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Abstract Transdermal fentanyl is effective and well tolerated for the treatment of

chronic pain caused by malignancy and non-malignant conditions when adminis-
tered according to the manufacturer’s recommendations. Compared with oral
opioids, the advantages of transdermal fentanyl include a lower incidence and
impact of adverse effects (constipation, nausea and vomiting, and daytime drowsi-
ness), a higher degree of patient satisfaction, improved quality of life, improved
convenience and compliance resulting from administration every 72 hours, and
decreased use of rescue medication. Transdermal fentanyl is a useful analgesic for
cancer patients who are unable to swallow or have gastrointestinal problems.
Transdermal fentanyl forms a depot within the upper skin layers before
entering the microcirculation. Therapeutic blood levels are attained 12—16 hours
after patch application and decrease slowly with a half-life of 16-22 hours
following removal. Patients with chronic pain should be titrated to adequate relief
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with short-acting oral or parenteral opioids prior to the initiation of transdermal
fentanyl in order to prevent exacerbations of pain or opioid-related adverse
effects. Transdermal fentanyl can then be initiated based on the 24-hour opioid
requirement once adequate analgesia has been achieved.

The prolonged elimination of transdermal fentanyl can become problematic if
patients develop opioid-related adverse effects, especially hypoventilation.
Adverse effects do not improve immediately after patch removal and may take
many hours to resolve. Patients who experience opioid-related toxicity associated
with respiratory depression should be treated immediately with an opioid ant-
agonist such as naloxone and closely monitored for at least 24 hours. Because of
the short half-life of naloxone, sequential doses or a continuous infusion of the
opioid antagonist may be necessary. Transdermal fentanyl should be administered
cautiously to patients with pre-existing conditions such as emphysema that may
predispose them to the development of hypoventilation.

Transdermal fentanyl is indicated only for patients who require continuous
opioid administration for the treatment of chronic pain that cannot be managed
with other medications. It is contraindicated in the management of acute and
postoperative pain, as pain may decrease more rapidly in these circumstances than
fentanyl blood levels can be adjusted, leading to the development of life-threaten-
ing hypoventilation.

Cognitive and physical impairments such as confusion and abnormal co-ordi-
nation can occur with transdermal fentanyl. Therefore, patients should be instruct-
ed to refrain from driving or operating machinery immediately following the
initiation of transdermal fentanyl, or after any dosage increase. Patients may
resume such activities once the absence of these potential adverse effects is

documented.

Opioid analgesics are frequently administered for
the treatment of acute, postoperative and chronic
pain. Many patients can achieve adequate pain relief
with immediate-release opioids; however, the need
to take such medications every 3—4 hours can be-
come extremely burdensome. The use of long-acting
opioid preparations such as transdermal fentanyl for
the treatment of chronic pain often results in im-
proved analgesia, greater patient compliance, in-
creased convenience, fewer adverse effects and an
improved quality of life.[') More predictable serum
opioid levels may also be achieved with the use of
long-acting preparations and can result in less rein-
forcement of drug-taking behaviours.

The purpose of this review is to familiarise read-
ers with the pharmacology of, and clinical experi-
ence with, transdermal fentanyl and the benefits and
risks associated with its use.

© Adis Data Information BV 2003. All rights reserved.

1. Pharmacology

Fentanyl is a synthetic opioid in the phenylpiper-
idine series. The drug functions primarily as a QL
opioid receptor agonist and is estimated to be 80
times more potent than morphine as an analgesic.P!
Fentanyl is a highly lipophilic drug and is rapidly
transferred across the blood-brain barrier into the
CNS. 1 Fentanyl provides short-acting analgesic ef-
fects when administered intermittently by the oral,
subcutaneous or intravenous routes.[”!

Fentanyl is well suited for transdermal adminis-
tration because of its lipid solubility, high potency
and low molecular weight (286 g/mol). These
properties make it possible for therapeutic doses of
fentanyl to be absorbed through a relatively small
area of the skin. The noninvasive transdermal sys-
tem that provides controlled systemic delivery of
fentanyl for up to 72 hours was introduced in 1991
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in the US. The administration of transdermal fenta-
nyl has been described as an effective and well-
tolerated treatment for malignant and non-malignant
chronic pain.®-14

1.1 Transdermal Delivery System

Fentanyl administered using the transdermal de-
livery system is absorbed through a rate-limiting
membrane by passive cutaneous diffusion.!'>! Drug
release is driven by the concentration gradient that
exists between the saturated fentanyl solution in the
patch reservoir and the lower concentration in the
skin. Under normal physiological conditions, the
rate-limiting membrane releases fentanyl onto the
skin surface more slowly than the drug is absorbed
into cutaneous tissue and the microcirculation. For
this reason, overall control of fentanyl absorption is
dictated by the design of the transdermal system
rather than skin permeability, which can vary among
patients. The rate-limiting membrane reduces the
effects of interpatient variation in cutaneous perme-
ability by approximately 50%.!16!

Transdermal fentanyl patches are composed of a
removable protective liner and four layers: (i) a
backing layer composed of a clear polyester film
that serves as a physical barrier to prevent loss of
fentanyl and excipients into the environment; (ii) a
3-day reservoir of fentanyl dissolved in alcohol and
gelled with hydroxyethyl cellulose to enhance ab-
sorption; (iii) the rate-controlling membrane, com-
posed of an ethylene-vinyl acetate copolymer film,
that controls the rate of fentanyl delivery onto the
skin surface; and (iv) a fentanyl-containing silicone
adhesive layer that facilitates attachment to the skin,
permits free passage of drug and releases a loading
dose of drug upon initial application. The protective
liner shields the adhesive layer prior to application
and should be removed prior to use of the patch
(figure 1).0131

The release of fentanyl from the transdermal
system is characterised by two distinct phases fol-
lowing initial application. During the first phase, a
rapid loading dose is absorbed from the contact
adhesive. This is followed by a plateau phase in
which fentanyl is released from the patch reservoir

© Adis Data Information BV 2003. All rights reserved.
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Fig. 1. Cross-section of a transdermal fentanyl delivery system
(from Janssen Pharmaceutica,'” with permission).

at a constant rate.'¥ Transdermal delivery elimi-
nates gastrointestinal absorption and first-pass meta-
bolism. For these reasons, lower drug dosages may
be used, which results in a reduced incidence of
adverse effects and less gastric irritation.!"”!

Transdermal patches are commercially available
in four different sizes, which correspond to continu-
ous delivery rates of 25 pg/hour, 50 pg/hour, 75 pg/
hour and 100 pg/hour (table I). The surface area of
the transdermal system in contact with the skin is
directly proportional to the amount of fentanyl re-
leased into the cutaneous tissue and ultimately into
the systemic circulation (25 pg/hour per 10 cm2).110)
Multiple transdermal systems can be used to attain
delivery rates greater than 100 pg/hour. Trans-
dermal absorption of fentanyl is essentially the same
between the chest, abdomen and thigh.l'62°1 Each
system contains 0.lmL of alcohol per 10 cm? to
enhance the rate of drug flux through the rate-
limiting membrane and to increase the permeability
of the skin to fentanyl. Less than 0.2mL of alcohol is
released from any sized transdermal system during
regular use. The remaining components of the patch
are pharmacologically inactive.

Table I. Structure and composition of transdermal fentanyl delivery
systems!'”]

Delivery rate? (ug/h) Size (cm?) Fentanyl
content (mg)

25 10 25

500 20 5

750 30 75

100° 40 10

a Nominal delivery rate per hour.
b  For use only in opioid-tolerant patients.
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Skin temperature and peripheral blood flow do
not have a significant effect on fentanyl absorption
under normal physiological conditions.['>?!] How-
ever, a pharmacokinetic model suggests that fenta-
nyl blood levels could theoretically increase by ap-
proximately 33% if body temperature were to rise to
40°C (104°F) because of a temperature-dependent
increase in fentanyl release and/or increased skin
permeability.??!

1.2 Pharmacokinetics

Fentanyl is a lipid-soluble drug that forms a depot
within the upper skin layers and is then slowly
released into the microcirculation when adminis-
tered by the transdermal route. As a result, the
administration of transdermal fentanyl is associated
with delayed pharmacokinetics.['®23 Absorption of
fentanyl into serum occurs at a nearly constant rate
and begins approximately 4-8 hours after the initial
application of the transdermal system. However,
therapeutic fentanyl blood levels are not achieved
for approximately 12—16 hours.['823-25] Several stud-
ies have reported a delay between patch application
and peak fentanyl blood levels that ranges from 17
hours to 48 hours.?621 Pain relief is therefore
delayed for many hours following the initiation of
transdermal fentanyl or an increase in dosage.*"! For
this reason, transdermal fentanyl should not be used
as a treatment for acute pain or for acute exacerba-
tions of chronic pain that require opioid therapy.
Instead, such patients should be titrated to relief with
short-acting oral or parenteral opioids; initiation or
dosage adjustment of transdermal fentanyl for long-
term therapy may then be considered.!

