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Introduction somniferum. It acts centrally as an analgesic by binding to the

Buprenorphine was introduced in parenteral and sublingual
formulations over 30 years ago, but was not regularly used
in the management of pain because of underestimation of
the potency of its analgesic effect.! A transdermal formula-
tion was introduced in 2001, which reignited interest in this
medication for the treatment of chronic moderate-to-severe
pain.? Table 1 lists the formulations of buprenorphine that are
currently available. A 20-ug/hour dose equates to a dose of
0.48 mg buprenorphine per 24 hours.®

Buprenorphine is a semisynthetic derivative of the opium

alkaloid thebaine, which can be found in the poppy Papaver

mu-opioid receptor, for which it has very high affinity and is
not easily displaced, thus being highly potent. In addition, it
dissociates slowly from the receptor, resulting in an analgesic
action of long duration.* Research suggests that buprenorphine
acts as a partial agonist at the mu receptor and as an antago-
nist at the kappa receptor.”™ Expected agonist effects at the
mu receptor are supraspinal analgesia, respiratory depression,
miosis, decreased gastrointestinal motility, and euphoria. The
antagonist action at the kappa receptor may be associated
with buprenorphine’s fewer psychotomimetic effects,'®!! and
potentially antidepressant and antipsychotic effects.!?'* There
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Table 1. Available formulations of buprenorphine.

BRAND NAME
BuTrans® (Europe and US)

ROUTE OF ADMINISTRATION

Transdermal 7-day patch

CLINICAL INDICATIONS

Chronic moderate — severe pain

STRENGTHS
5, 7.5, 10, 15, 20 mcg/hr

Norspan® (Australia) Transdermal 7-day patch

5, 10, 20 mcg/hr Chronic moderate — severe pain

Transtec® (Europe) Transdermal 3-day patch

35, 52.5, 75 mcg/hr Chronic moderate — severe pain

Temgesic® Sublingual tablet 200 mcg Acute pain

Subutex® Sublingual tablet 400 mcg, 2 mg, 8 mg Opioid dependence

Suboxone® Sublingual film (combination 2 mg/500 mcg, 8 mg/2 mg Opioid dependence
buprenorphine/naloxone)

Temgesic® Intravenous solution 300 mcg/mL Acute pain

is a demonstrated ceiling effect with respect to respiratory
depression.2!>1 This ceiling effect is unique to partial opioid
agonists, and is in contrast to full opioid agonists that demon-
strate increasing (and potentially fatal) respiratory depression
with escalating doses.!>"1? It is noted that preclinical studies
suggest that this effect varies between substantially different
opioids.?® It is very lipophilic, with an octanol:water partition
coefhicient of 1217, and has a low molecular weight of 468 g/mol,
making it ideal for transdermal formulations.?!

Several authors have previously conducted systematic
reviews on the use of transdermal buprenorphine in chronic

22724 with the most recent being the work of Plosker,

pain,
who reviewed the literature in November 2011.%° This review
is an update and aims to present the evidence published
since then, focusing on issues of safety and eflicacy, and
providing evidence-based guidance on clinical applications
of transdermal buprenorphine. Data from previous systematic
reviews are summarized where no new research has been pub-
lished since 2011.

Pharmacokinetics and pharmacodynamics. Buprenor-
phine diffuses from the patch through the stratum corneum
and forms a reservoir in the subcutaneous tissue. From there,
it undergoes systemic circulation and gradually increases in
concentration in the plasma over the first 48 hours before
reaching a plateau. The type of patch system used is a matrix
system, where the drug is incorporated into an adhesive
polymer and distributed evenly throughout the patch. This
means that the amount of drug released depends on the mass
of drug within the matrix and the surface area of the skin
over which the patch is applied. Steady-state plasma levels
are achieved with the application of the first patch within
24—48 hours, with terminal half-life of 12 hours, and remain
relatively constant with the reapplication of a new patch every
seven days. Onset of analgesic action is after 48 hours. The
drug is approximately 96% bound to plasma proteins and has
a large volume of distribution. After the patch is removed,
plasma levels decrease by half in the first 10-24 hours and
then more slowly after that, with an estimated terminal half-
life of 26 hours.?

It is recommended that patches be sited over non-hairy
areas of skin such as the top of the outer arm, upper chest,

and back and side of the chest, as studies have shown that
application over these areas does not cause large differences in
plasma levels.?® If a hairless site cannot be found, a sensitive
and careful discussion should be had with the patient about
shaving an area of skin for patch placement. Absorption is
also affected by repeated use of the same application site, with
some studies showing that buprenorphine exposure can be
doubled. Therefore, it is recommended that patch sites should
be rotated, with sites not to be reused for 21 days.?”8

Buprenorphine is metabolized in the liver via the cyto-
chrome P450 enzyme 3A4 to norbuprenorphine, the only
known active metabolite, and via UDP-glucuronosyltrans-
ferase to buprenorphine 3-O-glucuronide. Norbuprenorphine
also undergoes glucuronidation. The metabolites are excreted
via the biliary and renal systems. Clearance is 55 L/hour.?’%8
In all, 70% of the drug is eliminated in the feces.?’

There appear to be few clinically relevant pharma-
cokinetic drug interactions. Although buprenorphine is
metabolized by the cytochrome P450 system, specifically
CYP3A4, it has been shown that there is no clinically sig-
nificant effect on the peak concentration of the drug when
administered with ketoconazole, known to strongly inhibit
CYP3A4.272830  Studies have, however, demonstrated
increases in peak plasma concentrations of buprenorphine
and norbuprenorphine when sublingual buprenorphine was
coadministered with atazanavir and ritonavir, both of which
are antiretroviral drugs of the protease inhibitor class, used
to treat HIV/AIDS and also known to inhibit CYP3A4.2728
There has been little examination of the interactions between
buprenorphine and drugs that induce CYP3A4, such as
carbamazepine, however patients receiving drugs known
to induce CYP3A4 activity, such as phenytoin, rifampicin,
glucocorticoid, or modafinil, concomitantly with buprenor-
phine should be monitored for reduced analgesic efficacy.?®
Buprenorphine appears to have a favorable interaction pro-
file compared to methadone.?® In wvitro studies, however,
have demonstrated an association between some serotonin
reuptake inhibitors, such as fluoxetine and fluvoxamine, and
decreased metabolism of methadone and buprenorphine,
which could result in increased plasma concentrations.*°
While buprenorphine appears to be associated with less
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QT-interval prolongation than methadone,3! it is important
to bear in mind if the patient is also taking other medications
that are associated with QT prolongation.

Ceiling effect with regard to analgesia. While the
characteristic ceiling effect of a partial agonist is observed

21617 some small

with regard to respiratory depression,
studies have suggested there is no ceiling effect with regard
to analgesia at usual analgesic doses.}®3? The analgesic
response with high-dose buprenorphine (eg, >4 mg per day)
remains unclear, and more research is needed to examine
whether there is a ceiling analgesic effect with higher doses
of buprenorphine.

