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Abstract Fentanylis a synthetic, highly selective opioid with
many desirable physicochemical properties, including a high
lipophilicity and predictable pharmacokinetics. These prop-
erties have an established record in the management of pain in
a variety of settings, particularly acute pain and breakthrough
cancer pain. Fentanyl was initially developed for parenteral
use; however, this is invasive and impractical in the outpatient
setting. Unfortunately, the high first-pass metabolism of fen-
tanyl makes oral formulations unfeasible. However, its high
lipophilicity allows fentanyl to be absorbed via a number of
other routes. Thus new formulations were designed to allow
non-invasive methods of administration. Transmucosal and
transdermal fentanyl formulations are well established, and
have proven useful in the settings of breakthrough cancer pain,
emergencies and in the paediatric population. The ion-
tophoretic transdermal system was developed to provide a
needle-free system of delivering bolus doses of fentanyl on
demand, a novel way of delivering patient-controlled opioid
analgesia. Transpulmonary administration of fentanyl
remains experimental. The aim of this review is to provide an
update on current non-parenteral fentanyl formulations, with
attention to their particular pharmacokinetics and features
relevant to clinical use in pain management.

D4 Stephan A. Schug
stephan.schug @uwa.edu.au

Chair of Anaesthesiology, Pharmacology, Pharmacy and
Anaesthesiology Unit, School of Medicine and
Pharmacology, University of Western Australia, Perth, WA,
Australia

Department of Anaesthesia and Pain Medicine, Royal Perth
Hospital, Level 2, MRF Building G Block, GPO Box X2213,
Perth, WA 6847, Australia

Department of Anaesthesia, Sir Charles Gairdner Hospital,
Hospital Avenue, Perth, Nedlands, WA 6009, Australia

Key Points

Fentanyl, originally developed for parenteral
intraoperative use in anaesthesia, has increasingly
become an opioid used by other routes of
administration.

The high lipidsolubility of fentanyl makes it as well
suited for transdermal applications as for fast-acting
transmucosal and transpulmonary use.

Therefore, fentanyl is now used in a wide range of
settings from chronic cancer and non-cancer pain to
acute postoperative and breakthrough pain.

1 Introduction
1.1 Initial Development

Fentanyl (N-(1-phenethyl-4-piperidyl)propionanilide) was
first structurally designed by Dr. Paul Janssen in December
1960 and was introduced into clinical practice in Europe as an
analgesic agent in 1963 [1]. The development was explicitly
driven by the desire to create a more lipid-soluble opioid than
those previously available, as the group realised that
lipophilicity was the key to faster onset and higher potency [2].
The use of fentanyl was initially restricted to intraoperative
parenteral administration as a component of anaesthesia.

1.2 Pharmacology

Fentanyl is a synthetic phenylpiperidine derivative with
potent p-opioid receptor activity, and some & and k-opioid
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receptor activity [3]. It is at least 100 times more potent than
morphine [4].

Fentanyl is a small and highly lipophilic molecule, with
a high octanol:water partition coefficient of 816. The low
ionization and high lipophilicity favours absorption across
biological membranes [5].

It is therefore particularly well suited for use via trans-
dermal and transmucosal routes of delivery, with
bioavailability in the range of 50-90%, significantly better
than other clinically used opioids [5, 6]. Fentanyl also
shows rapid penetration into the CNS, with a transfer half-
life (#,,ke0) of 4.7-6.6 min [6]. In addition to passive
diffusion, active transport systems have been described for
fentanyl uptake via the brain endothelium [7].

Fentanyl has a large volume of distribution (6 I/kg) [4].
Fentanyl is rapidly distributed from plasma into highly
vascularised compartments, before redistribution to mus-
cle and fat tissue occurs. After equilibration at these sites,
fentanyl is released back into the plasma, leading to its
long terminal elimination half-life of 3-8 h [8]. Therefore,
it has a short duration of action after single bolus
administration, but the duration of effect is increased due
to accumulation after multiple boluses or with a contin-
uous infusion.

