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Abstract

Opioids have long been the mainstay of
pain control for patients with cancer; how-
ever, their use in patients with chronic,
moderate to severe pain has increased
greatly in the past decade. The risk of drug-
drug interactions (DDIs) is a concern with
all medications, but is of particular concern
in patients using opioids. Most opioids

are metabolized via the cytochrome P450
enzyme system, the same system that
metabolizes more than half of all prescrip-
tion medications. Pharmacokinetic (PK)
DDIs are those in which a drug causes

a change in the absorption, distribution,
metabolism, and/or elimination of another
drug. PK DDIs involving opioids may result
in reduced analgesic efficacy or toxicity of
the opioid. Pharmacodynamic DDIs result
when 2 drugs are coadministered and the
concentration-response curve of 1 or both
drugs is altered without a change in PK.
The risk of DDIs in patients receiving opi-
oids is particularly worrisome in those with
comorbidities and those taking numerous
medications. Given the high rates of poly-
pharmacy in the elderly population, clini-
cians should use caution when prescribing
opioids, and perhaps avoid certain opioids.
DDIs can result in significant morbidity
and mortality, primarily through overdos-
ing or undertreatment, and are associ-
ated with increased healthcare utilization
and costs. Clinicians often underestimate
the risk of DDIs in patients using opioids.
Comprehensive studies of real-world opioid
utilization patterns are needed to determine
the quantitative impact of opioid DDlIs.

(Am J Manag Care. 2011,;17:5288-5292)
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here is increasing concern about the risks of drug-
drug interactions (DDIs), in which patients experi-
ence an interaction affecting the efficacy and/or
toxicity of 1 or more drugs, and potential drug-drug
interactions (PDDIs), in which patients are exposed to the
potential for a DDI, in the general population. The risks of DDIs
and PDDIs are of particular concern in individuals using opioids,
the majority of which are metabolized via the cytochrome P450
(CYP450) enzyme system:'| Morethan half of all prescription
medications rely on this'same pathway/for metabolism, and many
affect how this system metabolizes other drugs, thus elevating
the potential for DDIs in the lincreasing numbers of individuals
who use opioids for'chronic noncancer pain; ‘as well as those who
take opioids for nonmedical reasons.? Of particular concern are
pharmacokinetic (PK) DDIs, in which a drug causes a change in
the absorption, distribution, metabolism, and/or elimination of
another drug. PK DDIs involving opioids may result in reduced
analgesic efficacy or toxicity of the opioid.! Pharmacodynamic
(PD) interactions result when 2 drugs are coadministered and the
concentration-response curve of 1 or both drugs is altered without
a change in pharmacokinetics. For example, additional sedation
may result if an opioid is administered to a patient currently tak-
ing a benzodiazepine. Clinicians should monitor patients for both
PK and PD DDIs.
Such interactions can result in significant morbidity and mor-
tality, primarily through overdosing or undertreatment, as well as
the potential for increased healthcare utilization and costs.*®

Prevalence

The epidemiologic evidence surrounding DDIs overall varies
widely, with estimates of PDDIs ranging from 5.4% to 63%.>$

In 1 study evaluating DDIs in 2779 Veterans Administration
(VA) patients who had been prescribed an antidepressant and
had a current prescription for at least 1 systemically active drug,
Preskorn et al found that 60% were taking at least 1 drug that
was predominantly a substrate for 1 CYP enzyme, while one-
third were taking at least 1 drug that was a substantial inhibitor
of 1 or more of those same CYP enzymes. A total of 300 patients
(11%) received concurrent drugs that could cause CYP-enzyme
mediated adverse DDIs, yet the VA’s drug alert system identified
only 9% (26) of these cases, and only 11% (6) of the 55 different
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potentially harmful combinations.” Although patients were
not receiving opioids, and currently available drug alert sys-
tems may be more sophisticated, this study demonstrates the
potential risks even in a healthcare system utilizing a com-
puterized drug alert system.’® Given the increasing number
of young veterans receiving opioid medication, there is the
potential for future problems within the VA system.!!