Each transdermal system is labelled with a nomi-
nal flux that represents the average amount of drug
delivered into the systemic circulation each hour;
however, the actual rate of fentanyl delivery varies
during the 72-hour application period. There ap-
pears to be considerable variability in the actual
delivery rates and steady-state blood levels achieved
among different patients treated with patches of the
same nominal strength.[?4233% These differences are
due to interpatient variability in both skin permea-
bility and fentanyl clearance.l'® Gourlay et al.?*!
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reported significant discrepancies in delivery rates
when nominal 50 pg/hour (actual range 29-76 pg/
hour) and 75 pg/hour (actual range 48-213 pg/hour)
patches were applied to different patients. Despite
interpatient variability in skin permeability, differ-
ences in fentanyl clearance have the greatest influ-
ence on fentanyl blood levels.'S] As a result, it is
difficult to predict peak plasma concentrations for
individual patients. Fentanyl has a narrow therapeu-
tic range (0.6-3.0 pg/L) and adverse effects increase
in frequency at blood levels above 2 pg/L. Mini-
mum effective and toxic concentrations rise as toler-
ance to fentanyl develops; however, the develop-
ment of tolerance varies widely among patients. The
goal of transdermal therapy is to maintain fentanyl
blood levels within a range that produces adequate
analgesia without dose-limiting adverse effects.

Portenoy et al.’% have suggested that steady-
state fentanyl blood levels are achieved approxi-
mately 72 hours after the initiation of transdermal
fentanyl and remain stable with repeated administra-
tion. Steady-state blood levels are linearly propor-
tional to the nominal delivery rate of transdermal
fentanyl. However, steady-state levels vary between
patients because of individual differences in absorp-
tion characteristics and fentanyl clearance rates.['*!
At steady state, transdermal fentanyl produces sus-
tained fentanyl blood levels similar to those pro-
vided by a continuous intravenous infusion with the
same delivery rate.?324321 A bioavailability study
showed that 92% of the fentanyl dose delivered
from transdermal patches reaches the systemic cir-
culation.!'8 This suggests that the fentanyl is not
significantly degraded by the skin flora or cutaneous
metabolism.

Fentanyl continues to be systemically absorbed
from the cutaneous depot following removal of the
transdermal delivery system(s).?*>?* For this reason,
fentanyl blood levels decrease more slowly after the
discontinuation of transdermal fentanyl compared
with after the discontinuation of an intravenous infu-
sion of fentanyl. Blood levels slowly decline to
approximately 50% within 16-22 hours following
the removal of transdermal fentanyl,!'8232432 com-
pared with a half-life of 6.1 hours for intravenous

Drug Safety 2003; 26 (13)
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fentanyl.['8 Cases of blood levels rising immediate-
ly after patch removal have also been reported.?+33
However, mean total body clearance of fentanyl
following patch removal is similar to that for intra-
venous fentanyl. This suggests that the slow decay
time associated with transdermal fentanyl is prob-
ably the consequence of a cutaneous depot effect
rather than a lower clearance rate.**!

The prolonged elimination phase of transdermal
fentanyl can become extremely problematic if pa-
tients develop opioid-related adverse effects, espe-
cially hypoventilation. Adverse effects should not
be expected to improve immediately after patch
removal and may take many hours to diminish.
Patients who experience toxicity associated with
respiratory depression should be immediately treat-
ed with an opioid antagonist such as naloxone and
closely monitored for at least 24 hours. The duration
of hypoventilation following an overdose may last
longer than the effects of the opioid antagonist, as
the half-life of naloxone ranges from 30 to 81 min-
utes. Therefore, patients may require sequential
doses or a continuous infusion of an opioid ant-
agonist.[18:28:30]

Fentanyl is primarily metabolised by the human
cytochrome P450 (CYP) 3A4 isoenzyme system.!3¥
In humans, fentanyl appears to be mainly metabol-
ised by oxidative N-dealkylation to norfentanyl and
other inactive metabolites that do not contribute
significantly to observed activity. Within 72 hours
of administration, approximately 75% of an intrave-
nous dose of fentanyl is excreted in the urine, with
<10% representing unchanged drug.

The pharmacokinetic properties of intravenous
fentanyl do not appear to be significantly affected in
patients with compensated cirrhosis or renal insuffi-
ciency;* however, the effects of hepatic and renal
failure on the pharmacokinetics of transdermal fen-
tanyl have not been fully investigated. Theoretical-
ly, renal and hepatic failure could affect skin perme-
ability, regional blood flow, protein binding and the
clearance of fentanyl administered by the trans-
dermal route.?®! Transdermal fentanyl should be
used with caution in such patients and dosage should
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be decreased in patients who develop opioid-related
adverse effects.

Average skin thickness throughout the body, ex-
cept for certain areas such as the palms and soles, is
40um and ranges between 20 and 80um as a func-
tion of age, gender and race.[' Fentanyl blood
levels can increase by approximately 50% in pa-
tients with thinner skin (20um) and decrease by one-
third in patients with thicker skin (80um). If a patch
is applied to broken skin, fentanyl blood levels can
increase to five times normal values.[!?]

1.3 Effects of Age, Weight and Sex

Age does not appear to have a large impact on the
absorption kinetics of transdermal fentanyl. Two
small studies have shown that age has no significant
effect on peak/steady-state fentanyl blood levels or
the time required to achieve peak levels.[?”-*" These
reports suggest that elderly patients take 3—4 hours
longer to achieve peak fentanyl blood levels com-
pared with younger patients; however, the differ-
ence was not significant. In one study, the elimina-
tion half-life following removal of the transdermal
system was significantly (p < 0.05) greater in the
elderly (43.1 hours) compared with younger patients
(20 hours).?"]

The safety of transdermal fentanyl has not been
established in children and therefore its use is not
recommended for patients under the age of 12 years
or patients under the age of 18 years who weigh
<50kg (110 1bs); however, exceptions have been
made in young cancer patients. A small open-label
study on 13 opioid-tolerant paediatric cancer pa-
tients treated with transdermal fentanyl described
favourable outcomes with pharmacokinetic para-
meter estimates similar to those for adults.?%
Weight and sex are not known to have a large
influence on fentanyl pharmacokinetics; 62+ how-
ever, no studies have directly investigated the ef-
fects of these variables in patients treated with trans-
dermal fentanyl. Fentanyl pharmacokinetics may be
altered in elderly, cachectic and debilitated patients
as a result of poor fat stores, muscle wasting and
decreased fentanyl clearance.

Drug Safety 2003; 26 (13)
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2. Clinical Aspects

2.1 Chronic Cancer Pain

The efficacy and tolerability of transdermal fen-
tanyl for the long-term treatment of cancer pain has
been well documented in numerous stud-
ies.[%10.14.40-461 Although the WHO recommends oral
morphine as the standard pharmacological treatment
for moderate to severe cancer pain, one study report-
ed that 67% of patients with advanced cancer re-
quire two or more routes of administration during
the last 4 weeks of life.[*’! Transdermal fentanyl is
often administered to advanced cancer patients with
poor venous access or to patients who are unable to
tolerate oral medications as a result of gastrointesti-
nal problems such as nausea, vomiting, dysphagia,
malabsorption or bowel obstruction. In addition,
patients who experience inadequate pain relief or
unmanageable adverse effects are often switched
from one opioid to another in an attempt to identify a
more favourable analgesic.*8>!1 In these circum-
stances, transdermal fentanyl may provide more ef-
fective pain relief. Terminal cancer patients may
require parenteral opioids and frequent dosage ad-
justments during the final few days of life due to
fluctuating analgesic needs and/or the development
of adverse effects. In these situations, transdermal
fentanyl may not be an optimal treatment for end-
stage cancer pain.

As new evidence supporting the efficacy of
opioid substitution becomes available, the use of
transdermal fentanyl for the treatment of cancer pain
is likely to increase. Several clinical trials suggest
that transdermal fentanyl causes less nausea, vomit-
ing and constipation compared with other opi-
0ids.[29:102541:43.52531 The Buropean Association for
Palliative Care recently recommended transdermal
fentanyl as an effective alternative to oral morphine
in patients whose opioid requirements are stable.>*!
These reports may prompt some physicians to use
transdermal fentanyl as a first-line opioid for the
treatment of cancer-related pain.