Approximately 80% of fentanyl is bound to plasma
proteins, including acute phase proteins, with only free
fentanyl able to cross the blood brain barrier [9]. The
variable binding of serum fentanyl to plasma proteins may
contribute to observed variability of pharmacokinetic and
pharmacodynamic parameters between patients.

Fentanyl is primarily metabolised in the liver by the
cytochrome P450 (CYP) 3A4 isoenzyme system [10],
undergoing rapid and extensive first-pass metabolism via
oxidative N-dealkylation to norfentanyl and other inactive
metabolites [9, 11]. This accounts for its poor oral
bioavailability of less than 30%, and the lack of oral fen-
tanyl formulations [12].

Concomitant administration of fentanyl with drugs that
inhibit CYP3A4 activity (e.g., certain protease inhibitors,
macrolide antibiotics, azole antifungals, diltiazem and
verapamil) may result in an increase in fentanyl exposure
due to a reduction in its systemic clearances; this has led to
potentially fatal respiratory depression [2]. Approximately
75% of fentanyl is excreted via the kidney, with less than
10% as unchanged fentanyl, while about 9% of metabolites
are recovered in the faeces [8, 9].

In opioid-naive postoperative patients, fentanyl pro-
duces rapid and effective analgesia at minimum plasma
concentrations between 0.6 and 1.5 ng/ml [13]. Fentanyl
displays all opioid-related adverse effects, including nausea
and vomiting, pruritus, difficulty concentrating and som-
nolence at clinically relevant doses [9]. As with all other
opioids, dose-dependent respiratory depression is the most
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serious and potentially life-threatening adverse effect with
no ceiling effect [14].

1.3 New Formulations

The need for parenteral administration limited the useful-
ness of fentanyl in non-perioperative indications. It is
unnecessarily invasive, inconvenient and may lead to
complications such as haematoma, infection and nerve
damage. These limitations created a growing clinical and
commercial interest in the development of non-parenteral
fentanyl formulations, which began in the mid-1980s [6].

The first of these formulations entered the market in the
late 1980s in the form of a transdermal patch, initially
developed by the Alza Corporation and then marketed as
Duragesic® by Janssen Pharmaceuticals [2]. The main
advantage was the achievement of a steady-state fentanyl
plasma concentration ideal for the treatment of background
cancer pain. It became the commercially most successful
analgesic preparation of its time.

Transmucosal preparations were first introduced in the
USA in 1993, as Oralet®, a lollipop containing fentanyl for
transmucosal absorption in the setting of pediatric anaes-
thetic premedication [15]. It was not particularly com-
mercially  successful [2]. However, the rapid
pharmacokinetics of transmucosal fentanyl were found to
be ideal for management of breakthrough pain in cancer
patients.

Breakthrough pain is defined as a transitory exacerba-
tion of pain that occurs in cancer patients with otherwise
persistent pain, which is controlled with long-acting opioid
therapy [16]. Up to 50% of cancer patients suffer from
multiple, severe episodes of breakthrough pain, with
exacerbations having rapid onset within min, but of overall
short duration (median 30 min) [17]. These are often
undertreated due to concerns about the adverse effects of
opioids [18].

Traditionally, immediate-release oral opioids (e.g.
morphine, oxycodone) were used for treating breakthrough
pain. However, their generally slow onset and prolonged
time to maximum analgesic effect (of up to 60 min) made
them less than ideal for effective treatments for break-
through pain [6, 19].

Transmucosal fentanyl displays suitable pharmacokinet-
ics with rapid onset of analgesic effect, which is ideal for
the treatment of breakthrough pain [20]. Subsequently, a
modified version of the transmucosal fentanyl ‘lollipop’
was launched as Actiq® in the USA in 1998 for the treat-
ment of breakthrough pain in opioid-tolerant cancer
patients. It became extremely successful and revolutionised
the treatment of breakthrough pain [19].

Based on this success, a whole series of transmucosal
fentanyl preparations utilising sublingual, buccal and
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intranasal routes were developed for the same indication.
There is strong evidence that all such fentanyl preparations
are superior to immediate-release morphine preparations in
the treatment of breakthrough pain [21].

