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inTroDUcTion

This educational supplement has been created to educate healthcare
professionals on the safe and proper use of Extended Release (ER) and
Long Acting (LA) opioids for chronic pain management. Opioids are
the cornerstone of modern pain management. They are highly com-
plex molecules which require knowledge and integration of basic sci-
ence, clinical, pharmacological, psychosocial, abuse, diversion, and
public health aspects of opioids. This Opioid Risk Evaluation and
Mitigation Strategy (REMS) supplement is a valuable tool that can be
utilized daily by everyone in your practice. Continuing Medical
Education (CME/CE) credits are available for studying this supplement
and completing the online test. The supplement and test can be com-
pleted in a little more than three hours, but it will have a lifetime benefit!

TargeT aUDience

The target audience includes all clinicians registered with the DEA, eli-
gible to prescribe schedule 2 or 3 drugs that have written at least one
ER/LA opioid prescription in the past year, including primary care
(family practice and internal medicine); anesthesiology (including
pain management); oncology; neurology; orthopedics; PM&R and pal-
liative care physicians, physician assistants and nurse practitioners.
Pharmacists would also benefit from this education.

PrograM oVerVieW 

This monograph will evaluate clinical guidelines for the use of
opioids, including the FDA Opioid REMS requirements, and their
impact on the management of chronic pain. This monograph will
also evaluate recommended opioid risk-reduction strategies HCPs
can use to detect opioid misuse in a timely manner. Finally, the
monograph will identify communication strategies HCPs can use to
improve their relationships with their patients to ensure optimal
patient outcomes and reduce the risk of opioid misuse and abuse.

eDUcaTional obJecTiVes 

Upon completion of this activity, participants will be able to:
•Utilize available screening tools for the effective assessment of

patients before initiating opioid therapy (Blueprint sections I and II)
•Implement opioid risk-reduction strategies based on a patient’s

aberrant behavior (Blueprint sections I and II)
•Apply communication strategies to strengthen relationships with

patients and improve patient knowledge of their opioid treatment
(Blueprint sections III and IV)

•Properly monitor patients on opioid therapy utilizing available
resources, including Patient-Provider Agreements and state
Prescription Drug Monitoring Programs (Blueprint sections III and IV)

•Identify potential adverse events in patients on opioid therapy
(Blueprint sections V and VI)

•Mitigate drug-drug interactions with patients on opioid therapy
(Blueprint sections V and VI)

facUlTY

Paul A. Sloan, MD, Department of Anesthesiology,
University of Kentucky Medical Center, Lexington, Kentucky.
Mellar P. Davis, MD, FCCP, Department of Solid Tumor Oncology,
Cleveland Clinic, Taussig Cancer Institute, Cleveland, Ohio.
Pamela Gamier, RN, BSN, CHPN, Department of Solid Tumor 
On cology, Cleveland Clinic, Taussig Cancer Institute, Cleveland, Ohio.

DisclosUre of conflicTs of inTeresT 

It is the policy of the Elsevier Office of Continuing Medical
Education (EOCME) and Dannemiller that any person who is in a
position to control the content of a CME/CE activity must disclose
all relevant financial relationships they have with a commercial
interest. The faculty and non-faculty reported the following regard-
ing financial relationships that they or their spouse/life partners
have or do not have with commercial interests:

FACULTY: Paul A. Sloan, MD - Consultant/Advisor: Mallinckrodt
Pharmaceuticals; Mellar P. Davis, MD, FCCP - Research Grant:
Pfizer, Inc.; Pamela Gamier, RN, BSN, CHPN - Nothing to Disclose.
NON-FACULTY: Perry Fine, MD, content reviewer disclosed that he
is a consultant/advisor for kaléo, Inc.; Pfizer, Inc.; Zogenix, Inc. and
Magellan Health, Inc. All others including their spouse/life partners
have no financial relationships to report: Bernard Abrams, MD,
Dannemiller Medical Director, content reviewer; Sandy Breslow;
Richard DeVito, Jr.; Brynne Hunter and Michelle Montgomery;
Elsevier, Dannemiller and Journal of Opioid Management staff.

Co-provided by Elsevier Office of Continuing Medical Education and
Dannemiller, Inc. in collaboration with Journal of Opioid Management.

3.0 AMA PRA Category 1 CreditsTM , 3.0 AANP Credits
Release date of activity: January 19, 2015
Expiration date of activity for AMA PRA credit: April 19, 2016

coMMercial sUPPorT 

This educational activity is supported by an independent educational
grant from the ER/LA Opioid Analgesic REMS Program Companies.
This activity is intended to be fully compliant with the ER/LA Opioid
Analgesic REMS education requirements issued by the Food & Drug
Administration. Please see www.er-la-opioidREMS.com for a listing of
the member companies. 

accreDiTaTion sTaTeMenT 

The Elsevier Office of Continuing Medical Education is accredited
by the Accreditation Council for Continuing Medical Education
(ACCME) to provide continuing medical education for physicians. 

creDiT DesignaTion sTaTeMenT

The Elsevier Office of Continuing Medical Education designates this
enduring material for a maximum of 3.0 AMA PRA Category 1
CreditsTM.  Physicians should claim only the credit commensurate
with the extent of their participation in the activity. 
Dannemiller is approved as a provider of
nurse practitioner continuing education
by the American Association of Nurse Practitioners:  AANP Provider
Number 090419.  This program was planned in accordance with
AANP CE Standards and Policies and AANP Commercial Support
Standards. It provides 3 hours of continuing education which
includes 1 hour of pharmacology.

cMe inQUiries/sPecial neeDs 

For all CME inquiries please contact: elsevierCME@elsevier.com

DisclosUre of UnlabeleD Use 

This educational activity may contain discussion of published
and/or investigational uses of agents that are not indicated by the
FDA. Elsevier Office of Continuing Medical Education, Dannemiler,
Inc., Journal of Opioid Management and ER/LA Opioid Analgesic
REMS Program Companies do not recommend the use of any agent
outside of the labeled indications. 

DisclaiMer 

Participants have an implied responsibility to use the newly acquired
information to enhance patient outcomes and their own professional
development. The information presented in this activity is not meant
to serve as a guideline for patient management. Any procedures, med-
ications, or other courses of diagnosis or treatment discussed or sug-
gested in this activity should not be used by clinicians without evalua-
tion of their patient’s conditions and possible contraindications on
dangers in use, review of any applicable manufacturer’s product infor-
mation, and comparison with recommendations of other authorities.

MeThoD of ParTiciPaTion 

In order to claim credit, participants must complete the following:
•Read the learning objectives, accreditation information and

disclosures at the beginning of this activity. 
•Review the activity content.
•Complete the Post-Activity Test Questions and Evaluation at
www.elseviercme.com/561psupp. Once you successfully com-
plete the post-test (score of 70% or higher) and activity evaluation,
your Statement of Credit will be made available immediately.

•Click on View Certificate and print the Statement of Credit for
your records.

�
����
�
�
��	
	�������������

���������
��
���
�����
�����������
�
������	�����
����


TM

Tools for safe Prescribing in

chronic Pain ManageMenT

For more resources on opioids visit: www.opioidremsresource.com

13189 Rev C 01/07/2015

REMS page 2  1/7/2015  12:10 PM  Page 1



3Journal of Opioid Management n ER/LA Opioid REMS Supplement

intRoduCtion

Chronic pain from both cancer and noncancer
sources affects approximately one quarter of the
adult population in the United States.1 In addition to
the considerable health burden, there is the burden
of the patient suffering, loss of work productivity,
and loss of social effectiveness for many patients.
Untreated chronic pain has been documented to
interfere with sleep patterns, increase anxiety and
depression, decrease quality of life, and interfere
with social relationships and the ability of a patient
to cope with life.2 Long-term opioid therapy for the
management of chronic-nonmalignant pain (CNMP)
has been used with a subset of patients and found to
be efficacious.1 Although the treatment of patients
suffering from CNMP is viewed as humanitarian,
their use has been complicated by side effects such
as constipation, dose escalation, sedation, endocrine
suppression, inadequate analgesic effect, prescrip-
tion opioid diversion, and unwanted prescription-
opioid-related death.1 Thus, a healthcare profession-
al taking care of patients using long-term opioid
therapy must be extremely well versed in the appro-
priate assessment, management, and specific phar-
macology of opioid analgesic products.

The use of chronic opioids for CNMP was pio-
neered approximately 20 years ago, and has increased
greatly during the past decade. Well-intentioned cli-
nicians, having witnessed the value of long-term opi-
oid therapy for active cancer pain, applied the same
principles of opioid therapy to the patient with
CNMP. Unfortunately, associated with this increased
chronic opioid use for nonmalignant pain came a
marked increase in prescription opioid diversion and
deaths from prescription opioids. A recent national
survey estimated that more than 35 million adult
Americans used an opioid analgesic for nonmedical
use at some time in their life.3 Furthermore, over the
last decade, there has been a dramatic increase in
the number of visits to the emergency department
involving nonmedical use of analgesics.4 For

 
example, in 2008, 36,000 Americans died from drug
poisonings, with nearly 18,400 deaths involving opi-
oid analgesics.5 Thus, the healthcare professional
prescribing extended-release (ER) and long-acting
(LA) opioid analgesics for CNMP must be fully aware
and educated on the risks and benefits involved with
long-term opioid therapy. The clinician must be pre-
pared to balance the benefits of opioid analgesics for
chronic pain management with the risks of serious
adverse outcomes such as addiction, unintentional
overdose, and death. As hydrocodone is the most
prescribed medication in America, physicians must
be completely familiar with its pharmacology, side
effects, efficacy, and limitations of use.6 A recent
review of the effectiveness and risks long-term opi-
oid treatment for CNMP found that, compared with
nonuse of opioids, long-term opioid therapy was
associated with increased risk of abuse, overdose,
fracture, myocardial infarction, and markers of sexu-
al dysfunction.7 Furthermore, several studies show
that the risks from long-term opioid therapy is dose
dependent. As ER/LA opioid analgesics generally
contain a higher milligram dose of opioid than
immediate release (IR) formulations, the ER/LA opi-
oid analgesics are the subject of this educational
monograph. Every clinician who prescribes ER/LA
opioid analgesics for CNMP must be knowledgeable
in the assessment, initiation, management, and termi-
nation of opioid analgesic therapy, including
detailed pharmacology of specific ER/LA opioid
products.

Prescribers should also explain specific informa-
tion regarding the exact prescribed ER/LA opioid
product. The patient should be taught how to take
the opioid as prescribed and understand the impor-
tance of adhering to the dosing regimen. The patient
should be instructed to read the specific ER/LA opi-
oid product medication guide. Patients should be
instructed to reveal all prescribed and unprescribed
medications they are taking and be warned to not
abruptly discontinue or reduce their opioid anal-
gesic without physician consultation.
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It is common public knowledge that some ER/LA
opioid products when manipulated (crushed,
chewed) or consumed with concomitant sedatives,
alcohol, or illegal drugs may result in serious over-
dose and death. Patients must be warned to neither
tamper with the opioid product, nor consume the
opioid with concomitant central nervous system
depressants.

All patients should be counseled regarding the
safe keeping of ER/LA opioids which must be pro-
tected from theft, stored in a safe and secure envi-
ronment away from children or other household
members, and disposed of if no longer needed fol-
lowing the opioid product-specific disposal infor-
mation. Prescribers should explain that sharing opi-
oid analgesics with others is both illegal and may
result in serious side effects. Finally, patients are
instructed to call emergency services if they ingest
excessive medication, have difficulty breathing, or a
child has inadvertently taken the opioid.

In addition, evidence suggests that higher dose
strengths (such as seen with the ER opioids) are
associated with a higher mortality.8-11 For these rea-
sons, this article will provide the healthcare profes-
sional with an update on guidelines for the use of
ER and LA opioid analgesics in the management of
CNMP. The use of ER opioids for the management
of active cancer pain is not considered in this docu-
ment. Likewise, the use of chronic ER opioids for
the management of chronic pain for the cancer sur-
vivor will not be addressed in this document, and
the reader is referred to other publications.12 For
the purposes of this educational article, chronic
pain is defined as pain lasting for at least 3-6
months, usually beyond the phase of acute or suba-
cute tissue injury, which may be due to demonstra-
ble causes or not, but not related to cancer or can-
cer therapy. An example of chronic-nonmalignant
pain would be low back pain of at least 3 months
duration.

It is expected that the student of this educational
monograph on long-term opioid analgesics with ER
or LA opioids will come to 1) recognize the proper
assessment of patients considered for long-term
treatment with ER/LA opioids, 2) develop skill with
the initiation, dose modification, and possible dis-
continuation use of ER/LA opioid analgesics, 3)
develop skills and knowledge to manage patients
on long-term opioid therapy with ER/LA opioid
analgesics, 4) recognize the information compo-
nents required to counsel patients and caregivers
about the safe use of ER/LA opioids, and 5) describe
the general pharmacology of all ER/LA opioid anal-
gesics as well as individual product-specific drug
information.8

pAtiEnt AssEssmEnt FoR LonG-tERm opioid

 AnALGEsiC tHERApY

All patients with a history of CNMP and consid-
ered by health professionals for opioid analgesic
therapy, should first have a complete history and
physical examination. The history should include a
traditional history of the pain, including onset, dura-
tion, character and severity of the pain, location of
pain, alleviating as well as aggravating factors, and a
review of any previous laboratory or imaging stud-
ies. A typical previous medical history as well as
review of systems is mandatory, along with a psy-
chosocial history that includes the patient’s current
living conditions, family relations, work history, as
well as drug allergies. This psychosocial history
must include an evaluation of individual patient risk
of opioid use. This must include a patient history as
well as family history of substance abuse of alcohol,
illegal drugs, or prescription drugs. Younger patients
are more at risk for opioid use as well as patients
with a history of sexual abuse, psychological dis-
ease such as major schizophrenia or depression.
Commonly used tools, available for free on the
Internet and validated for current use, include the
Opioid Risk Tool and the Revised Screener and
Opioid Assessment for Patients in Pain.13,14 These
assessment tools are quickly completed at initial
evaluation, and a simple scoring system identifies
the patient at low, moderate, or high risk for misuse
of long-term opioid analgesics.13,14 Other tools
include the CAGE questionnaire for evaluation of
alcohol abuse, and the Current Opioid Misuse
Questionnaire which will assess for misuse of pre-
scription opioids. An evaluation of all previous anal-
gesic therapy is mandatory, especially the history of
any opioid or nonopioid analgesics currently or pre-
viously used. A general and specific physical exami-
nation along with history and imaging studies, will
help the clinician form an accurate complete evalua-
tion of the patient with an identified pain diagnosis.
A treatment plan is then completed and discussed
with the patient and relevant family members. The
clinician should first treat the patient with all appro-
priate nonopioid therapies or document such previ-
ous treatments. Prior to initiating a trial of opioid
therapy, the clinician should complete urine drug
testing to check for unacknowledged opioids or ille-
gal drugs. The risks of chronic opioid use, along
with the possible benefits, must be explained to the
patient and the opioid prescribing agreement with
informed consent completed. A prescription moni-
toring program should be reviewed to verify patient
history as well as insure the patient has not been
treated by multiple prescribers. It is important that
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the clinician completely document the initial patient
evaluation as well as all follow-up visits.
Prescription opioids for chronic pain should not be
prescribed for any family members of the clinician,
and cautious prescription to any close friends of the
prescriber.

Patients deemed to be a high risk for long-term
opioid therapy, such as history of substance abuse,
may still be considered for opioid therapy with
ER/LA opioid analgesics, but will likely require
expert consultation and additional and closely
supervised monitoring. High-risk patients, including
patients with serious psychiatric issues, serious
aberrant drug-related behaviors, and history of pre-
vious prescription opioid abuse, should be strongly
considered for referral to pain management special-
ists. One specific opioid formulation, transdermal
fentanyl patch, carries a warning that it be used only
for patients who are considered opioid tolerant, that
is, patients currently receiving long-term opioid
therapy for chronic pain.

Many studies of the efficacy of prescription opi-
oids for the management of chronic pain have
shown analgesic benefit and safety over clinical tri-
als of 4-12 weeks.15 However, long-term trials (12
months) using an open, prospective, blinded, place-
bo-controlled trial format have yet to be completed.
Therefore, it is important that the clinician inform
the patient for long-term opioid therapy that there
are known risks involved with ER/LA opioid anal-
gesics, and that adequate pain relief may be limited
or not possible because of these side effects. The
patient must be informed of potential serious opioid
risks including inadvertent overdose and death. It is
common for patients to discontinue long-term opi-
oid therapy because of intolerable opioid-related
adverse effects. The ER/LA formulations may give
rise to increased opioid risk as most ER opioid
dosage units necessarily must contain more opioid
than the IR formulation. Side effects from long-term
opioid therapy include the typical effects of consti-
pation, and nausea and vomiting. With the initial
use of opioids, or an increase in opioid daily dose,
sedation is occasionally seen; however, the patient
usually becomes tolerant to this side effect. Serious
adverse events from long-term opioid therapy
include life-threatening respiratory depression,
inadvertent death, use of opioids as a tool for sui-
cide, opioid addiction, and opioid misuse situations
such as selling the opioid product on the street.
Other opioid side effects include tolerance (increased
opioid dosage required to produce the same anal-
gesic effect), opioid-induced hyperalgesia (a state of
nociceptive sensitization related to opioid expo-
sure), immunosuppression, and hypogonadism.16

Long-term opioid therapy may be a risk for central
sleep apnea, but the data are currently lacking in
this area. The patient should also be cautioned that
if prescription opioids are not kept in a secure envi-
ronment, they may be abused by household or fam-
ily context, including inadvertent ingestion and
overdose by children.8 Women should be coun-
seled that long-term opioid therapy during pregnan-
cy may result in neonatal opioid withdrawal syn-
drome. All patients should be advised that opioids
may interact with other medications such as alcohol
and benzodiazepines resulting in increased risk and
side effect profile. The concomitant use of benzodi-
azepines has been seen as a risk factor for opioid-
related death.17 All patients taking regular and
chronic opioids will become physically dependent
(will show some signs of opioid withdrawal upon
sudden discontinuation of opioid therapy); howev-
er, most patients can be easily weaned from opioids
when clinically indicated without harm. Finally,
patients should be cautioned regarding automobile
driving when first started on opioid therapy and
when an increase in dose has been affected.18

LonG-tERm opioid tHERApY: initiAL opioid tRiALs

Following careful patient selection including the
above history, physical examination, screening
tools, imaging studies, trials of nonopioid anal-
gesics, and chronic pain diagnosis, a patient may be
considered for a trial of opioid therapy to improve
pain relief as well as increased patient functioning.
Prior to initiation of opioid therapy, all prescribers
should be aware of all Federal regulations and their
particular state regulations concerning prescription
opioid therapy.

the opioid-naïve patient

Before initiating any opioid therapy, the patient
must be informed of all risks, as well as hoped-for
benefits, must have an appropriate urine drug
screen, and have completed a Patient Treatment
Agreement. All patients should understand that the
initiation of long-term opioid therapy for the man-
agement of chronic pain is a clinical trial therapy.
Many patients are convinced that long-term opioid
therapy will eliminate all of their pain with very few
or minor opioid-related side effects. All patients
should be counseled that, in fact, most patients will
discontinue opioid therapy when followed for 12
months or longer due to inadequate analgesia or
intolerable side effects.19 Thus, the patient must
understand that initial opioid therapy is a trial,
which may or may not be successful regarding pain
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relief or patient functioning. There are no studies to
accurately suggest the length of the initial opioid
trial, the authors find a period of 8-12 weeks is typi-
cally sufficient.

Multiple ER/LA opioid analgesics are available to
the physician in the United States. Thirteen of these
products are reviewed in detail in a follow-up article
to this manuscript. For the purposes of this mono-
graph, the authors consider that the initial opioid
trial is with an ER or LA opioid product. Be aware
that certain ER/LA opioids should not be trialed in
the opioid-naïve patient, including transdermal fen-
tanyl, ER hydromorphone, Avinza, Butrans, Embeda
100 mg, Kadian 100 mg capsules or greater, MS
Contin 100 mg tablets or greater, Oxycontin 40 mg
doses or greater, Targiniq ER 40/20 mg or greater,
and Zohydro ER 40 mg doses or greater.

Opioid daily dose selection to start the initial trial
is crucial, and the practitioner must be aware of
potencies and dose range of typical ER/LA opioid
analgesics. It is recommended that the lower dose
of the therapeutic range be considered as an initial
daily dose for the opioid-naïve patient. It is recog-
nized that the opioid dose should be titrated to the
individual in every situation. The reasons for this are
many, including individual pharmacokinetic differ-
ences, individual pharmacodynamic differences,
genetic variability for both the new opioid receptor
as well as for metabolism of the opioid product,
variability with social, psychological, emotional,
and anxiety among each patient. The physician
must be aware that increasing the ER opioid dose in
response to inadequate analgesia (discussed further
in this article) should be approached with caution
and dose escalation should be done slowly to
decrease the risk of opioid overdose. The physician
should limit opioid dose increases to a minimum of
every five to seven expected elimination half-lives
of the ER opioid product. ER opioids should be pre-
scribed on a timed daily schedule. Current guide-
lines disagree about the addition of IR opioids to the
patient on ER/LA opioid analgesics. In the author’s
experience, IR opioids should only be added to
ER/LA opioids to treat well-defined episodes of
breakthrough pain. Nonopioid analgesics, such as
nonsteroidals, tricyclic antidepressants, or anti-
seizure drugs, may be continued along with long-
term opioid therapy and may augment opioid anal-
gesia. When a maximum daily opioid dose has been
reached without any evidence of analgesic efficacy,
improved patient function, or there are intolerable
side effects, the opioid should be weaned and dis-
continued.20 It is unclear what the maximum daily
opioid dose should be in the patient with CNMP;
however, most current guidelines would classify a

dose of morphine equivalent of 80-100 mg daily as
high dose, and most suggest there is increased risk
of adverse events with the highest dosage.7,20

It is important to educate the patient and care-
givers to the possibility of significant respiratory
depression from long-term opioid therapy, especial-
ly at the time of opioid trial initiation, as well as dur-
ing opioid dose increases. Patients must be moni-
tored closely and recent guidelines for the use of
methadone for the treatment of CNMP suggest that
patients be seen or called within 3-5 days of opioid
initiation or dose increase.9

the opioid-tolerant patient

A patient is considered opioid tolerant if they have
been receiving opioid treatment on a regular basis
for at least 1 week prior to opioid trial initiation. For
example, if a patient has a history of long-term opi-
oid therapy but has discontinued all opioids for the
past 2 weeks prior to a clinical trial, this patient
would be considered opioid naïve. An expert panel
of the US Food and Drug Administration (FDA) has
defined opioid tolerance as patients receiving, for 1
week or longer, at least 60 mg of daily oral mor-
phine, 25 mg/h of transdermal fentanyl, 30 mg of
daily oral oxycodone, 8 mg of daily oral hydromor-
phone, 25 mg of daily oral oxymorphone, or an
equal analgesic dose of any other opioid.8

An opioid-tolerant patient is, by definition, cur-
rently taking daily opioids. Therefore, it can be
assumed that the current opioid regimen is inade-
quate to produce significant analgesia or improved
patient functioning. If the physician judges that this
patient is appropriate for additional trials of long-
term opioid therapy (see above) then several choic-
es become available. First, the patient on an IR opi-
oid, and having adequate pain relief, may be
converted to the same opioid available as an ER/LA
opioid formulation and continued at the same daily
dose. Second, a patient on an IR opioid with inade-
quate pain relief can be switched to the ER/LA same
opioid family product for purposes of dose escala-
tion. Dose escalation in the opioid-tolerant patient
should also be performed with the same diligence
and caution as with the opioid-naïve patient. Third,
patients on a high dose of opioid (greater than 91
mg oral morphine daily equivalence)20 may be
given a trial of a different opioid as the patient has
likely reached the upper limit of safety with that
given opioid. This requires that the treating clinician
have a good understanding of the principles of opi-
oid rotation and incomplete opioid cross-tolerance.

Opioid rotation occurs when a patient is switched
from one opioid to a different opioid in an effort to
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improve analgesia, reduce adverse side effects, or
improve patient functioning.21 The concept of opioid
rotation, developed for the management of cancer
pain near the end of life, was tried for the treatment
of CNMP and was found to be helpful for some
patients. It has been applied to the long-term opioid
patient for CNMP but without adequate research to
date. In brief, the clinician calculates the current
daily opioid dose of the patient, using an opioid
equianalgesic published table, then converts the
daily opioid dose to the equivalent daily opioid dose
of a different opioid analgesic. Unfortunately,
equianalgesic tables are based on population phar-
macokinetics, and typically derived from studies of
acute pain, volunteer studies, and sometimes on sin-
gle dose studies.22 In addition, therapy for the indi-
vidual is quite variable because of opioid receptor
differences, opioid metabolism and pharmacody-
namic differences, and pharmacogenetic differences.
Some studies have concluded that strict reliance on
calculated opioid equivalence for opioid rotation has
resulted in preventable fatal outcomes from opioid
therapy.23 The authors use a modified and cautious
approach to opioid rotation. Because an individual
patient may demonstrate incomplete cross-tolerance
when rotating from one opioid to another, the
authors use a lower initial dose than suggested by an
opioid equianalgesic table. This approach requires
calculation of the equianalgesic opioid dose, and
then decrease this dose by approximately 50 percent
for initial titration. To give an example, if a patient
has an oral daily morphine dose of 100 mg, with a
calculated equianalgesic hydromorphone dose of 20
mg daily, the patient would be started on a daily
hydromorphone dose of approximately 10 mg. Of
special note, recent guidelines on the use of
methadone for treatment of CNMP recommend that
when switching to methadone from another opioid,
clinicians initiate methadone at a daily dose of 75-90
percent less than the calculated equianalgesic dose.9

In addition, these methadone guidelines also indicat-
ed that, whatever the calculated equianalgesic opi-
oid dose, the initial methadone daily dose would be
no higher than 30-40 mg per day.9

Prior to initiation of a long-term opioid therapy
trial, clinicians should review and establish anal-
gesic goals as well as functional goals for therapy.
Patients should be counseled that the analgesic goal
of therapy would be to reduce symptoms sufficient-
ly to allow improvement in quality of life and
patient functioning. Patient must be educated to the
risks and uncertainty involved with long-term opi-
oid therapy, and the use of an Opioid Treatment
Agreement is strongly encouraged. Although Opioid
Treatment Agreements (OTAs) have not been

 documented to decrease serious opioid adverse
events, many clinicians believe they are a useful
document to outline at the start of opioid therapy,
what is expected of the patient, the family, and the
prescribing clinician. The OTAs vary in their con-
tent, but typically outline the treating clinician as the
sole provider of opioids to the patient, educate the
patient on the risks of opioid therapy including fail-
ure to provide analgesia, outline a patient commit-
ment to return to clinic for follow-up visits and to
comply with appropriate monitoring such as drug
testing, and a patient commitment to maintain the
opioids in a secure and safe environment at all times.
The OTA is signed at the time of initiation of opioid
therapy with the prescriber and patient. In some
states, the OTA is in fact a mandatory requirement.