Combination of buprenorphine with other opioids. It
is thought that at clinical doses used for analgesia, buprenor-

t33 and can, therefore,

phine is considered to act as a full agonis
be safely combined with other opioids. A small prospec-
tive, open-label feasibility study by Lundorft and colleagues
in 2013% aimed to evaluate whether cancer-related pain,
well controlled by pure agonist opioids, could be adequately
controlled using transdermal buprenorphine. It also investi-
gated whether breakthrough pain episodes could be controlled
with the same dose of breakthrough pure agonist opioid medi-
cation when patients were using transdermal buprenorphine
as opposed to pure agonist opioids. A total of 18 patients,
who were receiving between 150 and 517 mg of morphine
per day, were switched to transdermal buprenorphine doses
of between 52.5 and 140 pg/hour, titrated to effect. No differ-
ence in pain severity was observed before and after the switch,
and the patients did not require additional breakthrough pain
medication, with the pure opioid agonist medication able to
be combined safely with buprenorphine and being as effective
after as before the switch. No antagonist effects were observed
during the switch from pure agonist to buprenorphine. The
authors do caution, however, that the dose conversion should
be tailored for each individual patient.

Dose equivalence of opioid medications. Based on
the few studies that are available, relative potency of trans-
dermal buprenorphine to oral morphine has been suggested
to be between 75:1 and 110:1, with considerable variability
between patients.3>3® When switching from one opioid to
another, because of the incomplete cross-tolerance, it is rec-
ommended that clinicians commence patients on 50-75%

of the calculated equianalgesic dose and titrate to clinical
effect.’®

Method

Literature search. Medical literature (including gray
literature) were identified by searching databases, including
Medline, EMBASE, PsychINFO, AMED, the Cochrane
Central Register of Controlled Trials, the Cochrane Data-
base of Systematic Reviews, the Database of Abstracts of
Reviews of Effects, the Cochrane Methodology Regis-
ter, the Health Technology Assessment, and the NHS

Economic Evaluation Database. The search terms were

Records identified through database
search
n = 2860

J

Records after duplicates
removed
n=584

I

Records after search Records excluded as not
restricted to publication concerning buprenorphine
from 2011 to July 2014 n =388

n =859

Records excluded as not in
human subjects
n=7

Titles reviewed
n=196

Records excluded as not in
adult subjects
n=9

Records excluded as not
concerning transdermal
buprenorphine
n=9

Abstracts reviewed
n=180

Records excluded as
concerning healthy subjects or
acute pain
n=14

Full text reviewed Records excluded as not
n=132 concerning non-malignant pain
n=25

Records excluded as not
randomised controlled trial

. design
Records included n=125

n=7

Figure 1. Flow chart describing search strategy.

buprenorphine or bup*and patch or transdermal or transdermal
patch or administration, topical or transdermal drug adminis-
tration. The searches were restricted to results from 2011 to
July 2014 to obtain studies published since Plosker’s review,
which included literature up to November 2011. Two authors
(AY and AD) reviewed the titles, abstracts, and full text of
potentially eligible studies. Figure 1 provides further detail
on the search strategy. Searches were last updated on July
25,2014.

Eligibility criteria. Randomized controlled trials
in adult human men or women diagnosed with chronic
non-malignant moderate-to-severe pain because of any
cause, comparing transdermal buprenorphine with pla-
cebo, oral, or transdermal non-opioids (eg, acetaminophen,
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Table 2. Study design and patient demographics of included randomized controlled trials.

AUTHOR, YEAR STUDY DESIGN DIAGNOSIS STUDY LENGTH MEAN AGE (YEARS) % FEMALE
Yarlas et al., 2013%7 Enriched double Lower back pain, 4 weeks run-in period + 12 weeks 49 52
Steiner et al., 2011a%  blinded opioid naive double-blinded phase
Mitra et al., 20133° Open label Lower back pain, 12 months 49 52
opioid naive
Miller et al., 201340 Enriched double Lower back pain, 3 weeks run-in period + 7 weeks 50 48
Steiner et al., 2011b*'  blinded plus open opioid experienced  double-blinded phase + 52 week
label extension phase extension phase
Ripa et al., 201242 Enriched double Osteoarthritis 1 week run-in period + 2 weeks 57 63
blinded double-blinded phase
Conaghan et al., 201143 Open label Osteoarthritis 12 weeks 72 66

non-steroidal anti-inflammatory drugs (NSAIDs)); weak
opioids (eg, codeine); or strong opioids (eg, oxycodone, fen-
tanyl), since 2011 are listed in Tables 2 and 3. Studies uti-
lizing open-label or blinded designs were included, as were
studies utilizing an enriched design. Outcomes examined
included clinical outcomes such as measurements of pain,
associated symptoms such as fatigue or anxiety, require-
ments for increases in dose or lack of treatment effect,

patient-reported outcomes such as quality of sleep and
quality of life, and safety outcomes such as overdose, respi-
ratory depression, abuse and dependence, hyperalgesia,
immunosuppression, driving, hormonal effects, and use in
older adults and those with renal or hepatic impairment.
Studies were excluded if they were not randomized con-
trolled trials, were not conducted with patients diagnosed
with chronic pain, or were published prior to 2011.

Table 3. Treatment details and primary outcomes of included randomized controlled trials.

AUTHOR, YEAR TRANSDERMAL

BUPRENORPHINE DOSE

COMPARATOR

SAMPLE SIZE PRIMARY OUTCOMES

Yarlas et al., 2013%7
Steiner et al., 2011a%8

10—-20 mcg/hr

(n =1027 for run-in
period, n =256 in
double-blinded phase)

Placebo (n = 283)

1027 for run-in period,
539 for double-blinded
phase

Health-related quality of life
(SF-36v2 self-report survey)
Pain Interference score of Brief
Pain Inventory Short Form
Average pain over last 24 hours
(numerical rating scale)

Mitra et al., 20133%°

5 mcg/hr then titrated
to effect (n = 22)

Transdermal fentanyl
12 mcg/hr then titrated
to effect (n = 24)

46

Effectiveness of medication on
pain levels (visual analog scale)
Comparison of fentanyl and
buprenorphine doses with
equipotent dose of morphine for
gaining pain relief

Physical activity, additional rescue
medication, additional healthcare
visits, sleep quality, mood, side
effects (self-rated scales)

Miller et al., 201340
Steiner et al., 2011b*!