A transdermal system permitting patient-controlled
analgesia in the postoperative setting has been developed in
the form of iontophoretic transdermal fentanyl and, after
initial technical problems and a withdrawal from the
market, is now again marketed [22].

More recently, pilot studies have examined the use of
inhaled transpulmonary fentanyl, though their role in
clinical practice has yet to be determined.

Overall, these newer fentanyl formulations have per-
mitted the use of fentanyl in non-perioperative indications.
They have changed the management of pain in a variety of
clinical scenarios, including chronic and breakthrough
cancer pain, pre-hospital and critical-care settings, paedi-
atric patients and post-surgical patients. A summary of the
characteristics of these new formulations is presented in
Table 1.

2 Transmucosal Fentanyl

The pharmacokinetics of fentanyl delivered via oral and
nasal mucosa have been characterised throughout the
development of all the main fentanyl drug products that are
approved by the US Food and Drug Administration (FDA)
for the treatment of breakthrough cancer pain [23-27].
Knowledge of the pharmacokinetics of different formula-
tions may aid physicians in individualising therapy,
depending on the onset and duration of a patient’s pain.

2.1 Oral Transmucosal Fentanyl Citrate (OTFC)
2.1.1 Formulation

Oral transmucosal fentanyl citrate (OTFC) was the first
transmucosal fentanyl formulation, introduced as Actiq® in
the USA in 1998 and in Europe in 2002. Actiq® is a
sweetened lozenge containing fentanyl citrate that is
attached to a stick to help the patient sweep the medication
across the lining of the cheek [20]. OTFC is currently
available in six strengths: 200, 400, 600, 800, 1200, and
1600 pg. Dose-concentration linearity has been demon-
strated within this range of doses [28]. OTFC is approved
in general for breakthrough pain in adults with cancer who
are opioid tolerant [23].

2.1.2 Pharmacokinetics

Transmucosal administration allows intake via the oral
route whilst still largely avoiding first-pass metabolism.

This provides rapid access into the systemic circulation
with a higher bioavailability. Administration of the lozenge
takes approximately 15 min [23]. As the lozenge dissolves
in the oral cavity, approximately one-quarter of the total
dose is absorbed through the buccal mucosa, which is
responsible for early peak plasma fentanyl concentrations,
rapid onset of effect and high bioavailability. The median
time to maximum plasma concentration was 23 min after
the start of administration [6].

The overall bioavailability of OTFC also relies on
subsequent absorption after ingestion into the gastroin-
testinal tract. Around three quarters of the total dose is
swallowed and slowly absorbed from the gastrointestinal
tract. This portion achieves a lower bioavailability of
around 40% [29] with total overall bioavailability around
50% [6]. The gradual intestinal absorption maintains fen-
tanyl concentrations in the analgesic range (1-3 ng/ml) for
around 2 h [30].

2.1.3 Clinical Use

The rapid onset combined with short duration of effect
makes OTFC one attractive option for treatment of
breakthrough cancer pain. The recommended starting dose
of OTFC is 200 pg up to four times daily, with no more
than two lozenges used to treat an individual episode of
breakthrough pain [9]. The lozenge design also allows the
unit to be removed from the mouth if signs of excessive
opioid effects occur during administration [9]. Doses can
then be increased as required; suggested dosing guidelines
have been published [31]. A detailed analysis of pain
intensity, pain relief and duration of analgesia with IV
morphine and OTFC suggests a relative potency ratio of
8-14:1 [32].

The efficacy of OTFC has been compared with placebo
in a multicentre double-blind, randomised study of break-
through pain in opioid-tolerant patients with cancer [33].
Compared to placebo, better pain relief was reported with
OTFC at all time points from 15 min to 1 h after admin-
istration (p < 0.0001).

In a long-term safety study, OTFC (200-1600 pg) was
used to treat 38,595 episodes of breakthrough pain in 155
opioid-tolerant patients with cancer [34]. The patients
consistently gave global satisfaction ratings indicating the
pain relief provided by OTFC was very good or excellent.
OTFC was not more effective than placebo in ameliorating
dyspnea on exertion in cancer patients [35].