There is little research information available for
the use of ER/LA opioids in special populations
such as pregnant women and children. Clinicians
should be extremely cautious about the use of opi-
oid analgesics to treat a woman during pregnancy
as the opioids will cross over into the fetal circula-
tion. Patients with this special circumstance should
be managed by pain specialist clinicians. As long-
term opioid therapy in a woman may result in
neonatal withdrawal syndrome in the newborn
baby, the treating pain physician must alert the
obstetrician and neonatology service such that
appropriate treatment is available for the newborn.

mAintEnAnCE oF LonG-tERm opioid tHERApY

Following initiation of the opioid trial, the patient
is titrated to a daily opioid dose that achieves a bal-
ance between analgesia, opioid-related side effects,
and functional activity. Most current guidelines sug-
gest caution when using higher doses of opioids for
CNMP, defined often as 100-200 mg of daily oral
morphine equivalent.24

If an adequate goal of analgesia and improved
functioning has been achieved, the patient must be
scheduled for regular follow-up visits. These visits
are not just for opioid prescriptions but should
include a review of current pain history, a focused
physical examination, a review of diagnosis, and
reassessment of the treatment plan. Some states also
advise an annual complete and full checkup. It is
the authors’ practice to complete a review of the
electronic monitored prescription program at each
patient visit and to complete random and intermit-
tent urine drug testing to help insure opioid compli-
ance.25 The urine, or other body fluid, testing allows
the clinician to ensure that the patient who is taking
the prescribed opioid, is not taking other unpre-
scribed opioids, and does not have street drugs
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present in the urine. The clinician should provide
good documentation of all these aspects of the fol-
low-up patient visit.

The regular follow-up patient visit therefore 
documents pain relief, patient functional activity,
opioid-related side effect profile, and health-related
quality of life. If analgesia has been obtained to
patient and physician agreed upon goals, but side
effects are troublesome, the opioid may be contin-
ued at the present dose and an attempt made to
control opioid side effects with specific medica-
tions. Constipation should always be suspected and
treated adequately, and nausea and vomiting may
be treated with antiemetic therapy. The clinician
should also assess at the follow-up visit the clinical
benefit compared to the side effect profile of the
opioids, and whether the analgesic should be con-
tinued or tapered. This is a judgment made by the
clinician after reviewing all the patient data.

The regular patient follow-up visit is an opportu-
nity to recognize, document, and address any aber-
rant drug-related behaviors. Aberrant patient behav-
iors predictive of opioid misuse have been categorized
into more, or less, predictive activities.26 Behaviors
highly suggestive of opioid misuse or mismanage-
ment include prescription forgery, selling prescrip-
tion opioids, stealing opioid analgesics, obtaining
prescription or illicit drugs from the street, continu-
ously losing prescription opioids, and altering oral
opioid medications for injecting.26 Less predictive
behaviors include drug hoarding, requesting specif-
ic opioid analgesics, unsanctioned dose escalation,
and aggressive complaining of the need for higher
opioid daily doses.26 All aberrant behavior should
be documented in the patient chart, with further his-
tory, physical examination, and urine drug testing
considered to diagnose the nature of the aberrant
behavior. Depending on the severity of the behav-
ior, the long-term opioid therapy may be tapered
and discontinued, opioid dose may be reduced, the
patient may be referred to a specific pain manage-
ment specialist, the patient may be referred to an
addiction medicine or psychiatry specialist, or the
opioid medication may be continued as previously.
It is incumbent on the clinician to document the
outcome of the investigation to the aberrant behav-
ior and note in the chart what the continued treat-
ment plan will be. Additional responses on part of
the clinician to aberrant behavior include shortening
the patient follow-up visit and increasing the fre-
quency of drug testing, and intermittent pill counts.

The regular patient follow-up visit allows an
opportunity for the clinician to evaluate any changes
in the patients underlying medical condition. Any
changes to major organ function, such as liver or

renal dysfunction, cardiac or pulmonary dysfunction,
will result in a critical reevaluation of the risk-benefit
ratio of long-term opioid therapy in this specific
patient. Any significant new dysfunction in these
major organs may result in increased opioid plasma
levels or increased patient sensitivity to opioid-relat-
ed side effects, which could be life threatening.

The use of methadone for the treatment of CNMP
requires intimate knowledge of the prescribing
 clinician with the pharmacology of methadone.
Specifics of patient evaluation, pain titration, and
follow-up monitoring for patients on long-term
methadone therapy is discussed in the section for
specific opioid analgesic products. At least one set of
recent guidelines has recommended that methadone
be used only by clinicians with specific training in
methadone therapy and only used following trials
and failure of other opioid therapy.20

The patient follow-up visits are important to
ensure, as much as possible, patient compliance
with long-term opioid therapy treatment. There are
several reasons for the clinician to seek patient com-
pliance with therapy. First, the clinician needs an
accurate knowledge of exactly how much opioid
the patient is taking on a daily basis. If the patient is
seeking additional opioids from other sources, it
may simply reflect that the patient needs a higher
regular daily opioid dose to achieve adequate anal-
gesia. Second, if the patient is diverting prescription
opioids, this is a serious criminal offense and must
be reported. Third, if the patient is using additional
sedatives, alcohol, or street drugs, the patient may
be at risk for serious opioid overdose. Fourth, a
recent review of closed claims physician malprac-
tice associated with opioid management for CNMP
revealed that patients with aberrant behavior were
more at risk for serious opioid side effects such as
death.27 The investigation reviewed claims (N = 51)
over a 3-year period for medication management
and found that almost all patients had at least one
risk factor for opioid medication misuse, and that 24
percent of patients had three or more of such risk
factors.27 Death was the most common outcome in
the malpractice claim, and most (84 percent) such
patients did not cooperate in their care. Factors
associated with this increased risk of death included
LA opioids, concomitant psychoactive drug use, and
three or more opioid risk factors for medication mis-
use. Thus, the patient who is uncooperative in their
care is not only burdensome to the healthcare team
but also at risk of fatal opioid overdose.

Patients who do not achieve adequate analgesia,
have intolerable side effects, or have been found to
have aberrant behavior such that discontinuation of
therapy is warranted, should have their prescription
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opioid dose safely tapered. There are little research
data to guide the clinician on the exact protocol for
opioid tapering. A recent informal survey of pain
physicians at a national meeting (P.A.S., unpub-
lished data, 2013) found that opioid taper among
pain physicians varied between 0 days and 3
months. In addition, a few physicians looked to in-
hospital weaning of opioids, while most clinicians
chose to taper the patient on an outpatient basis. As
a rapid tapering of opioid can lead to unwanted
symptoms, the authors typically taper the opioid by
reducing the total dose to 75 percent, then 50 per-
cent, then 25 percent, and finally to 0, using a 2-
week interval for each reduction in dose. This usu-
ally results in a satisfactory tapering of the opioid
without undue stress on the patient. Other thera-
pies to help with opioid tapering include the addi-
tion of medication such as ondansetron or cloni-
dine and also cognitive-behavioral therapy.28,29

The clearance of most opioids is affected by liver
failure and should be used cautiously in these
patients. The presence of renal failure does not
change the clearance of morphine but dramatically
reduced clearance of the principle metabolites
(M3G, M6G). As M6G is a potent m-receptor agonist,
this may lead to prolonged opioid effect with renal
failure, and unwanted sedation or respiratory fail-
ure. Fentanyl appears to be the opioid least affected
by both liver and renal failure.30

pAtiEnt And CAREGiVER EduCAtion ConCERninG

ER/LA opioids

The FDA REMS education document strongly
encourages healthcare professionals to council
patients and caregivers regarding safe practices for
the administration of ER/LA opioid analgesics.8 As
long-term opioid therapy is associated with the
potential for serious adverse outcomes, this seems
like very wise advice. Clinicians must document in
the chart that they have provided this patient educa-
tion. Essentially, the counseling includes informa-
tion on how to take the medicine, consequences for
not taking the opioids as prescribed, and advice for
the patient should opioid side effects occur. The
FDA REMS document does not require clinicians to
use an OTA with their patients. The OTA, also
referred to in the literature as opioid contract or
pain medication agreement, is use by many, but not
all physicians, in the management of long-term opi-
oid therapy. The opioid contract usually adds bind-
ing statements for the patient such that they must
comply precisely with all pain medication prescrip-
tions, attend all scheduled appointments, submit for
urine screening and pill counts, and other patient-

physician requirements.31-33 Opioid contracts are not
universally endorsed by all pain physicians and
some experts suggest that opioid contracts are nei-
ther enforceable nor effective and may erode the
trust a patient has with his physician.34

A patient counseling document should be used to
help explain to both patient and caregiver best prac-
tices for the safe use of long-term opioid therapy.35

In addition to the FDA counseling document, other
patient education aides can be found on the Internet.36

Specifically, opioid prescribers should educate
patients and caregivers on the common side effects
of ER/LA opioids including the risks of falls, work-
ing with heavy machinery, and driving limitations
when changing daily dose. Patients should be
instructed to let the physician know about any side
effects and ask for help in managing side effects.
Serious side effects, such as overdose and death,
must be discussed with all patients including risk
factors, signs and symptoms of overdose and respi-
ratory depression, serious gastrointestinal obstruc-
tion, and allergic reactions.8 Any serious adverse
events should be reported to the FDA.37

Prescribers should also explain specific informa-
tion regarding the exact prescribed ER/LA opioid
product. The patient should learn how to take the
opioid as prescribed and understand the importance
of adhering to dosing regimen. The patient should
be instructed to read the specific ER/LA opioid
product medication guide. All patients should be
counseled regarding the safe keeping of ER/LA opi-
oids which must be protected from theft, stored in a
safe and secure environment away from children or
other household members, and disposed of if no
longer needed following the opioid product-specific
disposal information. Finally, patients are instructed
to call emergency services if they ingest excessive
medication, have difficulty breathing, or a child has
inadvertently taken the opioid.
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LonG-ACtinG opioids: pRomisE VERsus REALitY

Both short-acting (SA) opioids and long-acting
(LA) opioids have been used for chronic pain
(defined as pain lasting >3 months). SA opioids have
a duration of action ranging between 2 and 4 hours,
result in rapidly fluctuating drug levels and are suit-
able for acute, unstable, intermittent, breakthrough,
and procedure-related pain.1 End-of-dose failure pain
is not considered a breakthrough pain by some inves-
tigators, but suboptimal around-the-clock (ATC) dos-
ing, and is managed by increasing the ATC dose.2,3 LA
products are sustained-release/extended-release
(SR/ER) potent opioid formulations which slowly
release opioid over 8-24 hours or are particular opi-
oids which have a long half-life and duration of
action of >8 hours (buprenorphine, levorphanol, and
methadone).1,4,5 There are several potential reasons
to prefer LA over SA opioids. Analgesia is associated
with maintaining plasma opioid levels; each individ-
ual has a minimally effective plasma opioid concen-
tration.5-7 LA opioids theoretically maintain analgesic
opioid levels better compared with SA opioids,
depending on how SA opioids are dosed.8 If patients
take their SA opioid ATC, there appears to be no par-
ticular benefit to LA opioids.9-11 Another proposed
advantage to LA opioids is reduced side effects. Side
effects are also related to plasma levels of opioids and
SA opioids produce wider peak to trough levels lead-
ing to a greater risk of side effects at peak times. The
transient high levels with SA opioids may increase
side effects relative to LA opioids.11-14

Other proposed benefits to LA relative to SA opi-
oids are improved sleep, less end-of-dose failure,
less risk of addiction, and improved health-related
quality of life.4 However, in reality, there is insuffi-
cient evidence to substantiate claims of benefits to
LA over SA opioids.15,16 None of the comparison tri-
als have demonstrated a reduced need for rescue
analgesics with LA opioids. Sleep improved to a
greater extent in only one of three studies with LA
opioids. Function as an outcome, measured in only

a minority of studies, was not different between opi-
oid formulations. Side effects in general did not dif-
fer between formulations. One study demonstrated
reduced nausea with LA opioids and another
reduced depression and confusion with SA opi-
oids.15-17 These findings have not changed to date.
No study to date has compared the risk of addiction
with SA relative to LA opioids.15,16,18 A study was
done on the risk of aberrant behavior based on opi-
oid formulation. “Drug-liking” effects were greater
with SA than the LA opioids; however, this study
was done in recreational drug users and not in indi-
viduals with chronic noncancer pain (CNCP) and so
in reality is not applicable.4 Trial heterogeneity in
design and patient population prevent meta-analy-
sis, but taking this into account, pain intensity out-
comes between SA and LA opioids do not appear to
differ.15 Although some guidelines recommend LA
opioids for CNCP, this is not based on analgesia,
side effects, improved function, quality of life, or
reduced risk of aberrant opioid behaviors.19-21 Most
comparison studies are of moderate to poor quality
by present standards. While most focused on anal-
gesia, none have systematically collected adverse
events using a validated questionnaire but rather
depended on patient spontaneous reports or diaries.
It is estimated that opioid-related side effects are
eight times more frequent when side effects are col-
lected systematically rather than by patient volun-
teered reporting or diaries.22,23 As a result, true dif-
ferences in side effects between SA and LA opioids
are largely unknown.

There are several drawbacks to using LA opioids.
Pharmaceutical limitations of LA opioids are such
that the lowest dose available with some LA opioids
formulations may be too high for opioid-naïve indi-
viduals, the elderly, those with comorbidities, or
those with organ failure.14 In this setting, starting
with an SA opioid then converting to an LA opioid
once pain is controlled is a better strategy. For
example, transdermal fentanyl 25 mg/h patch is con-
traindicated in opioid-naïve individuals and in the
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postoperative setting. This dose of fentanyl is equiv-
alent to 60 mg of morphine a day.14 Another advan-
tage of SA opioids is that these products can be
more rapidly titrated to an effective dose more rap-
idly than LA opioids. The ATC dose should not be
adjusted until steady state and steady state is
reached more quickly with SA opioids due to the
short half-life.14 LA opioids have been used for initial
dosing and titration but require close observation
for adverse effects.24 In at least one study, there was
greater risk of side effects when initially using an LA
opioid with titration than an SA opioid.25 While indi-
viduals are on an LA opioid, many will require an SA
opioid as rescue for breakthrough pain. This is rela-
tively well established for cancer pain, more so than
in CNCP. Two different opioids for pain manage-
ment increase the risk for dosing errors. Methadone
is particularly problematic when used in the opioid
naïve. Methadone should not be increased for 4-5
days and has several disadvantages including the
risk for corrected electrocardiographic QT (QTc)
interval prolongation and Torsade de Pointe.26-28

Buprenor phine has a long half-life and requires
coupling with a SA opioid for breakthrough pain.29

AddiCtion And ABusE oF LA AnALGEsiC pRoduCts

LA opioid products are scheduled under the
Controlled Substances Act and can be misused and
abused. Misuse and addiction have paralleled the
increase of prescriptions for LA opioids over recent
years.30 Evidence from observational studies suggest
that long-term opioid analgesics for chronic pain
increase the risk for opioid abuse.31 No study to date
has assessed the risk of abuse, addiction or related
outcomes with long-term opioid therapy versus
placebo or nonopioid analgesics. In uncontrolled
studies, rates of abuse vary substantially based on
strict inclusion criteria, even when controlling for
care setting (primary care vs pain clinic).32-39 Some
of the variability in prevalence may be due to differ-
ences in ascertaining opioid addiction. Family and
personal history of addiction and a psychiatric disor-
der increase the risk for opioid addiction. Certain
genes involving dopamine neurotransmission, opioid
receptors, and neurotrophic factors may increase the
risk for addiction.40 Risk mitigation strategies which
include prediction questionnaires and urine drug
screens are associated with reduced opioid misuse
behaviors.41,42

Two studies have demonstrated a relationship
between the total daily opioid dose measured as
morphine equivalent doses (MED) and opioid over-
dose and mortality. In two studies, the hazard ratio
(HR) was as high as 11 for individuals on >100 mg

MED per day.43,44 Another study demonstrated that
overdose deaths were related to the maximum daily
opioid dose. The adjusted HR was 4.5 for those on a
MED >100 mg per day and was even higher for
those with chronic pain and opioid doses >100 mg
MED per day (HR 7.2).45 Causes of opioid-related
deaths are multifactorial. Root causes are physician
error due to opioid knowledge deficits, patient non-
adherence, unanticipated medical and mental
health comorbidities, and payer policies that man-
date methadone as first-line therapy without taking
into account prescriber expertise or experience with
methadone.46 There are different patient demo-
graphics associated with opioid deaths depending
on the location of overdose or death. Patient charac-
teristics described in the emergency room include
middle-aged male, public insurance, lower income,
comorbid chronic pulmonary disease or neurologic
disease, and history of sleep apnea. Overdoses
which occur at home are associated with a college
degree, female gender, and combined opioid and
benzodiazepines.47,48

Methadone is a particular risk factor. Although
methadone accounts for 4.5-18.5 percent of opioids
distributed by state, it accounts for nearly 40 percent
of single opioid-related deaths.49 Also, deaths from
fentanyl have doubled between 2013 and 2014 in
certain states. Most deaths are from injections of ille-
gally produced acetyl fentanyl.50

At least two methods have successfully reduced
opioid-related deaths. Reformulation of oxycodone
ER to an abuse-deterrent pharmaceutical which has
reduced deaths from oxycodone by 82 percent.51

Second, state supported overdose education and
nasal naloxone distribution programs have reduced
opioid deaths in communities.52,53

REspiRAtoRY dEpREssion

Respiratory depression is the most important and
feared serious opioid adverse effect which is immedi-
ately life threatening. The type of opioid and patient
characteristic associated with respiratory depression
has changed over the decade. In a systematic review
of opioid-related respiratory depression in patients
with chronic pain, morphine and cancer pain were
most commonly associated with respiratory depres-
sion prior to the year 2000. After the year 2000,
methadone or fentanyl and patients with noncancer
pain where the most often associated respiratory
depression.54 Specific root causes contributing to res-
piratory depression prior to 2000 were increased
plasma morphine levels, renal failure, and sensory
deafferentiation. In the years following 2000, elevat-
ed opioid plasma levels and drug interactions with
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cytochrome P450 enzymes were factors associated
with respiratory depression. Other factors are phar-
macodynamic interactions between opioids and ben-
zodiazepines which lead to synergistic respiratory
depression.55 Long-term maintenance methadone
decreases hypoxemic as well as hypercapnic ventila-
tory responses.56 This may place patients with sleep
apnea at risk for respiratory depression.57,58 All phas-
es of the respiratory cycle are influenced by opioids.
At low doses, there is decreased tidal volume and at
high doses decreased respiratory rate.59 As a result,
rapid dose titration in an opioid-naïve individual who
has not developed tolerance is a strong risk factor for
respiratory depression.60 The degree to which opi-
oids suppress peripheral and central chemoreceptors
depends on the characteristics of the particular opi-
oid.61 In animal models, single opioid doses produce
variable durations of respiratory depression.
Respiratory depressive effects were short lived for
fentanyl and oxycodone as single doses whereas
morphine, morphine-6-glucuronide, and buprenor-
phine produced prolonged respiratory depression.62

The route of administration also plays a role. Oral
opioids have less effect on hypoxic and hypercapnic
ventilatory drive than parenteral opioids.63 There also
may be a genetic predisposition to opioid-related res-
piratory depression.64

Part of the difficulty of defining respiratory
depression with opioids is that there are different
definitions of respiratory depression which involve
sensorium, respiratory rate, hypoxemia, and hyper-
capnea. Oxygen desaturation has been used in the
past as the hallmark of respiratory depression.65,66

Not infrequently, respiratory rate has been used on
hospital wards. However, the respiratory rate may
decrease while the tidal volume compensates thus
maintaining oxygen saturation.67,68 This compensa-
tory mechanism may fail during an acute illness
leading to reduced respiratory rate, tidal volume,
and oxygen desaturation.69

Naloxone is an allyl derivative of noroxymor-
phone, first synthesized in 1960. It is a nonselective
competitive opioid antagonist for all three major
opioid receptors (mu, delta, and kappa).70 It has a
high first past hepatic clearance (>95 percent) and
thus low oral bioavailability. Metabolism is primarily
through glucuronidation to naloxone-3 glu-
curonide, 70 percent is excreted in urine as the con-
jugate metabolite, and 30 percent unchanged.70-73

The extent and duration of naloxone-induced rever-
sal of opioid-associated respiratory depression is
variable and related to the opioid dose, the mode of
administration, coadministered medications, under-
lying disease, pain, state of arousal, genetic makeup
of the patient, and exogenous stimulating fac-

tors.74,75 Naloxone rapidly gains access to the central
nervous system (CNS). Its’ elimination half-life from
plasma is quite short, 33 minutes, such redosing of
naloxone may be needed, particularly for LA opi-
oids.76 The onset to effect is <2 minutes. Naloxone
should be given at a rate of 20-100 mg (intravenous)
IV every 2 minutes to reverse respiratory depression
but not analgesia. An IV infusion may be needed for
individuals on LA opioids.69,77 Buprenorphine will
require large doses of naloxone, 2-4 mg IV, and an
infusion to reverse respiratory depression.75,76

Intranasal (recently approved by the Food and Drug
Adminis tration for use in opioid overdose) and sub-
cutaneous naloxone are also effective and as effec-
tive as parenteral naloxone in reversing respiratory
depression. This is particularly important if patients
do not have IV access.78

ConstipAtion And nARCotiC BoWEL sYndRomE

Constipation is the most common long-term side
effect with opioids and should be anticipated.
Unfortunately, very little tolerance develops to opi-
oid effects on bowel function. Adverse effects are
due to m-receptors on enteric neurons but also arise
from activation of the CNS m-receptors.79,80 Constipa -
tion can occur with spinal opioids. Opioids reduce
peristalsis by inhibiting longitudinal smooth muscle,
increasing segmentation by disinhibiting circular mus-
cle, reduce bowel secretions, and increase water
absorption. Sphincter function is also adversely affect-
ed.81-83 Opioid-induced constipation can be accompa-
nied by straining at stool, colic, nausea, abdominal
distention, bloating, anorexia, and vomiting.83

The narcotic bowel syndrome is the paradoxical
development of abdominal pain while on opioids
and is frequently under recognized as an opioid
side effect.82,84 The narcotic bowel syndrome is esti-
mated to occur in 6 percent of individuals on long-
term opioid.85 Pain is described as burning or col-
icky. There can be an overlap of symptoms of
opioid-induced constipation; both include bloating,
distention, nausea, and constipation as well as
anorexia.86 The syndrome bears a remarkable simi-
larity to the irritable bowel syndrome and functional
abdominal pain syndrome.87 A common differential
diagnosis includes pain from chronic pancreatitis,
partial bowel obstruction, peptic ulcer disease,
abdominal angina, renal calculi, uterine fibroids,
and ovarian cysts.

Management of constipation associated with opi-
oids is primarily preventative with the use of stimu-
lating and osmotic laxatives, stool softeners, and
suppositories. Osmotic laxatives include lactulose,
sorbitol, polyethylene glycol, and magnesium
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hydroxide. Stimulating laxatives include bisacodyl
or senna derivatives.88-92 There does not appear to
be an advantage of one laxative over another.93-95

Laxatives should be initiated at the time opioids are
prescribed to prevent constipation and titrated to
effect which is highly variable. A minority will
require suppositories or enemas to treat constipa-
tion and/or fecal impaction. Oral naloxone has been
used in the past; presently in certain countries (not
the United States), there is a combination formula-
tion of SR oxycodone and naloxone which is report-
ed to reduce constipation relative to oxycodone
alone.96,97 Methylnaltrexone, which does not cross the
blood-brain barrier, has been used for refractory con-
stipation unresponsive to laxatives.98-100 Lubiprostone
has recently been approved to treat opioid-induced
constipation.101-103

Management of the narcotic bowel syndrome
requires first an “index of clinical suspicion” and a
careful history.104 Patients may not understand the
reasoning behind opioid reduction or withdrawal in
the face of increasing abdominal pain; an empathet-
ic discussion and patient education is a necessity.
Patient concerns and fears about opioid withdrawal
should be addressed.82 Abdominal radiographs can
be misleading as they may show evidence of a “par-
tial intestinal obstruction,” secondary pseudo-
obstruction or ileus.82,86,105,106 Clonidine and par-
enteral continuous infusion metoclopramide have
also been used to treat the narcotic bowel syn-
drome.85,107,108

dRuG-dRuG intERACtions

Drug-drug interactions vary among different prod-
ucts and opioids. Knowledge of particular opioid-
drug interactions and underlying pharmacokinetic
and pharmacodynamic mechanisms is important
before initiating opioids or switching opioids and
allows safer administration. Approximately 6 percent
of patients with CNCP on LA opioids are exposed to
potential major drug-drug interactions.109

Pharmacodynamic interactions between CNS
depressants (alcohol, sedatives, hypnotics, tranquil-
izers, and tricyclic antidepressants) and opioids
potentiate sedation and respiratory depression of
both drug classes. Benzodiazepines are involved in
31 percent of opioid deaths.110 There is an increased
risk for motor vehicle accidents when individuals
drive while on both a benzodiazepine and an opi-
oid.111 Although in healthy individuals, the combi-
nations of benzodiazepines and opioids do not
increase the abuse liability of an opioid, the combi-
nation does enhance behavioral toxicity of either
drug class.112

Alcohol increases the positive “liking” effects of
opioids while adversely affecting physical function
and cognition.113 The prevalence of alcohol-related
disorders in individuals on oral potent opioids is 5.5
percent and is twice that of the general population
which is 2.2 percent.114 There are major pharmaco-
kinetic interactions between LA opioids and alcohol.
Alcohol is linked to dose-dumping of certain SR/ER
opioids.115-118 Therefore, clinicians who prescribe LA
opioids to patients need to warn them about the
danger of using alcohol while on opioids.

