine is a noncompetitive N-methyl-D-aspartate
(NMDA) receptor antagonist and can decrease pain and
analgesic requirements. An RCT in patients undergoing radi-
cal prostatectomy showed that perioperative oral amantadine
(200 mg on the evening before surgery, 200 mg at 1 h before
surgery, and 100 mg at 8, 20, and 32 h after surgery) signifi-
cantly reduced four outcome measures (i.e., plasma clearance
of morphine at 22-24 h after surgery, cumulative morphine
consumption for i.v. patient-controlled analgesia up to 48 h
after surgery, intense mechanical sensitivity around the sur-
gical wound, and incidence of bladder spasm pain). Lower
postoperative morphine requirements may be due to a phar-
macokinetic interaction between amantadine and morphine
resulting in inhibition of the 3-glucuronidation of morphine,
although additional pharmacodynamic effects involving the
NMDA receptor may also be involved.®> Another RCT con-
firmed the beneficial effect of perioperative administration
of amantadine (50 or 100 mg 1 h before surgery and 8, 20,
and 32 h after operation) on postoperative pain, but it did not
support the pharmacokinetic DDI mechanism because action
of amantadine was not associated with significant changes
in plasma levels of morphine, morphine-3-glucuronide and
morphine-6-glucuronide. The difference between the findings
derived from the two RCTs may be due to the amantadine
dose difference.®

Sumatriptan—butorphanol nasal sprays

Sumatriptan and butorphanol nasal sprays are commonly
used agents for the management of migraine headaches. An
RCT in healthy subjects showed that plasma concentrations
of butorphanol were reduced when it was administered
1 min, but not 30 min, after sumatriptan, whereas the phar-
macokinetics of sumatriptan were not substantially altered
by butorphanol. The analgesic effect of butorphanol may be
diminished due to reduced nasal absorption resulting from
probable transient vasoconstriction of nasal blood vessels
by sumatriptan if butorphanol nasal spray is administered
<30 min after sumatriptan nasal spray.®*

Metoclopramide—morphine

An RCT in patients undergoing gynecological, orthopedic,
and general surgical procedures revealed that concurrent
administration of metoclopramide 10 mg and oral controlled-
release morphine 20 mg resulted in significantly shorter
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T of morphine, faster onset, and higher level of sedation
in patients compared with ingestion of oral controlled-
release morphine alone.®® The enhanced rate of morphine
absorption may be due to increase in gastric emptying by

metoclopramide.

Ticlopidine—tramadol

An RCT assessed possible drug interactions of tramadol
50 mg after 4 days of pretreatment with ticlopidine (250 mg
twice daily) alone or along with itraconazole (200 mg once
daily) in healthy subjects. Results showed that ticlopidine
could significantly increase the mean AUC(Ofmﬂnhy) of tra-
madol by 2.0-fold and C__ by 1.4-fold, reduce its oral and
renal clearance, and inhibit the formation of active M1 from
tramadol. The ticlopidine—tramadol pharmacokinetic DDI is
most likely due to inhibition of CYP2B6 and/or CYP2D6 by
ticlopidine. Itraconazole has no marked effect on the ticlopi-
dine—tramadol interaction.®® Concomitant use of ticlopidine
and tramadol may enhance the risk of serotonergic effects,
especially when higher doses of tramadol are used.

St John’s wort—oral oxycodone

Combination use of opioids and herbal antidepressant St
John’s wort is possible because chronic pain is usually
associated with depression. An RCT in healthy participants
assessed the effects of a high hyperforin-containing product
of St John’s wort 300 mg t.i.d. for 15 days on the CYP3A-
mediated metabolism and behavioral and analgesic effects
of oral oxycodone hydrochloride 15 mg. Results showed
that St John’s wort could significantly reduce oxycodone
AUC by 50%, shorten elimination half-life, and decrease the
self-reported drug effect of oxycodone despite no alterna-
tion in cold pain threshold.’” Due to risk of subtherapeutic
concentrations of oxycodone, attention should be drawn to
the concomitant use of St John’s wort and oxycodone. Dose
titration may be needed when St John’s wort treatment is
added or discontinued. Further studies are needed to extend
the results to chronic pain patients receiving oxycodone or
verify the findings when low hyperforin-containing St John’s
wort extracts are comedicated.

Macrolides/ketolides—oxycodone

There were two RCTs identified to address macrolides/
ketolides—opioid DDIs. Liukas et al investigated the effect
of CYP3 A4 inhibitor clarithromycin 500 mg administered
twice daily for 5 days on the pharmacokinetics and phar-
macodynamics of oral oxycodone 10 mg in young and
elderly subjects. Clarithromycin significantly decreased the

apparent clearance of oxycodone by approximately 50%,
prolonged its elimination half-life, and increased the mean
AUC, __ of oxycodone by approximately 2.0-fold; however,
it did not significantly alter the pharmacological response
to oxycodone.®®

An RCT in healthy subjects showed that oral telithromycin
800 mg administered for 4 days could significantly increase
the oxycodone AUC
AUC(O—inﬁnity)
release oxycodone 10 mg while modestly enhancing phar-

. and reduce the noroxycodone
(0—infinity)

by 46% following administration of immediate-

macodynamic effects of oxycodone. Telithromycin clearly
reduced the N-demethylation of oxycodone to noroxycodone
by inhibiting CYP3A4.%

To avoid adverse effects when oxycodone is used con-
comitantly with clarithromycin or telithromycin, it might
be appropriate to cut down oxycodone dose by 25%—50%
followed by readjustment according to the clinical response.