There is significant ‘off-label’ use described in patients
other than opioid-tolerant cancer pain patients with
breakthrough pain. Such use includes post-operative pain,
migraine, sickle cell disease, wound care, burns dressing
and procedural pain including in children as well as chronic
pain of non-malignant origin [9, 13]; it is of note that
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OTFC is specifically contraindicated in opioid-naive
patients, including use to manage acute and postoperative
pain in view of the high risk of respiratory depression.

There is an ongoing discussion on the potential use of
OTFC as an analgesic in the battlefield [36, 37]. This
notion is supported by a case series of 286 US soldiers who
received OTFC for analgesia and reported overall rapid and
safe analgesia [38].

Reported adverse effects of OTFC are typical of opioids
as described. Hallucinations and confusion have also been
reported in clinical studies of this formulation [39]. The
sugar content of the OTFC lozenge improves its palata-
bility for patients, but some concerns have been raised
regarding dental problems with prolonged and repeated use
[40].

There are several limitations to the OTFC as differences
in application technique may result in variable absorption
of the fentanyl dose. Absorption is reduced if the patient
has reduced saliva, applies the OTFC to the tongue or gums
rather than the buccal mucosa, chews the OTFC, has
ingested liquids that change the oral pH before OTFC
application or applies the product for less than or longer
than 15 min [29, 41]. In addition, OTFC may be difficult to
administer in patients who are severely disabled, lack
dexterity, have poor cognitive function or who are severely
fatigued [42—44]. In order to overcome some of these
limitations, other transmucosal fentanyl formulations have
been developed.

2.2 Fentanyl Buccal Tablet
2.2.1 Formulation

The fentanyl buccal tablet (FBT), marketed as Effectora®
in Europe and Fentora® in the USA, is based on an active
OraVescent® drug delivery technology to enhance fentanyl
dissolution and absorption in the mouth [45]. The five
strengths of FBT available are 100, 200, 400, 600, and
800 pg, proportional to increasing disk size. Dose-con-
centration proportionality has been shown from 100 to
1300 pg [46]. Use of FBT was approved in the USA in
2006 for treatment of breakthrough cancer pain in opioid-
tolerant adults. It was subsequently approved for the same
indication in Europe in 2008 [47].

2.2.2 Pharmacokinetics

OraVescent® drug technology activates both the dissolu-
tion and absorption of fentanyl from the tablet by pro-
ducing dynamic changes in the local pH [45]. As the tablet
dissolves, the local environment becomes more acidic
because of the dissolution of citric acid into carbonic acid
[28]. In this acidic environment, the available fentanyl

becomes almost completely ionized and highly soluble. As
the carbonic acid then dissociates into water and carbon
dioxide, the environment becomes less acidic. The dis-
solved fentanyl becomes more lipophilic and available for
rapid absorption across the mucosa [48].

The FBT has been designed to be placed within the
buccal cavity above a rear molar, between the upper cheek
and gum, and retained in place until it disintegrates after
14-25 min [49]. In contrast to OTFC, it does not require
active participation from the patient.

Because 50% of the fentanyl in FBT is absorbed trans-
mucosally, first-pass metabolism is bypassed to a greater
extent than with OTFC, hence a greater proportion of
fentanyl enters the systemic circulation [18]. A pooled
analysis of studies relevant to FBT pharmacokinetics,
suggests absolute bioavailability of 65%, linear propor-
tional absorption over the 100-800 pg dose range, an
average Tpya.x of 35-45 min, with 80% of the maximum
concentration maintained for 2 h [46].

2.2.3 Clinical Use

The effervescent delivery system of the FBT results in
faster and more complete mucosal uptake of fentanyl
compared with OTFC. The passive delivery system may
also improve drug delivery compared to self-administration
of a lozenge [50]. Clinically, this results in FBT providing
a slightly faster onset and a higher bioavailability than
OTEFC. Additionally, FBT is sugar free which reduces the
risk of dental caries compared with OTFC.