Monoamine oxidase (MAO) inhibitors can
increase respiratory depression of certain opioids.
Using certain opioids with antidepressants and
MAO inhibitors may also cause the serotonin syn-
drome.119,120 Phenylpiperidine opioids (meperidine,
tramadol, methadone, and dextromethorphan) are
weak serotonin reuptake inhibitors and have been
most often associated with the serotonin syndrome
when combined with MAO inhibitors. Morphine,
codeine, oxycodone, and buprenorphine appear to
have little serotonin reuptake inhibition and are less
likely to precipitate a serotonin syndrome.120

Tramadol has been reported to increase the risk for
the serotonin syndrome when combined with selec-
tive serotonin reuptake inhibitors (SSRIs). The risk is
particularly greater in older individuals, those on
high doses of tramadol, and those using medica-
tions which inhibit cytochrome CYP2D6.121

Opioids reduce the efficacy of diuretics by increas-
ing the release of antidiuretic hormone (ADH).122 As
a result, morphine used in acute decompensated
heart failure worsens outcomes of acute heart failure
and doubles mortality (11 percent vs 5 percent) as
well as doubles the odds for in-hospital death.123

Opioids reduce the clearance of acidosis related to
severe cardiogenic pulmonary edema.124 In addition
to systemic opioids, spinal opioids are also associated
with increased ADH levels and impaired diuresis.125

Therefore, morphine should not be used as a symp-
tom treatment for acute cardiogenic pulmonary
edema.126

Methadone and buprenorphine are associated with
prolongation of the QTc interval. Since 2002,
methadone-associated arrhythmias have been dispro-
portionately represented in the US Food and Drug
Administration Adverse Event Reporting System
(FAERS).127 Prolongation of the QTc interval with
methadone correlates with respiratory arrest and the
need for intubation.128 Female gender, those with car-
diac channel congenital abnormalities, and those with
low magnesium or potassium are at increased risk for
prolonged QTc intervals with methadone.129-134

Genetic polymorphisms of the cytochrome CYP2C19
havebeenassociatedwithQTcprolongation.Extensive
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metabolizers require higher methadone doses; have
altered methadone enantiomer clearance (defined as
the R-methadone/methadone ratio) and greater QTc
changes.135 Also individuals with congenital long QTc
syndrome mutations are at risk for methadone-
induced arrhythmias.136

Buprenorphine effects on the QTc interval are
100 times less than methadone when adjusted for
therapeutic plasma concentrations.137 Within the
opioid maintenance population, QTc interval pro-
longation is much less frequent with buprenorphine
than with methadone.138 Individuals on methadone
with a dangerously prolonged QTc interval (>500
ms) can be switched to buprenorphine with resolu-
tion of the prolonged QTc interval.139-141 Nevertheless,
buprenorphine has been associated with QTc pro-
longation if combined with a CYP3A4 inhibitor.142

Recommendations have been recently published
on the safe use of methadone for pain by the
American Pain Society and College of Problems on
Drug Dependency which should be read by clini-
cians prescribing methadone for pain.27,28 Specific
recommendations include patient education, coun-
seling patients on methadone safety, use of electro-
cardiograms to identify individuals at risk for com-
plications related to methadone, use of alternative
opioids in patients at high risk for methadone-
induced arrhythmias, careful dose initiation, titration
and diligent monitoring with follow-up.28

dRuG intERACtions And CYtoCHRomE p450

Drugs that act as inhibitors or inducers of various
cytochrome P450 enzymes can cause higher or
lower than expected blood levels of certain opioids,
leading to either opioid toxicity or withdrawal.
Inhibitors of certain cytochromes delay clearance
leading to opioid toxicity or prevent activation of an
opioid prodrug leading to poor analgesia.

Cytochrome CYP2D6 metabolizes a large number
of medication classes (antidepressants, antipsychotics,
beta blockers, and opioids) and is responsible for
metabolizing 25 percent of current drugs.143,144

CYP2D6 is not inducible but the gene allele can be
amplified leading to ultra-rapid metabolism. Poor
metabolizers have two alleles with reduced function
or are nonfunctional. Individuals are classified as
ultra-rapid metabolizers with allele amplification,
extensive metabolizers with both alleles functional,
intermediate metabolizers with one functional allele,
and poor metabolizers with two nonfunctional alle-
les.143,144 CYP2D6 metabolizes codeine, tramadol,
oxycodone, and hydrocodone. Poor metabolizers
have reduced analgesia with tramadol (which
requires o-demethylation to o-desmethyl-tramadol)

and codeine (which requires o-demethylation to mor-
phine).143,144 Ultra-rapid metabolizers can have life-
threatening toxicity with codeine or tramadol.145,146 An
updated version of Clinical Pharmacogenetics Imple -
mentation Consortium guidelines recommend that
codeine be used based on CYP2D6 gene type for rea-
sons of safety and efficacy.147 Drugs which block
CYP2D6 interfere with codeine and tramadol analge-
sia and delay clearance of hydrocodone and oxy-
codone.148-152

Both hydrocodone and oxycodone metabolism is
also dependent on CYP3A4.148-153 Hydrocodone is
metabolized to hydromorphone through CYP2D6
and norhydrocodone, a weak but active metabolite,
through CYP3A4. The clearance of hydrocodone is
determined by both enzymes.154 Oxycodone metab-
olized through CYP2D6 to oxymorphone and
through CYP3A4, the weak active metabolite norox-
ycodone. Drug interactions at both enzymes have
an effect on oxycodone analgesia and safe-
ty.150,153,155

Transdermal fentanyl is commonly used for
chronic pain. There are large patient-to-patient vari-
ations in transdermal fentanyl pharmacokinetic
parameters.156,157 Fentanyl clearance at steady state
is dependent on CYP3A4. CYP3A4 levels are influ-
enced by liver disease, drug inhibitors such as keto-
conazole and inducers such as rifampin.158,159

Methadone is extensively metabolized through
multiple cytochromes (CYP2B6, CYP3A4, CYP1A2,
CYP2D6, CYP2C9, and CYP2C19).160 Methadone is
subject to multiple drug interactions. Methadone
induces its own metabolism through induction of
CYP2B6 and CYP3A4.161 Induction of both enzymes
may result in “analgesic tolerance” over time due to
increased clearance of methadone. Estradiol during
pregnancy increases methadone clearance through
induction of CYP2B6.162 More than 50 drug-drug inter-
actions are reported with methadone.160 Methadone
prescribers should inquire about any new medica-
tions including complementary and over-the-counter
medications periodically and particularly if patients
on stable doses of methadone develop withdrawal
or opioid toxicity.160

dRuG intERACtions And EFFLuX pumps

Cerebral endothelial cells contain energy-
dependent efflux transporters which function as a
blood-brain barrier. These efflux pumps are also
located in the brain parenchyma, astrocytes, and
microglia.163 P-glycoprotein, the major efflux pump,
functions to prevent harmful compounds from
entering the CNS. Multiple opioids are P-glycopro-
tein substrates (morphine, oxycodone, methadone,
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and fentanyl).164 Polymorphisms of the P-glycopro-
tein pump gene (ABCB1) influence analgesia and
opioid side effects.165-170 The ABCB1 gene can be
upregulated by chronic morphine exposure causing
analgesic tolerance.171 Drugs which inhibit P-glyco-
protein (verapamil) increase opioid toxicity and
drugs which introduce P-glycoprotein (rifampin)
diminish opioid responses or cause withdrawal
symptoms.172-174 P-glycoprotein is also found along
the gastrointestinal tract, induction of P-glycopro-
tein in the gastrointestinal tract will reduce drug
absorption.175 This leads to opioid toxicity when
rotating from a P-glycoprotein substrate opioid to an
opioid which is not subject to P-glycoprotein efflux
if one only relies on opioid equivalent tables.175

The risk of drug-drug interactions increases with
age, the number of prescribed drugs, and comor-
bidities. A large observational study found that >70
percent of individuals on long-term opioids had
drug-drug interactions.176 Very few involved serious
contraindicated drug combinations. Interactions
were usually drugs with additive CNS depressant
effects, inducers and inhibitors of CYP3A4,
inhibitors of CYP2D6 and combinations of tramadol
with SSRIs, tricyclic antidepressants, and antipsy-
chotics.176

opioid toLERAnCE

Tolerance to sedation and respiratory depression
is critical to the safe use of certain opioid products,
certain dosing units, and strengths. For example,
patients must be opioid tolerant before using trans-
dermal fentanyl 25 mg/h or rapidly acting fentanyl
products for breakthrough pain. Patients are consid-
ered opioid tolerant if on morphine 60 mg/d, oxy-
codone 30 mg/d, hydromorphone 8 mg/d, fentanyl
25 mg/h, or oxymorphone 25 mg/d for a minimum
of 1 week. Starting maximal daily doses for those
who are opioid naïve are morphine 30 mg, fentanyl
12 mg/h, methadone 2.5-7.5 mg, oxycodone 20 mg,
and oxymorphone 10 mg. The same starting dose
should be used regardless of the initial pain severity;
high pain severity does not warrant starting individ-
uals who are opioid naïve on greater than recom-
mended initial opioid doses.

otHER issuEs

ER/LA opioids should be swallowed whole.
ER/LA opioids in capsules should be swallowed
intact or when necessary the pellets from the cap-
sule can be sprinkled on applesauce and swallowed
without chewing. Transdermal products should not
be exposed to external heat. Fever or exertion

increases fentanyl absorption leading to opioid toxi-
city or fatal overdose.177

When converting patients from one opioid to
another, one should use instructions for conversion
written in the Dosage and Administration instructions
of individual product information pamphlets.
Incomplete cross-tolerance and great interindividual
variability in opioid responses requires conservative
dosing when switching from one opioid to another. It
is recommended that dosing start with half the calcu-
lated equianalgesic dose and titrate the new opioid to
effect. Doses may also need to be tailored based on
comorbidity, organ failure, and coadministered med-
ications that have potential for drug interactions.178
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intRoduCtion

Opioid products, specifically long-acting (LA),
extended-release (ER), and sustained-release (SR)
formulations, are used for the treatment of a subset
of patients with chronic noncancer pain (CNCP).1

This article will review the specific pharmacology
and risks associated with specific LA, ER, and SR
opioid formulations that have been used in the treat-
ment of chronic pain. This article will not address
the indications for, evidence for and against, or gen-
eral controversy regarding the use of any form of
long-term opioid therapy for the treatment of chron-
ic nonmalignant pain (CNMP), as this has been pre-
sented in other published works.

AVinZA

Avinza® (Pfizer Inc., New York, New York) is an
extended release (ER) morphine sulfate formulation
which became commercially available in 2002.
Avinza consists of a hard gelatin capsule which con-
tains immediate release (IR) (10 percent) and SR (90
percent) beads of morphine sulfate. The gelatin cap-
sule dissolves in the gastrointestinal (GI) tract releas-
ing both sets of beads. SR beads contain spheroidal
oral drug absorption system (SODAS) technology.
This technology involves soluble and insoluble
polymers surrounding the morphine-coated core.
Fumaric acid acts as an osmotic wick which draws
GI fluid into the beads, the polymer swells which
creates a pore releasing morphine in a controlled
release manner over 24 hours. This results in a mini-
mum peak to trough variation in plasma morphine
levels over the 24 hours.1 Avinza comes in 30, 60,
90, and 120 mg capsules; the 60, 90, and 120 mg
dosage forms should be used only in opioid-tolerant
individuals.

Avinza pharmacokinetics has been compared
with IR morphine elixir. Avinza 60 milligrams (mg)
once daily was compared with 10 mg of IR mor-
phine every 4 hours in healthy individuals. The
maximum plasma concentration (C

max
) and the area

under the curve (AUC) for morphine were similar.1

Avinza has also been compared with MS Contin®.
Dosing intervals were MS Contin every 12 hours and
Avinza every 24 hours for 7 days, at which time
pharmacokinetics were measured. The AUC over 24
hours was equivalent while peak to trough fluctua-
tions in morphine levels were 50 percent less with
Avinza. Morphine concentrations at 30 minutes,
C

max
, and AUC were similar.2

Avinza has also been compared with OxyContin®

in 35 healthy males. As these are dissimilar opioids,
plasma concentrations were reported in relative
concentrations. Avinza had a 23 percent greater rela-
tive C

max
and 20 percent less variation in peak to

trough levels compared with OxyContin.1 Avinza
has not been compared with the other 24-hour SR
morphine formulation, Kadian®.

In an open label study of CNCP who were opioid
naïve, Avinza 30 mg/d could be titrated to 60 mg/d
depending on response. Outcomes were pain con-
trol as determined by patient diary of numerical
rated pain intensity scores (NRS; 0, no pain; 10,
severe pain). Of 491 evaluable patients, 90 percent
adhered to daily assessment. Pain severity dimin-
ished by two points on average (7.83-5.77) through
the 3-month study period. In addition to improved
pain, sleep and activity also improved.3

Avinza has been compared with OxyContin for
chronic moderate-to-severe low back pain (CLBP).
This 8-week randomized trial enrolled 392 individu-
als. Morphine equivalent doses (MED) needed to
control pain were less with the Avinza (69.9 mg vs
91 mg/d). Avinza-treated patients required fewer
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rescue doses, experienced greater reductions in
pain and better sleep quality. Side effects were simi-
lar between the opioids.4,5

Avinza in an open label prospective study
involved patients with CNCP who were on short-act-
ing opioids (SAO). Avinza 38, 60, 90, or 120 mg was
started based on the SAO doses. This 4-week trial
used highest, lowest, and usual pain, as well as
unpleasantness, measured by visual analog scales.
Of 129 patients entered, 84 completed the study (32
percent dropout rate). The average Avinza dose was
59.1 mg/d (range, 15-360 mg); 83 percent required
<60 mg/d. Rescue SAO, used for breakthrough pain,
dose requirements diminished while on Avinza from
50 mg MED per day to 24 mg MED per day.
Depression, anxiety, frustration, anger, and pain
behaviors diminished also.6 An abbreviated (4
weeks) trial compared Avinza 30 mg/d with MS
Contin 15 mg every 12 hours in patients with
osteoarthritis pain. Avinza 30 mg daily produced
equivalent relief as MS Contin 15 mg every 12 hours.7

Avinza has a dose-response with titration to pain
control in CNCP. Long-term trials have demonstrat-
ed a gradual increase in dose requirements (base-
line 120 mg) to 180 mg at 6 months which is fol-
lowed by stabilization at 1 year.1,8,9

Avinza gelatin capsules can be opened and the
beads sprinkled on applesauce and immediately
swallowed whole. C

max
and AUC of sprinkled

Avinza are similar to swallowed capsules. One
should never chew the beads.1 There is an impor-
tant dose-ceiling effect with Avinza at 1,600 mg/d.
Fumaric acid in the polymer is released and
absorbed, and at 1,600 mg there is an increased risk
for renal failure due to fumaric acid.1 Alcoholic bev-
erages or medications containing alcohol can rapid-
ly release morphine and will potentially cause over-
dose or death. Morphine is a P-glycoprotein
substrate; thus, P-glycoprotein inhibitors such as
verapamil can also increase the distribution of mor-
phine into the central nervous system (CNS) and
increase absorption twofold. Itraconazole, a potent
P-glycoprotein inhibitor, will increase morphine
C

max
and AUC without delaying clearance.10

Morphine is also subject to Multidrug Resistant
Associated Protein (MRP) efflux pumps which is
part of the blood-brain barrier.11 Upregulation of P-
glycoprotein or MRP leads to reduced analgesia
with morphine or analgesic tolerance. Drugs that
block P-glycoprotein such as verapamil, quinidine,
and Itraconazole may lead to opioid toxicity.12-16

Because morphine is largely glucuronidated in the
liver by UGT2B7, there will be fewer drug-drug
interactions compared with opioids metabolized
through the cytochrome enzyme system.17

ButRAns-tRAnsdERmAL BupREnoRpHinE

The Butrans®-transdermal system consists of a
patch which contains a backing layer furthest from
the skin, an overlap adhesive film next to the backing
is next, then a separating layer between the overlap
adhesive film and the drug polymer adhesive matrix.
Next to the skin is a peel off release layer which is
removed prior to placing the transdermal patch. The
concentration of buprenorphine within the adhesive
matrix is the same for all five strengths. The amount
of buprenorphine released from each system per
hour is proportional to the active surface area of the
system attached to the skin. The skin is the limiting
barrier to diffusion from the transdermal patch to the
bloodstream. The Butrans system provides a con-
trolled release of buprenorphine which lasts 7 days.18-20

Butrans patches are available in 5, 7.5, 10, 15, and 20
mg/h patches. Once the patches are applied, there is
a gradual increase in plasma buprenorphine levels
over 2 days. Plasma levels are 143.5 pg/mL at 24
hours with a 20 mg/h patch, which then reaches
steady-state levels in 48 hours at 300 mg/mL plasma
levels. These levels are maintained for 160 hours.19,20

Steady-state levels are reached therefore with the
first application. Once the patches are removed,
buprenorphine plasma levels decrease by 50 percent
on average in the first 12 hours (range, 10-24 hours),
with a terminal half-life of 26 hours. The AUC is dose
proportional indicating no limit to absorption
through the skin. However, absorption is influenced
by application site. Transdermal patches should be
placed on the upper outer arms, upper chest, upper
back, or side of chest. Buprenorphine plasma levels
are 26 percent higher when applied to the upper
back compared with the side of the chest in healthy
volunteers though this is not clinically significant.20

Application to nonapproved sites such as the
abdomen and extremities will lead to a dramatic
reduction in absorption. Patients can mistake patches
for lidocaine transdermal patches and apply the
patch at the site of pain. Application, for instance, to
the patella produced blood levels which are only 29
percent of those achieved by placing the patch on the
upper back.20 Also, if the same skin application site is
continuously used, buprenorphine levels will double.
Hence, the same skin site should not be used for 3-4
weeks. Low body fat as occurs with cachexia reduces
buprenorphine absorption by 20 percent; the clinical
relevance of this is unknown. Exposing Butrans to
heat, or sunbathing or entering a sauna with Butrans
applied will increase buprenorphine plasma concen-
trations by 55 percent and can lead to opioid toxicity.
However, the patch can be worn during a shower or
tepid bath.18-22
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Buprenorphine is 96 percent protein bound,
mostly to a-1 acid glycoprotein. Buprenorphine has
a large volume of distribution (430 L) with extensive
tissue distribution. Cerebrospinal fluid levels are 15-
25 percent of plasma levels. Buprenorphine is
metabolized to norbuprenorphine by cytochrome
CYP3A4. Both the parent drug and norbuprenor-
phine are rapidly glucuronidated to buprenorphine-
3-glucuronide and norbuprenorphine-3-glucuronide.
Buprenorphine and norbuprenorphine are biologi-
cally active at the m- and/or k-receptor.23 Nor -
buprenorphine affinity for the m-receptor is 40-fold
lower than that of buprenorphine but norbuprenor-
phine, unlike buprenorphine, is a full agonist for G-
protein activation.23-25 Glucuronidated metabolites
produce very small antinociceptive effects when
tested in mice and probably do not affect buprenor-
phine analgesia.23

Because buprenorphine is metabolized through
cytochrome CYP3A4, there is the potential for drug-
drug interactions. However, this is not always
observed clinically, perhaps because of the rapid
glucuronidation of both buprenorphine and nor-
buprenorphine prevents potential drug interactions
at CYP3A4.26-30 Certain protease inhibitors, however,
such as Atazanavir that inhibit both CYP3A4 and
UGT1A1 enzymes, important to buprenorphine
clearance, will significantly increase buprenorphine
blood levels and delay clearance.31,32

Respiratory depression associated with buprenor-
phine is largely due to the metabolite, norbuprenor-
phine.33 Buprenorphine protects individuals from
norbuprenorphine-related respiratory depression.34

P-glycoprotein effluxes norbuprenorphine from the
CNS to a greater extent than buprenorphine.35

Drugs which block P-glycoprotein may lead to res-
piratory depression due to accumulation of nor-
buprenorphine within the CNS.36-39

Butrans pharmacokinetics are not different in the
elderly (>72 years) compared with younger individu-
als (<32 years).40 Transdermal buprenorphine pharma-
cokinetics are absolutely unchanged in renal failure.41

Buprenorphine pharmacokinetics are also unchanged
in Child-Pugh class A and B hepatic impairment.
However, it is advised to use buprenorphine with cau-
tion in those with severe liver impairment.20

Single arm studies and randomized trials compar-
ing Butrans to placebo have frequently used a run-
in (enrichment enrollment) phase, and some trials
have used a randomized withdrawal design after
enrichment enrollment. Enrichment enrollment tri-
als tend to under-report side effects.42 In an open
label study involving patients with CLBP, Butrans 5-
20 mg/h were used to treat opioid-tolerant individu-
als. Butrans was associated with improved physical

domain of quality of life at 52 weeks.43 A double-
blind, placebo-controlled trial with open extension
involved individuals with CLBP. Butrans doses
ranged up to 40 mg/h (an acceptable dose in Europe
but not Food and Drug Administration [FDA]
approved in the United States). Approximately 30
percent of individuals withdrew from study largely
due to adverse effects. There was an approximate
25 percent reduction in pain intensity relative to
placebo, which was associated with improved sleep
and reduced disability. There were no reported opi-
oid withdrawal symptoms with discontinuation of
the patch. Five individuals on Butrans were report-
ed to have a significant prolonged QT corrected
(QTc; >60 ms compared with baseline); one patient
on placebo also had a prolonged QTc.44 Side effects
were nausea (37.5 percent), pruritus or rash with
the patch (30 percent), somnolence (20 percent),
constipation (12.5 percent), and headache or dizzi-
ness (10 percent). A second randomized controlled
trial involved a run-in phase of Butrans (10 or 20
mg/h) produced better pain control at 12 weeks
(standard mean difference, -0.58) than placebo.
Adverse effects were stated to be no different than
placebo, and no unanticipated electrocardiogram
(ECG) changes were observed.45

A third study with a similar design involved
patients with CNCP. This trial used an unusual out-
come, the proportion of ineffective treatment and
the amount of escape acetaminophen used by par-
ticipants. Ineffective therapy was 1.79 times greater
than with placebo.46 Application site adverse effects
occurred in 9 percent. Headaches with Butrans
occurred in 3.9 percent and with placebo 2.2 per-
cent.46

Butrans has been reported to be tolerable in the
elderly. In an open label study (mean age, 72.8 years)
of patients with CNCP, Butrans 5 or 10 mg/h reduced
pain from 6.8 to 1.7 (NRS) and improved anxiety,
depression, disability, and quality of life.47,48 A sec-
ond study of patients with arthritis compared Butrans
in individuals aged between 50 and 60 years with
those >75 years. Doses ranged between 5 and 40
mg/h. The Western Ontario and McMasters University
Osteoarthritis Index (WOMAC) score improved
equally in both groups as did pain, sleep, and quality
of life. The use of rescue analgesics was not different
nor were there differences in side effects between the
groups.49

Butrans has been compared with sublingual
buprenorphine, tramadol, hydrocodone plus aceta-
minophen, oxycodone, fentanyl, codeine, morphine,
and dihydrocodeine. In a head-to-head comparison
with tramadol in individuals with osteoarthritis,
buprenorphine was equally effective in reducing
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pain but was preferred by patients over tramadol.
Tramadol was discontinued prematurely significant-
ly more often. Butrans was associated with nausea
in 30 percent, 19 percent had constipation, and 16
percent head dizziness.50 Butrans improved pain
control in individuals with CNCP and pain was not
well controlled with tramadol. Pain improved at rest
(5.7-2.9), with activity (7.3-3.8), and at night (5.2-
2.3) by NRS rated mean pain severity.51 In a retro-
spective cohort study involving individuals older
than 65 years with CNCP, Butrans with an average
dose of 10 mg/h resulted in less discontinuation at 6

and 12 months compared with codeine, hydrocodone,
and tramadol.52

Butrans 5, 10, and 20 mg/h for 7 days was com-
pared with sublingual buprenorphine 0.2 mg every
8 hours, 0.2 mg every 6 hours, and 0.4 mg every 8
hours, respectively, in a double-blind randomized
study of individuals with osteoarthritis. The mean
age was 64 years. More than half withdrew from the
study. All outcomes, pain intensity, WOMAC score,
sleep, and need for rescue acetaminophen, were
equally improved with both treatments. Butrans was
associated with less nausea, dizziness, and vomiting
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Table 1. Recommendations for transdermal buprenorphine therapy

1. Transdermal buprenorphine is indicated for individuals 18 years or older.

2. The initial dose of transdermal buprenorphine should be 5 mg/h in the opioid naïve.

3. Apply transdermal patch to the upper outer arms, upper chest, upper back, or sides of the chest.

4. Titration should not be sooner than 3 days after initiating therapy.

5. No more than two patches should be placed at one time.

6. Provide a short-acting analgesic during titration for breakthrough pain.

7. Patches should be worn for 7 days continuously.

8. The dose limit in the United States is 20 mg/h.

9. Rotate applications sites. The same site should not be used for 3-4 weeks. Hair at the site of application should be cut to facili-

tate placing the patch but should not shaved to avoid skin abrasions.

10. No dose reduction is necessary for the elderly.

11. There are no recommendations for echocardiographic monitoring.

12. Avoid exposing transdermal patches to heat. This includes heating pads, saunas, and sun bathing. Patches can be worn while

bathing or showering.

13. Transdermal patches should not be cut when adjusting doses.

14. To dispose of transdermal patches, fold the adhesive sides together and flush down the toilet. Check with local officials to be

sure this is allowed. Buprenorphine patches as well as all opioids should be kept in a locked box which is secured and locked.

15. Buprenorphine should not be used concurrently with monoamine oxidase inhibitors or for individuals with severe or respira-

tory impairment.

16. The use of benzodiazepines and sedatives when individuals are on transdermal buprenorphine should be avoided.

17. Use transdermal buprenorphine with caution in severe hepatic impairment and with drugs which inhibit or induce CYP3A4,

as well as class IA and III antiarrhythmics.

18. Buprenorphine equal potency to oral morphine has not been established. Daily equivalent morphine doses of 80 mg or more

exceed Butrans highest equivalent ceiling doses in the United States. One study did find buprenorphine 20 mg/h produced similar

analgesia to oxycodone 40 mg/d.

19. Transdermal buprenorphine 5 mg/h should be used when converting from morphine doses of <30 mg/d or if individuals have

mild or moderate pain or if individuals are on weak opioids.