5 mcg/hr (n =222),
20 mcg/hr (n =219)

Oral immediate release
oxycodone 10 mg QID
(n=221)

1160 for run-in period,
662 for double-blinded
phase and extension
phase

Health-related quality of life
(SF-36v2 self-report survey)
Average pain over the last
24 hours score

Ripa et al., 201242

Titratable 10—20 mcg/hr
(n =101), fixed-dose
20 mcg/hr (n=103)

Oral acetaminophen/
hydrocodone variable
doses (n = 274)

274 for run-in period,
204 for double-blinded
phase

Completion of double-blind phase

Conaghan et al., 201143

5-25 mcg/hr plus
acetaminophen 1 g
QID (n=110)

Oral codeine/
acetaminophen
16 mg/1 g QID or
60 mg/1 g QID
(n=110)

220

Average pain score (self-rated)
Amount of rescue medication
Quality of sleep (Medical
QOutcomes Study Sleep Scale)
Pain, stiffness, ability to perform
daily activities (Western Ontario
and McMaster Universities OA
Index)

Patient satisfaction
(questionnaire)

Quality of life (EQ-5D and
General Wellbeing Index)
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Efhicacy

It is important when assessing the efficacy of treatments for
chronic pain to take a multidimensional approach and consider
not just pain severity but also pain-related impairment, including
aspects such as quality of life, sleep, mobility, and function.**

Lowerbackpain. Since the publication of Plosker’s review
in2011,% onerandomized controlled trial utilizing an enriched
design has demonstrated that transdermal buprenorphine is
better than placebo for control of pain severity in patients
with chronic lower back pain.?”%® The study population in
this trial was prospectively selected by positive response to the
drug under study during a run-in period, in order to increase
ability to detect an effect size.* One other trial, also utilizing
an enriched design, has also demonstrated that control of
pain severity is better with higher (20 pg/hour) as opposed
to lower (5 pg/hour) doses, suggesting a dose—response
relationship.*®#! These studies also reported that improve-
ments in quality of life, sleep quality, function, and ability
to perform activities of daily living were found to be as good
as or better than placebo. One open-label trial®’ designed as
a feasibility study for a larger, prospective long-term evalua-
tion of transdermal buprenorphine compared to transdermal
tentanyl found, however, that control of pain severity was not
able to be maintained after six months of treatment, with only
11% of patients on buprenorphine and 13% of patients on fen-
tanyl experiencing maintenance of pain relief at six months.
No new studies comparing transdermal buprenorphine with
morphine or oxycodone, or with another partial agonist were
identified. More randomized controlled studies compar-
ing transdermal buprenorphine with other active treatments
would be needed, however, to provide stronger evidence of
efficacy.

Osteoarthritis. One open-label study by Conaghan and
colleagues* demonstrated that transdermal buprenorphine is
as effective as acetaminophen/codeine for control of pain sever-
ity in osteoarthritis. Another study by Ripa and colleagues in
2012*? randomized 198 patients to switch from oral acetamin-
ophen/hydrocodone to either a titratable dose of 10-20 or a
fixed dose of 20 pg/hour of transdermal buprenorphine and
showed that the majority of patients achieved adequate control
of pain severity with buprenorphine, with only three patients
reporting lack of therapeutic effect. No new studies compar-
ing transdermal buprenorphine with morphine or oxycodone,
or with another partial agonist were identified.

Neuropathic pain. No new randomized controlled tri-
als evaluating the use of transdermal buprenorphine in neuro-
pathic pain were identified. There is, however, evidence from
animal models* and experimental studies of humans that
transdermal buprenorphine may be efficacious in the treatment
of neuropathic pain,*” and a growing literature of case studies
report on the successful treatment of several conditions with
neuropathic pain, including trigeminal neuralgia,* radicular
pain,*® post-herpetic neuralgia,* AIDS-related neuropathic
pain,*® cancer-related pain,”! and central pain syndrome.’?> One

open-label study in 2008 of 30 patients with chronic painful
neuropathy did demonstrate meaningful pain relief with the
use of transdermal buprenorphine.’3 There is, however, a lack
of evidence from large randomized placebo-controlled trials
supporting efficacy in terms of relieving pain severity as well
as improvements in other dimensions such as quality of life,
sleep, mobility, and function.

Peripheral vasculopathy. One small randomized trial
by Aurilio and colleagues in 2009**showed that transdermal
buprenorphine can improve pain control in patients suffering
from peripheral vasculopathy. A group of 86 patients suffering
from peripheral vasculopathy was randomized to receive either
transdermal buprenorphine with a peridural infusion of mor-
phine and ropivacaine or peridural infusion of morphine and
ropivacaine infusion alone. Those who received transdermal
buprenorphine reported better pain control, increased hours
of sleep, and fewer side effects than those who received only
the peridural infusion.

Long-term outcomes. Two randomized controlled tri-
als identified by this review studied long-term outcomes. The
study by Mitra and colleagues,’ designed as a feasibility study
for alarger investigation into long-term outcomes, randomized
46 patients to receive either transdermal buprenorphine or
transdermal fentanyl over a 12-month period. There was a very
high dropout rate before the completion of the study period,
with 41% of patients receiving buprenorphine and 38% of
patients receiving fentanyl withdrawing from the study prior
to 12 months because of unacceptable side effects, mostly local
skin reactions such as itching, redness, swelling, and blisters
in the group receiving buprenorphine and nightmares, nausea,
and increased drowsiness in the group receiving fentanyl. Of
the participants who remained, there was no significant dif-
ference in control of pain intensity between the two groups at
12 months, and only a small proportion of the groups (11%
in the buprenorphine group and 13% in the fentanyl group)
were still obtaining good pain control at the 12-month period.
'The authors caution, however, that a larger study is required to
determine long-term outcomes. The study by Miller and col-
leagues* followed the progress of the participants in that of
Steiner and colleagues*! after a 52-week open-label extension
phase. The majority of the participants in this extension phase
reported sustained improvements in quality of life. No new
studies comparing transdermal buprenorphine with morphine
or oxycodone, or with another partial agonist were identified.

Safety
Table 4 details the proportion of participants in each of the
five randomized controlled trials identified by this updated
review who did not complete the entirety of the trial because
of adverse effects, and the most commonly reported adverse
effects in each trial leading to discontinuation.

Nausea, vomiting, dizziness, application site reactions,
and somnolence were reported consistently across all trials,
indicating that it is a common reason for patients to stop
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Table 4. Adverse effects leading to discontinuation.