Key clinical trials investigating the efficacy of FBT have
mainly focused on opioid-tolerant cancer patients and
compared it against placebo. Double-blinded, randomized
placebo-controlled trials in more than 250 patients have
demonstrated that FBT provides effective treatment of
breakthrough cancer pain in adult cancer patients taking
maintenance opioid therapy for their persistent pain, with a
significant reduction in pain intensity as early as 10 min
after administration [51, 52]. Clinical efficacy has also
been demonstrated in patients with chronic, non-cancer
related pain including those with chronic back and neuro-
pathic pain, although these are not approved indications
[13, 51, 53].

An indirect mixed treatment comparison meta-analysis,
which compared the efficacy of buccal fentanyl with OTFC
and sublingual fentanyl citrate, indicates that FBT appears
to produce a better outcome for patients [21]. Specifically,
the results indicated a 2:1 likelihood that FBT would pro-
duce better pain relief than sublingual or oral transmucosal
fentanyl during the first 60 min after dosing. The apparent
advantage has been attributed to the active effervescent
action of buccal fentanyl, enhancing the rate and efficiency
of absorption.
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Adverse effects were similar to those described for
opioids in general; however, off-label use and improper
selection of patients or dose have led to safety concerns and
reports of respiratory depression and deaths [50].

2.3 Fentanyl Buccal Soluble Film
2.3.1 Formulation

Fentanyl buccal soluble film (FBSF) is an alternate for-
mulation of buccal fentanyl, which is approved for treat-
ment of breakthrough pain. It is marketed as Breakyl® in
Europe and Onsolis® in the USA [28]. In this formulation,
fentanyl is included in a film that adheres to the inside of
the cheek and delivers fentanyl across the buccal mucosa.
FBSF is currently available as 200, 400, 600, 800, and
1200 pg formulations. There is a dose-concentration pro-
portionality from 200 to 1200 ng [54, 55].

2.3.2 Physicochemical Properties and Pharmacokinetics

FBSF dissolves within 15-30 min, thereby releasing fen-
tanyl, which passively diffuses into the bloodstream
through the buccal mucosa. The bio-erodible muco-adhe-
sive delivery technology consists of two different layers
made of water-soluble polymeric films, one with a bio-
adhesive layer containing the active substance and one
inactive. The inactive layer isolates the bio-adhesive layer
from the buccal cavity, minimizing the amount of fentanyl
that is swallowed [55]. The absolute bioavailability is 71
with 51% absorbed through the buccal mucosa [54].

A low intra-individual variability (7-10%) and a much
higher inter-individual variability (23-39%) in pharma-
cokinetic parameters were found, suggesting a relative
reliable dose-to-dose predictability [56]. The inter-indi-
vidual variability emphasizes the need for dose titration in
an individual patient.

2.3.3 Clinical Use

The trials published so far compare FBSF exclusively with
placebo and show, not surprisingly, superiority in efficacy
here [57]. Comparisons with other transmucosal fentanyl
preparations are lacking so far.

2.4 Sublingual Fentanyl

2.4.1 Formulation

The sublingual formulation of fentanyl is a small tablet
(FST) composed of a combination of active drug particles
and water-soluble carrier particles coated with a muco-
adhesive agent [39]. A sublingual spray (FSS) has also
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been developed. These formulations have been designed to
be placed or applied to the deepest part of the sublingual
cavity and left to completely dissolve without chewing or
sucking.

Two sublingual fentanyl formulations are currently
approved for use in the USA. The sublingual tablet for-
mulation, marketed as Abstral®, is associated with rapid
dissolution and passive absorption through the mucosa
[58]. The tablet rapidly disintegrates when in contact with
the sublingual mucosa into an ordered mixture of fentanyl
combined with a soluble carrier [59]; the disintegration
times are in the range of 70—100 s [60]. Available strengths
are 100, 200, 300, 400, 600 and 800 pg. There is a dose-
concentration linearity from 100 to 800 pg [61, 62].

Another sublingual formulation in form of a FSS and
marketed as Subsys®, was approved by the FDA in 2012.
Available strengths are 100, 200, 400, 600 and 800 pig [58].