It is recommended that cancer patients be titrated
to stable pain relief with short-acting oral or paren-
teral opioids prior to the initiation of transdermal
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fentanyl. Several reports describe the intravenous
administration of fentanyl by continuous infusion
and/or patient-controlled analgesia as effective
methods for dose-finding in cancer pa-
tients. 101435361 Patients were then successfully
converted from intravenous to transdermal fentanyl
using a 1 : 1 (intravenous : transdermal) conversion
ratio. Despite these recommendations, an open-label
trial recently the documented the safe and effective
use of transdermal fentanyl as a treatment for cancer
pain in opioid-naive patients and another group of
patients receiving only codeine.’”! Opioid-naive (n
= 14) and codeine-using (n = 14) patients initiated
therapy with transdermal fentanyl patches at a dos-
age of 25 pg/hour; immediate-release oral morphine
was used as a rescue medication. Five of the patients
remained on 25 pg/hour while the other patients
were switched to higher dosages. A majority (68%)
of the patients achieved good to excellent pain relief.
No cases of clinically relevant respiratory depres-
sion were observed. Common opioid-related ad-
verse effects were seen, and constipation was report-
ed by 3 (11%) of the patients. Moreover, >20% of
1005 patients included in a national survey on can-
cer pain were either opioid-naive or had only re-
ceived analgesics when required before initiation of
transdermal fentanyl.’®! However, the authors of the
survey emphasised that the use of transdermal fenta-
nyl in opioid-naive patients is inconsistent with the
recommendations of the WHO and suggest that only
experienced pain specialists should consider such a
practice and should use the lowest dosage available
(25 pg/hour).

A randomised open-label crossover study on 202
cancer patients showed that 54% preferred treatment
with transdermal fentanyl compared with 36% who
preferred sustained-release morphine (p = 0.037).12!
At the end of the trial, significantly more patients
found transdermal fentanyl to be more convenient
than morphine tablets and also reported less inter-
ruption in the daily activities of themselves and their
caregivers. Patients treated with transdermal fenta-
nyl reported less constipation (p < 0.001) and day-
time drowsiness (p = 0.015) but also reported greater
sleep disturbance (p = 0.004) and shorter sleep dura-
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tion (p = 0.008). A comparison between the two
groups showed no significant differences in analge-
sia, vomiting, dyspnoea, appetite loss or diarrhoea.

The results of a large cross-sectional study (n =
504) showed that advanced cancer patients treated
with transdermal fentanyl were more satisfied over-
all with their pain medication compared with those
who received sustained-release oral morphine (p =
0.035).51 The patients treated with transdermal fen-
tanyl also experienced a significantly lower frequen-
cy (p < 0.002) and impact (p < 0.001) of opioid-
related adverse effects. Measures of pain intensity,
sleep adequacy and physical symptoms demonstra-
ted no significant difference between treatment
groups. These results were despite the fact that
patients who received transdermal fentanyl were
significantly older (p < 0.001) and had significantly
lower functioning and well-being scores (p = 0.001).

Wong et al. performed a randomised open-label
study in which 40 patients were initially treated with
immediate-release morphine during a stabilisation
phase and then switched to either transdermal fenta-
nyl or sustained-release morphine.®! There were no
significant differences in analgesic efficacy or the
development of adverse effects between the two
study groups. In both groups, insomnia improved to
a significant degree during therapy. There was a
significant reduction in nausea and vomiting noted
in the group treated with transdermal fentanyl.

A national survey conducted in Germany on
1005 patients treated with transdermal fentanyl,
mostly for cancer pain, documented safe and effec-
tive use of the drug.’® The percentage of patients
who reported severe pain decreased from 50% on
day 1 to 14% on day 3, with 42% of the patients
continuing transdermal fentanyl until death. A ma-
jority of these patients receiving transdermal fenta-
nyl were satisfied with their treatment. Only 5% of
patients discontinued transdermal fentanyl because
of adverse effects. A retrospective analysis of 64
cancer patients switched from other opioids to trans-
dermal fentanyl documented improved pain relief or
fewer adverse effects in 50% of those studied.[*"!

© Adis Data Information BV 2003. All rights reserved.
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2.2 Chronic Non-Malignant Pain

The long-term treatment of non-malignant pain
with opioids has traditionally been rejected in the
US due to the perceived fears of addiction, toxicity
and tolerance.[*5! As a result, the use of opioids for
the treatment of chronic non-malignant pain remains
less well established than for cancer pain.[62631 Al-
though several studies have shown that opioids can
reduce non-malignant pain, the use of these drugs
for such purposes continues to be heavily debat-
ed.[+11-1364-681 Opjoid analgesics have recently be-
come advocated by some medical professionals for
the treatment of refractory non-malignant pain.[*6!
The limited available literature suggests that certain
patients with chronic non-malignant pain can
achieve meaningful analgesia using opioid therapy
without the development of unmanageable adverse
effects or aberrant drug-related behaviours.[*66.70]
Survey data suggest that the illicit use and/or diver-
sion of prescription drugs appears to be uncommon
in patients taking opioids for chronic non-malignant
pain.!711 Barkin et al. reported that fewer than 1%
of patients without a history of drug abuse develop
addictive behaviour when treated with opioids in
medical settings.[]

Data on the use of transdermal fentanyl for the
treatment of chronic non-malignant pain are still
scarce. One open-label study included 50 patients
with lower back pain that could not be adequately
controlled with oral opioids.[''! These patients were
switched to a dosage of transdermal fentanyl that
corresponded to their current use of oral opioids.
The dosage of transdermal fentanyl was then titrated
over the course of 9-12 days based on the supple-
mental use of oral opioids according to the manufac-
turer’s instructions, although 80% of patients re-
mained on a transdermal fentanyl dosage of 25 ng/
hour. Each patient was maintained on transdermal
fentanyl for a 1-month period. At the end of the
study, 86% of the patients experienced ‘overall ben-
efit’ from transdermal fentanyl as a treatment for
their lower back pain. Significant improvements in
pain relief (p < 0.0001) and disability (p = 0.016)
were identified with the use of transdermal fentanyl
compared with oral opioids. Overall, there was no

Drug Safety 2003; 26 (13)
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significant improvement in the quality of sleep as
assessed with the Verran Snyder-Halpern scale.
However, subscale analysis showed that the number
of night awakenings was significantly reduced (p <
0.014). The incidence of nausea and other mild
adverse effects, including constipation, local skin
reaction, lightheadedness or dizziness, sleepiness
and agitation, was comparable to that reported in
other studies on the use of oral opioids for chronic
non-malignant pain.[!

Dellemijn et al. conducted a 12-week open-label
prospective study on 48 patients with various non-
malignant neuropathic pain syndromes to assess the
efficacy of prolonged transdermal fentanyl ther-
apy.l'”l Eighteen patients (37.5%) withdrew from
the study prematurely because of insufficient pain
relief, adverse effects, or both. Nausea was the most
common adverse effect and was reported by more
than 80% of patients. Constipation was reported by
36% of patients. No serious adverse events such as
respiratory depression were observed. Seventeen
(35%) of the 48 patients reported satisfactory pain
relief with acceptable adverse effects. Thirteen pa-
tients decided to continue transdermal fentanyl after
completion of the study and eight patients were still
experiencing satisfactory pain relief 2 years later.

A randomised cross-over study (2 X 4 weeks) of
256 patients with various chronic non-malignant
pain syndromes was recently performed to compare
the efficacy and safety of transdermal fentanyl with
sustained-release morphine.l'3! A total of 196 pa-
tients completed the study. Average pain intensity
was significantly lower with transdermal fentanyl
compared with sustained-release morphine (p <
0.001), and 35% of patients reported adequate pain
control with transdermal fentanyl compared with
23% of patients using sustained-release morphine (p
= 0.002). Similarly, patients receiving transdermal
fentanyl reported that pain had less of an impact on
their behaviour, mood and activities of daily living
during treatment (p < 0.05). A higher proportion of
patients preferred transdermal fentanyl to sustained-
release morphine (65% vs 28%), whereas 7% of
patients expressed no preference. The main reason
for such a preference was better pain control, fol-
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lowed by greater convenience and fewer adverse
effects. Patients had higher overall quality-of-life
scores during treatment with transdermal fentanyl.
Constipation was experienced by 29% of patients at
the end of the transdermal fentanyl treatment period
compared with 48% of patients at the end of the
sustained-release morphine treatment period (p <
0.001), whereas nausea was more common with
transdermal fentanyl than with morphine (26% vs
18%). A higher number of patients withdrew from
the study due to adverse events experienced during
the transdermal fentanyl treatment period (10%)
compared with the sustained-release morphine treat-
ment period (5%).