20. Several transdermal medication patches contain metal such as aluminum or titanium dioxide which is problematic if patients

are to undergo magnetic resonance imaging (MRI).
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compared with sublingual buprenorphine. Skin irri-
tation from Butrans occurred in 25 percent.53

A systematic review compared morphine to trans-
dermal buprenorphine. Transdermal buprenorphine
significantly decreased pain intensity to a greater
extent (mean difference, -16.20; 95% confidence
interval [CI], -28.92 to -3.48 by visual analog scale)
while morphine was associated with more constipa-
tion (odds ratio [OR], 7.50; 95% CI, 1.45-38.85).54 A
larger number of morphine patients discontinued
opioid therapy due to adverse events (OR, 5.80; 95%
CI, 1.68-20.11). All other outcomes were not signifi-
cantly different.

A 14-day double-blind, randomized trial com-
pared hydrocodone plus acetaminophen with
Butrans 10 and 20 mg/h. Individuals with osteoarthri-
tis were on stable doses of hydrocodone ranging
between 15 and 30 mg/d prior to study. Both anal-
gesics resulted in similar efficacy and tolerability.55

An enrichment enrollment, followed by a double-
blind, randomized trial lasting 84 days in patients
with CLBP, compared Butrans 5 and 20 mg/h with
oxycodone 40 mg/d. Butrans 20 mg/h and oxy-
codone 40 mg/d were superior to Butrans 5 mg/h.
Butrans 20 mg/h produced similar analgesia to oxy-
codone 40 mg/d. Side effects occurred in 59 percent
of patients on Butrans 5 mg/h, 77 percent on Butrans
20 mg/h, and 73 percent on oxycodone.45

A systematic review has compared transdermal
buprenorphine and transdermal fentanyl (TF) side
effects.56 There were 56 publications, with 49 unique
studies. Fentanyl was associated with more constipa-
tion. Dizziness, somnolence, nausea, and treatment
discontinuation were similar between transdermal opi-
oids. Transdermal buprenorphine was favored in the
elderly, those with renal failure and those who were
immunosuppressed.56 There is some evidence that
fentanyl clearance is decreased in the elderly unlike
buprenorphine which may account for the preference
for buprenorphine in the elderly.57 Fourteen unique
trials (17 publications) were included in a second sys-
tematic review. TF, in comparison with transdermal
buprenorphine, was associated with significantly more
nausea (OR, 4.66; 95% CI, 1.07-20.39), and significantly
higher number of treatment discontinuations due to
adverse events (OR, 5.94; 95% CI, 1.78-19.87).54 There
was a nonsignificant difference with all other out-
comes, including pain measures.54

Butrans has been used in special populations. In
a small open labeled study, buprenorphine reduced
neuropathic pain related to AIDS and provided sta-
ble CD4 lymphocyte counts, more stable than
observed on TF.58 In a single arm study involving
individuals with cancer pain, TF 17.5 mg/h reduced
pain within 1-5 days after initiating therapy.

However, most patients in this study required dose
titration; the average daily dose was doubled by 4
weeks.59 Recommendations for use of transdermal
buprenorphine therapy are given in Table 1.60,61

EmBEdA

Embeda® was approved by the FDA in 2009 for
moderate-to-severe pain requiring 24-hour analge-
sia. Embeda contains pellets of morphine surround-
ing a central core of sequestered naltrexone. The
ratio of morphine to naltrexone is 100:1. The outer
polymer layer allows release of SR of morphine
while preventing the release of naltrexone.
Chewing, crushing, or cutting Embeda releases nal-
trexone, thus inhibiting the opioid effect, acting as a
tamper-resistant formulation.

In randomized controlled trials, Embeda had sim-
ilar bioavailability as MS Contin.62 Embeda every 12
hours has the same bioavailability and pharmacoki-
netics as Kadian given once daily.63 The bioavail-
ability of crushed Embeda has similar pharmacoki-
netics as equivalent doses of IR morphine. The C

max
of a crushed capsule is 314 percent higher than seen
with intact Embeda; however, the total AUC is the
same as whole Embeda. Once naltrexone is
released in crushed Embeda, the naltrexone C

max
and AUC are similar to IR naltrexone liquid taken by
mouth.63,64 Plasma levels of naltrexone and 6-b-nal-
trexol are low to nonquantifiable in individuals who
take the drug as directed and swallow intact
Embeda. These low levels do not interfere with pain
responses nor are associated with any effect on the
morphine analgesia.62 A high-fat diet alters Embeda
pharmacokinetics with the T

max
delayed from 7.5 to

10 hours, and the C
max

reduced from 16 to 12 ng/mL.
Administration of alcohol (40 percent alcohol in 240
mL) doubles morphine C

max
without compromising

naltrexone sequestration.65

Embeda was developed as an abuse-deterrent opi-
oid analgesic. Crushing Embeda reduces the “liking”
effect compared with the same dose of intact
Embeda.66 Individuals who ingested crushed Embeda
had a 69 percent reduction in euphoria compared
with equivalent doses of IR morphine.67 Conversion
of Embeda into an injectable form resulted in
reduced euphoria relative to equivalent dosages of
morphine.67 Pharmacodynamics of crushed Embeda
was compared with crushed MS Contin; Embeda pro-
duced less euphoria than equivalent doses of MS
Contin but more than placebo. When crushed
Embeda is taken, both naltrexone and 6-b-naltrexol
become measurable in plasma.68

Embeda has been compared with placebo in an
enrichment enrollment, randomized controlled trial
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involving individuals with osteoarthritis. Of those
entered, 63 percent completed the titration phase.
More than half (54 percent) reported greater than a
40 percent reduction in pain with Embeda.69 A 12-
month safety study involved 465 individuals with
CNCP who received an average dose of 58.6 mg/d
of Embeda (maximum dose, 860 mg/d).70 As seen
with other opioid studies, 30 percent discontinued
their opioid analgesic within 30 days largely due to
side effects. The Brief Pain Inventory improved at all
four assessment periods during the study.
Naltrexone was detectable in 11 percent of patients
but levels were an order of magnitude lower than
clinically relevant concentrations. Typical opioid
side effects were recorded.

Several difficulties with Embeda occurred follow-
ing approval. A Black Box warning was given
regarding potential opioid withdrawal if Embeda
was inadvertently crushed and consumed.71,72 It was
noted that injection of dissolved Embeda could lead
to opioid overdose, withdrawal, and/or embolic
events secondary to insoluble particulate matter.67

Finally, drug stability became an issue which led to
multiple recalls of the product. In 2011, Embeda
was withdrawn from the market and remains
unavailable today.73

Embeda was packaged in capsules of 20/0.8,
30/1.2, 50/2, 60/2.4, 80/3.2, and 100/4 mg (mor-
phine/naltrexone). Capsules can be opened and
pellets spread on applesauce and immediately eaten
uncrushed. Initial doses should be 20/0.8 mg in opi-
oid-naïve individuals. The 100/4 mg capsules
should be used in opioid-tolerant patients only.
Doses should not be titrated faster than 48 hours. P-
glycoprotein inhibitors (as with all morphine prod-
ucts) will increase morphine exposure and absorp-
tion twofold.16,74-77 Morphine is largely cleared by
glucuronidation; therefore, drugs which inhibit glu-
curonidation, such as ketamine, will delay mor-
phine clearance leading to increased risk of opioid
toxicity.78-81

KAdiAn

Kadian consists of morphine-embedded polymer
beads contained within a capsule. It is designed as a
once daily SR morphine preparation that also is FDA
approved for 12-hour dosing intervals.82 Kadian is
available in 10, 20, 30, 40, 50, 60, 70, 80, 100, 130,
150, and 200 mg capsules. Kadian 100, 130, 150, and
200 mg capsules should only be used in opioid-tol-
erant individuals.

Kadian pharmacokinetics differ compared to
other morphine products. Dose-adjusted C

max
is

about one fourth that of equivalent IR oral

 
morphine.83 T

max
is 8.5 hours while IR morphine

T
max

is about 1 hour. Kadian has a longer T
max

and
extended C

max
relative to MS Contin.84,85 In a volunteer

trial of Kadian compared with Embeda, 100 mg/d of
both preparations were bioequivalent.63 Kadian
every 24 hours showed AUC and C

max
equivalent to

MS Contin every 12-hour dosing.86-89 Kadian demon-
strates dose-proportional plasma levels between 30
and 100 mg.90 Forty percent alcohol ingestion with
Kadian does not change Kadian pharmacokinetics.91

Patients older than 65 years have the same clinical
benefits with Kadian but usually require lower dos-
ing. In one study, patients aged 65 years and older
required an average dose of 72 mg/d versus 105
mg/d for younger individuals with CNCP.92

Morphine clearance and pharmacodynamics may be
altered in older individuals, thus the need for lower
doses.93,94

Kadian has been compared with OxyContin in a
24-week trial of patients with CNCP.82 Both anal-
gesics had similar outcomes which included
improved pain intensity, sleep, and quality of life.
Typical opioid-related side effects were seen.
Approximately two thirds of individuals remained
on once daily Kadian; the other one third were con-
verted to twice daily. These differences may be due
to higher baseline pain scores among patients
requiring twice daily dosing.95

A large study of 1,428 individuals with CNCP and
treated with Kadian compared morning versus
evening dosing.96 Seventy percent completed the 4-
week study. Of those remaining on Kadian, all out-
comes, pain intensity, sleep, and quality of life
improved; 55 percent were maintained on once
daily Kadian. Dosing in the morning or evening did
not make a difference in pain control.

Kadian has been compared to MS Contin in a
double-blind, randomized trial of patients with
chronic cancer pain.85 Patients were stabilized on IR
opioids before switching to ER opioids. The mean
daily dose requirement was 138 mg. Time to remed-
ication with rescue analgesic was longer (p < 0.01)
with Kadian (16 hours) compared with MS Contin
(8.7 hours), and more patients on MS Contin
required rescue medications (55 percent) than those
on Kadian (46 percent). Side effects were not differ-
ent between the two analgesics.85

Very little is known about the abuse potential of
Kadian85; however, it is reasonable to take the same
precautions as with other ER morphine products. P-
glycoprotein inhibitors can increase absorption and
distribution leading to opioid toxicity. Alcohol
should be avoided and certain medications that
inhibit morphine conjugation should be used with
caution.97-99 As with other morphine products,
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 individuals with a history of morphine sulfate aller-
gy should not be given Kadian. If naloxone is
required to reverse morphine-induced respiratory
depression, repeated doses are likely to be neces-
sary due to the very long half-life of Kadian.100

ms Contin

MS Contin is a morphine ER formulation with
tablets releasing morphine over a 12-hour dosing
interval. In comparison with IR morphine every 4
hours, MS Contin every 12 hours has equivalent AUC
and C

max
.101 The mean T

max
for MS Contin is 3.6 hours

and for IR morphine is 1.3 hours.102 MS Contin phar-
macokinetics are dose proportional and not altered
by diet.103 MS Contin every 12 hours is bioequivalent
to Avinza once daily based on C

max
and AUC.104

In a large review of MS Contin trials, 93 percent of
individuals with chronic pain achieved satisfactory
pain relief using MS Contin at 12-hour intervals;
while 7 percent required MS Contin at 8-hour inter-
vals.103 MS Contin was stated to be significantly
more effective than prestudy opioids and with fewer
side effects, though this review was published in
1989 when other morphine ER formulations were
not yet available.103 MS Contin has been compared
to TF in opioid-tolerant patients with CLBP.
Fentanyl 25 mg/h was compared with MS Contin 30
mg every 12 hours.105 Outcomes were weekly
diaries of pain intensity and bowel function. Final
doses on average were fentanyl 75 mg/h and MS
Contin 180 mg/d. Both opioids produced the same
degree of pain relief. Fentanyl was associated with
reduced constipation.105 In a pooled analysis of
studies which compared TF with MS Contin, fewer
side effects (constipation and somnolence) occurred
with TF.106 In another study, more individuals dis-
continued MS Contin than TF because of side effects
even though efficacy was similar.107 However, not
all trials found fentanyl more tolerable than MS
Contin.108 Although constipation is consistently less
prevalent with fentanyl, sleep disorders have been
reported to be greater with fentanyl.109

Many patients fear cognitive impairment related
to opioids. In a study which looked at long-term ER
morphine in patients with CNCP, cognitive function
as well as pain relief actually improved, as did
mood. This 12-month trial found that pain, quality
of life, subjective memory, and side effects meas-
ured at 3, 6, and 12 months were consistently
improved compared to baseline. This patient popu-
lation was screened for addiction risk, mood change
was not the euphoria associated with addiction.110

MS Contin can be given per rectum; however, this
route has greater pharmacokinetic variability than

oral dosing. Morphine absorption through the infe-
rior hemorrhoidal vein bypasses the hepatic portal
system, thus reducing morphine hepatic clearance
which may account for the greater variability in
morphine levels.111,112 MS Contin contains talc thus
illicit conversion of MS Contin into an injectable
form can lead to microemboli to the lung.113,114

Opioids in ER formulation may cause hormonal
changes and sexual dysfunction. SR opioids cause
hypogonadism in 74 percent of individuals. This
high incidence is independent of body mass index
and does occur at relatively low doses. The occur-
rence of hypogonadism is much more frequent with
ER than IR (34 percent) opioids.115 Hypogonadism
may be related to sustained opioid levels from the
ER product which does not allow recovery of
gonadotropin release and function.116-118 Another
concern with the use of MS Contin is in the patient
with renal failure. In general, there is a lack of useful
information provided in most package drug infor-
mation pamphlets which can be used to adjust mor-
phine doses in renal failure.119 Descriptions of renal
failure are in general terms such as mild, moderate,
severe renal failure which are inadequate for dose
adjustments. Therefore, prescribers who wish to use
opioids in renal failure should be familiar with pub-
lished literature on the subject and not depend sole-
ly on drug information pamphlets provided with the
drug.

oXYContin

OxyContin was originally FDA approved in 1995
but became associated with rising opioid abuse and
drug deaths. It was therefore reformulated and re-
released in August 2010.120,121 The original formula-
tion could be chewed, cut, ground, then sniffed or
solubilized for injection which resulted in high
doses of systemic drug.122,123 The reformulated
product uses the same polymers but manufactured
to a plastic-like property which limits oxycodone
extraction. The crushed reformulated OxyContin
now forms only large particles or a gel which is dif-
ficult to misuse.73

OxyContin has biexponential absorption kinetics.
There is a rapid absorption phase with an oxy-
codone half-life of 37 minutes (accounting for 38
percent of the drug) and a second peak at 6.2 hours
(62 percent of the drug).124 Pharmacokinetics of
two tablets of 10 mg is equivalent to 20 mg
OxyContin.125 OxyContin pharmacokinetics are not
changed with food, unlike IR oxycodone.126

OxyContin every 12 hours has been compared to
oxycodone IR every 6 hours as equivalent daily
doses. C

max
was the same for both but T

max
was
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twice as long with OxyContin (3.2 hours) compared
with IR oxycodone (1.4 hours).127 OxyContin every
12 hours in patients with chronic cancer pain pro-
duced equivalent analgesia at steady state com-
pared with the same daily dose of oxycodone divid-
ed and given every 6 hours.128 The variability of
OxyContin pharmacokinetics was compared with
MS Contin in fasting males aged 18-45 years. The
coefficient of C

max
variation was 33 percent less with

OxyContin than with MS Contin. Minimum to maxi-
mum plasma concentrations were two to threefold
less variable with OxyContin.129

A randomized, open label study compared
hydromorphone ER with twice-daily OxyContin in
subjects with CNCP.130 More than 500 patients were
randomly assigned between the two analgesics.
OxyContin and hydromorphone ER were noninferi-
or as measured by changes in pain scores.
Equianalgesic doses were 16 mg of hydromorphone
ER and 40 mg of OxyContin. Tramadol ER was com-
pared to OxyContin after surgery for breast can-
cer.131 OxyContin 20 mg was clinically equivalent to
200 mg of tramadol ER. Side effects such as nausea,
vomiting, and pruritus did not differ between
groups.131 OxyContin 20-50 mg twice daily was
compared with tapentadol ER 100-250 mg twice
daily in patients with osteoarthritis.132 Tapentadol
ER use resulted in a significantly higher percentage
of patients with 50 percent or greater improvement
in pain intensity (32 percent) than OxyContin
(17 percent). Opioid side effects were similar to
OxyContin, except tapentadol was associated with
lower GI-related side effects.132

Oxycodone is metabolized in the liver to noroxy-
codone by CYP3A4, and to oxymorphone by
CYP2D6. Oxycodone analgesia is largely dependent
on oxycodone with some contribution from oxy-
morphone.133 All rapid metabolizers (due to
CYP2D6 gene amplification) and poor metabolizers
(due to nonfunctioning genes) are at increased risk
of toxicity or side effects with oxycodone. Drug-
drug interactions at both cytochromes will alter oxy-
codone pharmacokinetics and can lead to opioid
toxicity or withdrawal symptoms.133-138 There is
some interest in developing personalized oxy-
codone dosing based on pharmacogenetics testing
though this is not standard practice at the present
time.139

Oxycodone, unlike morphine, is actively trans-
ported into the brain by the pyrilamine trans-
porter.140 As a result, CNS oxycodone levels are
three times higher than levels in plasma.141-143 For
the same unbound concentrations of morphine and
oxycodone in plasma, the concentration of opioid
in the brain is six times higher with oxycodone than

morphine.144 Despite reduced oxycodone affinity
for the m-receptor relative to morphine, the selective
uptake of oxycodone contributes to its greater anal-
gesic potency. Drugs like naloxone, diphenhy-
dramine, lidocaine, and propranolol will compete
for this transporter which may influence CNS drug
levels.145,146

Oxycodone, like morphine, is a substrate for P-gly-
coprotein and can induce P-glycoprotein expression
leading to analgesic tolerance.141,147-149 Polymorphisms
of the P-glycoprotein gene, ABC B1, influence oxy-
codone adverse reactions.150 Oxycodone is also sub-
ject to cytochrome drug interactions involving
CYP2D6 and CYP3A4 enzymes.150,151 Interactions
occur with azole antifungal drugs, mycin antibiotics,
antiretroviral medications, and rifampin.133,135,136,152-156

Over-the-counter medications such as St John’s wort
and grapefruit juice will interact with oxy-
codone.134,137,157 Individuals lacking analgesia, devel-
oping tolerance, or sudden opioid toxicity with
OxyContin should be queried about dietary changes,
the use over-the-counter medications, or new medica-
tions prescribed for them.136,137,157

Certain populations have increased sensitivity or a
narrow therapeutic index with oxycodone due to
altered pharmacokinetics and delayed clear-
ance.93,158-160 Oral bioavailability of oxycodone in the
elderly (76-89 years) is similar to younger patients,
but clearance is reduced leading to increased plasma
concentrations of opioid for the same given dose to
a younger patient.93,158-160 In addition, oxycodone
half-life at steady state is increased in the elderly,
from 3.8 to 4.6 hours.161 Thus, oxycodone ER in the
elderly should be given at lower doses and with an
increased dosing interval.

Individuals with advanced cancer are often on
multiple medications and likely to have organ com-
promise secondary to metastases. Dose adjustments
need to be made particularly in those with liver dys-
function.162 In this context, starting with IR oxy-
codone would be preferable to starting with oxy-
codone ER. Cancer cachexia also delays oxycodone
metabolism and clearance.163,164 Individuals with
advanced cirrhosis have a delayed and prolonged
half-life (from 3.4 to 13.9 hours) with IR oxycodone.
OxyContin should not be used in advanced liver
disease for this reason.165,166 Oxycodone accumu-
lates in renal failure and is also variably dialyzed.
Hence, oxycodone can be used cautiously in indi-
viduals on hemodialysis but dosing will need to be
carefully individualized.167-169

Reformulated OxyContin, compared with the
original OxyContin, when crushed and given
intranasal, has a reduced C

max
and prolonged T

max
compared with the original drug formulation, and
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thus has a reduced addiction potential index
(C

max
/T

max
).170 Following release of the reformulated

OxyContin in 2010, it was found that abuse with
OxyContin was reduced by 36 percent, and it was
hoped that the newest OxyContin formulation
would lead to reduced medical costs.171-173

However, it appears that some abusers found a way
to use the new formulation, while most switched to
alternate opioids, including IR opioid prod-
ucts.121,171,174,175 OxyContin, though reformulated,
reduces but does not eliminate abuse. The same
precautions for addiction screening and urine drug
testing should be done when prescribing any tamp-
er-resistant opioid product.

The economic impact of OxyContin is related, in
part, to opioid side effects. Most individuals (82 per-
cent) will experience at least one side effect, and
most (78 percent) will be bothered by that side
effect. The most frequent side effects are drowsiness
(41 percent), constipation (37 percent), fatigue and
daytime sleepiness (37 percent), and dizziness (27
percent). Unscreened and under-reported side
effects include hypogonadism. Total payer cost per
month associated with these side effects are report-
ed to be $238 above the cost of OxyContin itself.176

OxyContin is available in 10, 15, 20, 30, 40, 60,
and 80 mg tablets. Initial doses are 10 mg every 12
hours in the opioid-naïve individual. Upward titra-
tion should be not <48 hours. OxyContin should be
used with caution in those with hepatic impairment.
Doses should be reduced by one half to one third
with liver dysfunction, and with severe liver impair-
ment oxycodone ER should be discontinued and
the IR formulation used instead. OxyContin should
be used cautiously in renal failure. Individuals
should be started on one half the usual dose for cre-
atinine clearance of <60 mL/min, and IR oxycodone
used as needed for patients with severe renal failure
or on dialysis. Patients who cannot swallow tablets
due to nausea, dysphagia, or bowel obstruction,
should be treated with an alternative opioid such as
a TF or buprenorphine. Tablets should be swal-
lowed whole and not cut, chewed, or crushed.
Drugs which induce or inhibit CYP3A4 or inhibit
CYP2D6 may alter OxyContin clearance and lead to
either opioid toxicity (including respiratory depres-
sion) or opioid withdrawal symptoms. OxyContin
doses >40 mg as a single dose, or 80 mg as a total
daily dose, should be used only for opioid-tolerant
patients. The relative potency of morphine to oxy-
codone ranges between 2:1 and 1.5:1. It is important
that when rotating to OxyContin, an appropriate
equianalgesic table is consulted and that also the
clinical context be considered when adjusting
doses.177-183

tARGiniQ ER

Targiniq™ ER is a single formulated tablet of oxy-
codone and naloxone, in a 2:1 fixed dose ratio,
designed primarily to prevent opioid-induced con-
stipation.184 Targiniq ER has been labeled by the
FDA in 2013 as an abuse-deterrent opioid. The 2:1
ratio (oxycodone to naloxone) was identified as the
most optimal ratio, balancing constipation, diarrhea,
and analgesia.184,185 Oxycodone release from
Targiniq ER is biphasic, similar to OxyContin. The
elimination half-life is 4.5 hours. The oxycodone
release mechanism is designed for a 12-hour dosing
interval.186 The bioavailability of oxycodone is not
altered by the naloxone. Naloxone delivery is also
by extended release. Oral naloxone IR at high doses
will override first pass liver clearance leading to opi-
oid withdrawal, whereas naloxone ER does not
have this effect.185,187,188 Bioavailability of the oral
naloxone is minimal (approximately 2 percent) and
thus naloxone binds and blocks GI m-receptors
leading to reduced constipation, but without revers-
ing analgesia.189 Naloxone has a greater affinity for
m-receptors compared with oxycodone and thus
naloxone successfully reverses oxycodone-related
constipation.190-192

Naloxone is metabolized in the liver by UGT1A8
and UGT2B7, and to a lesser extent CYP3A4.
Principal metabolites are the glucuronide conjugate
of 6-a-naloxol, an active metabolite.193-195 Oxy -
codone absorption through the rectum is about the
same as by mouth.196 Rectal administration of
Targiniq ER would result in the same amount of
oxycodone and bioavailability but naloxone bio -
availability per rectum increases to 15 percent sec-
ondary to absorption through the inferior hemor-
rhoidal vein which bypasses the liver.193,197 Targiniq
ER administered per rectum is likely to lead to an
analgesic ceiling at high doses or even precipitate
withdrawal symptoms.

GI transit has been measured in healthy volun-
teers receiving 10 and 20 mg of OxyContin, and
10/5 and 20/5 of Targiniq ER. OxyContin 20 mg
caused an increased GI transit time while for
Targiniq ER 20/10 the time was the same as place-
bo.191 Targiniq ER has been shown to reduce opi-
oid-induced constipation in multiple trials. In a ran-
domized trial comparing OxyContin with Targiniq
ER involving individuals with CLBP, 20-40 mg of
either analgesic produce similar pain relief but
Targiniq ER was associated with less constipation
and reduced laxative consumption.190 In a 12-week
trial involving patients with CNCP, 20-50 mg of
OxyContin or Targiniq ER, Targiniq ER produced
less constipation as measured by the Bowel
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Function Index (BFI).198 In a third randomized trial
also involving individuals with CNCP, 60-80 mg of
either OxyContin or Targiniq ER produced similar
analgesia; however, Targiniq ER was associated
with reduced constipation symptoms.199 A random-
ized controlled trial involving patients with CNCP
with opioid-induced constipation despite laxatives
found that Targiniq ER 10-20 mg/d for 12 weeks sig-
nificantly improved constipation and 36 percent
were able to stop laxatives.200 An open label exten-
sion study of Targiniq ER 20-60 mg daily maintained
improved bowel function as measured by the BFI
without evidence of tolerance to the effect.201 Many
studies, however, did not include detailed descrip-
tions of the method used to collect side effects and
adverse events, rather depending on patient self-
report.202 Targiniq ER was reported to have reduced
nausea, vomiting, abdominal pain, and dyspepsia
relative to oxycodone ER. However, there were
more serious adverse events (abdominal pain)
noted in one Targiniq ER trial involving patients
with cancer.203

In contrast to CNCP, the benefits of Targiniq ER in
patients with cancer appear to be marginal. In a 4-
week trial involving patients with cancer pain ran-
domized to OxyContin or Targiniq ER, there was a
statistical reduction in BFI scores compared with
OxyContin but the benefits did not seem to be clini-
cally significant.203 Quality of life was the same for
both analgesics. A second trial found that Targiniq
ER had no adverse effect on bowel function but did
not influence laxative use in patients with cancer.204

There may be several reasons for the different anti-
constipation effect between patients with cancer
and patients with CNCP: 1) patients with cancer fre-
quently require higher doses of opioids (Targiniq
ER at high doses provides poor analgesia) and 2)
patients with cancer have multiple causes of consti-
pation.186,205,206

Targiniq ER is classified as an abuse-deterrent
opioid by the FDA even though there are no peer-
reviewed studies published with this as the primary
outcome.207 However, combining an opioid recep-
tor antagonist with an agonist, as with Targiniq ER,
should deter converting the drug to unapproved
routes (intranasal and parenteral). Of course this
does not preclude the misuse of oral Targiniq
ER.171,208,209 Clinicians should still screen individuals
for drug addiction risk and use urine drug screens
periodically when prescribing Targiniq ER.