2.4.2 Pharmacokinetics

These formulations are designed to enable fentanyl to
dissolve quickly and utilise the known high vascularity of
the sublingual mucosa so the dose of fentanyl is absorbed
over about 30 min [18]. The onset of action is similar to
that of the fentanyl buccal tablet, with time to first
detectable plasma concentration at around 10 min [58].
Any fentanyl dissolved in saliva and swallowed is
absorbed orally and subject to first-pass metabolism that
decreases the effective dose of fentanyl [28]. The time to
Tmax ranges between 40 and 57 min and mean elimination
half-life is reported to be between 3 and 12.5 h [58]. Low
salivation affects the pharmacokinetics of sublingual
tablets negatively with later onset of effect and lower
Crmax [63].

In a direct comparison of the pharmacokinetics of FSS
and OTFC, mean Cmax values (0.81 vs. 0.61 ng/ml) and
bioavailability (approximately 76 vs. 51%) were higher
with FSS [64]. Effective plasma concentrations were also
reached much earlier with FSS and those at 10 min with
FSS were equivalent to those with OTFC at 60 min.

2.4.3 Clinical Use

Sublingual fentanyl preparations are generally well toler-
ated and are recommended for use in management of
breakthrough pain in opioid-tolerant adult patients with
cancer [65-67]. In a long-term study over 90 days, FSS
was effective, safe and well tolerated [68]. However, again
direct comparisons to other transmucosal preparations have
not been published. In comparison to oral morphine solu-
tion, FSS provided faster pain relief with higher patient
satisfaction [69]; mean doses required were 38 mg mor-
phine and 235 pg FSS.
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2.5 Intranasal Transmucosal Fentanyl
2.5.1 Formulations

The first intranasal fentanyl (INF) formulation available
was Instanyl® (Narcomed Danmark), which was approved
for use in opioid-tolerant patients with chronic cancer pain
in 2009 [70]. Instanyl® is currently available in three
concentrations: as 50, 100, and 200 pg diluted in 100 pl
per spray. Dose linearity has been demonstrated from 100
to 800 pg [71, 72].

Subsys® (Insys Therapeutics) delivers a nasal spray of
fentanyl in units of 100 or 200 pg via a delivery device
and was approved in the USA in January 2012. This is a
single-use system for the same group of patients that
allows for subsequent dose titration to a maximum of
1600 pg [70].

To enhance nasal penetration and lessen local irritation,
additives such as pectin, which form a thin gel over the
mucosa, have been added into newer spray formulations
such as NasalFent®, PecFent® and PecSys® [71].

A wide range of other fentanyl formulations has been
used intranasally; even the solution of fentanyl citrate
for intravenous administration can be delivered as a
nasal spray into one or both nostrils in droplet form,
with a therapeutic dose delivered in 1 or 2 sprays
[73, 74].

2.5.2 Pharmacokinetics

The nasal cavity is well suited for mucosal administration
of drugs because of its vascularity, large surface area and
thin barrier creating high tissue permeability [75, 76].
Nasal routes additionally deliver drugs directly to the
CNS site of action via the olfactory and trigeminal nerves,
vasculature, cerebrospinal fluid and the lymphatic system,
resulting in rapid central nervous analgesic effects
[77, 78]. The intranasal route may also have advantages
in patients with mucosal damage or salivary dysfunction
[79]. Plasma concentrations measured after INF admin-
istration compare well to concentrations after intravenous
injection [80] with bioavailability in the range of 90%
[81]. The onset of action is rapid (7 min) with a Ty, of
12—-15 min and duration of around 2 h. This compares
favourably for all pharmacokinetic parameters compared
to OTFC [82].

The extent of drug absorption from this formulation can
vary due to runoff via the pharynx, which is subsequently
swallowed and undergoes first-pass metabolism. When
used in combination with pectin, there is less potential for
runoff into the pharynx due to the gel nature of pectin
formulations [28]. However, in a comparative trial this did
not translate into clinical advantages [83].