Levomepromazine—codeine

An RCT in patients hospitalized for acute back pain revealed
that the addition of low-dose neuroleptic levomepromazine
could significantly inhibit the CYP2D6-mediated O-demeth-
ylation of codeine to morphine in homozygous CYP2D6
EMs receiving codeine/paracetamol (P<0.05).” In patients
prescribed this drug combination, the amount of morphine
generated by the O-demethylation of codeine may be insuf-
ficient for effective pain relief.

Further research opportunities
First, the clinical validity or relevance of the DDIs between
opioid analgesics and some comedications should be further
addressed in patients receiving repeated doses of regimens.

Second, it is necessary to investigate the role of trans-
porters (e.g., P-gp) and DDIs in mediating brain access and
biodistribution of opioid analgesics because the underlying
mechanism is still unclear for explaining results of some
DDIs with significant pharmacokinetic changes rather than
pharmacodynamic changes with clinical relevance. Also, it is
interesting to explore the DDIs mediated by drug transporters
other than P-gp. Tzvetkov et al observed that OCT1 plays an
important role in the hepatocellular uptake of morphine and
OCT1-mediated morphine uptake could be strongly inhib-
ited by DDIs with irinotecan, verapamil, and ondansetron
in HEK293 cells overexpressing human OCT1.!2 However,
OCT1-relevant clinical DDI study of opioid analgesic has
not been available.

Third, the factors determining the degree of DDI
should be addressed in more studies, and they are as
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follows: (1) Does the precipitant drug exhibit dose-
dependent modulatory effects on pharmacokinetics and
pharmacodynamics of the object drug? Paroxetine—trama-
dol DDI is a good example listed in this review.*® (2) Does
different administration route or administration strategy
affect the consequences of DDIs? DDI between grapefruit
juice and oral rather than i.v. methadone® and DDI between
quinidine and oral rather than i.v. fentanyl*? are two good
examples listed in this review. (3) Are DDI magnitudes
ethnicity- or genotype-dependent? Quinidine—codeine
DDI and quinidine—oxycodone DDI exhibiting the effect
of CYP2D6 genotype on DDI magnitude are two good
examples listed in this review.*** (4) Does the extraction
ratio of opioid analgesics affect the extent of opioid-related
DDIs? Extraction ratio is a measure of the organ’s relative
efficiency in eliminating the drug from the systemic circula-
tion over a single pass through the organ. Medications with
a high extraction ratio are identified as having an extraction
ratio of >0.7, while an intermediate has between 0.3 and
0.7 and a low has <0.3. Morphine, fentanyl, and buprenor-
phine are categorized as high-extraction ratio agents, while
methadone is of a low-extraction ratio and codeine is an
intermediate-hepatic-extraction ratio agent.” Ibrahim et al
observed that CYP3A inhibition could decrease alfentanil
clearance more than fentanyl clearance and confirmed
that high-extraction fentanyl would be theoretically less
vulnerable to CYP3A4-mediated DDIs.”” However, there
is little literature in this field. (5) Is there a difference in
DDI strength observed in different types of subjects? RCTs
investigating in true patients may reflect a realistic clinical
scenario and overcome the limitation of RCTs performed
in healthy volunteers under standardized conditions. The
impact of morphine on the antiplatelet effect of ticagrelor
observed in patients with acute myocardial infarction rather
than in healthy volunteers was a good example. However,
the results of opioid-related pharmacokinetic DDIs derived
from RCTs even in healthy participants would enhance
awareness of medication therapy management among clini-
cians. (6) The DDI strength would increase when an opioid
is coadministered with inhibitors of multiple metabolizing
enzymes primarily responsible for its biotransformation.
For example, combination of paroxetine (CYP2D6 inhibi-
tor) and itraconazole (CYP3 A4 inhibitor), rather than par-
oxetine itself, produces significant DDI with oxycodone
which undergoes CYP3A4-mediated N-demethylation to
inactive metabolite noroxycodone and CYP2D6-mediated
O-demethylation to active metabolite oxymorphone.>-¢

Fourth, it is necessary to conduct more studies seek-
ing alternatives to medications which exhibit significant
DDI potential. Evidence derived from RCTs included in
this review were as follows: (1) morphine has a significant
DDI with gabapentin rather than gabapentin enacarbil;?!?2
(2) itraconazole rather than terbinafine has minimal effects
on tramadol pharmacokinetics;*® (3) escitalopram rather
than paroxetine less likely affects the pharmacokinetic and
pharmacodynamic effect of tramadol;*”%! (4) buprenorphine
rather than methadone has minimal effect on zidovudine
disposition;?>?* (5) buprenorphine transdermal system rather
than sublingual buprenorphine seems unlikely to be affected
by coadministration of CYP3 A4 inhibitors;***’ and (6) trama-
dol rather than extended-release formulation of hydrocodone
bitartrate and oxycodone interact with paroxetine.’’-¢

Conclusion

In this review, we specifically addressed the opioid analge-
sics-related pharmacokinetic DDIs from the perspective of
RCTs, presenting interesting research findings from recent
years, such as the circumstances under which DDIs occur
when opioid is the precipitant drug, the factors determin-
ing the magnitude of DDI, and the corresponding clinical
risk management. None of the opioid—drug/herb pairs was
listed as contraindications of opioids involved in this review.
Effective and safe combination therapy of opioids can be
achieved by promoting the awareness of potential changes
in therapeutic efficacy and toxicities, prescribing alternatives
or changing administration strategy, tailoring dose, review-
ing the appropriateness of orders, and paying attention to
medication monitoring.
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