In a study of medical records and prescription data from
a public hospital in Brazil, Moura et al reported that 1282
PDDIs were identified in 816 prescriptions.'? They also found
that 37% of patients had been exposed to at least 1 potential
DDI during their hospital stay, 62% of prescriptions (504 of
816) contained at least 1 potential drug interaction, and 38%
of prescriptions contained more than 1 potential interaction.
Hospitalized patients who experienced a DDI had a mean
stay of 15 days compared with 8 days for those who did not
have a DDI, with a 2-fold higher cost of hospitalization (odds
ratio: 3.10; 95% confidence interval: 2.19-4.42)."2 While cau-
sality between a DDI and length of stay cannot be expressly
implied, the data do suggest a relationship. The most fre-
quently interacting drug pairs were digoxin + furosemide,
amitriptyline + phenytoin, amikacin + ketoprofen, captopril
+ spironolactone, and phenytoin + dexamethasone.!?

In my own research involving opioid-related PDDIs in
outpatients, my colleagues and I reported a PDDI prevalence
of approximately 26% in patients with noncancer chronic
pain who were taking opioids.'»!'* Lafata et al had similar
results in their study estimating the frequency of PDDIs
involving warfarin, digoxin, cyclosporine, and lovastatin/
simvastatin in prescriptions dispensed to patients from 10
organizations comprising the HMO Research Network’s
Center for Education and Research on Therapeutics. They
found that 17.8% to 28% of patients were dispensed a
PDDI using a “days supply” definition and 7.1% to 17.1% of
patients were dispensed a PDDI using a "same day” defini-
tion. Extrapolated to the general insured US population, this
translates to anywhere from 1.29 to 2.67 adults dispensed
warfarin, digoxin, cyclosporine, or lovastatin/simvastatin
along with a potentially interacting drug annually."

Clinicians often underestimate the risk of DDIs in
patients using opioids, even as they admit that they are
quite concerned about the potential for such interactions.!'®
Unfortunately, the extent of the problem with opioids is
poorly understood, due to a lack of comprehensive studies of

real-world opioid utilization patterns.!>171

Increasing Opioid Use in the General Population

Although opioids have long been the mainstay of pain

control for cancer patients, with an estimated 60% of cancer

patients benefitting from their analgesic properties, their
use for chronic noncancer pain has increased greatly in the
past decade.’®?! Today, long-acting opioids are prescribed
for patients with chronic, moderate to severe pain.?>%
Methadone is commonly used to treat patients with opioid
dependency.?"?

Brixner et al found that opioid use nearly doubled in
Medicaid patients between 1998 and 2003.?! Meanwhile,
Israeli researchers reported that use of morphine, oxycodone,
pethidine, methadone, and fentanyl increased nearly 50%
from 2.46 daily defined doses (DDDs)/1000 inhabitants
per day in 2000 to 3.61 DDDs/1000 inhabitants per day in
2008, with the majority of the increase related to fentanyl
consumption.?’

Thielke et al reported a 35% to 50% increase in long-term
opioid prescribing between 2000 and 2005 in commercial
and Medicaid populations in Arkansas.*® An analysis of
national prescriptions in Norway found a 9% increase in the
number of individuals receiving opioids between 2004 and
2007, and that nearly 10% of the population received opioids
in 2001, just 3% for cancer pain.’!

These drugs are often used outside of official labeling, typ-
ically in too-large or too-frequent dosing, and are frequently
used even in the treatment of mild pain.?>**

Prevalence and Potential Clinical Consequences
of Opioid PK DDIs

Asnoted earlier, there are few data regarding the prevalence
of opioid-related PK DDIs. My colleagues and 1 conducted a
retrospective evaluation of a large commercial claims database
and Medicare claims data in patients with chronic low back
pain who were taking opioids. We identified an overall PDDI
prevalence rate of 27%. Patients younger than 65 years had
the highest prevalence of PDDIs (approximately 30%), with a
prevalence rate of 23.1% in those older than 65 years.!®