A multicentre open-label trial was performed to
assess the efficacy and safety of transdermal fenta-
nyl in 532 patients with pain of non-malignant ori-
gin,[”3 of whom 301 (57%) completed the trial and
231 (43%) discontinued the treatment prematurely.
Of the patients who completed the study, 86% pre-
ferred transdermal fentanyl to their previous opioid
treatment (p < 0.01). The most frequent treatment-
related adverse events were nausea (31%), constipa-
tion (19%), and somnolence (18%). Respiratory de-
pression occurred in <1% of patients. Bodily pain
ratings improved from baseline on the Short Form
36 questionnaire.

Despite the encouraging results of these studies,
the administration of transdermal fentanyl for the
treatment of non-malignant pain still remains con-
troversial. Large well-controlled trials are needed to
establish guidelines for the administration of opioids
to patients with chronic non-malignant pain.

2.3 Acute and Postoperative Pain

Although most of the initial clinical experience
with transdermal fentanyl was obtained in the post-
operative setting,[823-23-321 the product is now con-
traindicated for the treatment of acute and post-
operative pain. The risk of life-threatening hypoven-
tilation outweighs the therapeutic benefits of
transdermal fentanyl in these populations of pa-
tients. Medical professionals should not be misled
by numerous clinical trials performed in the past to
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evaluate the use of transdermal fentanyl in post-
operative patients.

The delayed pharmacokinetics and variable inter-
patient responses associated with the use of trans-
dermal fentanyl make accurate dose-finding ex-
tremely difficult in patients with acute and post-
operative pain. Since acute and postoperative pain
tends to fluctuate and may improve rapidly, there is
no opportunity for accurate dosage titration with the
transdermal preparation. Patients with acute and
postoperative pain are often over- or under-dosed
since it is difficult to predict their transdermal fenta-
nyl dosage requirements without an adequate titra-
tion period. Additionally, most patients with acute
and postoperative pain are opioid-naive and, there-
fore, at higher risk for developing serious adverse
effects with the use of a long-acting opioid prepara-
tion associated with delayed pharmacokinetics.
Dangerously high serum fentanyl levels can occur in
such circumstances, especially if surgery is can-
celled or only mild pain is experienced. For these
reasons, the use of transdermal fentanyl for the
treatment of postoperative patients has been asso-
ciated with a high incidence of adverse effects and
hypoventilation.

In a controlled study involving 120 postoperative
patients treated with transdermal fentanyl, nine pa-
tients were withdrawn due to the development of
severe respiratory depression.[”* Another controlled
study in the postoperative population was discontin-
ued when 33% of the patients treated with trans-
dermal fentanyl developed respiratory rates of <10
breaths/minute.[”> The US FDA reported a 4% inci-
dence of respiratory depression when transdermal
fentanyl was used for postoperative pain.!”®! In addi-
tion, there have been several deaths attributed to the
use of transdermal fentanyl in the postoperative
setting.[77-78]

Although the use of transdermal fentanyl is re-
commended only for the treatment of chronic stable
pain states, a recent report on 74 consecutive pa-
tients treated with transdermal fentanyl for acute
pain due to mucositis from high-dose chemotherapy
and autologous stem-cell transplantation described
sufficient analgesia without the development of any
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severe adverse effects.” In addition, a prospective
cross-over study assessed the antiemetic activity of
transdermal fentanyl compared with standard emetic
treatment in cancer patients receiving high-dose cis-
platin.®% Despite the fact that these patients did not
have pain, treatment with transdermal fentanyl at a
dosage of 75 pg/hour was well tolerated and no
significant adverse effects were reported.

2.4 Guidelines for Use

Transdermal fentanyl is indicated only for pa-
tients who require continuous opioid administration
for the treatment of chronic pain that cannot be
managed with other medications such as short-act-
ing opioids on an as-needed basis or non-opioid
analgesics. Pain should be under relatively stable
control prior to the initiation of transdermal fenta-
nyl, since meaningful pain relief is not obtained until
12-16 hours after application. Transdermal fentanyl
is not recommended for the treatment of post-
operative pain, acute pain or uncontrolled chronic
pain. In these circumstances, pain may decrease
more rapidly than fentanyl blood levels can be ad-
justed with the use of transdermal fentanyl, which
can lead to the development of serious adverse ef-
fects such as hypoventilation.['”! Clinicians who pre-
scribe transdermal fentanyl should be familiar with
the detection and management of hypoventilation,
including the use of opioid antagonists.['”! Patients
and their relatives must also be educated to
recognise serious opioid-related adverse effects
associated with transdermal fentanyl and should be
instructed to immediately remove all transdermal
fentanyl patches and seek medical attention if any of
these symptoms develop.

Titration with short-acting oral or parenteral opi-
oids is generally recommended prior to the initiation
of transdermal fentanyl patches in order to ensure
timely analgesia and prevent serious adverse ef-
fects.’!! Patients can then be switched to trans-
dermal fentanyl after stable analgesia has been
achieved. Initial dose-finding with transdermal fen-
tanyl has been shown to result in a longer titration
interval and a greater risk of adverse effects.3!]
However, several recent publications have docu-
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mented the safe and effective use of transdermal
fentanyl for the treatment of cancer pain in opioid-
naive patients.’’*%) The initial dosage of trans-
dermal fentanyl should never exceed 25 pg/hour in
an opioid-naive patient started on therapy without
proper dose-finding using short-acting opioids.

Transdermal fentanyl 50, 75 and 100 pg/hour
should only be used in opioid-tolerant patients al-
ready taking >135 mg/day of oral morphine or the
equianalgesic dose of another opioid. Multiple
transdermal patches may be used concomitantly to
attain delivery rates higher than 100 pg/hour. The
maximum number of patches that can be applied is
determined by the area of suitable skin available.®?!
Patches may be applied at multiple different loca-
tions throughout the upper torso in order to achieve
the necessary dosage. No true ceiling effect exists
for fentanyl administered by the transdermal route,
and reports of patients receiving transdermal fenta-
nyl dosages as high as 1000 pg/hour or greater are
available.l*!l Nonetheless, at our institution, we usu-
ally administer transdermal fentanyl at a dosage no
higher than 500 pg/hour (100 pg/hour patches X 5).
The main reason for such practice is that higher
dosages require a larger skin application area, which
tends to become burdensome for patients. Conver-
sion to another form of long-acting opioid therapy
may be considered when very high dosages of trans-
dermal fentanyl are required for adequate pain re-
lief.1#!]

Residual fentanyl remains within the patch reser-
voir after 72 hours; however, the concentration gra-
dient is too low to maintain adequate diffusion into
the skin.!®3! For this reason, it is recommended that
transdermal fentanyl patches be replaced every 72
hours. Some patients may experience end-of-dose
failure earlier than 72 hours after patch application.
In such cases, an increase in transdermal fentanyl
dosage is suggested; however, certain patients will
require patch replacement every 48 hours. A recent
study on 51 patients showed that application inter-
vals needed to be shortened in 12 patients (23.5%)
during long-term treatment with transdermal fenta-
nyl.[*! Patches were changed on a 60-hour schedule
in six patients; however, three of these patients
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eventually required changes every 48 hours. The
other six patients were switched straight to a
48-hour cycle. Patch changes every 60 hours ap-
peared to be unnecessary and uncomfortable for
patients. This practice would require patch replace-
ment every 2.5 days, one in the morning and the next
in the evening. In cases where analgesia was not
maintained for 72 hours, the authors recommend
patch changes every 48 hours. Patches should not be
replaced more frequently than every 48 hours, as
24-hour renewals have been reported to cause in-
creased fentanyl blood levels and complications.?*!

When switching patients from oral or parenteral
morphine to transdermal fentanyl, clinicians should
follow these steps: (i) calculate the patient’s 24-hour
oral morphine requirement using the published equi-
analgesic table (table II); and (ii) determine the
corresponding transdermal dosage according to the
manufacturer’s recommendations (table III).
Clinicians must take care to ensure that a morphine
dose expressed as mg/day is converted to a trans-

Table Il. Equianalgesic potency conversion table.l'”? All IM and PO
doses in this chart are considered equivalent in analgesic effect to
IM morphine 10mg

Drug Equianalgesic dose (mg)

IMa.p PO
Morphine 10 60 (30)°
Hydromorphone 1.5 7.5
Methadone 10 20
Oxycodone 15 30
Levorphanol 2 4
Oxymorphone 1 10 (PR)
Diamorphine (heroin) 5 60
Pethidine (meperidine) 75
Codeine 130 200

a Based on single-dose studies in which an IM dose of each
drug was compared with morphine to establish the relative
potency. Oral doses are those recommended when changing
from a parenteral to an oral route.4

b Although controlled studies are not available, in clinical
practice it is customary to consider doses of opioid given IM,
IV or SC to be equivalent. There may be some differences in
pharmacokinetic parameters.