Targiniq ER is available in 10/5, 20/10, and 40/20
mg tablets. Dosing intervals are 12 hours and opioid-
naïve patients should be started on 10/5 mg tablets
every 12 hours. Titration intervals should not be less
than every 48 hours. Doses should not exceed 80/40

mg/d. Single doses >40/10 mg or daily doses of
80/40 mg should be used only in individuals who
are opioid tolerant. Targiniq ER may be taken with
food without loss of efficacy. Tablets should be swal-
lowed whole and not cut, chewed, or crushed.
Oxycodone clearance is delayed in hepatic impair-
ment. Shunting due to cirrhosis may increase nalox-
one bioavailability. With hepatic impairment, start-
ing doses should be one third to one half the usual
dose or patient should be started on IR oxycodone
and titrated to response before converting to
Targiniq ER. Targiniq ER is contraindicated in mod-
erate-to-severe hepatic impairment. There are no
standard guidelines for dose adjustments in hepatic
impairment, only general recommendations. Patients
with creatinine clearance <60 mL/min should be
started on half of the usual dose or initially started on
IR oxycodone at reduced doses and titrated to pain
control. Conversion to Targiniq ER would then be
based on the effective IR oxycodone dose. There are
no standard guidelines to adjusting doses in renal
impairment, only general recommendations. Drug-
drug interactions are largely based on oxycodone
studies. Individuals on inhibitors or inducers of
CYP3A4, or inhibitors of CYP2D6, will have altered
oxycodone clearance. This may lead to opioid toxic-
ity or withdrawal symptoms. When rotating to
Targiniq ER from another opioid, physicians should
review a conversion table published in the literature.
Doses should be adjusted based on clinical con-
text.177,180,182,183,210,211

mEtHAdonE

Methadone has been available in America for
almost 70 years, often used for opioid maintenance
of addicted opioid patients, and used occasionally
in the early decades for the treatment of periopera-
tive pain. It is now used in oral formulation for the
treatment of chronic pain. The past two decades
have seen an increase in the use of methadone for
the treatment of CNMP. It is available in a tablet for-
mation of 5 and 10 mg.

Methadone is a very unique synthetic opioid
whose pharmacology should be completely under-
stood by the prescriber. It is structurally unrelated to
morphine and has three known mechanisms of
analgesia.212 As with other opioids, it binds to the m-
opioid receptor but is also an NMDA antagonist and
a norepinephrine reuptake inhibitor at the spinal
cord level. It is perhaps these unique mechanisms of
analgesia, in addition to opioid antagonist activity,
that make methadone such a powerful analgesic. In
America, methadone is available as a racemic mix-
ture of stereoisomers, while in Europe it is available
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as a levoisomer, in addition to the racemic mixture.
The levoisomer appears to have most of the m-opi-
oid receptor antagonist activity.213

The clinician must understand some basic phar-
macokinetics unique to methadone. Methadone is
almost completely absorbed on oral administration;
however, the elimination half-life of the drug varies
between 9 and 47 hours among patients.214 This
high variability among patients is due in part to
weight, gender, age, genetics, and drug-drug inter-
action.215,216 Thus, it is extremely important to start
with low initial doses of methadone, and titrate
upward doses with caution, and very slowly. For
example, an elderly patient who might have an
elimination half-life of 3-4 days would not reach
steady-state plasma levels for 2 weeks or longer.
Thus, if dose escalation occurs before steady state
has been reached, delayed respiratory depression as
a life-threatening event may occur. Methadone
metabolism occurs almost exclusively in the liver
with excretion of inactive metabolites.217 Methadone
is not dialyzable and therefore caution should be
used in the treatment of renal failure patients on
dialysis.

Recent guidelines have been published to
improve patient safety when using methadone ther-
apy for chronic pain management.218 There are
three unique areas of caution with the use of
methadone for chronic pain: 1) with initial dosing
and dose escalation, 2) with elevated QTc interval,
and 3) related to drug-methadone patient interac-
tion. Methadone dosing is recommended at every 8-
12 hours only, with dosage increases (titrated up to
improve analgesia) occurring not more frequently
than 1 week intervals. It is important to assess
whether an alternative opioid may be safer for indi-
vidual patients who are opioid naïve. Suggested
doses for opioid-naïve patients, or patients currently
taking <60 mg of daily oral morphine equivalent,
start at 2.5 mg three times daily. Patients being
switched from methadone, from a dose of daily
morphine equivalent >60 mg, should be started at a
methadone dose of only 10 percent of the calculat-
ed equianalgesic dose, with a maximum dose of 40
mg of methadone per day.218 Restated for clarity, the
calculated equianalgesic dose should be reduced by
90 percent in this population.179 The reason for this
is that analgesic dosing tables may overestimate the
amount of methadone a patient should be convert-
ed to, and clinical experience suggests that patients
on high daily oral morphine doses require much
less conversion equivalent for methadone. If clini-
cians do not greatly diminish the equianalgesic dose
calculated from the equianalgesic dosing tables, the
result may be overdose and death. New for these

guidelines is the recommendation to make phone
assessments for adverse events within 3-5 days fol-
lowing methadone initiation or after any methadone
dose increase.218

Methadone, like many medications, may prolong
the QTc interval as measured on the ECG.212,219,220

Because of this unique property, it is suggested that
the clinician consider a baseline ECG for every
patient started on methadone, and certainly obtain
an ECG for patients at high risk for QTc prolonga-
tion. High-risk patients include those with factors
for prolonged QTc, a history of prior ECG >450 mil-
liseconds, or a history of prior ventricular dysrhyth-
mia.218 It is recommended to not use methadone if
the QTc is >500 milliseconds, and consider an alter-
native opioid if the QTc is measured between 450
and 500 milliseconds.218 Clinical use suggest that
methadone appears to be associated with risk of
increased QTc and malignant dysrhythmias such as
Torsade de Pointes.219 Finally, many commonly
used medications may either increase or decrease
the methadone level within an individual patient
because of interaction with the cytochrome P450
enzyme in the liver, the enzyme responsible for
methadone metabolism. The clinician must evaluate
concomitant medications among each individual
patient. In general, selective serotonin uptake
inhibitors may increase plasma methadone level,
and tricyclic antidepressants may prolong the QTc
interval. Benzodiazepines have been associated
with overdose involving methadone and thus clini-
cians should generally avoid the use of benzodi-
azepines in patients prescribed methadone for
chronic pain.221 Antibiotics may increase or decrease
the effect of methadone, anticonvulsants such as
carbamazepine decrease plasma methadone level,
common antihistamines such as diphenhydramine
may increase the sedative or respiratory depressive
effects of methadone, and common HIV medica-
tions have a variable effect on methadone levels.218

Other common agents such as cimetidine and
grapefruit juice may increase the methadone level in
individual patients.218

This article concerns the use of methadone for
the treatment of patients with chronic pain, and the
clinician must understand that the use of methadone
to treat opioid detoxification or maintenance treat-
ment of opioid addicted patients must be provided
only in a federally certified opioid addiction treat-
ment program.222 The ongoing use of methadone to
treat chronic pain in a pregnant woman should be
carefully considered and the benefits and harms of
methadone information provided to the patient, as
well as the potential risk to the newborn for neona-
tal abstinence syndrome.218 All patients should be
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monitored to ensure compliance with methadone
therapy. However, it should be noted that false-pos-
itive results for urine testing of methadone have
been reported and attributable to metabolites of ver-
apamil, diphenhydramine, and other agents.223

tRAnsdERmAL FEntAnYL

Fentanyl is a so-called designer opioid developed
by Dr. Janssen in the early 1960s with a potency 100
times that of morphine.224 For the next three decades,
it was used mostly as an intraoperative analgesic and
anesthetic, until the development of a TF patch 20
years ago.225 The early use of fentanyl transdermal
system concentrated on patients with cancer pain;
however, the past decade has witnessed the success-
ful use of TF for the treatment of CNMP. Fentanyl,
normally a relatively fast onset and moderately rapid
offset opioid when given by the intravenous route,
has completely different pharmacokinetics when
given by the TF route of administration.225 Upon first
application of TF, the minimum effective fentanyl
concentration will take approximately 6 hours, and
the maximum serum concentration peak will vary
between 12 and 48 hours.226 Thus, steady state is not
reached until the third day of use and the patches
should be rotated only at a 72-hour interval. The TF
patches, available in doses of 12, 25, 50, 75, and 100
mg/h, are proportional to the surface area of the
patch.226 The clinician should also be aware that
when the TF patch is removed (eg, for intolerable
side effects), fentanyl will continue to be absorbed
from the depo of drug in the skin, with ongoing
absorption into the systemic circulation. Thus, if res-
piratory depression is experienced as a result of TF
patch, simply removing the patch will not result in a
meaningful decline in fentanyl plasma levels for per-
haps 1-3 days. A significant advantage of a TF system
is that opioid delivery is continuous and without the
need for any special equipment.225 In addition, the
ability to maintain relatively stable plasma levels of
fentanyl may result in more stable analgesia and per-
haps less opioid-related side effects.225

A TF patch should only be used in the treatment
of chronic pain and in those patients who are opi-
oid tolerant. The patch should be removed from its
protective pouch only at the time of application
and should be applied to intact and nonirritated
skin, typically on the chest, back, flank, or upper
arm. The skin may be prepped by clipping hair,
cleaning the area with water only, and patting the
skin completely dry. Soaps, lotions, or alcohol
should not be used to clean the skin area. The
patch is rotated every 72 hours to a new and suit-
able skin location. Patches removed after 72 hours

contain  approximately 50 percent of the initial start-
ing milligram dose of TF, and thus careful disposal
of the TF system is mandatory. It is recommended
that the patch be folded in half and flushed down a
toilet. In addition, patients must be advised to not
cut the patch, avoid exposure to heat (which may
result in increased absorption and relative over-
dose), avoid contact of the patch with others, and to
report any opioid-related side effects.

As the TF system may take 18-36 hours to reach
steady state, upward titration of opioid using a TF
patch should occur not more frequently than every
72 hours. Several estimates of conversion from oral
morphine to TF have used ratios of 50-100 mg of
oral morphine equivalent to a 25 mg/h TF patch.225

However, there is great interindividual variability of
plasma concentrations among patients, and there-
fore it is recommended to use 50 percent of the esti-
mated dose following opioid conversion.

Side effects of TF include all the typical opioid-
related side effects; however, the TF seems to be
associated with fewer GI adverse events, particular-
ly a reduced incidence of constipation.225-229 A spe-
cific adverse reaction to the TF system includes skin
hypersensitivity, reported by approximately 3 per-
cent of patients.227,230 The clearance of fentanyl
occurs in the liver with the cytochrome CYP3A4.227

Liver metabolism is thus influenced by liver disease
and drug-drug interactions. It is recommended to
use 50 percent of the estimated dose for patients
with mild or moderate liver or renal impairment,
and to avoid the use in severe hepatic or renal dys-
function.231 The recommendation to limit TF use in
patients with severe renal dysfunction likely relates
to the possibility of sedation in such patients, as
other authors have suggested that the use of TF is
safe for use in patients with renal failure.232

As with all opioids, use of TF in the elderly should
be approached with caution. A TF system has been
used among children and found that younger chil-
dren may require higher doses when compared with
adults and may have fewer side effects when com-
pared with other opioids.6 Specific contraindications
to the use of TF include patients who are not opioid
tolerant, patients with acute or intermittent pain, the
management of perioperative pain, the management
of postoperative pain in the outpatient setting, and
the management of mild pain.

Because fentanyl is metabolized by the CYP3A4
enzyme in the liver, plasma fentanyl levels following
TF application may increase with CYP3A4 inhibitors
(such as grapefruit juice) or may be decreased by
CYP3A4 inducers (such as rifampin). Severe opioid-
induced respiratory depression has been reported in
at least two patients, one who died following the
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addition of fluconazole to his TF analgesic, and a
second patient with CNMP (long term on TF) follow-
ing addition of clarithromycin to the TF system. The
mechanism of action for both these cases is thought
to be inhibition of CYP3A4 system which resulted in
increased fentanyl blood levels.233 In addition, unin-
tentional misuse may lead to significant conse-
quences including death.234 Scenarios that expose
patients to increase risk of overdose include patient
confusion regarding dosage strengths, forgetting to
remove the TF patch, transfer of the TF patch to
another person, application of a second patch, fever,
use of electric blankets, and intense physical exer-
cise.235,236 Also, there is one case report of a patient
with cancer pain who experienced severe bradycar-
dia within 36 hours of the TF application but without
any other signs of opioid toxicity.237

opAnA ER

Opana® ER is an ER formulation of oxymorphone
hydrochloride available in strength of 5, 7.5, 10, 15,
20, 30, and 40 mg tablets. The recommended dosing
interval is every 12 hours; however, some patients
may benefit from having a different dose given in
the morning, compared with the evening dose. For
example, a patient may require a lower evening
dose to manage pain while sleeping and require a
slightly higher dose in the morning to cope with
increased activity in the daytime.

Oxymorphone has been available as an injectable
format in America for more than six decades and
was developed for an oral ER preparation approved
in 2006.238 Oxymorphone is a synthetic opioid that
binds to the m-opioid receptor but with little activity
at the k-opioid receptor.239,240 Oxymorphone, as
with many opioids, is metabolized in the liver by
glucuronidation to oxymorphone-3-glucuronide as
well as an active metabolite, 6-hydroxyoxymor-
phone.239,241 Oxymorphone ER provides pre-
dictable, dose-proportional plasma concentration
across the entire dosing range.242 The time to maxi-
mum concentration of oxymorphone ER ranges
from 2.5 to 4.0 hours, with steady state being
achieved at 3 days following regular 12-hour daily
dosing.242 Oxymorphone metabolism occurs in the
liver but without using the cytochrome P450 path-
ways, and thus there is no drug-drug interaction of
the cytochrome enzyme which would affect oxy-
morphone metabolism.242,243 However, because of
extensive liver metabolism, oxymorphone is con-
traindicated in patients with moderate-to-severe
hepatic impairment, and caution should be used in
patients with renal disease as oxymorphone accu-
mulates in renal failure.240,244

Oxymorphone is more potent than morphine,
and an approximate oral dose ratio of 3:1 and 2:1
has been used to convert patients from morphine
ER and oxycodone ER, respectively, to oxymor-
phone ER.231,242,245,246 As with all opioid rotation cal-
culations, approximately 50 percent of the calculat-
ed new opioid dose should be used as the starting
dose for the new opioid medication.

The lowest Opana ER dose, 5 mg every 12 hours,
should be the initial dose in opioid-naïve patients,
as well as in patients with mild hepatic or renal
impairment. Low initial doses with cautious individ-
ual dose titration should also be used in the elderly
patient.247 Patients are instructed to swallow the
tablet whole, be educated that chewing, crushing,
or dissolving the tablet may alter the absorption
profile. Upward titration of opioid dose should
occur in small doses of 5-10 mg, using a minimum
of a 3- to 7-day interval.231 Interestingly, food can
increase the rate of absorption by as much as 50
percent; thus, the tablet should be taken either 1
hour before or 2 hours after a meal.240 In addition,
alcoholic beverages may cause “dose-dumping”
when administered with oxymorphone ER and may
result in the absorption of a potentially fatal dose of
morphine.231,242

Typical opioid side effects (nausea, vomiting,
constipation, sedation, and dry mouth) have been
reported with all clinical trials to date, and usually
mild in nature.246 There is one published report of
acute withdrawal from oxymorphone ER after a
patient ingested a crushed capsule of morphine ER
with sequestered naltrexone (Embeda).71 This acute
opioid withdrawal would be expected with any opi-
oid, and not particular to oxymorphone. One specif-
ic safety concern related to Opana ER is to use cau-
tion in patients who have difficulty swallowing, or
have an underlying GI disorder, may predispose
them to obstruction.231

ZoHYdRo ER

Hydrocodone bitartrate has been known to have
analgesic properties for more than one century.248

Until 2012, hydrocodone had only been available in
America in combination products with acetamino-
phen. Zohydro® ER provides an opioid analgesic
with hydrocodone alone, thus eliminating any con-
cern regarding acetaminophen toxicity to the liver.
Although hydrocodone in combination with aceta-
minophen has been the most prescribed in America
in recent years, there is a lack of good clinical trials
regarding the drug.249 Nonetheless, extensive and
widespread physician experience with hydrocodone
products confirm that it is an excellent opioid

33Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 33



 analgesic with many effects and side effects similar to
other opioid medications.248

Hydrocodone is an opioid analgesic and antitus-
sive that binds to the m-opioid receptor in the
CNS.248 Hydrocodone is a semisynthetic opioid sim-
ilar in structure to morphine, differing from mor-
phine at a single bond at carbons 7 and 8, and hav-
ing a keto group at the 6 carbon.250 Hydrocodone
produces typical opioid effects and side effects with
a relative analgesic potency of 0.6 when compared
with oral morphine.248 Hydrocodone ER is available
in ER capsules at 10, 15, 20, 30, 40, and 50 mg
dosage strength. The time to maximum plasma con-
centration following oral ingestion is approximately
5 hours, with blood levels decreasing slowly over 15
hours.251 Therefore, the recommended dosing inter-
val is every 12 hours. Initial dosing for the opioid-
naïve patient should only be at 10 mg twice daily.
Upward titration, if necessary, must use increments
of 10 mg with a minimum of 3-7 days between dose
increases. When opioid rotation occurs, a ratio of
approximately 1.5:1 of oral morphine to oral
hydrocodone is recommended. High-dose adminis-
tration (single doses >40 mg or total daily dose >80
mg) should be given only to opioid-tolerant
patients. Pharmacokinetic calculations, in addition
to clearance measured among patients, suggest that
hydrocodone concentrations will be increased in
patients with decreased renal function.251 Hydro -
codone RT should be used with caution among
patients with renal dysfunction, doses should be
lowered, and upward titration using intervals
greater than every 3 days.

Hydrocodone is metabolized in the liver via, in
part, cytochrome P4502D6, producing the active
metabolite, hydromorphone.252 Some have argued
that hydromorphone is a prodrug, similar to codeine
as a prodrug for morphine, with the metabolite
hydromorphone being the active product. However,
the amount of hydromorphone produced from
hydrocodone administration is typically very low, in
the order of 3 percent excreted in the urine.248,253 The
primary metabolism of hydrocodone is via the liver
enzyme cytochrome CYP3A4 which results in the
active compound norhydrocodone.254 Cytochrome
CYP3A4 inducers (glucocorticoids, nafcillin, etc) may
decrease levels of hydrocodone, while cytochrome
CYP3A4 inhibitors (erythromycin, fluoxetine, grape-
fruit juice, etc) may result in increased hydrocodone
plasma levels and increased opioid activity.

Hydrocodone ER has been found to be effective,
at least over a 12-week randomized control trial for
the management of low back pain.255 Typical opioid
side effects have been observed.248,255 Patients are
instructed to swallow the capsules whole without

any chewing, crushing, as this alteration of the med-
ication may result in elevated drug effect. In addi-
tion, coadministration of alcohol is contraindicated
as alcohol may result in more than a twofold
increase in the peak concentrations in hydrocodone
ER.254 The use of high-dose hydrocodone has rarely
been associated with sensory neural hearing
loss.254,256

nuCYntA ER

Tapentadol is a unique opioid with two mecha-
nisms of analgesic action. It was initially approved
in America as an IR formulation and is now
approved as an ER product, Nucynta® ER. Tapentadol
was initially developed and synthesized as an anal-
gesic with both m-opioid agonist and norepineph-
rine reuptake inhibition mechanisms of analgesic
action.257 Increased noradrenaline levels at the
spinal cord increase binding to a-2 agonist recep-
tors with resultant analgesia. As tapentadol works
with two mechanisms of analgesia, it is hoped that
analgesia may be improved with a lower opioid
dose, and that side effects would be less than tradi-
tional opioids.257-260

Tapentadol ER should be prescribed every 12
hours and exists as 50, 100, 150, 200, and 250 mg
dose tablets. In healthy volunteers, maximum plas-
ma concentrations were seen at 5 hours after dosing
with a mean terminal half-life ranging from 4 to 6
hours. Concomitant administration of a high-fat
meal slightly reduced the absorption of tapenta-
dol.261 For the opioid-naïve patient, the smallest
dose (50 mg every 12 hours) should be given.
Upward dose titration, to treat inadequate analgesia,
should occur at a minimum of 3-day intervals and
using a relatively small increase of 50 mg. A maxi-
mum total daily dose is 500 mg and patients are
instructed to swallow the tablets whole without any
chewing or crushing behavior. Patients are also
instructed not to consume alcohol which may con-
tribute to a rapid release of opioid and a potentially
fatal overdose. The equipotent analgesic ratio of
tapentadol with oral morphine has not been ade-
quately established.262 A clinical study among
patients with cancer suggested a potency of tapen-
tadol at approximately one third that of oral mor-
phine; however, the limited number of patients in
the study does not allow a definite conclusion to be
drawn about the dose conversion ratio.262,263

Tapentadol, which exists as a single enantiomer,
is metabolized almost entirely by glucuronidation in
the liver.257,264 Tapentadol has no active metabolites
and does not appear to affect the QT ECG inter-
val.264 Both hepatic and renal impairment elevate
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the plasma levels of tapentadol.260,264 Thus, patients
with severe renal hepatic impairment should avoid
the use of tapentadol. In addition, elderly patients
should be started on a lower dose range and with
more cautious dose escalation. Patients with mild to
moderate hepatic impairment may continue with
tapentadol; however, the dosing interval should be
extended to once per day, and with a maximum
dose of 100 mg/d.

Side effects to tapentadol demonstrate the usual
opioid-related side effect profile, with the exception
that GI adverse events (nausea and vomiting, consti-
pation) appear to be less in many clinical tri-
als.260,265-267 Because tapentadol inhibits the reup-
take of norepinephrine, it should not be used by
patients taking monoamine oxidase inhibitors.8

Tapentadol is a very weak serotonin reuptake
inhibitor, however, nonetheless, caution is advised
when combining tapentadol ER with serotonergic
agents.264 There has been one reported case of
angioedema related to tapentadol therapy.

EXALGo

Hydromorphone, a close analog of morphine, has
a long history as a potent opioid analgesic for
approximately 90 years.268 The search for an ER
hydromorphone preparation started almost 20 years
ago and has evolved into a more stable and more
tamper-resistant oral formulation.269,270 Exalgo® is a
once a day ER formulation of hydromorphone avail-
able as 8, 12, 16, or 32 mg dose tablets. The osmotic-
controlled release oral delivery system used in the
product delivers effective plasma concentrations over
a 24-hour dosing interval.271,272 Following dose inges-
tion, plasma concentrations rise and peak at 6-8
hours, being sustained until 18-24 hours postdos-
ing.272 The time to maximum concentration ranged
from 12 to 16 hours and the terminal distribution half-
life is approximately 11 hours.272 Steady-state concen-
trations are reached after 3-4 days of dosing and pro-
vide therapeutic levels similar to IR hydromorphone,
but with less fluctuation in peak and trough.273-275

It is very important that Exalgo be used for the
treatment of opioid-tolerant patients only. As it is
contraindicated for treatment of the opioid-naïve
patient, all patients receiving Exalgo will have been
rotated from their baseline opioid. An approximate
opioid dose equivalent of 5:1 oral morphine to oral
hydromorphone is typically used, although the cli-
nician is advised to review the individual product
information.276 Following opioid rotation to hydro-
morphone ER, upward titration, if medically indicat-
ed, should proceed in increments of 4-8 mg with
a minimum of 3-5 days between upward dose

 titration. As with other opioid products, the tablets
are to be swallowed whole, never exposed to chew-
ing or crushing.

Hydromorphone undergoes extensive glu-
curonide metabolism in the liver, with the major
metabolite, hydromorphone-3-glucuronide capable
of producing neurotoxic symptoms. Several minor
metabolites are also produced, with minimal anal-
gesic activity.272 Moderate hepatic or renal impair-
ment results in increased systemic exposure for
patients.272 Therefore, Exalgo should be used cau-
tiously in patients with hepatic or renal impairment.
Specific recommendations are to reduce the dose to
25 percent of what would normally be prescribed,
for patients with moderate hepatic impairment. For
patients with moderate renal impairment, the hydro-
morphone ER dose should be reduced by 50 per-
cent, and further reduced for patients with severe
renal impairment to 25 percent of the normal dose
prescribed for a patient with normal renal function.
Studies have shown that the bioavailability of
hydromorphone is not affected by food.277

Side effects include typical opioid-related side
effects. Of note, the product contains a metabisulfite
such that patients with a sulfite allergy should not
be exposed to Exalgo for concern of an allergic
reaction. Concomitant use of hydromorphone ER
with CNS depressants such as benzodiazepines or
alcohol may result in significant overdose and respi-
ratory depression.273

REFEREnCEs

1. Caldwell JR: Avinza—24-h sustained-release oral morphine therapy.
Expert Opin Pharmacother. 2004; 5(2): 469-472.
2. Portenoy RK, Sciberras A, Eliot L, et al.: Steady-state pharmacokinetic
comparison of a new, extended-release, once-daily morphine formula-
tion, Avinza, and a twice-daily controlled-release morphine formulation
in patients with chronic moderate-to-severe pain. J Pain Symptom
Manage. 2002; 23(4): 292-300.
3. Adams EH, Chwiecko P, Ace-Wagoner Y, et al.: A study of AVINZA
(morphine sulfate extended-release capsules) for chronic moderate-to-
severe noncancer pain conducted under real-world treatment condi-
tions—The ACCPT Study. Pain Pract. 2006; 6(4): 254-264.
4. Rauck RL, Bookbinder SA, Bunker TR, et al.: A randomized, open-
label study of once-a-day AVINZA (morphine sulfate extended-release
capsules) versus twice-a-day OxyContin (oxycodone hydrochloride con-
trolled-release tablets) for chronic low back pain: The extension phase
of the ACTION trial. J Opioid Manag. 2006; 2(6): 325-328, 331-323.