My colleagues and I also analyzed medical claims from
102,016 patients with osteoarthritis who had received at least
1 prescription for a CYP450-metabolized opioid for at least
12 months, and evaluated PDDIs that put patients at risk of
DDIs during a 30-day period after the opioid was prescribed.
Half of the patients were older than 65 years. One-fourth of
patients experienced a PDDI with similar rates seen in the
younger than 65 cohort (28.8%) and 65 and older cohort
(22.8%).14

Interestingly, we found no association between advanced
age and PDDI risk, with patients aged 35 to 44 years having
the highest risk (46%) of a PDDI. Polypharmacy was not
required for a PDDI; even taking 1 other prescription in the
3 months prior to the index date increased the risk of PDDI
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3-fold compared with patients who had not taken any other
medication. Each additional prescription increased the risk
by 138%."* Yet an estimated 32% of patients taking opioids
receive more than 5 concurrent medications; 21%, more

than 10.%

Increased Healthcare Utilization and Costs
Related to Opioid PDDIs

Opioid PDDIs may potentially result in increased health-
care utilization and costs. Summers et al conducted a
retrospective analysis of paid claims from a large, commer-
cially insured population to evaluate overall costs in patients
receiving CYP450-metabolized opioids and found that total
costs 6 months after a PDDI were substantially higher ($8165
vs $7498, P <.01) than in matched patients who did not
experience a PDDL* This study did not establish a causal rela-
tionship between PDDIs and increased cost; this relationship
merits further research.

To examine the economic impact of potential CYP450
pharmacokinetic DDIs among patients with osteoarthritis
and patients with low back pain taking opioids, my col-
leagues and I performed retrospective database analyses.
We examined associated clinical events, health services
utilization, and payments during the 6 months post PDDI.
Overall, mean total costs at 6 months for patients with
osteoarthritis younger than 65 years who experienced a
PDDI were $9469, compared with $8382 for a similar group
without a PDDI (P = .004). For patients with osteoarthritis
who were 65 years or older and experienced a PDDI, mean
total costs at 6 months were $9829 compared with $8622
for those without a PDDI (P = .001). For patients with low
back pain, the mean overall costs for those younger than
65 years who experienced a PDDI were $7086 compared
with $6353 for those without a PDDI (P <.001); and $7806
versus $7043 (P = .013), respectively, for patients 65 years
and older. Patients with PDDIs, regardless of age, also had
significantly higher prescription payments, claims for office
visits, and associated payments than similar patients with-
out PDDIs.'" As with the study by Summers et al, this
study did not establish a causal relationship between PDDIs
and increased cost. The relationship between PDDIs and
cost merits further research.

Opioid DDIs and the Elderly

The risk of DDIs in patients receiving opioids is particu-
larly worrisome in medically complicated patients, primarily
the elderly.*® Patients in this population have significant rates
of polypharmacy, have several physicians involved in their
care, and often do not tell their doctors about all medications

they take.’”** Thus, exposure to potential drug interactions
is common. A European study of 1601 elderly outpatients
found that nearly half (46%) had at least 1 potential clini-
cally significant DDI, 10% of which were very severe.® Yet
there is evidence that many DDIs in elderly patients could
be avoided.*!

Many drugs commonly used in elderly populations,
including antiarrhythmics, antipsychotics, azole antifun-
gals, benzodiazepines, beta blockers, calcium channel block-
ers, oncologic therapies, celecoxib, histamine H,-receptor
antagonists, hormonal therapies, selective serotonin/norepi-
nephrine reuptake inhibitors, selective serotonin reuptake
inhibitors (SSRIs), sildenafil, insomnia medications, statins,
tamoxifen, tricyclic antidepressants, and warfarin, can con-
tribute to clinically relevant DDIs (both PK and PD) when
given with most opioids.*®

Given the high rates of polypharmacy in the elderly popu-
lation relative to other age groups, as well as the relatively
high incidence of renal, hepatic, and/or cardio-respiratory
impairment, cerebrovascular disease, dementia, and brain
injury, clinicians should use significant caution when pre-
scribing opioids in the elderly, and perhaps even avoid
certain opioids altogether.® The issue of opioid-related PK
DDIs is explored in greater detail in another article in this
supplement.