¢ The conversion ratio of parenteral morphine 10mg = oral
morphine 30mg is based on clinical experience in patients
with chronic pain. The conversion ratio of parenteral
morphine 10mg = oral morphine 60mg is based on a potency
study in acute pain.[8d!

IM = intramuscular; PO = oral; PR = rectal; SC = subcutaneous.
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dermal fentanyl dose expressed as pg/hour. Patients
should continue a short-acting opioid analgesic on
an as-needed basis during the initiation of trans-
dermal fentanyl since therapeutic fentanyl blood
levels will not be achieved for approximately 12—16
hours. Thereafter, patients may periodically require
supplemental doses of short-acting opioids for the
treatment of breakthrough pain.

The conversion from other opioids to transdermal
fentanyl has been investigated less thoroughly and
should therefore be performed with caution in order
to prevent exacerbations of pain and/or opioid-relat-
ed adverse effects. The general recommendation is
to determine the patient’s 24-hour opioid require-
ment and then calculate the equianalgesic dosage of
oral morphine using the published conversion table
(table II). The starting dosage of transdermal fenta-
nyl can then be determined based on the 24-hour
oral morphine requirement using the manufacturer’s
recommendations (table III).

Clinicians should be aware that the conversion
tables are based on single-dose studies in which low
doses of each drug were compared with morphine in
order to determine the relative potency. These con-
version tables were only intended for single-dose
opioid administration and none have been establish-
ed for use in long-term opioid therapy. Recent stud-
ies suggest that the published conversion tables un-
derestimate the potency of opioids when adminis-
tered on a long-term basis.3371 Moreover, the
manufacturer’s recommendations (table III) are con-
servative and only intended for converting patients
from oral morphine to transdermal fentanyl. These
recommendations should not be used in a reciprocal
fashion to convert from transdermal fentanyl to oth-
er opioids, as this practice could result in overdosage
and serious adverse effects.

Some patients may need to be switched from
sustained-release preparations of oral morphine and
oxycodone to transdermal fentanyl. In such cases,
initial application of transdermal fentanyl should
coincide with the patient’s final dose of sustained-
release oral opioid, since 12—16 hours are required
to achieve therapeutic fentanyl blood levels. Short-
acting oral or parenteral opioids (or non-opioid
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analgesics) should remain readily available as a
rescue medication during the transition period.

The use of intravenous fentanyl administered by
continuous infusion, patient-controlled analgesia or
a combination of the two has also been described as
an effective method for estimating hourly require-
ment for transdermal fentanyl.[%10:14.35.561 Patients
experiencing acute exacerbations of chronic cancer
pain or those who are unable to take oral medica-
tions may benefit from these titration methods. Pa-
tients in these studies were switched from intrave-
nous to transdermal fentanyl using a 1 : 1 (intrave-
nous : transdermal) conversion ratio following
titration to adequate pain relief with intravenous
fentanyl. A recent prospective case series on 15
consecutive cancer patients describes the use of a
1:1 (intravenous : transdermal) conversion ratio
and a two-step taper of the intravenous fentanyl
infusion over 12 hours in order to account for the
delayed therapeutic effects of transdermal fenta-
nyl.®3 The use of intravenous fentanyl may also
reduce the time required for titration and eliminate
any discrepancies that could arise from incomplete

Table Ill. Recommended initial transdermal fentanyl dose based
upon daily oral morphine dose.['”] In clinical trials, these ranges of
daily oral morphine doses were used as a basis for conversion to
transdermal fentanyl?

24-hour oral morphine requirement Transdermal fentanyl dose

(mg/day) (ng/h)
45-134 25
135-224 50
225-314 75
315-404 100
405-494 125
495-584 150
585-674 175
675-764 200
765-854 225
855-944 250
945-1034 275
1035-1124 300

a This table should not be used to convert from transdermal
fentanyl to other therapies, since this conversion to
transdermal fentanyl is conservative. Use of this table for
conversion to other analgesic therapies can overestimate the
dose of the new analgesic agent and result in overdosage.
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cross-tolerance if another opioid were used for
transdermal fentanyl dose-finding.

The delayed effects of transdermal fentanyl make
dose titration more difficult during exacerbations of
chronic pain. Another recent prospective case series
documents nine consecutive cancer patients who
were switched from transdermal to intravenous fen-
tanyl in a safe and effective manner using a 1: 1
(transdermal : intravenous)  conversion  during
chronic pain crises.!® In each of these nine patients,
all transdermal patches were removed and a continu-
ous infusion delivering intravenous fentanyl at the
same rate was started simultaneously. Patients were
also able to self-administer supplemental demand
boluses of intravenous fentanyl using patient-con-
trolled analgesia. Eight of these nine patients were
later switched back to transdermal fentanyl once
adequate analgesia was achieved using a 1 : 1 (intra-
venous : transdermal) conversion and 2-step taper
of the intravenous fentanyl infusion.!

Transdermal fentanyl patches should be applied
to a dry, non-irritated, non-hairy, non-irradiated flat
area of the skin such as the upper arm, chest or flank.
Patients may not become aware of a partially or
completely dislodged patch applied to the back. We
recommend pressing each patch in place for 30
seconds using the palm to provide adequate applica-
tion. Care should be taken to ensure that all edges of
the patch are well applied to the skin. When neces-
sary, hair at the application site should be clipped
rather than shaved in order to avoid skin abrasions
that can result in a higher risk of local effects and
systemic fentanyl absorption. Only water should be
used to cleanse the skin area prior to patch applica-
tion since soap, alcohol and other solvents may
irritate the skin or alter its permeability. Trans-
dermal fentanyl patches will not work properly and
may be unsafe to use if cut or damaged. An excess-
ive amount of fentanyl may be released too rapidly
into the body if the rate-controlling membrane is not
completely intact.

Patients can bathe, shower and swim while wear-
ing transdermal fentanyl patches. If one or more
patches fall off during exposure to water, all patches
should be removed and replaced once the skin is dry.
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Patches can be secured with adhesive tape if neces-
sary. If a patch dislodges from a patient and acciden-
tally adheres to the skin of another individual, it
should be immediately removed from that person
and a physician should be consulted. Patients should
be instructed to avoid exposure to external heat
sources such as heating pads, electric blankets, heat
lamps, saunas, hot tubs and heated waterbeds while
wearing transdermal fentanyl patches since elevated
temperatures result in increased fentanyl release.!'”!
Application sites should be rotated in order to de-
crease variations in fentanyl blood levels that may
result from the accumulation of subcutaneous skin
depots.BU

All patches should be simultaneously discarded
and replaced any time the dosage of transdermal
fentanyl is increased. For example, if the dosage is
being increased from 100 to 125 pg/hour, the 100ug
patch should be removed from the skin and new 100
pg/hour and 25 pg/hour patches should be applied.
This method ensures that all transdermal patches
will remain on the same replacement schedule in the
future.

The concomitant use of short-acting oral or par-
enteral opioids on an as-needed basis helps patients
maintain adequate pain relief during the initiation
and subsequent titration of transdermal fentanyl.
Patients should be told that they may temporarily
require rescue medications as frequently as every
3—4 hours during the initiation of transdermal fenta-
nyl therapy. Following the conversion to trans-
dermal fentanyl, patients should be monitored care-
fully and further titrated if necessary on the basis of
pain relief, adverse effects and supplemental opioid
use.

Some pain experts criticise the manufacturer’s
recommendations (table III) for switching patients
from oral morphine to transdermal fentanyl as being
too conservative. These clinicians warn that the
initial dosages of transdermal fentanyl calculated
using this conversion chart are inadequate and will
result in the undertreatment of many patients.®!
Studies based on the manufacturer’s conversion
chart have reported the need for frequent dosage
increases following conversion to transdermal fenta-
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nyl.”?) Several trials have reported that the manufac-
turer’s recommended starting dosages are too low
for approximately 50% of cancer patients switched
from other opioids to transdermal fentanyl.[®224
Nevertheless, the manufacturer’s recommendations
appear to provide a convenient, well-tolerated start-
ing dosage of transdermal fentanyl for many patients
provided that short-acting rescue medications are
readily available until adequate titration is achieved
152891 Short-acting opioid or non-opioid rescue medi-
cations should continue to be used for episodes of
breakthrough pain after an optimal dosage of trans-
dermal fentanyl is identified. The use of short-acting
opioid rescue medications such as immediate-re-
lease morphine, oxycodone and hydromorphone
may help to prevent opioid accumulation and toxici-
ty in the setting of background fentanyl blood
levels.®”) Many clinicians prescribe a dosage of
rescue medication equivalent to 10% of the total
24-hour fentanyl requirement.