AUTHOR, YEAR
ADVERSE EFFECTS (%)

Yarlas et al., 2013%
Steiner et al., 2011a3%8 Active treatment: 40/256 (16%)

Placebo: 20/283 (7%)

DISCONTINUATION RATE DUE TO

Open label run-in: 239/1024 (23%)

MOST COMMONLY REPORTED ADVERSE EFFECTS
LEADING TO DISCONTINUATION

Run-in period: nausea, dizziness, headache
Double-blind period: nausea, vomiting, dizziness, anxiety

Mitra et al., 20133° Buprenorphine arm: 8/22 (41%)

Fentanyl arm: 8/24 (38%)

Buprenorphine arm: application site reactions
Fentanyl arm: nightmares, nausea, increased drowsiness

Miller et al., 201340
Steiner et al., 2011b*! 5 mcg/hr arm: 14/222 (6%)
20 mcg/hr arm: 29/219 (13%)

Oxycodone arm: 16/221 (7%)

Open label run-in: 144/1160 (12%)

Not specified for discontinued group, most commonly
reported adverse effects overall: nausea, application site
reactions, headache, vomiting, constipation, dizziness,
somnolence

Ripa et al., 201242 Titratable arm: 10/101 (10%)

Fixed dose arm: 16/103 (16%)

Nausea, dizziness, vomiting, somnolence, application
site erythema

Conaghan et al., 201143 Buprenorphine arm (titration and

Codeine/acetaminophen arm

24/110 (22%)

assessment periods): 38/110 (35%)

(titration and assessment periods):

Buprenorphine arm: nausea, constipation, vomiting,
dizziness, somnolence, application site reactions
Codeine/acetaminophen arm: constipation, nausea,
lethargy

treatment with transdermal buprenorphine. The rates of
discontinuation varied from 6% to 41%, which suggests that
the adverse effects are intolerable for a significant proportion
of patients, but are consistent with the rates of discontinuation
reported in these trials for comparator opioids.

Overdose. No mention was made of overdose in any
of the five randomized controlled trials identified. A large
study by Coplan and colleagues in 2013 using a database of
over 75,000 patients prescribing transdermal buprenorphine,
extended-release morphine tablets, or transdermal fentanyl to
compare rates of overdose found that the relative risk of over-
dose in those prescribed extended-release morphine compared
to transdermal buprenorphine was 1.82 (95% CI 1.35-2.46)
and in those prescribed transdermal fentanyl compared to
transdermal buprenorphine was 1.42 (95% CI 1.01-2.00),
supporting the hypothesis that as a partial mu receptor ago-
nist, buprenorphine is associated with a lower risk of overdose
than full mu receptor agonists.

Respiratorydepression. Two of the studies**#1:43

reported
one case each of respiratory depression and dyspnoea.

Transdermal buprenorphine on its own is associated
with a low risk of respiratory depression, because of the
ceiling effect discussed previously, which has been demon-
strated in both human and animal studies. However, this
may not be the case if other central nervous system depres-
sant drugs are co-administered.! It has also been demon-
strated that buprenorphine-induced respiratory depression
can be reversed completely with the use of naloxone, either
using repeated doses or a continuous infusion; however, it
should be noted that the administration of a single dose of
naloxone will not be sufficient to induce a full, long-lasting
reversal of narcotization — repeated doses or an infusion is
needed due to the short-acting duration of effect of naloxone
compared to the high affinity and long-acting duration of
buprenorphine.?

Abuse and dependence. None of the five randomized
controlled trials identified in this updated review assessed abuse
and dependence liability of transdermal buprenorphine. As
with all other centrally acting opioids, transdermal buprenor-
phine does have the potential to induce physical dependence,
leading to withdrawal symptoms. These symptoms appear to
be milder than those caused by full mu-opioid receptor ago-
nists.**® It has been proposed that buprenorphine’s pharma-
cokinetic and pharmacodynamics properties, being slow to
dissociate from the mu-opioid receptor and acting as a par-
tial agonist, may reduce the risk of development of tolerance,
dependence, and effects that might encourage misuse.’® Owing
to the now widely acknowledged concerns with the develop-
ment of iatrogenic dependence with chronic opioid therapy, it
is important that future studies on opioid analgesia collect data
on development of aberrant medication behaviors, misuse, and
dependence to inform this aspect of safety. Such studies may
be able to establish if buprenorphine is associated with less risk
of opioid use disorders compared to other opioids.

Hyperalgesia. None of the five identified trials reported
on hyperalgesia. Both experimental and clinical research have
suggested that pure mu-opioid receptor agonists can contribute
to a hyperalgesic effect, namely, where an individual tak-
ing opioid medications for long term develops increasing
sensitivity to noxious stimuli, which results in an increased
pain response, and several different mechanisms have been
proposed as to how this occurs.? In one study, 82 heroin-
dependent participants were randomized to receive either meth-
adone or buprenorphine and their experimental pain responses
were compared to 21 control participants who were not heroin
dependent. Hyperalgesia was demonstrated in the heroin-
dependent group compared to placebo, and the effect continued
after methadone or buprenorphine maintenance treatment.”’
In contrast, however, buprenorphine has been demonstrated
in other human experimental pain models to have reduced
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hyperalgesic effects compared to placebo.*” It is thought that
because agonist activity at kappa opioid receptors promotes
hyperalgesic states,”® buprenorphine’s antihyperalgesic effects
may be because of its kappa antagonism.*” Further research into
clarification as to the mechanism of action is needed.

Driving. One study®”*
involved in motor vehicle accidents, one in the run-in phase
and the other during the double-blind phase, but no further

details were mentioned. Although opioids are associated

reported two patients being

with altered cognitive function and impaired psychomo-
tor function, it is also known that these side effects decrease
with long-term use. Studies in Germany comparing patients
receiving stable doses of transdermal buprenorphine for
chronic non-malignant pain with healthy volunteers in terms
of driving ability using a computerized test showed that their
driving ability was not inferior.”~®! It is also important to bear
in mind that buprenorphine can be associated with lethargy
and sedation, especially early in treatment, and patients must
be warned not to drive until they have stabilized on treatment.
The impact of other drug interactions (eg, other sedative uses)
could potentially affect performance and, hence, driving.

Application site reactions. Four out of five studies reported
application site reactions as a common adverse effect and reason
for participants to discontinue treatment.’”3%40-4 A study by
Wen and colleagues in 2013 showed that while the rates of appli-
cation site reactions in patients using transdermal buprenorphine
were higher than those using a placebo (16.6% versus 12.7%),
this was still a comparable rate with rates of application site reac-
tions in other transdermal medications around 17%. Rates of
severe and inflammatory type reactions were low, and the most
common reactions were pruritus, erythema, and rash.®?