Comorbidities Present an Additional
Risk Factor for Opioid DDIs

Individuals infected with HIV often have comorbid
opioid dependence. For example, ritonavir and lopinavir/
ritonavir increase plasma concentrations of oral oxycodone
to the extent that dose reductions may be required to prevent
adverse events; co-administering a buprenorphine/naloxone
combination with a tipranavir/ritonavir combination can
reduce the efficacy of tipranavir; and ritonavir, efavirenz,
and nevirapine administered in conjunction with methadone
can reduce therapeutic levels of the drug so significantly that
patients experience withdrawal symptoms.#“ In addition,
efavirenz coadministered with buprenorphine also demon-
strates significant reduction in the bioavailability of the drug,
although with no withdrawal symptoms.*

Psychiatric comorbidities are more common in patients
with chronic pain than in those without, with a lifetime
prevalence rate ranging from 44% to 54% for depressive
disorders and of approximately 20% for anxiety disorders.?
Manchikanti et al found that approximately 75% of 533
patients receiving chronic opioid therapy were also taking
benzodiazepines and/or antidepressants, with approximately
25% taking all 3 simultaneously.*’
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The potential for a PK DDI in these patients is consid-
erable given that several SSRIs (fluoxetine, fluvoxamine,
and paroxetine) can significantly inhibit 1 or more CYP
enzymes at effective doses. Fluoxetine and paroxetine sub-
stantially inhibit CYP 2D6, which is responsible for metabo-
lizing codeine and tramadol.'?*** Gnanadesigan et al recently
described 4 cases of serotonin syndrome in elderly residents of
a California long-term care facility who were also taking an
opioid; DDIs may have played a role.*

It is important that clinicians be aware of this potential
interaction and of the fact that not all SSRIs have the same
pharmacokinetic properties; thus, they should not be used
interchangeably in patients receiving opioid therapy, particu-
larly chronic opioid therapy.

Minimizing PK DDIs in Chronic Pain Patients

Given the increasing reliance on opioids to manage
chronic noncancer pain, clinicians should be aware of
opportunities to minimize potential opioid-associated PK
DDIs. Physicians and pharmacists can also educate patients
regarding potential interactions and recommend analgesic
alternatives.”

Careful selection of opioids, particularly in an elderly and/
or polypharmacy population, is also important. For instance,
in patients taking 1 or more additional drugs that are metabo-
lized through the CYP450 pathway, morphine, hydromor-
phone, oxymorphone, and tapentadol are potential options.
The first 3 bypass the CYP-mediated metabolism, reducing
the risk of DDIs, while tapentadol’s inhibiting activity on
CYP2D6 activity is not considered clinically relevant.*
Careful drug titration and close attention to any side effects
experienced by the patient can also limit the potential for
PK DDIs.*!

One challenge for physicians and pharmacists has been
the lack of agreement on PK DDI perpetrators within refer-
ence sources such as drug monographs and automated drug
interaction software. Thus, as the authors of a recent review
on the topic noted, “Interpreting the clinical relevance of a
given perpetrator is often difficult, particularly for health-
care providers subject to ‘information overload’ and ‘alert
fatigue.”” However, the authors were able to narrow a list of
349 candidate CYP-perpetrator pairs down to 39 inhibitors
and 10 inducers, a “manageable list.”>

Clinicians must also take extra steps to identify all drugs,
herbs, and supplements patients take, given that nearly 40%
of patients take medications their physicians are not aware of.
This often occurs in patients under the care of several physi-
cians, with the risk of DDIs directly related to the number of

physicians patients see.*

In conclusion, additional research is needed to determine
the quantitative impact of PK DDIs associated with opioid
use. PD DDIs are also important and should not be neglected
within the broader scope of continuous monitoring for DDIs
and individualized patient care.
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