Recently, a less conservative alternative dosage
algorithm for opioid-tolerant cancer patients has
been suggested based on the extensive clinical expe-
rience of several pain specialists.!®3 Using this con-
version ratio of 100 : 1 (oral morphine : transdermal
fentanyl), oral morphine 60 mg/day is equivalent to
transdermal fentanyl 0.6 mg/24 hours (25 pg/hour).
This 100 : 1 ratio is still viewed by some as being
too conservative, but is closer to the 70 : 1 equi-
analgesic ratio supported by another study.!

Additionally, the authors of a retrospective ana-
lysis of 64 cancer patients switched from other opi-
oids to transdermal fentanyl proposed a conversion
rate between 70 : 1 and 100 : 1 (slow-release mor-
phine : transdermal fentanyl).[®*) The authors pro-
posed a conversion ratio between 70 : 1 and 100 : 1
when switching from slow-release morphine to
transdermal fentanyl.

Evaluation of the analgesic efficacy of trans-
dermal fentanyl cannot be made for at least 24 hours
following initial patch application since fentanyl
blood levels continue to rise during this period. If
adequate analgesia is not achieved after 72 hours,
the initial transdermal fentanyl dosage may be in-
creased based on the supplemental use of short-
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acting oral opioids during the second or third days
following patch application (table IV). The manu-
facturer suggests that supplementary use of 90mg of
oral morphine over 24 hours is equivalent to a 25 pg/
hour increase in transdermal fentanyl. Thereafter,
we recommend that patients wear the higher dosage
for at least 3 days before any further adjustments are
made. Titration on a day-to-day basis makes no
pharmacokinetic sense because it takes longer than
24 hours to reach maximal fentanyl blood levels and
approximately 72 hours to reach steady-state blood
levels in most patients.[3%°!1 Patients who are taken
off transdermal fentanyl therapy for non-emergency
reasons should be gradually tapered off the drug or
switched to an alternative opioid preparation in or-
der to prevent withdrawal symptoms. We recom-
mend tapering patients off transdermal fentanyl in
25ug increments every 72 hours. Once all patches
have been removed, patients can use a short tapering
schedule of a short-acting opioid in order to prevent
any withdrawal symptoms. The exact dosage at
which transdermal fentanyl therapy can be discon-
tinued without producing signs and symptoms of
withdrawal is not known.

Used patches should all be removed, folded in
half so that the adhesive layer sticks to itself, and
immediately flushed down the toilet prior to their
replacement. Used patches may contain enough
residual fentanyl (28-84.4% of starting dose) to
cause serious toxicity in children, opioid-naive
adults and pets.®¥%?] Unused patches that are left
over from a prescription should be disposed in a
similar manner or returned to the pharmacy for
disposal. The pouch and protective liner should not
be flushed. Patches should remain in their protective

Table IV. Recommended dosage increases in transdermal fentanyl
based on supplemental breakthrough medication usel'”]

Oral opioid Breakthrough Recommended increase
medication used  in dosage of transdermal
(mg/day) fentanyl
Codeine 300 Add 25 ug/h (add patch
or change to higher
dosage patch)
Oxycodone 45

Hydromorphone 12
Morphine 90
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pouches away from the reach of children and pets
until needed for use.

Patients may experience cognitive and physical
impairments such as confusion and abnormal co-
ordination with the use of transdermal fentanyl.
Therefore, it is recommended that patients refrain
from driving or operating machinery following the
initiation of transdermal fentanyl or after any in-
crease in dosage of the drug. Patients may resume
such activities once the absence of these potential
adverse effects with transdermal fentanyl is docu-
mented.

2.5 Benefits

The numerous benefits associated with trans-
dermal fentanyl have been discussed throughout the
course of this manuscript. Administration of trans-
dermal fentanyl provides continuous controlled sys-
temic delivery of the potent opioid fentanyl for 72
hours in a non-invasive manner. Transdermal fenta-
nyl patches offer an attractive analgesic alternative
for cancer patients, especially those who are unable
to swallow or have gastrointestinal problems as a
result of their malignancy, such as nausea, vomiting
or bowel obstruction. Several studies have also
shown that transdermal fentanyl can be used as a
well tolerated and effective treatment for chronic
non-malignant pain.l''"'3 In addition, the parenteral
formulation of fentanyl can be administered intra-
venously to titrate patients to adequate pain relief
prior to the initiation of transdermal fentanyl.

Patients have demonstrated a lower incidence
and impact of adverse effects, a higher degree of
satisfaction, better quality of life, improved com-
pliance, decreased use of rescue medication and less
perceived guilt and/or shame regarding the need to
use opioids during treatment with transdermal fenta-
nyl compared with oral morphine.[?3:889.93.941 [ ower
incidences of constipation,>%10:254143.331 axative
use,®! nausea and vomiting, disrupted
sleep™ and daytime drowsiness??! have been de-
scribed in many studies comparing transdermal fen-
tanyl with other oral opioids. The adminstration of
opioids can cause systemic histamine release and
result in adverse effects such as pruritus. Histamine

[9,10,52,53]
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assays and skin wheal testing in humans indicate
that clinically significant histamine release rarely
occurs with fentanyl administration and was not
shown to occur at dosages as high as 50 pg/hour.l'”]

3. Adverse Effects

3.1 Respiratory

Hypoventilation is the most serious adverse ef-
fect associated with opioid therapy. Morphine and
fentanyl produce similar degrees of hypoventilation
at equivalent analgesic blood levels; however, the
delayed pharmacokinetic properties associated with
the use of transdermal fentanyl may result in pro-
longed respiratory compromise that requires se-
quential doses or a continuous infusion of an opioid
antagonist.['%283% Hypoventilation associated with
the use of transdermal fentanyl has been shown to
occur more frequently in the setting of acute and
postoperative pain, and use of the drug is now
contraindicated for such purposes.’*78 Trans-
dermal fentanyl should be administered cautiously
to patients with pre-existing medical conditions
such as emphysema that may predispose them to the
development of hypoventilation, since normal anal-
gesic doses of opioids may lead to respiratory fail-
ure. Numerous reports of serious respiratory effects
related to transdermal fentanyl have been described
in the literature and are well summarised in a review
by Grond et al.3®!

Although the following reports are intended to
remind readers that transdermal fentanyl can cause
life-threatening toxicity, severe respiratory compro-
mise is relatively uncommon when the drug is ad-
ministered according to the manufacturer’s suggest-
ed guidelines. A survey of 1005 patients treated with
transdermal fentanyl for the management of cancer
pain documented the development of dyspnoea in
seven patients and apnoea in one other patient.l8!
Two of these patients required artificial respiration
and recovered without sequelae. A 77-year-old man
developed postoperative respiratory failure follow-
ing a radical nephrectomy after receiving epidural
bupivacaine and diamorphine in addition to a 25 pug/
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hour transdermal fentanyl patch that had been initi-
ated 3 weeks earlier.!

Many reports of adverse respiratory effects asso-
ciated with transdermal fentanyl involve inappropri-
ate or illicit use of the drug.”’%8 A 17-year-old was
found dead on a heated waterbed after being pre-
scribed transdermal fentanyl for pain due to a wis-
dom tooth extraction.l”¥ Following an endoscopic
procedure performed under general anaesthesia, a
42-year-old woman treated with transdermal fenta-
nyl for cancer pain developed respiratory depres-
sion. A heating pad applied to her abdomen had
slipped onto the fentanyl patch applied to her
chest.”! A 57-year-old woman with a 75 pg/hour
transdermal fentanyl patch applied to her chest de-
veloped respiratory depression during repair of a
tibial stress fracture when an upper-body warming
blanket was placed intraoperatively.'®1 A 44-year-
old man was treated for approximately 1 year with
transdermal fentanyl 75 pg/hour for HIV neuro-
pathy. He became stuporous while engaging in out-
door activities in the summer heat.!'!! The rise in his
body temperature probably increased the systemic
absorption of fentanyl. A 19-year-old woman treat-
ed with transdermal fentanyl 100 pg/hour for acute
abdominal pain died at home from respiratory de-
pression.”” In another report, a transdermal patch
was unintentionally transferred from the skin of a
patient to the back of her 2-year-old grandson while
she was hugging him in bed.['%?] The child experi-
enced respiratory depression that resolved following
removal of the patch and the administration of
naloxone. One 22-year-old man with neuropathic
pain developed hypoventilation within 1 hour of
applying one-fourth of a 50 pg/hour patch that had
been cut into pieces.!!%%

A 31-year-old funeral home employee died from
fentanyl toxicity after removing a used patch from a
deceased person.'% However, the route that he
used to self-administer the residual fentanyl was not
known. Another 36-year-old man developed respira-
tory depression after heating and inhaling the con-
tents from a fentanyl patch.'! He collapsed im-
mediately after one inhalation with a respiratory rate
of 6 breaths/minute, a heart rate of 120 beats/minute
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and unobtainable blood pressure. He responded fa-
vourably to an injection of naloxone. Inhalation of
fentanyl results in greater systemic absorption and
high potential for overdose. One patient developed
respiratory arrest after injecting the contents of her
fentanyl patch into a central venous catheter.[1%!