Use in kidney dysfunction. One study reported a case
of acute renal failure as an adverse effect, but it was unclear as
to whether this was because of the treatment or the patient’s
comorbid metastatic prostate cancer.’”% Studies in patients
suffering from moderate-to-severe cancer pain concluded that
transdermal buprenorphine is as safe, effective, and tolerable
as fentanyl in patients with kidney dysfunction as compared
to those without.®> Doses do not require adjustment, as the
pharmacokinetics of the medication are not affected by kidney
dysfunction,®* with the majority of the drug being excreted
via the hepatic system.® Research has also demonstrated that
transdermal buprenorphine can be used in patients undergo-
ing intermittent hemodialysis, as this does not appear to affect
plasma concentrations.®~%8

Use in hepatic impairment. Few data are available with
regard to the use of buprenorphine in patients with hepatic
failure. A recent study evaluated the pharmacokinetic profile
of buprenorphine (0.3 mg given intravenously) in subjects with
mild-to-moderate chronic hepatic impairment and in healthy
controls matched for age, weight, and sex. No differences
between the groups were observed for most pharmacokinetic
parameters (eg, steady-state volume of distribution, total
clearance). However, the maximum plasma concentrations

of buprenorphine and norbuprenorphine were 50% and 30%
lower, respectively, in individuals with hepatic impairment.
These subjects also had less nausea and vomiting compared
to the controls. The results did not indicate the need for a
buprenorphine dosage adjustment in individuals with mild-
to-moderate chronic hepatic impairment.®’

Use in older adults. None of the identified studies spe-
cifically investigated the use of transdermal buprenorphine in
older adult subjects. When considering the use of any medi-
cation in older adults, it is important to consider the physi-
ological changes that occur with ageing, particularly changes
in body composition (increased body fat, decreased muscle
mass, and total body water), respiratory function (increased
chest wall rigidity, functional residual capacity, ventilation/
perfusion mismatch, and decreased elastic recoil), gastrointes-
tinal function (increased gastric transit time), hepatic func-
tion (decreased hepatocellular function and blood flow to the
liver), and renal function (decreased blood flow and glomeru-
lar filtration rate), which can affect the pharmacokinetics of
the drug.” Studies on the use of buprenorphine in specifically
older adult populations have demonstrated that it is well
tolerated, with good compliance rates, and improved quality
of life and pain control.”! As transdermal buprenorphine is a
partial agonist, it is less likely to cause respiratory depression
at therapeutic analgesic doses, and should theoretically be a
safe choice for use in older adults. As previously discussed,
buprenorphine doses do not need to be adjusted for patients
with impaired renal or hepatic function. In addition, stud-
ies comparing the pharmacokinetics’>”® and efficacy’*” of
transdermal buprenorphine in younger versus older patient

72775 conclude that no age-related dose adjustment

populations
is required. It is, however, important to bear in mind any
potential drug—drug interactions between buprenorphine and
a patient’s other medications, as older adults are often on mul-
tiple different drugs, especially central nervous system depres-
sants, drugs that affect CYP3A4 enzyme activity or reduce
hepatic blood flow.®* The safest approach is to start at a low
dose, increase slowly, and titrate to effect.

Contraindications. Transdermal buprenorphine is
contraindicated in patients with known hypersensitivity to
buprenorphine or any of the contents contained in the patch,
patients with severe impairment of respiratory function,
patients receiving monoamine oxidase inhibitors or who have
ceased taking them for less than 14 days, patients suffering
from myasthenia gravis (because of the potentiation of opioids
by cholinesterase inhibitors as well as concern over respira-
tory depression), patients suffering from delirium tremens, or
patients known to be opioid dependent or who require opioid
withdrawal treatment.?’?8

Transdermal Buprenorphine in the Context of Other
Treatments for Chronic Pain

Although arguments have been made for the inclusion of
buprenorphine in the second step of a three-step analgesic
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ladder along with codeine, tramadol, and tapentadol,’*~"
World Health Organization classified
buprenorphine as a step III opioid along with fentanyl,

currently the

hydromorphone, methadone, morphine, and oxycodone in
its three-step ladder of analgesia, originally developed for
its recommendations first released in 1986 for the treatment
of cancer-related pain and subsequently updated in 1996.”
It is currently developing guidelines for the treatment of
persistent pain in adults, with the release of a scoping docu-
ment in 2012.%° There is growing evidence for the efficacy of
opioids in non-cancer pain, but attention to individual dose
titration and consideration of tolerability must be considered
for each individual patient.’! Opioid management should be
part of overall management using a multimodal and multi-
disciplinary approach. In general, prior to considering opioid
therapy, clinicians should first consider whether a patient’s
condition could be more appropriately and effectively treated
with non-pharmacological approaches or non-opioid therapies
such as physiotherapy, psychological approaches, acetamino-
phen, and/or non-steroidal anti-inflammatory drugs.”*$? If
all other treatment options have been explored, a trial of an
opioid analgesic can be considered. It is important to perform
a comprehensive assessment of the patient before considering
pharmacological treatments, including assessment of risk of
misuse, impact of pain on function and quality of life, and the
balance between potential therapeutic benefits and harms.
Thorough assessment and explanation of potential adverse
effects, potential for misuse, and agreement on strategies to
monitor compliance, safety, and clinical response should take
place.®? In line with recommendations about treatment con-
tracts (or similar), it should be explained to the patient that
treatment with the opioid will cease if significant progress
toward treatment goals has not been made.?? Transdermal
buprenorphine is a good choice for a first-line opioid analge-
sic in this context.

How to Initiate and Cease Treatment

When initiating opioids for pain management, patients
should initially commence transdermal buprenorphine at
the lowest dose of 5 pg/hour. Doses should not be increased
more frequently than every one or two weeks to allow for the
drug to reach a steady state. If dose increases are indicated
based on inadequate control of pain, the patch dose can be
titrated upward to effect in increments of 5 mg every one to
two weeks to the currently recommended maximum dose of

40 ug/hour (two patches of 20 pig/hour strength). Alternatively,
a combination of patches, applied in separate locations, could
be used. Short-acting supplemental analgesia may be required
until analgesic efficacy with an appropriate dose of transder-
mal buprenorphine is achieved.?”?® Breakthrough pain can
be treated with short-acting opioids on a background of con-
stant buprenorphine delivery. If the side effects of transdermal
buprenorphine are not tolerated or the maximum dose limit is
reached without efficacy, then switching to another opioid may
be necessary.>

When switching to or rotating from another opioid,
it is important to consider the tolerance and dependence
of the patient to that opioid, as the commencement of
buprenorphine can precipitate a withdrawal syndrome in
patients who are highly tolerant of and dependent on full
agonist opioids. Studies appear to suggest that patients tak-
ing opioids such as doses of 120 mg/day or less of parenteral
morphine or 30 mg/day or less of oral methadone are less
likely to precipitate withdrawal, and that this is dependent
on the dose of buprenorphine given, dose of full agonist
opioid, and time between administration of both medica-
tions.? Clinicians should, therefore, be mindful that pre-
cipitated withdrawal can occur even at low doses of full
agonist opioids. It is generally difficult, however, to switch
from a high dose of a strong opioid to transdermal form
because of the relatively small dosage of the transdermal
form. In terms of ceasing transdermal buprenorphine, a
slow titration downward is also recommended, as is the
usual practice with other opioid analgesics to reduce the
risk of a withdrawal reaction.