2.5.3 Clinical Use

Intranasal application of drugs is a valuable option in situ-
ations where successful intravenous cannulation is difficult
to achieve, where nausea and vomiting makes oral dosing
problematic, and where training levels or circumstances are
not permissive for intravenous pain management [84]. Its
non-invasive nature and rapid onset of effect makes INF an
increasingly popular choice not only in management of
breakthrough cancer pain, but also of acute pain, particu-
larly in out-of-hospital care and within the paediatric
population.

Several studies have attempted to compare INF with
parenteral morphine in the paediatric population, and
results indicate that it is an effective analgesic that causes
minimal distress and no serious adverse effects were
reported [61]. Other studies have evaluated its use in
children with orthopaedic or other acute injuries presenting
to an emergency department. A dose of 1.5-2 ng/kg results
in maximum pain score reduction after 20-30 min, with
good analgesia achieved within 10 min [74, 85, 86]. Effi-
cacy and safety was even shown in 1- to 3-year-old chil-
dren [87].

INF used for the management of acute pain in adults has
also been shown to be safe, effective and generally well
tolerated. Among inpatients, several randomized trials
among adult orthopaedic, gynaecological and general sur-
gical patients found that INF had similar efficacy and side
effects to intravenous fentanyl [88-92]. A randomized,
crossover trial comparing INF and intravenous morphine
for procedural wound care in adult burns patients showed
similar efficacy [86]. However, the study does not provide
information about intensity of pain during wound care and
it is difficult to draw conclusions from this [84, 86]. A
meta-analysis of 16 randomised, controlled trials (RCTs)
found no significant analgesic differences between INF and
IV fentanyl in treatment of acute and post-operative pain
[84].

INF was even used for treatment of labour pain with
good efficacy, although some neonatal respiratory depres-
sion occurred [93].

INF in the out-of-hospital setting (ambulance service)
was safe and effective in 903 patients; a mean cumulative
fentanyl dose of 114 pg was used [94].

Superior analgesic efficacy of INF has been demon-
strated in the treatment of breakthrough cancer pain com-
pared to OTFC. In an open-label study, the intravenous
fentanyl solution delivered via the nasal route (dose
50-200 pg) proved effective, with two-thirds of cancer
patients achieving meaningful analgesia more rapidly
compared to OTFC 200-1600 pg [95]. More patients pre-
ferred the intranasal spray to OTFC and found it easier to
use. In a meta-analysis, INF was the most effective
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treatment of breakthrough cancer pain compared to oral
morphine and fentanyl by all other transmucosal routes
[96].

Specific adverse effects of intranasal fentanyl include
potential nasal congestion, epistaxis and a change of
nasociliary function following long-term use [70]. How-
ever, a study involving over 40,000 intranasal self-admin-
istrations of intravenous fentanyl citrate solution by 356
patients found no evidence of nasal toxicity [97]. This was
confirmed by a 6-month observational study, which found
no serious adverse effects over this period [98].

2.6 General Considerations on Transmucosal
Fentanyl

2.6.1 Comparative Meta-Analyses

In two meta-analyses of all transmucosal fentanyl prepa-
rations, they resulted in lower pain intensity and higher
pain relief scores at all time points compared to placebo or
oral morphine [99, 100]. Transmucosal fentanyl prepara-
tions also achieved better global assessment scores, but the
lack of head-to-head comparisons in the literature was
mentioned.

These findings were in principle confirmed in a network
meta-analysis, which was performed to overcome the lack
of direct comparisons [19]. Here INF, FBT and OTFC were
more effective (greater pain intensity difference PID) than
placebo 15 min after intake, with only INF rated as
resulting in a clinically meaningful effect (PID >2/10) at
this point of time. All transmucosal preparations showed
this effect at 30 min, but not immediate-release oral mor-
phine, which became superior to placebo only at 45 min.

The same superior efficacy of INF was also found in
another meta-analysis, which showed a PID of 1.7/10 at
15 min versus 0.4/10 for OTFC and 0.5/10 for FBT; again
immediate release oral morphine was the worst compara-
tor, deemed not an efficacious treatment of breakthrough
pain by the investigators [96].