35Journal of Opioid Management n ER/LA Opioid REMS Supplement

Paul A. Sloan, MD, Department of Anesthesiology, University

of Kentucky Medical Center, Lexington, Kentucky.

Mellar P. Davis, MD, FCCP, Department of Solid Tumor

Oncology, Cleveland Clinic, Taussig Cancer Institute,

Cleveland, Ohio.

Pamela Gamier, RN, BSN, CHPN, Department of Solid

Tumor Oncology, Cleveland Clinic, Taussig Cancer

Institute, Cleveland, Ohio.

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 35



5. Rauck RL, Bookbinder SA, Bunker TR, et al.: The ACTION study: A
randomized, open-label, multicenter trial comparing once-a-day
extended-release morphine sulfate capsules (AVINZA) to twice-a-day
controlled-release oxycodone hydrochloride tablets (OxyContin) for
the treatment of chronic, moderate to severe low back pain. J Opioid
Manag. 2006; 2(3): 155-166.
6. Panjabi SS, Panjabi RS, Shepherd MD, et al.: Extended-release, once-
daily morphine (Avinza) for the treatment of chronic nonmalignant
pain: Effect on pain, depressive symptoms, and cognition. Pain Med.
2008; 9(8): 985-993.
7. Caldwell JR, Rapoport RJ, Davis JC, et al.: Efficacy and safety of a
once-daily morphine formulation in chronic, moderate-to-severe
osteoarthritis pain: Results from a randomized, placebo-controlled, dou-
ble-blind trial and an open-label extension trial. J Pain Symptom
Manage. 2002; 23(4): 278-291.
8. King CR, Khabazian A: Avinza (morphine sulfate extended-release
capsules). Clin J Oncol Nurs. 2003; 7(4): 458-460, 478.
9. Semenchuk MR: Avinza Elan. Curr Opin Investig Drugs. 2002; 3(9):
1369-1372.
10. Heiskanen T, Backman JT, Neuvonen M, et al.: Itraconazole, a potent
inhibitor of P-glycoprotein, moderately increases plasma concentrations
of oral morphine. Acta Anaesthesiol Scand. 2008; 52(10): 1319-1326.
11. Su W, Pasternak GW: The role of multidrug resistance-associated
protein in the blood-brain barrier and opioid analgesia. Synapse. 2013;
67(9): 609-619.
12. Cunningham CW, Mercer SL, Hassan HE, et al.: Opioids and efflux
transporters. Part 2: P-glycoprotein substrate activity of 3- and 6-substi-
tuted morphine analogs. J Med Chem. 2008; 51(7): 2316-2320.
13. Groenendaal D, Freijer J, de Mik D, et al.: Population pharmacoki-
netic modelling of non-linear brain distribution of morphine: Influence
of active saturable influx and P-glycoprotein mediated efflux. Br J
Pharmacol. 2007; 151(5): 701-712.
14. Skarke C, Jarrar M, Erb K, et al.: Respiratory and miotic effects of
morphine in healthy volunteers when P-glycoprotein is blocked by
quinidine. Clin Pharmacol Ther. 2003; 74(4): 303-311.
15. Wandel C, Kim R, Wood M, et al.: Interaction of morphine, fentanyl,
sufentanil, alfentanil, and loperamide with the efflux drug transporter P-
glycoprotein. Anesthesiology. 2002; 96(4): 913-920.
16. Drewe J, Ball HA, Beglinger C, et al.: Effect of P-glycoprotein modu-
lation on the clinical pharmacokinetics and adverse effects of morphine.
Br J Clin Pharmacol. 2000; 50(3): 237-246.
17. Heiskanen T, Kalso E: Non-analgesic effects of opioids: Interactions
between opioids and other drugs. Curr Pharm Des. 2012; 18(37): 6079-
6089.
18. Transdermal buprenorphine (Butrans) for chronic pain. Med Lett
Drugs Ther. 2011; 53(1362): 31-32.
19. Plosker GL, Lyseng-Williamson KA: Buprenorphine 5, 10 and 20
mug/h transdermal patch: A guide to its use in chronic non-malignant
pain. CNS Drugs. 2012; 26(4): 367-373.
20. Plosker GL: Buprenorphine 5, 10 and 20 mug/h transdermal patch:
A review of its use in the management of chronic non-malignant pain.
Drugs. 2011; 71(18): 2491-2509.
21. Pergolizzi JV Jr, Ben-Joseph R, Chang CL, et al.: US practitioner pre-
scribing practices and patient characteristics of those newly treated with
a buprenorphine transdermal patch system. Curr Med Res Opin. 2014;
30(8): 1579-1587.
22. Park I, Kim D, Song J, et al.: Buprederm, a new transdermal delivery
system of buprenorphine: Pharmacokinetic, efficacy and skin irritancy
studies. Pharm Res. 2008; 25(5): 1052-1062.
23. Brown SM, Holtzman M, Kim T, et al.: Buprenorphine metabolites,
buprenorphine-3-glucuronide and norbuprenorphine-3-glucuronide,
are biologically active. Anesthesiology. 2011; 115(6): 1251-1260.
24. Ohtani M, Kotaki H, Sawada Y, et al.: Comparative analysis of
buprenorphine- and norbuprenorphine-induced analgesic effects based
on pharmacokinetic-pharmacodynamic modeling. J Pharmacol Exp
Ther. 1995; 272(2): 505-510.
25. Kress HG: Clinical update on the pharmacology, efficacy and safety
of transdermal buprenorphine. Eur J Pain. 2009; 13(3): 219-230.
26. Chang Y, Moody DE: Glucuronidation of buprenorphine and nor-
buprenorphine by human liver microsomes and UDP-glucuronosyl-
transferases. Drug Metab Lett. 2009; 3(2): 101-107.
27. Huang W, Moody DE, McCance-Katz EF: The in vivo glucuronida-
tion of buprenorphine and norbuprenorphine determined by liquid

chromatography-electrospray ionization-tandem mass spectrometry.
Ther Drug Monit. 2006; 28(2): 245-251.
28. Mistry M, Houston JB: Glucuronidation in vitro and in vivo.
Comparison of intestinal and hepatic conjugation of morphine, nalox-
one, and buprenorphine. Drug Metab Dispos. 1987; 15(5): 710-717.
29. Kapil RP, Cipriano A, Michels GH, et al.: Effect of ketoconazole on
the pharmacokinetic profile of buprenorphine following administration
of a once-weekly buprenorphine transdermal system. Clin Drug
Investig. 2012; 32(9): 583-592.
30. Dilmaghanian S, Gerber JG, Filler SG, et al.: Enantioselectivity of
inhibition of cytochrome P450 3A4 (CYP3A4) by ketoconazole:
Testosterone and methadone as substrates. Chirality. 2004; 16(2): 79-
85.
31. McCance-Katz EF, Moody DE, Morse GD, et al.: Interaction between
buprenorphine and atazanavir or atazanavir/ritonavir. Drug Alcohol
Depend. 2007; 91(2-3): 269-278.
32. Bruce RD, Altice FL: Three case reports of a clinical pharmacokinet-
ic interaction with buprenorphine and atazanavir plus ritonavir. AIDS.
2006; 20(5): 783-784.
33. Ohtani M, Kotaki H, Nishitateno K, et al.: Kinetics of respiratory
depression in rats induced by buprenorphine and its metabolite, nor-
buprenorphine. J Pharmacol Exp Ther. 1997; 281(1): 428-433.
34. Megarbane B, Hreiche R, Pirnay S, et al.: Does high-dose buprenor-
phine cause respiratory depression?: Possible mechanisms and thera-
peutic consequences. Toxicol Rev. 2006; 25(2): 79-85.
35. Suzuki T, Zaima C, Moriki Y, et al.: P-glycoprotein mediates brain-
to-blood efflux transport of buprenorphine across the blood-brain barri-
er. J Drug Target. 2007; 15(1): 67-74.
36. Alhaddad H, Cisternino S, Decleves X, et al.: Respiratory toxicity of
buprenorphine results from the blockage of P-glycoprotein-mediated
efflux of norbuprenorphine at the blood-brain barrier in mice. Crit Care
Med. 2012; 40(12): 3215-3223.
37. Hassan HE, Myers AL, Coop A, et al.: Differential involvement of P-
glycoprotein (ABCB1) in permeability, tissue distribution, and antinoci-
ceptive activity of methadone, buprenorphine, and diprenorphine: In
vitro and in vivo evaluation. J Pharm Sci. 2009; 98(12): 4928-4940.
38. Megarbane B, Alhaddad H: P-glycoprotein should be considered as
an additional factor contributing to opioid-induced respiratory depres-
sion in paediatrics: The buprenorphine example. Br J Anaesth. 2013;
110(5): 842.
39. Wang J, Cai B, Huang DX, et al.: Decreased analgesic effect of mor-
phine, but not buprenorphine, in patients with advanced P-glycopro-
tein(+) cancers. Pharmacol Rep. 2012; 64(4): 870-877.
40. Al-Tawil N, Odar-Cederlof I, Berggren AC, et al.: Pharmacokinetics
of transdermal buprenorphine patch in the elderly. Eur J Clin
Pharmacol. 2013; 69(2): 143-149.
41. Boger RH: Renal impairment: A challenge for opioid treatment? The
role of buprenorphine. Palliat Med. 2006; 20(suppl 1): s17-s23.
42. Simon N, Simon R: Adaptive enrichment designs for clinical trials.
Biostatistics. 2013; 14(4): 613-625.
43. Miller K, Yarlas A, Wen W, et al.: Buprenorphine transdermal system
and quality of life in opioid-experienced patients with chronic low back
pain. Expert Opin Pharmacother. 2013; 14(3): 269-277.
44. Gordon A, Callaghan D, Spink D, et al.: Buprenorphine transdermal
system in adults with chronic low back pain: A randomized, double-
blind, placebo-controlled crossover study, followed by an open-label
extension phase. Clin Ther. 2010; 32(5): 844-860.
45. Steiner DJ, Sitar S, Wen W, et al.: Efficacy and safety of the seven-
day buprenorphine transdermal system in opioid-naive patients with
moderate to severe chronic low back pain: An enriched, randomized,
double-blind, placebo-controlled study. J Pain Symptom Manage. 2011;
42(6): 903-917.
46. Landau CJ, Carr WD, Razzetti AJ, et al.: Buprenorphine transdermal
delivery system in adults with persistent noncancer-related pain syn-
dromes who require opioid therapy: A multicenter, 5-week run-in and
randomized, double-blind maintenance-of-analgesia study. Clin Ther.
2007; 29(10): 2179-2193.
47. Uberall MA, Muller-Schwefe GH: Long-term treatment of chronic
pain with low-dose 7-day buprenorphine transdermal patch. Observa -
tional data from elderly patients of pain relief and quality of life. MMW
Fortschr Med. 2013; 155(suppl 3): 87-96.
48. Uberall MA, Muller-Schwefe GH: Low-dose 7-day transdermal
buprenorphine in daily clinical practice—Perceptions of elderly patients

36 Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 36



with moderate non-malignant chronic pain. Curr Med Res Opin. 2012;
28(10): 1585-1595.
49. Karlsson J, Soderstrom A, Augustini BG, et al.: Is buprenorphine
transdermal patch equally safe and effective in younger and elderly
patients with osteoarthritis-related pain? Results of an age-group con-
trolled study. Curr Med Res Opin. 2014; 30(4): 575-587.
50. Karlsson M, Berggren AC: Efficacy and safety of low-dose transder-
mal buprenorphine patches (5, 10, and 20 microg/h) versus prolonged-
release tramadol tablets (75, 100, 150, and 200 mg) in patients with
chronic osteoarthritis pain: A 12-week, randomized, open-label, con-
trolled, parallel-group noninferiority study. Clin Ther. 2009; 31(3): 503-
513.
51. Schutter U, Ritzdorf I, Heckes B: The transdermal 7-day buprenor-
phine patch—An effective and safe treatment option, if tramadol or tili-
date/naloxone is insufficient. Results of a non-interventional study.
MMW Fortschr Med. 2010; 152(suppl 2): 62-69.
52. Gallagher AM, Leighton-Scott J, van Staa TP: Utilization characteris-
tics and treatment persistence in patients prescribed low-dose
buprenorphine patches in primary care in the United Kingdom: A retro-
spective cohort study. Clin Ther. 2009; 31(8): 1707-1715.
53. James IG, O’Brien CM, McDonald CJ: A randomized, double-blind,
double-dummy comparison of the efficacy and tolerability of low-dose
transdermal buprenorphine (BuTrans seven-day patches) with
buprenorphine sublingual tablets (Temgesic) in patients with osteoarthri-
tis pain. J Pain Symptom Manage. 2010; 40(2): 266-278.
54. Wolff RF, Aune D, Truyers C, et al.: Systematic review of efficacy
and safety of buprenorphine versus fentanyl or morphine in patients
with chronic moderate to severe pain. Curr Med Res Opin. 2012; 28(5):
833-845.
55. Ripa SR, McCarberg BH, Munera C, et al.: A randomized, 14-day,
double-blind study evaluating conversion from hydrocodone/aceta-
minophen (Vicodin) to buprenorphine transdermal system 10 mug/h or
20 mug/h in patients with osteoarthritis pain. Expert Opin
Pharmacother. 2012; 13(9): 1229-1241.
56. Wolff RF, Reid K, di Nisio M, et al.: Systematic review of adverse
events of buprenorphine patch versus fentanyl patch in patients with
chronic moderate-to-severe pain. Pain Manag. 2012; 2(4): 351-362.
57. Holdsworth MT, Forman WB, Killilea TA, et al.: Transdermal fen-
tanyl disposition in elderly subjects. Gerontology. 1994; 40(1): 32-37.
58. Canneti A, Luzi M, Di Marco P, et al.: Safety and efficacy of transder-
mal buprenorphine and transdermal fentanyl in the treatment of neuro-
pathic pain in AIDS patients. Minerva Anestesiol. 2013; 79(8): 871-883.
59. Mercadante S, Porzio G, Ferrera P, et al.: Low doses of transdermal
buprenorphine in opioid-naive patients with cancer pain: A 4-week,
nonrandomized, open-label, uncontrolled observational study. Clin
Ther. 2009; 31(10): 2134-2138.
60. Wen W, Lynch SY, Munera C, et al.: Application site adverse events
associated with the buprenorphine transdermal system: A pooled analy-
sis. Expert Opin Drug Saf. 2013; 12(3): 309-319.
61. Durand C, Alhammad A, Willett KC: Practical considerations for
optimal transdermal drug delivery. Am J Health Syst Pharm. 2012; 69(2):
116-124.
62. Katz N, Sun S, Johnson F, et al.: ALO-01 (morphine sulfate and nal-
trexone hydrochloride) extended-release capsules in the treatment of
chronic pain of osteoarthritis of the hip or knee: Pharmacokinetics, effi-
cacy, and safety. J Pain. 2010; 11(4): 303-311.
63. Johnson FK, Ciric S, Boudriau S, et al.: The relative bioavailability of
morphine sulfate and naltrexone hydrochloride extended release cap-
sules (EMBEDA(R)) and an extended release morphine sulfate capsule
formulation (KADIAN(R)) in healthy adults under fasting conditions.
Am J Ther. 2011; 18(1): 2-8.
64. Johnson FK, Stark JG, Bieberdorf FA, et al.: Relative oral bioavail-
ability of morphine and naltrexone derived from crushed morphine sul-
fate and naltrexone hydrochloride extended-release capsules versus
intact product and versus naltrexone solution: A single-dose, random-
ized-sequence, open-label, three-way crossover trial in healthy volun-
teers. Clin Ther. 2010; 32(6): 1149-1164.
65. Johnson F, Ciric S, Boudriau S, et al.: Food effects on the pharmaco-
kinetics of morphine sulfate and naltrexone hydrochloride extended
release capsules. Adv Ther. 2010; 27(11): 846-858.
66. Stauffer J, Setnik B, Sokolowska M, et al.: Subjective effects and safe-
ty of whole and tampered morphine sulfate and naltrexone hydrochlo-
ride (ALO-01) extended-release capsules versus morphine solution and

placebo in experienced non-dependent opioid users: A randomized,
double-blind, placebo-controlled, crossover study. Clin Drug Investig.
2009; 29(12): 777-790.
67. Smith HS: Morphine sulfate and naltrexone hydrochloride extended
release capsules for the management of chronic, moderate-to-severe
pain, while reducing morphine-induced subjective effects upon tamper-
ing by crushing. Expert Opin Pharmacother. 2011; 12(7): 1111-1125.
68. Setnik B, Sommerville K, Goli V, et al.: Assessment of pharmacody-
namic effects following oral administration of crushed morphine sulfate
and naltrexone hydrochloride extended-release capsules compared
with crushed morphine sulfate controlled-release tablets and placebo in
nondependent recreational opioid users. Pain Med. 2013; 14(8): 1173-
1186.
69. Katz N, Hale M, Morris D, et al.: Morphine sulfate and naltrexone
hydrochloride extended release capsules in patients with chronic
osteoarthritis pain. Postgrad Med. 2010; 122(4): 112-128.
70. Webster LR, Brewer R, Wang C, et al.: Long-term safety and efficacy
of morphine sulfate and naltrexone hydrochloride extended release
capsules, a novel formulation containing morphine and sequestered
naltrexone, in patients with chronic, moderate to severe pain. J Pain
Symptom Manage. 2010; 40(5): 734-746.
71. Ruan X, Chen T, Gudin J, et al.: Acute opioid withdrawal precipitat-
ed by ingestion of crushed embeda (morphine extended release with
sequestered naltrexone): Case report and the focused review of the lit-
erature. J Opioid Manag. 2010; 6(4): 300-303.
72. Jang DH, Rohe JC, Hoffman RS, et al.: Severe opioid withdrawal due
to misuse of new combined morphine and naltrexone product
(Embeda). Ann Emerg Med. 2010; 55(3): 303-304.
73. Schaeffer T: Abuse-deterrent formulations, an evolving technology
against the abuse and misuse of opioid analgesics. J Med Toxicol. 2012;
8(4): 400-407.
74. Hamabe W, Maeda T, Kiguchi N, et al.: Negative relationship
between morphine analgesia and P-glycoprotein expression levels in
the brain. J Pharmacol Sci. 2007; 105(4): 353-360.
75. Kharasch ED, Hoffer C, Whittington D, et al.: Role of P-glycoprotein
in the intestinal absorption and clinical effects of morphine. Clin
Pharmacol Ther. 2003; 74(6): 543-554.
76. Aquilante CL, Letrent SP, Pollack GM, et al.: Increased brain P-glyco-
protein in morphine tolerant rats. Life Sci. 2000; 66(4): PL47-PL51.
77. Huwyler J, Drewe J, Gutmann H, et al.: Modulation of morphine-6-
glucuronide penetration into the brain by P-glycoprotein. Int J Clin
Pharmacol Ther. 1998; 36(2): 69-70.
78. Qi X, Evans AM, Wang J, et al.: Inhibition of morphine metabolism
by ketamine. Drug Metab Dispos. 2010; 38(5): 728-731.
79. Fujita K, Ando Y, Yamamoto W, et al.: Association of UGT2B7 and
ABCB1 genotypes with morphine-induced adverse drug reactions in
Japanese patients with cancer. Cancer Chemother Pharmacol. 2010;
65(2): 251-258.
80. Darbari DS, van Schaik RH, Capparelli EV, et al.: UGT2B7 promoter
variant -840G>A contributes to the variability in hepatic clearance of
morphine in patients with sickle cell disease. Am J Hematol. 2008; 83(3):
200-202.
81. Coffman BL, Rios GR, King CD, et al.: Human UGT2B7 catalyzes
morphine glucuronidation. Drug Metab Dispos. 1997; 25(1): 1-4.
82. Nicholson B, Ross E, Weil A, et al.: Treatment of chronic moderate-
to-severe non-malignant pain with polymer-coated extended-release
morphine sulfate capsules. Curr Med Res Opin. 2006; 22(3): 539-550.
83. Ross EL, Hahn K: KADIAN (morphine sulfate extended-release) cap-
sules for treatment of chronic, moderate-to-severe, nonmalignant pain.
Int J Clin Pract. 2008; 62(3): 471-479.
84. Nicholson B: Morphine sulfate extended-release capsules for the
treatment of chronic, moderate-to-severe pain. Expert Opin Pharma -
cother. 2008; 9(9): 1585-1594.
85. Broomhead A, Kerr R, Tester W, et al.: Comparison of a once-a-
day sustained-release morphine formulation with standard oral mor-
phine treatment for cancer pain. J Pain Symptom Manage. 1997;
14(2): 63-73.
86. Chen ML, Shah V, Patnaik R, et al.: Bioavailability and bioequiva-
lence: An FDA regulatory overview. Pharm Res. 2001; 18(12): 1645-
1650.
87. Williams RL, Patnaik RN, Chen ML: The basis for individual bio -
equivalence. FDA Population and Individual Bioequivalence Working
Group. Eur J Drug Metab Pharmacokinet. 2000; 25(1): 13-17.

37Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 37



88. Bioavailability and bioequivalence requirements; abbreviated appli-
cations; proposed revisions—FDA. Proposed rule. Fed Regist. 1998;
63(223): 64222-64228.
89. Patnaik RN, Lesko LJ, Chen ML, et al.: Individual bioequivalence.
New concepts in the statistical assessment of bioequivalence metrics.
FDA Individual Bioequivalence Working Group. Clin Pharmacokinet.
1997; 33(1): 1-6.
90. Hagen NA, Thirlwell M, Eisenhoffer J, et al.: Efficacy, safety, and steady-
state pharmacokinetics of once-a-day controlled-release morphine (MS
Contin XL) in cancer pain. J Pain Symptom Manage. 2005; 29(1): 80-90.
91. Johnson F, Wagner G, Sun S, et al.: Effect of concomitant ingestion
of alcohol on the in vivo pharmacokinetics of KADIAN (morphine sul-
fate extended-release) capsules. J Pain. 2008; 9(4): 330-336.
92. Sasaki J, Weil AJ, Ross EL, et al.: Effectiveness of polymer-coated
extended-release morphine sulfate capsules in older patients with persist-
ent moderate-to-severe pain: A subgroup analysis of a large, open-label,
community-based trial. Curr Ther Res Clin Exp. 2007; 68(3): 137-150.
93. Villesen HH, Banning AM, Petersen RH, et al.: Pharmacokinetics of
morphine and oxycodone following intravenous administration in eld-
erly patients. Ther Clin Risk Manag. 2007; 3(5): 961-967.
94. Sear JW, Hand CW, Moore RA: Studies on morphine disposition: Plasma
concentrations of morphine and its metabolites in anesthetized middle-
aged and elderly surgical patients. J Clin Anesth. 1989; 1(3): 164-169.
95. Weil AJ, Nicholson B, Sasaki J: Factors affecting dosing regimens of
morphine sulfate extended-release (KADIAN) capsules. J Opioid
Manag. 2009; 5(1): 39-45.
96. Nicholson B, Ross E, Sasaki J, et al.: Randomized trial comparing
polymer-coated extended-release morphine sulfate to controlled-
release oxycodone HCl in moderate to severe nonmalignant pain. Curr
Med Res Opin. 2006; 22(8): 1503-1514.
97. Armstrong SC, Cozza KL: Pharmacokinetic drug interactions of mor-
phine, codeine, and their derivatives: Theory and clinical reality, Part II.
Psychosomatics. 2003; 44(6): 515-520.
98. Armstrong SC, Cozza KL: Pharmacokinetic drug interactions of mor-
phine, codeine, and their derivatives: Theory and clinical reality, Part I.
Psychosomatics. 2003; 44(2): 167-171.
99. Uchaipichat V, Raungrut P, Chau N, et al.: Effects of ketamine on
human UDP-glucuronosyltransferases in vitro predict potential drug-
drug interactions arising from ketamine inhibition of codeine and mor-
phine glucuronidation. Drug Metab Dispos. 2011; 39(8): 1324-1328.
100. Nelsen JL, Marraffa JM, Jones L, et al.: Management considerations
following overdoses of modified-release morphine preparations. World
J Emerg Med. 2010; 1(1): 75-76.
101. Finn JW, Walsh TD, MacDonald N, et al.: Placebo-blinded study of
morphine sulfate sustained-release tablets and immediate-release mor-
phine sulfate solution in outpatients with chronic pain due to advanced
cancer. J Clin Oncol. 1993; 11(5): 967-972.
102. Thirlwell MP, Sloan PA, Maroun JA, et al.: Pharmacokinetics and
clinical efficacy of oral morphine solution and controlled-release mor-
phine tablets in cancer patients. Cancer. 1989; 63(11 suppl): 2275-2283.
103. Kaiko RF, Grandy RP, Oshlack B, et al.: The United States experi-
ence with oral controlled-release morphine (MS Contin tablets). Parts I
and II. Review of nine dose titration studies and clinical pharmacology
of 15-mg, 30-mg, 60-mg, and 100-mg tablet strengths in normal subjects.
Cancer. 1989; 63(11 suppl): 2348-2354.
104. Eliot L, Butler J, Devane J, et al.: Pharmacokinetic evaluation of a
sprinkle-dose regimen of a once-daily, extended-release morphine for-
mulation. Clin Ther. 2002; 24(2): 260-268.
105. Allan L, Richarz U, Simpson K, et al.: Transdermal fentanyl versus
sustained release oral morphine in strong-opioid naive patients with
chronic low back pain. Spine. 2005; 30(22): 2484-2490.
106. Clark AJ, Ahmedzai SH, Allan LG, et al.: Efficacy and safety of transder-
mal fentanyl and sustained-release oral morphine in patients with cancer
and chronic non-cancer pain. Curr Med Res Opin. 2004; 20(9): 1419-1428.
107. van Seventer R, Smit JM, Schipper RM, et al.: Comparison of TTS-
fentanyl with sustained-release oral morphine in the treatment of
patients not using opioids for mild-to-moderate pain. Curr Med Res
Opin. 2003; 19(6): 457-469.
108. Allan L, Hays H, Jensen NH, et al.: Randomised crossover trial of
transdermal fentanyl and sustained release oral morphine for treating
chronic non-cancer pain. BMJ. 2001; 322(7295): 1154-1158.
109. Ahmedzai S, Brooks D: Transdermal fentanyl versus sustained-
release oral morphine in cancer pain: Preference, efficacy, and quality