Treatment Costs

Table 5 compares the wholesale costs and costs of approxi-
mate equianalgesic doses of several opioids to the patients in
Australia, the latter subsidized by the government (Boughton,
2014, personal communication, November 2). It appears that
an equipotent dose of transdermal buprenorphine is slightly
more expensive than other opioids. While wholesale costs are
broadly comparable in Australia, this may not be the case in
other countries. Bearing in mind the complexity and variation
of medication costs in different countries, discussion may have
to be had with patients concerning treatment costs if buprenor-
phine is more expensive than other treatment options. This
could also make it less attractive in countries where patients
must bear the full cost of medications.

Table 5. Comparison of wholesale costs and costs of several opioids to the patients in Australia.

MEDICATION NORSPAN

(BUPRENORPHINE)

MS CONTIN (MORPHINE)

TABLET 20MG (56 X 10MG (HYDROMORPHONE)

JURNISTA DUROGESIC

(FENTANYL)

TRANSDERMAL PATCH TABLETS) 4MG TABLET (14 TABLETS) TRANSDERMAL PATCH
10MCG/HR (2 PATCHES) 12MCG/HR (5 PATCHES)
Wholesale price ($) 26.84 16.24 18.97 7.84
Maximum consumer price ($) 32.38 51.44 36.63 34.64
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Summary

Buprenorphine’s pharmacological properties make it ideal
for a transdermal system of delivery, and studies suggest
that it is a safe and efficacious choice for the manage-
ment of several causes of chronic pain, and can be used in
older adults and those with kidney dysfunction. Since the
publication of Plosker’s review in 2011, no new evidence
has emerged from randomized controlled trials compar-
ing buprenorphine to placebo/other opioids that demon-
strated improvements in control of pain severity, quality of
life, sleep quality, mobility, and function over a period of
up to 15 weeks in patients with chronic lower back pain
and osteoarthritis. More evidence is needed, however, on
whether these outcomes are sustained in the long-term and
in other chronic pain conditions. In addition, long-term
limitations include skin reactions and limited dosing pro-
vided by the patch necessitating a switch to high-strength
preparations or stronger opioids in response to development
of tolerance and/or worsening pain from worsening of the
primary pain condition or pathology.

Author Contributions

Analyzed the data: AY, AD, KEK, SN, NL. Wrote the first
draft of the manuscript: AY. Contributed to the writing
of the manuscript: AY, AD, KEK, SN, NL. Agree with
manuscript results and conclusions: AY, AD, KEK, SN,
NL. Jointly developed the structure and arguments for the
paper: AY, AD, KEK, SN, NL. Made critical revisions and
approved final version: AY, AD, KEK, SN, NL. All authors

reviewed and approved of the final manuscript.

REFERENCES

1. Kress HG. Clinical update on the pharmacology, efficacy and safety of transder-
mal buprenorphine. Eur J Pain. 2009;13:219-30.

2. Pergolizzi ], Aloisi AM, Dahan A, et al. Current knowledge of buprenorphine
and its unique pharmacological profile. Pain Pract. 2010;10:428-50.

3. Johnson RE, Fudala PJ], Payne R. Buprenorphine: considerations for pain man-
agement. J Pain Symptom Manage. 2005;29:297-326.

4. Jasinski DR, Pevnick JS, Griffith JD. Human pharmacology and abuse potential
of the analgesic buprenorphine: a potential agent for treating narcotic addiction.
Arch Gen Psychiatry. 1978;35:501-16.

5. Martin WR, Eades CG, Thompson JA, Huppler RE, Gilbert PE. The effects
of morphine and nalorphine-like drugs in the nondependent and morphine-
dependent chronic spinal dog. J Pharmacol Exp Ther. 1976;197:517-32.

6. Richards M, Sadee W. Buprenorphine is an antagonist at the kappa opioid recep-
tor. Pharm Res. 1985;2:178-81.

7. Richards ML, Sadée W. In vivo opiate receptor binding of oripavines to mu, delta
and kappa sites in the rat brain as determined by an ex vivo labelling method. Eur
J Pharmacol. 1985;151:457-61.

8. Leander ]. Buprenorphine is a potent kappa-opioid receptor antagonist in pigeons
and mice. Eur J Pharmacol. 1988;151:457-61.

9. Reisine J, Bell G. Molecular biology of opioid receptors. Trends Neurosci.
1993;16(12):506-10.

10. Lewis JW. Buprenorphine. Drug Alcohol Depend. 1985;14:363-72.

11. Sadee W, Rosenbaum J, Herz A. Buprenorphine: differential interaction with
opiate receptor subtypes in vivo. ] Pharmacol Exp Ther. 1982;223:157-62.

12. Schmauss C, Yassouridis A, Emrich HM. Antipsychotic effect of buprenorphine
in schizophrenia. Am J Psychiatry. 1987;144:1340-2.

13. Nutt D, Groves S. Buprenorphine and schizophrenia. Hum Psychopharmacol.
1991;6:71-3.

14. Karp JF, Butters MA, Begley AE, et al. Safety, tolerability, and clinical effect of
low-dose buprenorphine for treatment-resistant depression in mid-life and older
adults. J Clin Psychiatry. 2014;75(8):¢785-93.

15. Walsh SL, Preston KL, Bigelow GE, Stitzer ML. Acute administration of
buprenorphine in humans: partial agonist and blockade effects. J Pharm Exp Ther.
1995;274:361-72.

16. Dahan A, Yassen A, Romberg R, et al. Buprenorphine induces ceiling in respira-
tory depression but not in analgesia. Br J Anaesth. 2006;96:627-32.

17. Dahan A. Opioid-induced respiratory effects: new data on buprenorphine. Palliat
Med. 2006;20:s3-8.

18. Gaulier JM, Charvier F, Monceaux F, Marquet P, Lachatre G. Ingestion of high-
dose buprenorphine by a 4-year old child. J Toxicol Clin Toxicol. 2004;42:993-5.

19. Liquori A, Morse WH, Bergman J. Respiratory effects of opioid full and partial
agonists in rhesus monkeys. J Pharmacol Exp Ther. 1996;277:462-72.

20. Kuo A, Wyse BD, Meutermans W, Smith MT. In vivo profiling of seven com-
mon opioids for antinociception, constipation and respiratory depression: no
two opioids have the same profile. Br J Pharmacol. March 18, 2014. doi:10.1111/
bph.12696. Epub ahead of print.

21. Sittl R, Griessinger N, Likar R. Analgesic efficacy and tolerability of transder-
mal buprenorphine in patients with inadequately controlled chronic pain related
to cancer and other disorders: a multicenter, randomized, double-blind, placebo-
controlled trial. Clin Ther. 2003;25:150-68.

22. Tassinari D, Drudi F, Rosati M, Maltoni M. Transdermal opioids as front line
treatment of moderate to severe cancer pain: a systemic review. Palliat Med.
2011;25:478-87.

23. 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 Manage. 2012;2:351-62.