A 31-year-old man presented to the emergency
department in respiratory arrest and died from fenta-
nyl overdose.['%1 During intubation, a transdermal
fentanyl patch (75 pg/hour) was recovered from his
buccal cavity and another patch (75 pg/hour) was
found on his right thigh. Post-mortem blood evalua-
tion revealed a venous fentanyl level of 17.2 pg/L.
The therapeutic range of fentanyl for analgesic use
is 1-3 pg/L. This patient’s drug screen was also
positive for benzodiazepines and cocaine. An
83-year-old woman with terminal cancer was found
dead with three 100 pg/hour fentanyl patches on her
chest.['%1 Fentanyl overdose was determined to be
the cause of death; however, it was never established
whether this was an accidental overdose, suicide,
assisted suicide or possible homicide.

3.2 Withdrawal Syndrome

Some patients have reported symptoms of acute
withdrawal despite adequate analgesia when
switched from sustained-release morphine to trans-
dermal fentanyl.[>19-1111 Symptoms included abdo-
minal pain, agitation, ‘flu-like’ symptoms and
sweating. Although the precise mechanism respon-
sible for withdrawal has not been clarified, the
symptoms improved with short-acting morphine and
have been attributed to physical rather than psycho-
logical dependence. Possible explanations for these
withdrawal symptoms may include differences be-
tween the drugs in terms of W receptor affinity/
specificity, pharmacokinetics or distribution profiles
at central and peripheral opioid receptors. A recent
report also describes the development of myoclonus
due to withdrawal from transdermal fentanyl.[!!?!

3.3 Other Risks

Many of the potential risks and adverse effects
associated with transdermal fentanyl have been de-
scribed throughout this manuscript. Table V illus-
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Table V. Summary of the adverse events that occurred in more than 1% of cancer patients during the premarketing clinical trials with

transdermal fentanyl (n = 153)17]

System Adverse event and incidence
1-2% 3-10% >10%
Cardiovascular Arrhythmia, chest pain
Digestive Flatulence Anorexia, diarrhoea, dyspepsia, Nausea, vomiting, constipation,
abdominal pain dry mouth
Nervous Tremor, abnormal co-ordination, Dizziness, nervousness, Somnolence, confusion,
speech disorder, abnormal thinking, hallucinations, anxiety, depression, asthenia
abnormal gait, abnormal dreams, euphoria, headache
agitation, paraesthesia, amnesia,
syncope, paranoid reaction
Respiratory Haemoptysis, pharyngitis, hiccups, Dyspnoea, apnoea
hypoventilation
Skin and appendages Rash, application site reaction Pruritis Sweating

(erythema, papules, itching,
oedema)

trates the frequency of adverse events that occurred
in more than 1% of 153 cancer patients during the
premarketing clinical trials with transdermal fenta-
nyl (dosage range 25-600 pg/hour).['”! Hypoventila-
tion is the most serious complication associated with
transdermal fentanyl and has been reported to occur
in 2% of cancer patients treated with the drug.[’®!
Fentanyl and morphine produce similar degrees of
hypoventilation at equivalent analgesic blood levels.
The risk of hypoventilation associated with trans-
dermal fentanyl increases in opioid-naive patients at
fentanyl blood levels >2 pg/L, especially in patients
with underlying pulmonary conditions or those who
are receiving other drugs that can cause respiratory
compromise. Fentanyl blood levels may be useful in
certain clinical situations; however, they do not re-
flect patient sensitivity to the drug nor should they
be used as a sole indicator of effectiveness or toxici-
ty.

Numerous clinical studies have reported that
transdermal fentanyl causes less constipation than
oral morphine.[>%10.2341.331 Degpite these findings,
transdermal fentanyl therapy can result in the devel-
opment of constipation and an appropriate bowel
regimen should be initiated when symptoms de-
velop. The incidence of nausea and vomiting in
patients treated with transdermal fentanyl was simi-
lar to that reported for morphine in some stud-
ies.[>%14 However, in other reports, transdermal fen-
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tanyl appeared to result in significantly lower rates
of nausea and/or vomiting.[®10-52.33

The incidence and severity of anorexia, urinary
disorders, sweating, dizziness and dry mouth in pa-
tients receiving transdermal fentanyl was either the
same or non-significantly lower than in those treated
with morphine.”8! Episodes of acute delirium have
been reported in patients treated with transdermal
fentanyl, but the symptoms eventually disappeared
after the drug was discontinued and fentanyl blood
levels decreased.[!!31141 Fentanyl does not usually
exert major effects on the cardiovascular system at
therapeutic dosages; however, some patients may
experience bradycardia, orthostatic hypotension
and/or fainting.!'”! For this reason, transdermal fen-
tanyl should only be used with caution in patients
with bradycardia.

Transdermal patches contain a relatively large
quantity of fentanyl in order to maintain an adequate
diffusion gradient across the skin (table I). Mar-
quardt et al. analysed the remaining contents of nine
transdermal patches and determined that 28—84.4%
of the original fentanyl content still remained after
72 hours of continuous use.’?! The authors also
demonstrated that these amounts of residual fenta-
nyl were sufficient for significant abuse and could
result in potentially lethal doses. They warned that
adequate disposal policies have not been established
and need to be implemented. Another report sug-
gests that approximately 40% of fentanyl remains
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following a 72-hour application of transdermal fen-
tanyl.33!

There have been several case reports of fentanyl
overdose resulting from exposure to a heating pad or
elevated body temperatures.[’8-191 However, no
previous studies have formally addressed the effects
of heat on transdermal pharmacokinetics. Heat is
expected to increase skin permeability and lead to
accelerated metabolism and elimination of trans-
dermal fentanyl.*®! An increase in body temperature
of 3°C is expected to increase maximal fentanyl
blood levels by 25%. Intracutaneous blood flow has
a significant effect on systemic uptake of fentanyl
from the cutaneous reservoir. An increase in skin
temperature from 32°C to 40°C leads to a gradual
increase in cutaneous blood flow to 10-15 times that
of controls as measured by Doppler flowmetry.[!3]
Under normal conditions, intersubject variability in
fentanyl absorption rate is probably only minimally
affected by skin site temperature, since the tempera-
ture remains relatively consistent among subjects.!!

A retrospective case series showed that nine out
of 18 cases of adverse exposures to transdermal
fentanyl required hospitalisation; however, all the
cases were related to intentional abuse of the drug
including excessive use, injection of fentanyl resi-
due, chewing and/or swallowing the patches.!'® One
of these nine patients died of anoxic encephalopathy
following cardiac arrest. Another patient in this se-
ries became mildly intoxicated after cutting his fen-
tanyl patch in half before application in order to
decrease the dosage. As a result, fentanyl spread
over a wider area of skin, causing increased system-
ic absorption.

The Drug Abuse Warning Network (DAWN) is a
national surveillance system that gathers data on
drug-related emergency visits.[''®) This information
focuses on drugs of abuse and is collected from a
national probability sample of non-Federal short-
stay hospital emergency departments. Cases that
involve persons between the ages of 6 and 97 years
and include evidence of intentional abuse or misuse
of a drug (drug abuse, drug dependence, recreational
use or suicide attempt) are reportable to DAWN.
Adverse reactions related to proper use or accidental
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ingestion/inhalation of a drug are not reportable.
Figure 2 illustrates the number of emergency depart-
ment visits compiled by DAWN related to the inten-
tional abuse or misuse of various opioids. Fentanyl-
related visits increased significantly from 1994 to
2001; however, the overall number remained rela-
tively small.

A summary of 21 uncontrolled trials revealed
that skin irritation was observed in 8-20% of pa-
tients wearing transdermal fentanyl patches, but
never resulted in withdrawal from a study.l*®! Local
erythema and itching has been attributed to an oc-
clusive effect and irritation rather than contact der-
matitis.!7!

Transdermal fentanyl is classified as pregnancy
category C. In animal studies, fentanyl has been
shown to impair fertility and to have embryocidal
effects; however, no evidence of teratogenic effects
has been observed. There are no well-controlled
studies on the use of transdermal fentanyl in preg-
nant women. Therefore, transdermal fentanyl should
be used during pregnancy only if the potential bene-
fits heavily outweigh potential risks to the foetus.
Transdermal fentanyl is not recommended for anal-
gesia during labour and delivery. Fentanyl is excret-
ed in human milk and is not recommended for use in
nursing women because of possible adverse effects
on their infants.[!”!