of life. The TTS-Fentanyl Comparative Trial Group. J Pain Symptom
Manage. 1997; 13(5): 254-261.
110. Tassain V, Attal N, Fletcher D, et al.: Long term effects of oral sus-
tained release morphine on neuropsychological performance in
patients with chronic non-cancer pain. Pain. 2003; 104(1-2): 389-400.
111. Gourlay GK: Sustained relief of chronic pain. Pharmacokinetics of
sustained release morphine. Clin Pharmacokinet. 1998; 35(3): 173-190.
112. Wilkinson TJ, Robinson BA, Begg EJ, et al.: Pharmacokinetics and
efficacy of rectal versus oral sustained-release morphine in cancer
patients. Cancer Chemother Pharmacol. 1992; 31(3): 251-254.
113. Beer B, Rabl W, Libiseller K, et al.: Impact of slow-release oral mor-
phine on drug abusing habits in Austria. Neuropsychiatr. 2010; 24(2):
108-117.
114. Lamb D, Roberts G: Starch and talc emboli in drug addicts’ lungs. 
J Clin Pathol. 1972; 25(10): 876-881.
115. Rubinstein AL, Carpenter DM, Minkoff JR: Hypogonadism in men
with chronic pain linked to the use of long-acting rather than short-act-
ing opioids. Clin J Pain. 2013; 29(10): 840-845.
116. Cicero TJ: Effects of exogenous and endogenous opiates on the
hypothalamic-pituitary-gonadal axis in the male. Fed Proc. 1980; 39(8):
2551-2554.
117. Vuong C, Van Uum SH, O’Dell LE, et al.: The effects of opioids and
opioid analogs on animal and human endocrine systems. Endocr Rev.
2010; 31(1): 98-132.
118. Ceccarelli I, De Padova AM, Fiorenzani P, et al.: Single opioid
administration modifies gonadal steroids in both the CNS and plasma of
male rats. Neuroscience. 2006; 140(3): 929-937.
119. Khanal A, Peterson GM, Castelino RL, et al.: Renal drug dosing rec-
ommendations: Evaluation of product information for brands of the
same drug. Intern Med J. 2014; 44(6): 591-596.
120. Perrino PJ, Colucci SV, Apseloff G, et al.: Pharmacokinetics, tolera-
bility, and safety of intranasal administration of reformulated
OxyContin((R)) tablets compared with original OxyContin ((R)) tablets
in healthy adults. Clin Drug Investig. 2013; 33(6): 441-449.
121. Cicero TJ, Ellis MS, Surratt HL: Effect of abuse-deterrent formulation
of OxyContin. N Engl J Med. 2012; 367(2): 187-189.
122. Carise D, Dugosh KL, McLellan AT, et al.: Prescription OxyContin
abuse among patients entering addiction treatment. Am J Psychiatry.
2007; 164(11): 1750-1756.
123. Cicero TJ, Inciardi JA, Munoz A: Trends in abuse of Oxycontin and
other opioid analgesics in the United States: 2002-2004. J Pain. 2005;
6(10): 662-672.
124. Mandema JW, Kaiko RF, Oshlack B, et al.: Characterization and val-
idation of a pharmacokinetic model for controlled-release oxycodone.
Br J Clin Pharmacol. 1996; 42(6): 747-756.
125. Benziger DP, Miotto J, Grandy RP, et al.: A pharmacokinetic/phar-
macodynamic study of controlled-release oxycodone. J Pain Symptom
Manage. 1997; 13(2): 75-82.
126. Benziger DP, Kaiko RF, Miotto JB, et al.: Differential effects of food
on the bioavailability of controlled-release oxycodone tablets and imme-
diate-release oxycodone solution. J Pharm Sci. 1996; 85(4): 407-410.
127. Reder RF, Oshlack B, Miotto JB, et al. Steady-state bioavailability of
controlled-release oxycodone in normal subjects. Clin Ther. 1996;
18(1): 95-105.
128. Stambaugh JE, Reder RF, Stambaugh MD, et al. Double-blind, ran-
domized comparison of the analgesic and pharmacokinetic profiles of
controlled- and immediate-release oral oxycodone in cancer pain
patients. J Clin Pharmacol. 2001; 41(5): 500-506.
129. Colucci RD, Swanton RE, Thomas GB, et al.: Relative variability in
bioavailability of oral controlled-release formulations of oxycodone and
morphine. Am J Ther. 2001; 8(4): 231-236.
130. Binsfeld H, Szczepanski L, Waechter S, et al.: A randomized study
to demonstrate noninferiority of once-daily OROS® hydromorphone
with twice-daily sustained-release oxycodone for moderate to severe
chronic noncancer pain. Pain Pract. 2010; 10(5): 404-415.
131. Kampe S, Wolter K, Warm M, et al.: Clinical equivalence of con-
trolled-release oxycodone 20 mg and controlled-release tramadol 200
mg after surgery for breast cancer. Pharmacology. 2009; 84(5): 276-281.
132. Afilalo M, Etropolski MS, Kuperwasser B, et al.: Efficacy and safety of
tapentadol extended release compared with oxycodone controlled
release for the management of moderate to severe chronic pain related to
osteoarthritis of the knee: A randomized, double-blind, placebo- and
active-controlled phase III study. Clin Drug Investig. 2010; 30(8): 489-505.

38 Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 38



133. Gronlund J, Saari TI, Hagelberg NM, et al.: Effect of inhibition of
cytochrome P450 enzymes 2D6 and 3A4 on the pharmacokinetics of
intravenous oxycodone: A randomized, three-phase, crossover, place-
bo-controlled study. Clin Drug Investig. 2011; 31(3): 143-153.
134. Gronlund J, Saari TI, Hagelberg NM, et al.: Exposure to oral oxy-
codone is increased by concomitant inhibition of CYP2D6 and 3A4
pathways, but not by inhibition of CYP2D6 alone. Br J Clin Pharmacol.
2010; 70(1): 78-87.
135. Hagelberg NM, Nieminen TH, Saari TI, et al.: Voriconazole drasti-
cally increases exposure to oral oxycodone. Eur J Clin Pharmacol.
2009; 65(3): 263-271.
136. Nieminen TH, Hagelberg NM, Saari TI, et al.: Oxycodone concen-
trations are greatly increased by the concomitant use of ritonavir or
lopinavir/ritonavir. Eur J Clin Pharmacol. 2010; 66(10): 977-985.
137. Nieminen TH, Hagelberg NM, Saari TI, et al.: Grapefruit juice
enhances the exposure to oral oxycodone. Basic Clin Pharmacol
Toxicol. 2010; 107(4): 782-788.
138. Kummer O, Hammann F, Moser C, et al.: Effect of the inhibition of
CYP3A4 or CYP2D6 on the pharmacokinetics and pharmacodynamics
of oxycodone. Eur J Clin Pharmacol. 2011; 67(1): 63-71.
139. Fudin J, Atkinson TJ: Personalized oxycodone dosing: Using phar-
macogenetic testing and clinical pharmacokinetics to reduce toxicity
risk and increase effectiveness. Pain Med. 2014; 15(5): 723-725.
140. Okura T, Hattori A, Takano Y, et al.: Involvement of the pyrilamine
transporter, a putative organic cation transporter, in blood-brain barrier
transport of oxycodone. Drug Metab Dispos. 2008; 36(10): 2005-2013.
141. Bostrom E, Simonsson US, Hammarlund-Udenaes M: In vivo
blood-brain barrier transport of oxycodone in the rat: Indications for
active influx and implications for pharmacokinetics/pharmacodynam-
ics. Drug Metab Dispos. 2006; 34(9): 1624-1631.
142. Kokki M, Valitalo P, Kuusisto M, et al.: Central nervous system pen-
etration of oxycodone after intravenous and epidural administration. Br
J Anaesth. 2014; 112(1): 133-140.
143. Mikus G, Klimas R: Contribution of oxycodone and its metabolites
to the analgesic effect. Br J Anaesth. 2014; 112(5): 944-945.
144. Bostrom E, Hammarlund-Udenaes M, Simonsson US: Blood-brain
barrier transport helps to explain discrepancies in in vivo potency
between oxycodone and morphine. Anesthesiology. 2008; 108(3): 495-
505.
145. Suzuki T, Ohmuro A, Miyata M, et al.: Involvement of an influx
transporter in the blood-brain barrier transport of naloxone. Biopharm
Drug Dispos. 2010; 31(4): 243-252.
146. Sadiq MW, Borgs A, Okura T, et al.: Diphenhydramine active
uptake at the blood-brain barrier and its interaction with oxycodone in
vitro and in vivo. J Pharm Sci. 2011; 100(9): 3912-3923.
147. Hassan HE, Myers AL, Lee IJ, et al.: Oxycodone induces overex-
pression of P-glycoprotein (ABCB1) and affects paclitaxel’s tissue distri-
bution in Sprague Dawley rats. J Pharm Sci. 2007; 96(9): 2494-2506.
148. Bostrom E, Simonsson US, Hammarlund-Udenaes M: Oxycodone
pharmacokinetics and pharmacodynamics in the rat in the presence of
the P-glycoprotein inhibitor PSC833. J Pharm Sci. 2005; 94(5): 1060-
1066.
149. Nakazawa Y, Okura T, Shimomura K, et al.: Drug-drug interaction
between oxycodone and adjuvant analgesics in blood-brain barrier
transport and antinociceptive effect. J Pharm Sci. 2010; 99(1): 467-474.
150. Zwisler ST, Enggaard TP, Noehr-Jensen L, et al.: The antinocicep-
tive effect and adverse drug reactions of oxycodone in human experi-
mental pain in relation to genetic variations in the OPRM1 and ABCB1
genes. Fundam Clin Pharmacol. 2010; 24(4): 517-524.
151. Zwisler ST, Enggaard TP, Noehr-Jensen L, et al.: The hypoalgesic
effect of oxycodone in human experimental pain models in relation to
the CYP2D6 oxidation polymorphism. Basic Clin Pharmacol Toxicol.
2009; 104(4): 335-344.
152. Hagelberg NM, Nieminen TH, Saari TI, et al.: Interaction of oxy-
codone and voriconazole—A case series of patients with cancer pain
supports the findings of randomised controlled studies with healthy
subjects. Eur J Clin Pharmacol. 2011; 67(8): 863-864.
153. Gronlund J, Saari TI, Hagelberg N, et al.: Miconazole oral gel
increases exposure to oral oxycodone by inhibition of CYP2D6 and
CYP3A4. Antimicrob Agents Chemother. 2011; 55(3): 1063-1067.
154. Saari TI, Gronlund J, Hagelberg NM, et al.: Effects of itraconazole on
the pharmacokinetics and pharmacodynamics of intravenously and oral-
ly administered oxycodone. Eur J Clin Pharmacol. 2010; 66(4): 387-397.

155. Gronlund J, Saari T, Hagelberg N, et al.: Effect of telithromycin on
the pharmacokinetics and pharmacodynamics of oral oxycodone. J Clin
Pharmacol. 2010; 50(1): 101-108.
156. Nieminen TH, Hagelberg NM, Saari TI, et al.: Rifampin greatly
reduces the plasma concentrations of intravenous and oral oxycodone.
Anesthesiology. 2009; 110(6): 1371-1378.
157. Nieminen TH, Hagelberg NM, Saari TI, et al.: St John’s wort greatly
reduces the concentrations of oral oxycodone. Eur J Pain. 2010; 14(8):
854-859.
158. Kokki M, Valitalo P, Rasanen I, et al.: Absorption of different oral
dosage forms of oxycodone in the elderly: A cross-over clinical trial in
patients undergoing cystoscopy. Eur J Clin Pharmacol. 2012; 68(10):
1357-1363.
159. Liukas A, Kuusniemi K, Aantaa R, et al.: Elimination of intravenous
oxycodone in the elderly: A pharmacokinetic study in postoperative
orthopaedic patients of different age groups. Drugs Aging. 2011; 28(1):
41-50.
160. Liukas A, Kuusniemi K, Aantaa R, et al.: Plasma concentrations of
oral oxycodone are greatly increased in the elderly. Clin Pharmacol
Ther. 2008; 84(4): 462-467.
161. Saari TI, Ihmsen H, Neuvonen PJ, et al.: Oxycodone clearance is
markedly reduced with advancing age: A population pharmacokinetic
study. Br J Anaesth. 2012; 108(3): 491-498.
162. Komatsu T, Kokubun H, Suzuki A, et al.: Population pharmacoki-
netics of oxycodone in patients with cancer-related pain. J Pain Palliat
Care Pharmacother. 2012; 26(3): 220-225.
163. Naito T, Tashiro M, Ishida T, et al.: Cancer cachexia raises the plas-
ma concentration of oxymorphone through the reduction of CYP3A but
not CYP2D6 in oxycodone-treated patients. J Clin Pharmacol. 2013;
53(8): 812-818.
164. Naito T, Tashiro M, Yamamoto K, et al.: Impact of cachexia on
pharmacokinetic disposition of and clinical responses to oxycodone in
cancer patients. Eur J Clin Pharmacol. 2012; 68(10): 1411-1418.
165. Lalovic B, Phillips B, Risler LL, et al.: Quantitative contribution of
CYP2D6 and CYP3A to oxycodone metabolism in human liver and
intestinal microsomes. Drug Metab Dispos. 2004; 32(4): 447-454.
166. Tallgren M, Olkkola KT, Seppala T, et al.: Pharmacokinetics and
ventilatory effects of oxycodone before and after liver transplantation.
Clin Pharmacol Ther. 1997; 61(6): 655-661.
167. Kirvela M, Lindgren L, Seppala T, et al.: The pharmacokinetics of
oxycodone in uremic patients undergoing renal transplantation. J Clin
Anesth. 1996; 8(1): 13-18.
168. Lee MA, Leng ME, Cooper RM: Measurements of plasma oxy-
codone, noroxycodone and oxymorphone levels in a patient with bilat-
eral nephrectomy who is undergoing haemodialysis. Palliat Med. 2005;
19(3): 259-260.
169. Foral PA, Ineck JR, Nystrom KK: Oxycodone accumulation in a
hemodialysis patient. South Med J. 2007; 100(2): 212-214.
170. Harris SC, Perrino PJ, Smith I, et al.: Abuse potential, pharmacoki-
netics, pharmacodynamics, and safety of intranasally administered
crushed oxycodone HCl abuse-deterrent controlled-release tablets in
recreational opioid users. J Clin Pharmacol. 2014; 54(4): 468-477.
171. Coplan PM, Kale H, Sandstrom L, et al.: Changes in oxycodone and
heroin exposures in the National Poison Data System after introduction
of extended-release oxycodone with abuse-deterrent characteristics.
Pharmacoepidemiol Drug Saf. 2013; 22(12): 1274-1282.
172. Havens JR, Leukefeld CG, DeVeaugh-Geiss AM, et al.: The impact
of a reformulation of extended-release oxycodone designed to deter
abuse in a sample of prescription opioid abusers. Drug Alcohol Depend.
2014; 139: 9-17.
173. Rossiter LF, Kirson NY, Shei A, et al.: Medical cost savings associat-
ed with an extended-release opioid with abuse-deterrent technology in
the US. J Med Econ. 2014; 17(4): 279-287.
174. Buer LM, Havens JR, Leukefeld C: Does the new formulation of
OxyContin(R) deter misuse? A qualitative analysis. Subst Use Misuse.
2014; 49(6): 770-774.
175. Cassidy TA, DasMahapatra P, Black RA, et al.: Changes in preva-
lence of prescription opioid abuse after introduction of an abuse-deter-
rent opioid formulation. Pain Med. 2014; 15(3): 440-451.
176. Anastassopoulos KP, Chow W, Tapia CI, et al.: Economic study
on the impact of side effects in patients taking oxycodone controlled-
release for noncancer pain. J Manag Care Pharm. 2012; 18(8): 
615-626.

39Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 39



177. Nalamachu S: Opioid rotation with extended-release opioids:
Where should we begin? Int J Gen Med. 2012; 5: 11-17.
178. Syrmis W, Good P, Wootton J, et al.: Opioid conversion ratios used
in palliative care: Is there an Australian consensus? Intern Med J. 2014;
44(5): 483-489.
179. Mercadante S, Caraceni A: Conversion ratios for opioid switching
in the treatment of cancer pain: A systematic review. Palliat Med. 2011;
25(5): 504-515.
180. Webster LR, Fine PG: Review and critique of opioid rotation prac-
tices and associated risks of toxicity. Pain Med. 2012; 13(4): 562-570.
181. Webster LR, Fine PG: Overdose deaths demand a new paradigm
for opioid rotation. Pain Med. 2012; 13(4): 571-574.
182. Knotkova H, Fine PG, Portenoy RK: Opioid rotation: The science
and the limitations of the equianalgesic dose table. J Pain Symptom
Manage. 2009; 38(3): 426-439.
183. Fine PG, Portenoy RK, Ad Hoc Expert Panel on Evidence R,
Guidelines for Opioid R: Establishing “best practices” for opioid rota-
tion: Conclusions of an expert panel. J Pain Symptom Manage. 2009;
38(3): 418-425.
184. Smith K, Hopp M, Mundin G, et al.: Single- and multiple-dose phar-
macokinetic evaluation of oxycodone and naloxone in an opioid ago-
nist/antagonist prolonged-release combination in healthy adult volun-
teers. Clin Ther. 2008; 30(11): 2051-2068.
185. Meissner W, Leyendecker P, Mueller-Lissner S, et al.: A randomised
controlled trial with prolonged-release oral oxycodone and naloxone to
prevent and reverse opioid-induced constipation. Eur J Pain. 2009;
13(1): 56-64.
186. Mercadante S, Giarratano A: Combined oral prolonged-release
oxycodone and naloxone in chronic pain management. Expert Opin
Investig Drugs. 2013; 22(1): 161-166.
187. Sykes NP: An investigation of the ability of oral naloxone to correct
opioid-related constipation in patients with advanced cancer. Palliat
Med. 1996; 10(2): 135-144.
188. Meissner W, Schmidt U, Hartmann M, et al.: Oral naloxone reverses
opioid-associated constipation. Pain. 2000; 84(1): 105-109.
189. Liu M, Wittbrodt E: Low-dose oral naloxone reverses opioid-induced
constipation and analgesia. J Pain Symptom Manage. 2002; 23(1): 48-53.
190. Vondrackova D, Leyendecker P, Meissner W, et al.: Analgesic effi-
cacy and safety of oxycodone in combination with naloxone as pro-
longed release tablets in patients with moderate to severe chronic pain.
J Pain. 2008; 9(12): 1144-1154.
191. Smith K, Hopp M, Mundin G, et al.: Naloxone as part of a pro-
longed release oxycodone/naloxone combination reduces oxycodone-
induced slowing of gastrointestinal transit in healthy volunteers. Expert
Opin Investig Drugs. 2011; 20(4): 427-439.
192. van Dorp E, Yassen A, Dahan A: Naloxone treatment in opioid addic-
tion: The risks and benefits. Expert Opin Drug Saf. 2007; 6(2): 125-132.
193. Mundin GE, Smith KJ, Mysicka J, et al.: Validated in vitro/in vivo
correlation of prolonged-release oxycodone/naloxone with differing
dissolution rates in relation to gastrointestinal transit times. Expert Opin
Drug Metab Toxicol. 2012; 8(12): 1495-1503.
194. Wahlstrom A, Persson K, Rane A: Metabolic interaction between
morphine and naloxone in human liver. A common pathway of glu-
curonidation? Drug Metab Dispos. 1989; 17(2): 218-220.
195. Schulteis G, Chiang D, Archer C: Relative potency of the opioid
antagonists naloxone and 6-alpha-naloxol to precipitate withdrawal
from acute morphine dependence varies with time post-antagonist.
Pharmacol Biochem Behav. 2009; 92(1): 157-163.
196. Leow KP, Smith MT, Watt JA, et al.: Comparative oxycodone phar-
macokinetics in humans after intravenous, oral, and rectal administra-
tion. Ther Drug Monit. 1992; 14(6): 479-484.
197. Smith K, Hopp M, Mundin G, et al.: Low absolute bioavailability of
oral naloxone in healthy subjects. Int J Clin Pharmacol Ther. 2012;
50(5): 360-367.
198. Simpson K, Leyendecker P, Hopp M, et al.: Fixed-ratio combina-
tion oxycodone/naloxone compared with oxycodone alone for the
relief of opioid-induced constipation in moderate-to-severe noncancer
pain. Curr Med Res Opin. 2008; 24(12): 3503-3512.
199. Lowenstein O, Leyendecker P, Hopp M, et al.: Combined pro-
longed-release oxycodone and naloxone improves bowel function in
patients receiving opioids for moderate-to-severe non-malignant chron-
ic pain: A randomised controlled trial. Expert Opin Pharmacother. 2009;
10(4): 531-543.

200. Koopmans G, Simpson K, De Andres J, et al.: Fixed ratio (2:1) pro-
longed-release oxycodone/naloxone combination improves bowel
function in patients with moderate-to-severe pain and opioid-induced
constipation refractory to at least two classes of laxatives. Curr Med Res
Opin. 2014: 30(11): 2389-2396.
201. Ahmedzai SH, Leppert W, Janecki M, et al.: Long-term safety and
efficacy of oxycodone/naloxone prolonged-release tablets in patients
with moderate-to-severe chronic cancer pain. Support Care Cancer.
2014 (in press).
202. Davis M, Goforth HW, Gamier P: Oxycodone combined with opi-
oid receptor antagonists: Efficacy and safety. Expert Opin Drug Saf.
2013; 12(3): 389-402.
203. Ahmedzai SH, Nauck F, Bar-Sela G, et al.: A randomized, double-
blind, active-controlled, double-dummy, parallel-group study to deter-
mine the safety and efficacy of oxycodone/naloxone prolonged-release
tablets in patients with moderate/severe, chronic cancer pain. Palliat
Med. 2012; 26(1): 50-60.
204. Cuomo A, Russo G, Esposito G, et al.: Efficacy and gastrointestinal
tolerability of oral oxycodone/naloxone combination for chronic pain
in outpatients with cancer: An observational study. Am J Hosp Palliat
Care. 2014 (in press).
205. Mercadante S, Ferrera P, Adile C: High doses of oxycodone-nalox-
one combination may provide poor analgesia. Support Care Cancer.
2011; 19(9): 1471-1472.
206. Holzer P, Ahmedzai SH, Niederle N, et al.: Opioid-induced bowel
dysfunction in cancer-related pain: Causes, consequences, and a novel
approach for its management. J Opioid Manag. 2009; 5(3): 145-151.
207. DePriest AZ, Miller K: Oxycodone/naloxone: Role in chronic pain
management, opioid-induced constipation, and abuse deterrence. Pain
Ther. 2014; 3(1): 1-15.
208. Tompkins DA, Lanier RK, Harrison JA, et al.: Human abuse liability
assessment of oxycodone combined with ultra-low-dose naltrexone.
Psychopharmacology. 2010; 210(4): 471-480.
209. Severtson SG, Bartelson BB, Davis JM, et al.: Reduced abuse, thera-
peutic errors, and diversion following reformulation of extended-
release oxycodone in 2010. J Pain. 2013; 14(10): 1122-1130.
210. Pappagallo M, Sokolowska M: The implications of tamper-resistant
formulations for opioid rotation. Postgrad Med. 2012; 124(5): 101-109.
211. Nalamachu SR: Opioid rotation in clinical practice. Adv Ther. 2012;
29(10): 849-863.
212. Fredheim OM, Moksnes K, Borchgrevink PC, et al.: Clinical phar-
macology of methadone for pain. Acta Anaesthesiol Scand. 2008; 52(7):
879-889.
213. Longshore D, Annon J, Anglin MD, et al.: Levo-alpha-acetyl-
methadol (LAAM) versus methadone: Treatment retention and opiate
use. Addiction. 2005; 100(8): 1131-1139.
214. Ferrari A, Coccia CPR, Bertolini A, et al.: Methadone-metabolism,
pharmacokinetics and interactions. Pharmacol Res. 2004; 6: 551-559.
215. Lynch ME: A review of the use of methadone for the treatment of
chronic noncancer pain. Pain Res Manag. 2005; 10(3): 133-144.
216. Somogyi AA, Barratt DT, Coller JK: Pharmacogenetics of opioids.
Clin Pharmacol Ther. 2007; 81(3): 429-444.
217. Brown R, Kraus C, Fleming M, et al.: Methadone: Applied pharma-
cology and use as adjunctive treatment in chronic pain. Postgrad Med J.
2004; 80(949): 654-659.
218. Chou R, Cruciani RA, Fiellin DA, et al.: Methadone safety: A clinical
practice guideline from the American Pain Society and College on
Problems of Drug Dependence, in collaboration with the Heart Rhythm
Society. J Pain. 2014; 15(4): 321-337.
219. Modesto-Lowe V, Brooks D, Petry N: Methadone deaths: Risk fac-
tors in pain and addicted populations. J Gen Intern Med. 2010; 25(4):
305-309.
220. Andrews CM, Krantz MJ, Wedam EF, et al.: Methadone-induced
mortality in the treatment of chronic pain: Role of QT prolongation.
Cardiol J. 2009; 16(3): 210-217.
221. Chan GM, Stajic M, Marker EK, et al.: Testing positive for
methadone and either a tricyclic antidepressant or a benzodiazepine is
associated with an accidental overdose death: Analysis of medical
examiner data. Acad Emerg Med. 2006; 13(5): 543-547.
222. Chou R, Deyo R, Devine B, et al.: The effectiveness and risks of long-
term opioid treatment of chronic pain. Evidence Report/Technology
Assessment No. 218. AHRQ Publication No. 14-E005-EF. Rockville, MD:
Agency for Healthcare Research and Quality, September 2014. Available