24. Plosker GL, Barkin RL, Breivik H, Gordon A, Hernandez JJ, Hess PE.
Buprenorphine 5, 10 and 20 ug/h transdermal patch: a review of its use in the
management of chronic non-malignant pain. Drugs. 2011;71:2491-509.

25. Plosker GL. Buprenorphine 5, 10 and 20 pg/h transdermal patch. Drugs.
2011;71:2491-509.

26. Kapil RP, Cipriano A, Friedman K, et al. Once-weekly transdermal buprenor-
phine application results in sustained and consistent steady-state plasma levels.
J Pain Symptom Manage. 2013;46:65-75.

27. BuTrans 5, 10 and 20 pg/h transdermal patch: EU summary of product char-
acteristics [online]; 2014. Available at http://www.medicines.org.uk/emc/
medicine/16787. Accessed November 11, 2014.

28. Butrans (buprenorphine) Transdermal System for transdermal administration:
US prescribing information [online]; 2014. Available at http://www.purduep-
harma.com/pi/prescription/butranspi.pdf. Accessed July 30, 2014.

29. National Poisons Centre NZ. Buprenorphine. 11.11.14 ed. New Zealand: National
Poisons Centre; 2014.

30. McCance-Katz EF, Sullivan LE, Nallani S. Drug interactions of clinical impor-
tance among the opioids, methadone and buprenorphine, and other frequently
prescribed medications: a review. 4m J Addict. 2010;19:4-16.

31. Wedam E, Bigelow G, Johnson RE, Nuzzo P, Haigney M. QT-interval effects of
methadone, levomethadyl, and buprenorphine in a randomized trial. Arch Intern
Med. 2007;167:2469-75.

32. Budd K. Buprenorphine: a review. Evidence Based Medicine in Practice. 2002:1-24.
Newmarhet: Hayward Medical Communications.

33. Budd K, Collett BJ. Old dog — new (ma)trix. Br J Anaesth. 2003;90(6):722—4.

34. Lundorff L, Sjogren P, Hansen OB, Jonsson T, Nielsen PR, Christrup L.
Switching from high doses of pure mu-opioid agonists to transdermal buprenor-
phine in patients with cancer: a feasibility study. J Opioid Manag. 2013;9:255-62.

35. Analgesics used in chronic non-malignant pain. eI'G Complete [Internet].
Melbourne: Therapeutic Guidelines Limited; 2013. . [Revised 2012 Oct].

36. Skaer TL. Dosing considerations with transdermal formulations of fentanyl and
buprenorphine for the treatment of cancer pain. J Pain Res. 2014;7:495-503.

37. Yarlas A, Miller K, Wen W, et al. A randomized, placebo-controlled study of the
impact of the 7-day buprenorphine transdermal system on health-related quality
of life in opioid-naive patients with moderate-to-severe chronic low back pain.
J Pain. 2013;14:14-23.

38. Steiner DJ, Sitar S, Wen W, et al. Efficacy and safety of the seven-day buprenor-
phine 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;42:903-17.

39. Mitra F, Chowdhury S, Shelley M, Williams G. A feasibility study of transder-
mal buprenorphine versus transdermal fentanyl in the long-term management of
persistent non-cancer pain. Pain Med. 2013;14:75-83.

40. Miller K, Yarlas A, Wen W, et al. Buprenorphine transdermal system and quality
of life in opioid-experienced patients with chronic low back pain. Expers Opin
Pharmacother. 2013;14:269-77.

41. Steiner D, Munera C, Hale M, Ripa S, Landau C. Efficacy and safety of
buprenorphine transdermal system (BTDS) for chronic moderate to severe low
back pain: a randomized, double-blind study. J Pain. 2011;12:1163-73.

42. Ripa SR, McCarberg BH, Munera C, Wen W, Landau CJ. A randomized,
14-day, double-blind study evaluating conversion from hydrocodone/acetamino-
phen (Vicodin) to buprenorphine transdermal system 10 mug/h or 20 mug/h in
patients with osteoarthritis pain. Expert Opin Pharmacother. 2012;13:1229-41.

CLINICAL MEDICINE REVIEWS IN THERAPEUTICS 2015:7 l 9


http://www.la-press.com
http://www.la-press.com/clinical-medicine-reviews-in-therapeutics-journal-j166
http://www.medicines.org.uk/emc/medicine/16787
http://www.medicines.org.uk/emc/medicine/16787
http://www.purduepharma.com/pi/prescription/butranspi.pdf
http://www.purduepharma.com/pi/prescription/butranspi.pdf

Yang et al

&

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Conaghan PG, O’Brien CM, Wilson M, Schofield JP. Transdermal buprenor-
phine plus oral paracetamol vs an oral codeine-paracetamol combination for
osteoarthritis of hip and/or knee: a randomised trial. Osteoarthritis Cartilage.
2011;19:930-8.

Dworkin RH, Turk DC, Farrar JT, et al. Core outcome measures for chronic
pain clinical trials: IMMPACT recommendations. Pain. 2005;113:9-19.
Administration FaD. Guidance for Industry: Enrichment Strategies for Clinical
Trials to Support Approval of Human Drugs and Biological Products. Silver Spring:
Food and Drug Administration; 2012.

Hans G. Buprenorphine — a review of its role in neuropathic pain. J Opioid
Manag. 2007;3:195-206.

Koppert W, Thmsen H, Koérber N, et al. Different profiles of buprenor-
phine-induced analgesia and antihyperalgesia in a human pain model. Pain.
2005;118:15-22.

Likar R, Sittl R. Transdermal buprenorphine for treating nociceptive and neuro-
pathic pain: four case studies. Anesth Anal. 2005;100:781-5.

Fogliardi A. Transdermal buprenorphine (buprenorphine TDS) in post-herpetic
neuropathy. Paper presented at: International Forum on Pain Medicine, Sofia;
2005;1.

Canneti A, Luzi M, Di Marco P, et al. Safety and efficacy of transdermal
buprenorphine and transdermal fentanyl in the treatment of neuropathic pain in
AIDS patients. Minerva Anestesiol. 2013;79:871-83.

Leppert W. A successful switch from transdermal fentanyl to transdermal
buprenorphine in a patient with neuropathic pain: a case report. Am | Hosp Palliat
Med. 2014;31:101-4.

Weiner M, Sarantopoulos C, Gordon E. Transdermal buprenorphine controls
central neuropathic pain. J Opioid Manag. 2012;8:414-5.

Penza P, Campanella A, Martini A, et al. Short- and intermediate-term effi-
cacy of buprenorphine TDS in chronic painful neuropathies: research report.
J Peripher Nerv Syst. 2008;13:283-8.

Aurilio C, Pace MC, Passavanti MB, et al. Treatment of ischemic pain in
patients suffering from peripheral vasculopathy with transdermal buprenorphine
plus epidural morphine with ropivacaine vs. epidural morphine with ropivacaine.
Pain Pract. 2009;9:105-14.