Coadministration of transdermal fentanyl and
other drugs that are metabolised by or inhibit the
CYP3A4 isoenzyme may result in decreased fenta-
nyl clearance rates.’* Patients who require such
drugs concomitantly with transdermal fentanyl
should be monitored carefully and dosage adjust-
ments should be made if warranted. Additionally,
inducers of CYP3A4 can increase fentanyl clear-
ance and may result in decreased effects of the
drug.13¥

CNS depressants (such as other opioids, anticon-
vulsants, sedatives, general anaesthetics, phenothi-
azines, tranquillisers, skeletal muscle relaxants, an-
tihistamines and alcoholic beverages) may produce
additive depressant effects when administered con-
comitantly with transdermal fentanyl. In these cir-
cumstances, hypoventilation, hypotension and

Drug Safety 2003; 26 (13)



968 Kornick et al.
25 000 O 1994
= 2001
21567
20 000 18 409
@ 15000
c
o
3
ks 10725
[e)
P4 9320
10 000
4069
5000 3252 3403
1099 710
28
0 _ 3
Hydrocodone Methadone Morphine Oxycodone Fentanyl

Fig. 2. Emergency department visits related to the intentional abuse or misuse of various opioids, 1994 and 2001. Data collected from a
national probability sample of non-Federal short-stay hospital emergency departments by the Drug Abuse Warning Network surveillance

system.[116]

profound sedation or coma may occur. Clinicians
should consider reducing the dosage of transdermal
fentanyl, the CNS depressant or both agents in order
to prevent the development of adverse effects.

4. Economic Aspects

The growing armamentarium of analgesic thera-
pies has generated greater interest in cost issues
related to the administration of opioid medica-
tions.['8 Cost considerations include not only the
price of pain medications themselves, but also the
additional equipment, consumables and medical as-
sistance required for administration. The costs asso-
ciated with transdermal fentanyl therapy are prob-
ably highest during the titration phase when in-
creased staffing and rescue medications are
required. Comparisons of average wholesale price
show that transdermal fentanyl is similar in cost to
an equivalent dosage of sustained-release morphine
(table VI); however, such estimates depend on the
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equianalgesic conversion ratio used and the sus-
tained-release morphine preparation considered.

No head-to-head clinical trials comparing the
costs of long-acting opioids have been performed to
date. A recent cost-utility modelling analysis show-
ed transdermal fentanyl to be more expensive than
controlled-release morphine or controlled-release
oxycodone for chronic moderate to severe pain in an
outpatient setting.!''”) Transdermal fentanyl had an
estimated cost of $US2491 during the first year of
therapy compared with $US2037 for controlled-
release morphine and $US2307 for controlled-re-
lease oxycodone (1997 values). However, trans-
dermal fentanyl was also associated with the highest
expected number of quality-adjusted life days
(QALDs): 244 compared with 236 for controlled-
release morphine and 231 for controlled-release
oxycodone. In this conservative analysis, trans-
dermal fentanyl resulted in increased QALDs at a
nominal increased cost. Further analysis will be
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Table VI. Acquisition costs of long-term opioid therapy: comparison of average wholesale prices in the US in 20012
Drug Dose® Schedule AWP per dose AWP per day
($US) ($US)°
Mild-to-moderate pain
Short-acting oral preparations
Codeine 60mg g4h 0.80 4.80
Dextropropoxyphene 100mg g4h 0.33 1.98
Hydrocodone (+ paracetamol 10mg g4h 0.53 3.18
[acetaminophen])
Oxycodone (+ aspirin/paracetamol) 10mg g4h 0.52 3.12
Moderate-to-severe pain
Short-acting oral preparations
Oxycodone, immediate release 20mg g4h 0.31 1.86
Morphine, immediate release 30mg g4h 0.31 1.86
Hydromorphone 8mg g4h 1.22 7.32
Levorphanol 4mg g6h 0.87 3.48
Transmucosal preparations
Oral transmucosal fentanyl citrate 200ug g6h 6.95 27.80
400ug g6h 8.93 35.72
600ug g6h 10.91 43.64
800ug g6h 12.90 51.60
1200ug g6h 16.87 67.48
1600ug g6h 20.83 83.32
Long-acting oral preparations
Oxycodone, controlled-release 60mg q12h 6.60 13.20
Morphine, controlled-release 90mg q12h 5.58 11.16
(MS Contin®)d
Morphine, controlled-release 150mg q24h 9.63 9.63
(Kadian®)d
Methadone 5mg g8h 0.09 0.27
Transdermal preparations
Transdermal fentanyl 25 ug/h q72h 12.33 4.11
50 pg/h q72h 20.37 6.79
75 ug/h q72h 32.63 10.88
100 pg/h q72h 40.65 13.55

a AWPs were averaged for all suppliers using the 2001 edition of RedBook™ for Windows version 4.0 (Medical Economics Data,
Montvale, NJ, USA). Costs to patients are variable and approximately 10-20% above AWPs for outpatients and 50-200% above
AWPs for inpatients. Costs to pharmacies are based on product volume discounts and can be considerably less than AWP.

b Doses are not intended to be equianalgesic.

¢ Mean AWP for available products multiplied by the number of doses required in a 24-hour period.
d Use of trade names is for product identification only and does not imply endorsement.

AWP = average wholesale price; qxh = every x hours.

required to assess the full economic benefits of
transdermal fentanyl compared with other opioids.

Transdermal fentanyl accounted for a 23% mar-
ket share of the long-acting opioids (outpatient, mail
order and long-term care prescriptions) dispensed
during the year 2000 in the US (figure 3).
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5. Conclusions

Chronic pain can be treated using a novel trans-
dermal delivery system that provides 72 hours of
controlled systemic delivery of the potent opioid
fentanyl. This non-invasive formulation is a valua-
ble therapeutic alternative to other long-acting
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Fig. 3. Relative market share of long-acting opioid prescriptions
dispensed during the year 2000 in the US, including outpatient, mail
order and long-term care prescriptions. Data from IMS Health, Na-
tional Prescription Audit Plus™.

opioid preparations, especially in cancer patients
with compromised gastrointestinal function. In ad-
dition, patients who experience inadequate pain re-
lief or unmanageable adverse effects are often
switched from one opioid to another in an attempt to
identify a more favourable analgesic. In these cir-
cumstances, transdermal fentanyl may be consid-
ered as an alternative opioid. The use of transdermal
fentanyl for the treatment of chronic pain is likely to
increase as additional evidence supporting the effi-
cacy of opioid substitution becomes available. Some
clinicians now prescribe transdermal fentanyl as
their first-line long-acting opioid.

Patients have reported a higher degree of satis-
faction, improved quality of life, better compliance,
decreased use of rescue medication and less per-
ceived guilt and/or shame regarding the need to use
opioids with transdermal fentanyl compared with
oral morphine. Lower incidences of constipation,
laxative use, nausea and vomiting, disrupted sleep
and daytime drowsiness have also been demonstra-
ted in many studies comparing transdermal fentanyl
with oral opioids. Transdermal fentanyl is contrain-
dicated as a treatment for acute and postoperative
pain, since these circumstances do not provide an
opportunity for reliable dose finding and can lead to
higher rates of opioid-related toxicity and hypoven-
tilation.

Fentanyl blood levels increase slowly after patch
application (12—-16 hours to reach therapeutic levels)
and decrease slowly after patch removal (half-life
16-22 hours). Patients should generally be titrated
to adequate pain relief with short-acting oral or
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parenteral opioids prior to the initiation of trans-
dermal fentanyl. This method helps accurate estima-
tion of transdermal dosage requirements and also
helps to prevent pain and adverse effects that can
occur as a result of the delayed onset of action of
transdermal fentanyl. Clinicians may consider using
intravenous fentanyl as a means of estimating trans-
dermal fentanyl requirements before therapy is initi-
ated.

The pharmacokinetic delays associated with
transdermal fentanyl can result in the development
of prolonged life-threatening toxicity. Adverse ef-
fects should not be expected to diminish quickly
following removal of transdermal fentanyl patches,
and may take many hours to improve. Patients and
their relatives must be instructed how to recognise
symptoms of serious opioid-related toxicity such as
hypoventilation and cognitive impairment. Any pa-
tient who develops these symptoms requires urgent
medical evaluation following immediate removal of
all transdermal fentanyl patches from the skin. Pa-
tients who experience hypoventilation should be
immediately treated with an opioid antagonist and
closely monitored for 24 hours. As a result of the
depot effect associated with transdermal fentanyl,
these individuals may require sequential doses or a
continuous infusion of opioid antagonist. Trans-
dermal fentanyl is a well tolerated and effective
treatment for chronic pain. The benefits of trans-
dermal fentanyl outweigh the potential risks when
administered appropriately according to the correct
guidelines summarised in this manuscript.
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