40 Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 40



at www.effectivehealthcare.ahrq.gov/reports/final.cfm. Accessed October
1, 2014.
223. Lichtenwalner MR, Mencken T, Tully R, et al.: False-positive
immunochemical screen for methadone attributable to metabolites of
verapamil. Clin Chem. 1998; 44(5): 1039-1041.
224. Lotsch J, Walter C, Parnham MJ, et al.: Pharmacokinetics of non-intra-
venous formulations of fentanyl. Clin Pharmacokinet. 2013; 52(1): 23-36.
225. Sloan PA, Moulin DE, Hays H: A clinical evaluation of transdermal
therapeutic system fentanyl for the treatment of cancer pain. J Pain
Symptom Mange. 1998; 16(2): 102-111.
226. Grond S, Radbruch L, Lehmann KA: Clinical pharmacokinetics of
transdermal opioids: Focus on transdermal fentanyl. Clin
Pharmacokinet. 2000; 38(1): 59-89.
227. Jeal W, Benfield P: Transdermal fentanyl. A review of its pharmaco-
logical properties and therapeutic efficacy in pain control. Drugs. 1997;
53(1): 109-138.
228. Sloan PA: Transdermal pain management delivery system in the
cancer patient. Home Health Care Consult. 2000; 7: 10-14.
229. Zernikow B, Michel E, Anderson B: Transdermal fentanyl in child-
hood and adolescence: A comprehensive literature review. J Pain. 2007;
8(3): 187-207.
230. Jenerowicz D, Polanska A, Olek-Hrab K, et al.: Skin hypersensitivi-
ty reactions to transdermal therapeutic systems-still an important clinical
problem. Ginekol Pol. 2012; 83(1): 46-50.
231. FDA Blueprint for Prescriber Education for Extended-Release and
Long-Acting Opioid Analgesics. August 2014. Available at www.fda.
gov/downloads/drugs/drugsafety/informationbydrugclass/UCM277916.
pdf. Accessed October 1, 2014.
232. Niscola P, Scaramucci L, Vischini G, et al.: The use of major anal-
gesics in patients with renal dysfunction. Curr Drug Targets. 2010;
11(6): 752-758.
233. Dahan A, Overdyk F, Smith T, et al.: Pharmacovigilance: A review
of opioid-induced respiratory depression in chronic pain patients. Pain
Phys. 2013; 16: E85-E94.
234. Nelson L, Schwaner R: Transdermal fentanyl: Pharmacology and
toxicology. J Med Toxicol. 2009; 5(4): 230-241.
235. Fentanyl patches: Preventable overdose [editorial]. Prescrire Int.
2010; 19(105): 22-25.
236. Voight I: Fatal overdose due to confusion of an transdermal fen-
tanyl delivery system. Case Rep Crit Care. 2013; 2013: 1-3.
237. Hawley P: Case report of severe bradycardia due to transdermal
fentanyl. Palliat Med. 2013; 27(8): 793-795.
238. Vadivelu N, Maria M, Jolly S, et al.: Clinical applications of oxymor-
phone. J Opioid Manag. 2013; 9(6): 439-452.
239. Sloan PA, Babul N: Extended-release opioids for the management
of chronic non-malignant pain. Exp Opin Drug Deliv. 2006; 3: 489-497.
240. Chamberlin KW, Cottle M, Neville R, et al.: Oral oxymorphone for
pain management. Ann Pharmacother. 2007; 41(7): 1144-1152.
241. Guay DR: Use of oral oxymorphone in the elderly. Consult Pharm.
2007; 22(5): 417-430.
242. Sloan PA, Barkin R: Oxymorphone and oxymorphone extended-
release: A pharmcotherapeutic review. J Opioid Manag. 2008; 4: 251-254.
243. Matsumoto AK: Oral extended-release oxymorphone: A new
choice for chronic pain relief. Exp Opin Pharmacother. 2007; 8(10):
1515-1527.
244. Prommer E: Oxymorphone: A review. Supp Care Cancer. 2006; 14:
109-115.
245. Sloan PA, Slatkin NE, Ahdieh H: Effectiveness and safety of oral
extended-release oxymorphone for the treatment of cancer pain: A pilot
study. Supp Care Cancer. 2005; 13: 57-65.
246. Sloan PA: Oxymorphone in the management of pain. Ther Clin
Risk Manage. 2008; 4: 777-787.
247. Pergolizzi JV, Raffa RB, Gould E: Considerations on the use of
oxymorphone in geriatric patients. Exp Opin Drug Saf. 2009; 8(5): 603-
613.
248. Singla A, Sloan PA: Pharmacokinetic evaluation of hydrocodone/
acetaminophen for pain management. J Opioid Manag. 2013; 9: 71-80.
249. U.S. Prescription drug sales grow slowly; hydrocodone most pre-
scribed. Available at www.seekingalpha.com/article/128003-u-s-pre-
scription-drug-sales-grow-slowly-hydrocodone-most-prescribed.
Accessed October 10, 2014.
250. Prommer E: Hydrocodone: Does it have a role in palliative care? 
J Opioid Manag. 2010; 6(4): 295-299.

251. Melhem MR, Rubino CM, Farr SJ, et al.: Population pharmacokinetic
analysis for hydrocodone following the administration of hydrocodone
bitartrate extended-release capsules. Clin Pharmacokinet. 2013; 52: 907-
917.
252. Kaplan HL, Busto UE, Baylon GJ, et al.: Inhibition of cytochrome
P450 2D6 metabolism of hydrocodone to hydromorphone does not
importantly affect abuse liability. J Pharm Exp Ther. 1997; 281(1): 103-
108.
253. Otton SV, Schadel M, Cheung SW, et al.: CYP2D6 phenotype deter-
mines the metabolic conversion of hydrocodone to hydromorphone.
Clin Pharmacol Ther. 1993; 54(5): 463-472.
254. Extended-release hydrocodone (Zohydro) for pain. Med Lett Drugs
Ther. 2014; 56(1444): 45-46.
255. Rauck RL, Nalamachu S, Wild JE, et al.: Single-entity hydrocodone
extended-release capsules in opioid-tolerant subjects with moderate-to-
severe chronic low back pain: A randomized double-blind, placebo-
controlled study. Pain Med. 2014; 15: 975-985.
256. Krashin D, Murinova N, Trescot AM: Extended-release
hydrocodone-gift or curse? J Pain Res. 2013; 6: 53-57.
257. Sloan PA: Tapentadol for acute and chronic pain. Exp Opin
Pharmacother. 2010; 11: 1783-1785.
258. Smith HS, Raffa RB, Pergolizzi JV, et al.: Combining opioid and
adrenergic mechanisms for chronic pain. Postgrad Med. 2014; 126(4):
98-114.
259. Hartrick CT, Rozek RJ: Tapentadol in pain management: A mu-opi-
oid receptor agonist and noradrenaline reuptake inhibitor. CNS Drugs.
2011; 25(5): 359-370.
260. Pierce DM, Shipstone E: Pharmacology update: Tapentadol for
neuropathic pain. Am J Hospice Pall Med. 2012; 29(8): 663-666.
261. Zannikos PN, Smith JW, Stahlberg HJ, et al.: Pharmacokinetics eval-
uation of tapentadol extended-release tablets in healthy subjects. 
J Opioid Manag. 2013; 9(4): 291-300.
262. Mercadante S, Porzio G, Gebbia V: New opioids. J Clin Oncol.
2014; 32(16): 1671-1676.
263. Mercadante S, Porzio G, Aielli F, et al.: Opioid switching from and
to tapentadol extended-release in cancer patients: Conversion ratio with
other opioids. Curr Med Res Opin. 2013; 29(6): 661-666.
264. Hoy SM: Tapentadol extended release. Drugs. 2012; 72(3): 375-393.
265. Etropolski M, Lange B, Goldberg J, et al.: A pooled analysis of
patient-specific factors and efficacy and tolerability of tapentadol
extended release treatment for moderate to severe chronic pain. 
J Opioid Manag. 2013; 9(5): 343-356.
266. Afilalo M, Morlion B: Efficacy of tapentadol ER for managing mod-
erate to severe chronic pain. Pain Phys. 2013; 16(1): 27-40.
267. Taylor R, Pergolizzi JV, Raffa RB: Tapentadol extended release for
chronic pain patients. Adv Ther. 2013; 30(1): 14-27.
268. Gregory TB: Hydromorphone: Evolving to meet the challenges of
today’s health care environment. Clin Ther. 2013; 35(12): 2007-2027.
269. Bruera E, Sloan PA, Mount B, et al.: A randomized, double-blind,
double-dummy, crossover trial comparing the safety and efficacy of oral
sustained-release hydromorphone with immediate-release hydromor-
phone in patients with cancer pain. J Clin Oncol. 1996; 14(5): 1713-1717.
270. Goforth HW: Hydromorphone-OROS formulation. Expert Opin
Pharmacother. 2010; 11(7): 1207-1214.
271. Conley R, Gupta SK, Sathyan G: Clinical spectrum of the osmotic-
controlled release oral delivery system (OROS), an advanced oral deliv-
ery form. Curr Med Res Opin. 2006; 22(10): 1879-1892.
272. Guay DR: Oral hydromorphone extended-release. Consult Pharm.
2010; 25(12): 816-828.
273. Extended-release hydromorphone (Exalgo) for pain. Med Lett
Drugs Ther. 2011; 1370: 62.
274. Lussier D, Richarz U, Finco G: Use of hydromorphone, with partic-
ular reference to the OROS formulation, in the elderly. Drugs Aging.
2010; 27(4): 327-335.
275. Reisfield GM, Wilson GR: The metamorphosis of hydromorphone. 
J Opioid Manag. 2005; 1(3): 139-145.
276. Wallace M, Rauck RL, Moulin D, et al.: Once-daily OROS hydro-
morphone for the management of chronic nonmalignant pain: A dose-
conversion and titration study. Int J Clin Pract. 2007; 61(10): 1671-1676.
277. Moore KT, St-Fleur D, Marricco NC, et al.: A randomized study of
the effects of food on the pharmacokinetics of once-daily extended-
release hydromorphone in healthy volunteers. J Clin Pharmacol. 2011;
51(11): 1571-1579.

41Journal of Opioid Management n ER/LA Opioid REMS Supplement

REMS paper_3(8)_Updated_120914  12/10/2014  12:31 PM  Page 41



42 Journal of Opioid Management n ER/LA Opioid REMS Supplement

Chronic pain of nonmalignant nature (CNMP) is
often treated with chronic opioid therapy (COT).
Although many guidelines exist to help the clinician
use COT in a safe and effective manner, many con-
troversies surrounding the exact prescribing prac-
tices remain.1 The purpose of these following brief
case studies is to help the practicing clinician con-
sider real patient scenarios and help further under-
standing of the principles outlined by the US FDA
REMS document.2 The patient case scenarios pre-
sented in this article do not represent any one real
patient. However, each case scenario is entirely
plausible and has presented themselves in some like
manner to the author. These discussion and recom-
mendations following each case scenario represent
the opinion of the author alone, based on the
author’s 30-year experience, a review of common
published guidelines, review of the US FDA REMS
paper, and a review of the literature concerning
COT for CNMP.2-5 Some of the discussion points
remain controversial and recommendations for ther-
apy are based on a low level of evidence.6

CAsE sTUdY #1

A 54-year-old male former truck driver with
chronic low back pain has been taking oxycodone
ER 60 mg twice daily for the past 1 year. He has
been compliant with his opioid therapy in addition
to prescribed desipramine 25 mg at night. The
patient is hoping for improved pain relief and you
decide to discontinue the oxycodone and start a
COT trial of methadone. How should you proceed
with this opioid rotation?

Prior to initiation of methadone therapy, a careful
patient history to assess factors affecting a prolonged
electrocardiogram QT corrected (QTc) interval, histo-
ry of a prolonged QTc, history of cardiac dysrhythmia,
and patient concomitant medications must be
obtained. Next, a current electrocardiogram (ECG)
should be reviewed. If the patient’s QTc is greater
than 450 milliseconds, then an alternative opioid,

rather than methadone, should be considered for the
opioid rotation. After obtaining an ECG with a normal
QTc interval, and following patient education and
opioid treatment agreement (OTA), oxycodone ER
may be discontinued and methadone therapy initiat-
ed. The patients oxycodone dose of 120 mg/d is in the
relatively high category, thus opioid rotation should
be to 10 percent of the calculated opioid value, result-
ing in a daily starting dose of methadone 10-15 mg.
The clinician must assess for any adverse events within
3-5 days following methadone initiation through a tele-
phone interview. This author would not consider any
dose escalation for the first 2 weeks of methadone
therapy. It is reasonable to repeat a follow-up ECG
after 2-3 months of methadone treatment.

CAsE sTUdY #2

A 65-year-old woman has a long history of
osteoarthritis affecting both hips. Her chronic hip
pain has been well controlled with oxycodone ER
30 mg twice daily for the past 1 year. The patient has
been compliant with the OTA. Your clinic receives
an anonymous phone call stating that your patient
is, in fact, a known drug dealer and selling your pre-
scription drugs to the community. The anonymous
caller wants you to stop prescribing opioid therapy
to your patient. How should you then proceed?

Anonymous information received to the physician
office should be taken seriously; however, further
action against a patient must be based on further
investigation and verification of any claims. This
author would carefully review the patient risk factors
for opioid therapy, review previous patient compli-
ance with COT, and review previous pill counts and
urine drug testing results. Any discrepancy in this
patient history may lend more support for the anony-
mous information. The patient would be told of the
call and interviewed in a nonjudgmental and non-
threatening manner as to possible truth to the infor-
mation. Following this patient interview, and assum-
ing a low index of suspicion of drug diversion, local
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law enforcement would nonetheless be informed of
the anonymous call, to be investigated further at their
discretion. An additional urine drug test (UDT) would
be taken, along with careful review of the electronic
prescription monitoring program. The patient would
be maintained on their opioid regimen if no new
information suggested opioid diversion.

CAsE sTUdY #3

A 48-year-old male executive presents to your
office for treatment of chronic low back pain.
Medical history reveals the onset of the back pain
started following heavy lifting while constructing a
deck on his house. At the time of injury, he was
evaluated in the local hospital where imaging
revealed no obvious spine fracture or deformity. He
has been taking only naproxen for pain relief. The
pain is interfering with his ability to function at work
and he is asking for oxycodone ER to help manage
his pain. How should you proceed?

In addition to a complete history of the chronic
pain, a complete medical and social history, as well
as general and focused physical examination, a
careful review of previous analgesic therapies
should be obtained. Additional history revealed that
this patient had not been treated with other nonopi-
oid analgesic therapies, such as physical therapy,
epidural steroid therapy, acetaminophen, adjuvant
analgesics such as tricyclic antidepressants, or cog-
nitive behavioral therapy. COT should only be pre-
scribed after patients have completed appropriate
nonopioid analgesic therapies. Therefore, this
patient should not be started immediately on COT
but undergo trials of nonopioid analgesics or appro-
priate interventional pain therapies.

CAsE sTUdY #4

A 72-year-old grandfather has a 5-year history of
chronic neck pain related to degenerative joint dis-
ease. He has been taking oxymorphone ER 20 mg
twice daily for approximately 6 months. He has been
compliant with his opioid regimen, without any
adverse side effects, but rates his pain at 7/10 on a
numeric pain rating scale. He desires improved pain
relief and is asking for increase in his opioid dose.
He has read online that there is no ceiling effect for
opioid therapy for chronic pain. Assuming there are
no issues with opioid misuse, or opioid-related side
effects, should you increase his opioid dose?

First, the clinician should calculate his current opi-
oid dose in daily oral morphine equivalents. Using
an opioid conversion table, the oxymorphone dose
calculates at 120 mg daily oral morphine equivalent.

This put the patient in a relatively high opioid dose
category, and further increases in opioid dose
should be done with caution. Most published
guidelines recommend that higher doses of opioid
not be used on a chronic basis for CNMP. This
author would consider the addition of any nonopi-
oid analgesic therapy or opioid rotation with a
lower starting dose of a new rotated opioid, rather
than simply escalating the patient’s current oxymor-
phone dose.

CAsE sTUdY #5

A 24-year-old male was involved in a motor vehi-
cle crash 5 months ago, with a 3-week hospital
course involving pelvic reconstructive surgery. He is
now 4 months postinjury and has been discharged
from the office of the treating surgeon, taking mor-
phine ER 30 mg three times daily. He presents to your
office for a follow-up visit and additional manage-
ment. He complains of low back and bilateral hip
pain that has remained severe since the accident. He
rates the pain at 12/10 on a numeric pain scale and is
asking for an increase in his opioid therapy. You
obtain a urine drug screen which is not only appro-
priate for morphine but also positive for cocaine
metabolites. How will you manage this patient’s pain?

Additional history using the opioid risk tool
(ORT) confirms that the patient is at high risk for
opioid misuse. It is determined that his motor vehi-
cle crash was related to alcohol and street drug use.
The patient should be counseled that he is at high
risk for drug overdose and death when combining
prescribed opioids with alcohol and cocaine.
Nonopioid analgesics, such as gabapentin, should
be initiated and the patient informed that current
opioid therapy will be tapered and discontinued. In
addition, the patient should be counseled and
referred to an addiction specialist.

CAsE sTUdY #6

A 48-year-old woman with a long history of
painful chronic fibromyalgia has been prescribed
oxycodone ER 30 mg twice daily for many months.
Apart from depression and chronic anxiety, she has
no other significant medical history. A random UDT
is positive for oxycodone; however, a random pill
count shows that she falls considerably short of the
number of tablets she should have on hand. A
patient interview reveals that, while she has been
taking some oxycodone for pain relief, she has been
trading the majority of her prescription opioid
tablets for marijuana as an antianxiety therapy. In
addition to reporting the sale of prescription opioid
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medications to the local enforcement, how will you
taper the opioid therapy?

The US FDA document regarding ER opioids rec-
ommends a tapering of opioid therapy, when indicat-
ed, rather than an abrupt discontinuation.2 This author
would decrease the dose immediately by 50 percent
for a 10-day period, then decrease the dose to 25 per-
cent of the initial therapy for another 10 days, and
finally reduce the dose to 10 percent of the initial opi-
oid therapy dose for 10 more days, and then discon-
tinue altogether. Some physicians elect to add low-
dose clonidine to help control any symptom of opioid
withdrawal. This slow tapering does not require any
hospitalization. The patient should be advised that,
while additional opioid therapy will not be pre-
scribed, the patient will remain as a patient and be
managed with nonopioid analgesic therapies alone.

CAsE sTUdY #7

A 28-year-old moderately obese male suffers with
juvenile rheumatoid arthritis. His chronic joint pain
has been partly controlled for the last 3 years with
methadone 10 mg four times daily. At a scheduled
follow-up visit, the patient reveals that he would
like to take as little opioid as possible. He explains
that he has tried to decrease the dose to 10 mg three
times daily in the past few weeks. He explains that
he is unable to tolerate the decrease in dose noting
an increase in pain. He is concerned that he cannot
wean himself off the methadone. He asks you if he
has become an opioid addict? How will you answer?

The clinician should review the patient’s history
for any risks of opioid addiction behaviors, and,
finding none, council the patient that the require-
ment for COT to treat chronic pain does not indicate
that he is an opioid addict. The patient should be
educated that he has physical dependence on
methadone, meaning that an abrupt discontinuation
would lead to opioid withdrawal symptoms, but this
is entirely different from addiction behavior. He
should be told that addiction involves a compulsive
use and preoccupation with a substance, despite
loss of control and harm to the patient in all spheres
of life. A compliant patient who requires a particular
opioid dose to maintain adequate pain relief from a
chronic debilitating disease must understand that
this is not defined as addictive behavior.

CAsE sTUdY #8

A 70-year-old woman with a history of degenera-
tive joint disease of the cervical spine, and chronic
neck and arm pain for 4 years, presents to your
office. She has been taking oxycodone IR 10 mg

QID to help control her chronic pain. She finds that
the oxycodone IR provides pain relief for a couple
of hours, but then is inadequate analgesia over the
last 2 hours of the dosing interval. You decide to
discontinue the oxycodone, starting transdermal
buprenorphine at 7.5 mg/h once per week. Two
weeks later, she presents to a local hospital with
tachycardia, mild fever, diaphoresis, and myalgia.
What is your diagnosis?

Buprenorphine transdermal can be an effective
and potent analgesic for chronic pain, particularly in
the elderly. However, rotating a patient from oral opi-
oids to transdermal buprenorphine has occasionally
resulted in symptoms of withdrawal, as with our
patient. First, the equipotency ratio of buprenorphine
to oral morphine has not been established. Second,
volunteer studies on persons receiving methadone
demonstrate that sublingual buprenorphine precipi-
tated withdrawal in most subjects.7 While adding
other opioids to a patient receiving buprenorphine
therapy appears to be safe and effective, the rotation
of a patient to buprenorphine from other opioids
should be done with more caution. The rotation from
an opioid to transdermal buprenorphine may result
in precipitation of withdrawal.8

CAsE sTUdY #9

A 76-year-old retired laborer takes oxycodone ER
20 mg twice daily for control of chronic low and
upper back pain. He has no particular risk factors
for opioid misuse. He has been followed in your
clinic for 12 months, known to be very compliant
with COT. You complete a UDT as part of a yearly
patient check. The urine is positive not only for the
expected oxycodone but also for amphetamines.
How should you proceed?

An elderly patient on COT and compliant for more
than 1 year is unlikely to abruptly start consuming
street drugs. Further history regarding changes in the
patient’s medical history and medication use should
be investigated. A search for medications that may
cross-react on a UDT producing a false positive
amphetamine signal should be completed. On evalua-
tion, our patient reveals a new diagnosis of Parkinson’s
with recent treatment of selegiline. This medication is
known to produce amphetamine and methampheta-
mine as a urinary metabolite, thus triggering a posi-
tive UDT. No further action regarding COT for this
patient needs to occur.

CAsE sTUdY #10

A 28-year-old woman with two young children
has a 12-month history of unresectable cancer of the
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cervix. She has failed all therapies and appears to be
in the last few weeks of life. She complains of severe
bilateral pelvic pain not well controlled with oxymor-
phone ER 30 mg twice daily. Although the patient is
taking a high dose of oral opioid, her hospice nurse is
asking for an increase in her baseline opioid, and for
additional opioid as needed breakthrough dosing.
How will you respond to the request?

The guidelines regarding ER opioids for the treat-
ment of CNMP are not applicable to the active
patient with cancer in the last weeks or months of
life.2,3 The clinician, in this situation, is encouraged
to titrate opioid analgesics upward until pain relief
is achieved or intolerable opioid side effects limit
further dosing.

CAsE sTUdY #11

A 71-year-old recently retired male presents with
a long history of chronic neck pain. Previous thera-
py with nonopioid analgesics, including injective
therapy, has been unsuccessful. The ORT reveals a
low-risk patient. You plan a trial of hydrocodone ER
10 mg BID. The patient refuses to sign an OTA say-
ing, “I have been a responsible corporate executive
for decades, and I do not want to have an OTA like
a common street drug addict.” Will you proceed
with the trial of COT?

Although an OTA is often recommended in vari-
ous COT guidelines, there remains little high-level
evidence of its efficacy and safety. Nonetheless, and
notwithstanding the retired patient who is indeed at
low risk of opioid misuse, the clinician should be
aware that most national guidelines recommend the
use of an OTA for all patients. This author would
insist, for the safety of the patient and safe guarding
of the physician, on the completion of an OTA. In
addition, the clinician should be aware of all state
laws and regulations regarding OTA use for the par-
ticular involved location. There may be a law in
your state requiring an OTA in place prior to COT.

CAsE sTUdY #12

A 46-year-old foreman at an automobile factory has
been taking methadone 10 mg BID for the past 6
months, for the treatment of post-traumatic upper
extremity pain. The foreman has a work injury, result-
ing in multiple upper extremity surgeries and chronic
ongoing pain. At routine follow-up visit, the man
reports adequate pain relief and a return to work at 80
percent capacity. However, he does note that he feels
less inclined for sexual relations with his partner.

Opioid-induced deficiency of sexual hormone
is a common symptom associated with COT for

 chronic pain. The clinician should recognize this
possible side effect, should further investigate the
patient testosterone levels, and consider hormonal
replacement therapy as treatment. A second option,
a judgment call on the part of the clinician, is to con-
sider tapering and discontinuing the methadone
therapy. It is unclear whether opioid rotation to a
different opioid will have a decreased incident of
hormonal deficiency.

CAsE sTUdY #13

A 55-year-old woman has a long history of chron-
ic abdominal pain related to chronic pancreatitis.
Trials of nonopioid analgesics have failed to ade-
quately control her chronic pain. She has no partic-
ular risk factors for opioid misuse, and in particular,
her pancreatitis has never been related to alcohol
use. Following appropriate evaluation, you plan a
trial of low-dose COT. You obtain urine for testing
as part of your pre-COT assessment. The patient
tells you that the urine may likely be positive for
marijuana, as she uses marijuana approximately
once per week to help manage her abdominal pain.
Will you proceed with the COT trial?

The use of COT for CNMP in a patient that admits
to marijuana use has resulted in divided opinion
among the medical community. An unpublished sur-
vey of pain physicians (PAS) revealed a variety of cli-
nician responses. Some physicians feel strongly that
any street drug use, including marijuana, is an
absolute contraindication to COT for CNMP. Others
proceed with COT in a “don’t ask, don’t tell” manner.
Others will accept the marijuana use and carefully
monitor the patient on COT per usual therapy. While
many states have decriminalized personal marijuana
use, the US federal government still considers it an
illegal substance. The personal view of this author is
that marijuana use is a contraindication to COT
unless the marijuana has been prescribed for med-
ical therapy and obtained in a legal dispensary.

CAsE sTUdY #14

A 38-year-old woman with a diagnosis of fibromyal-
gia has been taking hydromorphone ER 12 mg once
daily for approximately 2 years. Treatment with
COT has apparently been stable. The patient shows
up at a local emergency department one evening in
obvious opioid withdrawal. What is the differential
diagnosis?

A patient who is compliant with her COT medica-
tions will not spontaneously go into opioid withdraw-
al. The differential diagnosis includes the  possibility
that the patient stopped her opioid abruptly, the
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patient took buprenorphine off the street, or the
patient crushed an opioid tamper-resistant product
containing naloxone, and injected this mixture.

CAsE sTUdY #15

A 72-year-old grandmother suffers with postherpet-
ic painful neuralgia for which nonopioid analgesic
therapies have been ineffective. She was started, by
an outside physician, on transdermal fentanyl at 50
mg/h every 3 days. Approximately 9 days after initia-
tion of therapy, she presents to the emergency depart-
ment with sedation, confusion, and a respiratory rate
of 6 per minute. How will you manage the patient?

The patient should be in a monitored environ-
ment for a minimum of the next 2-3 days. She is
obviously diagnosed with respiratory depression,
sedation, and confusion from opioid overdose. Low
doses of intravenous naloxone may be necessary to
treat her symptoms. The fentanyl patch should be
removed from the patient. The clinician must be
aware that following removal of the fentanyl patch,
a significant depot of fentanyl still remains in the
underlying skin, such that drug absorption will con-
tinue, despite patch removal, for the next 18 hours.
Therefore, the patient must be closely monitored
during this time period and not discharged early.
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