Coplan P, Wentworth C, Downing J, Chilcoat H, Sessler N. Comparison of
overdose rates among patients prescribed buprenorphine patch, fentanyl, patch
and morphine in the UK. / Pain 2013;Conference: 32nd Annual Scientific Meet-
ing of the American Pain Society New Orleans, LA United States. Conference
Start: 20130509 Conference End: 11. Conference Publication: (var.pagings). 14
(4 Suppl. 1) (pp S82).

Walsh SL, Eissenberg T. The clinical pharmacology of buprenorphine: extrapo-
lating from the laboratory to the clinic. Drug Alcohol Depend. 2003;70:513-27.
Compton P, Canamar CP, Hillhouse M, Ling W. Hyperalgesia in heroin
dependent patients and the effects of opioid substitution therapy. J Pain.
2012;13:401-9.

Vanderah TW, Gardell LR, Burgess SE, et al. Dynorphin promotes abnormal
pain and spinal opioid antinociceptive tolerance. J Neurosci. 2000;20:7074-9.
Sabatowski R, Schwalen S, Rettig K, Herberg KW, Kasper SM, Radbruch L.
Driving ability under long-term treatment with transdermal fentanyl. J Pain
Symptom Manage. 2003;25:38-47.

Gaertner J, Radbruch L, Giesecke T, et al. Assessing cognition and psychomotor
function under long-term treatment with controlled release oxycodone in non-
cancer pain patients. Acta Anaesthesiol Scand. 2006;50:664—72.

Dagtekin O, Gerbershagen HJ, Wagner W, Petzke F, Radbruch L, Sabatowski R.
Assessing cognitive and psychomotor performance under long-term treatment
with transdermal buprenorphine in chronic noncancer pain patients. Anesth Anal.
2007;105:1442-8.

Wen W, Lynch SY, Munera C, Swanton R, Ripa SR, Maibach H. Application
site adverse events associated with the buprenorphine transdermal system: a
pooled analysis. Expert Opin Drug Saf. 2013;12:309-19.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Melilli G, Samolsky Dekel BG, Frenquelli C, Mellone R, Pannuti F. Transder-
mal opioids for cancer pain control in patients with renal impairment. J Opioid
Manag. 2014;10:85-93.

Plosker GL, Lyseng-Williamson KA. Buprenorphine 5, 10 and 20 pg/h trans-
dermal patch: a guide to its use in chronic non-malignant pain. CNS Drugs.
2012;26:367-73.

Boger RH. Renal impairment: a challenge for opioid treatment? The role of
buprenorphine. Palliat Med. 2006;20(suppl 1):s17-23.

Filitz ], Griessinger N, Sittl R, Likar R, Schuttler J, Koppert W. Effects of inter-
mittent hemodialysis on buprenorphine and norbuprenorphine plasma concen-
trations in chronic pain patients treated with transdermal buprenorphine. Eur ]
Pain. 2006;10:743-48.

Filitz J, Grieinger N, Sittl R, Likar R, Schuttler J, Koppert W. Effects of inter-
mittent hemodialysis on buprenorphine and norbuprenorphine plasma con-
centrations in chronic pain patients treated with transdermal buprenorphine:
A-720. Eur ] Anaesthesiol. 2005;34:186.

Mordarski S. Efficacy and safety of buprenorphine in patients receiving haemo-
dialysis. J Appl Ther Res. 2009;7:46-51.

Johnson RE, Fudala PJ, Payne R. Buprenorphine: considerations for pain man-
agement. J Pain Symptom Manage. 2005;29:297-326.

Atkinson TJ, Fudin J, Pandula A, Mirza M. Medication pain management in
the elderly: unique and underutilized analgesic treatment options. Clin Ther.
2013;35:1669-89.

Wahle K, Krings D, Schwenke K. [Pain therapy in the elderly: 7-day transder-
mal buprenorphine patch in clinical practice. Results of a non-interventional
study]. MMW Fortschr Med. 2013;155(suppl 1):25-31.

Al-Tawil N, Odar-Cederlof I, Berggren AC, Johnson HE, Persson J. Phar-
macokinetics of transdermal buprenorphine patch in the elderly. Eur J Clin
Pharmacol. 2013;69:143-9.

Al-Tawil N, Johansson H, Odar-Cederlof I, Berggren AC, Persson J. Transdermal
buprenorphine (Norspan) PK in elderly subjects. European Journal of Pain Supple-
ments 2011;Conference:7 Congress of the European Federation of Pain Chapters:
Pain in Europe VII, EFIC Hamburg Germany. Conference Start: 20110921 Con-
ference End: 4. Conference Publication: (var.pagings). 5 (1) (pp 148).

Karlsson J, Soderstrom A, Augustini BG, Berggren AC. Is buprenorphine
transdermal patch equally safe and effective in younger and elderly patients with
osteoarthritis-related pain? Results of an age-group controlled study. Curr Med
Res Opin. 2014;30:575-87.

Likar R, Vadlau E, Breschan C, Kager I, Korak-Leiter M, Ziervogel G. Compa-
rable analgesic efficacy of transdermal buprenorphine in patients over and under
65 years of age. Clin J Pain. 2008;24:536—43.

Khor KE. Treatment of chronic pain with opioid therapy. Australas Musculoskel-
etal Med. 2014;19:18-23.

Nicholas MK, Molloy AR, Brooker C. Using opioids with persisting noncancer
pain: a biopsychosocial perspective. Clin | Pain. 2006;22:137-46.

Kalso E, Allan L, Dellemijn PL, et al. Recommendations for using opioids in
chronic non-cancer pain. Eur J Pain. 2003;7:381-6.

Organisation WH. Cancer Pain Relief: with A Guide to Opioid Availability. 2nd
ed. Geneva: World Health Organisation; 1996.

Organisation WHO. Scoping Document for WHO Guidelines for the Pharmaco-
logical Treatment of Persisting Pain in Adults with Medical Illnesses. Geneva: World
Health Organisation; 2012.

Pergolizzi ], Boger RH, Budd K, et al. Opioids and the management of chronic
severe pain in the elderly: consensus statement of an international expert panel
with focus on the six clinically most often used world health organization step
IIT opioids (buprenorphine, fentanyl, hydromorphone, methadone, morphine,
oxycodone). Pain Practice. 2008;8:287-313.

Chou R, Fanciullo G, Fine P, Adler J, Ballantyne J, Davies P. Clinical guide-
lines for the use of chronic opioid therapy in chronic noncancer pain. J Pain.
2009;10:113-30.

10 l CLINICAL MEDICINE REVIEWS IN THERAPEUTICS 2015:7


http://www.la-press.com
http://www.la-press.com/clinical-medicine-reviews-in-therapeutics-journal-j166