2.6.2 Importance of Dose Titration

It is important to note that the effective dose of both OTFC
and buccal fentanyl cannot necessarily be predicted from
the dose of maintenance opioid therapy as there is no
clinical correlation [101]. For FSS, there is only a moderate
correlation even to the background transdermal fentanyl
dose [102]. Data from two double-blind, phase III clinical
trials with FBT indicate that the final effective dose for
individual patients can have a wide range from 100 to
800 pg for each episode of breakthrough cancer pain
[51, 52]. Similarly, titration of FSS dose found a range of
effective doses with 800 png (24.5%) and 1200 pg (20.4%)
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the most commonly identified effective doses; only 2.3% of
patients could not be titrated to an effective dose [103]. A
large European study on titration of FBT identified, that a
200 pg dose to start titration was as safe as a 100 pg
starting dose [104]. Furthermore, the wide inter-individual
response to opioids has been well documented in the past.
Therefore, the dose of rapid onset fentanyl should be
carefully titrated to avoid serious adverse consequences,
even in opioid-tolerant patients.

This claim is, however, contradicted by two studies from
the same group, which suggest that an effective and safe
dose of FBT can be identified without titration by using
doses proportional to the background opioid regimen
[105, 106]. A more recent publication suggests that an
effective and safe breakthrough dose of FST can be cal-
culated from the morphine rescue dose used effectively by
applying a conversion ratio of 1:50 [107].

Cautious dose titration is also important when a patient
is transitioning from one oral fentanyl product to another.
For instance, cases of respiratory depression have been
reported when dose-for-dose substitution from OTFC to
FBT was implemented [50]. This is not appropriate as the
FBT delivers significantly higher concentrations of sys-
temic fentanyl. Sublingual fentanyl has an even higher
bioavailability of up to 75%, which may pose the same
risks without careful dose titration.

2.6.3 Pharmacoeconomics

Concerns have been raised regarding the cost effectiveness
of transmucosal fentanyl products in comparison with oral
morphine for treatment of breakthrough cancer pain. In
some comparative studies with oral opioids, the number of
doses needed to obtain relief at 15 min was greater than ten
[99]. For this reason and possibly others, the National
Institute for Health and Care Excellence guidelines from
2012 explicitly recommend a trial of morphine before
utilising rapid onset fentanyl in the treatment of break-
through cancer pain [108]. However, the European Asso-
ciation of Palliative Care released guidelines in the same
year, recommending rapid onset fentanyl (either buccal or
nasal) as the treatment of choice for patients with break-
through cancer pain [109]. Given the difference in time to
onset, the authors suggest that fentanyl should be offered
for patients suffering with unpredictable fast onset and/or
short duration breakthrough pain.

A number of cost-effectiveness analyses on this topic
have been published. One found an incremental cost-ef-
fectiveness ratio of INF of 10,140 euros/quality-adjusted
life-year (QALY), thereby undercutting a threshold of
30,000 euros/QALY [110]. In Sweden, a study found with
high certainty that INF is the most cost-effective inter-
vention for breakthrough cancer pain [111]. Overall, there
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is a lack of useful pharmacoeconomic studies on the
treatment of breakthrough cancer pain [112].

2.6.4 Safety

As outlined above, the high potency of fentanyl and the
transmucosal delivery systems with rapid absorption
increase the risk of adverse effects, in particular when used
in opioid-naive patients. The American College of Medical
Toxicology has therefore published a position statement on
fentanyl preparations highlighting some of these concerns,
which are also contained in the transmucosal immediate
release fentanyl (TIRF) risk evaluation and mitigation
strategy (REMS) for use with transmucosal fentanyl for-
mulations released by the FDA [113].

2.6.5 Abuse Potential

Similar to all full p-opioid agonists, fentanyl is subject to
misuse and abuse with high addictive potential. It continues
to be one of the most widely available and therefore one of
most highly abused prescribed opioids in the community.

According to recent reports released by the US Center
for Health Statistics [114], fentanyl is amongst the top ten
drugs most frequently involved in overdose deaths from the
period 2010-2014. What is perhaps most alarming is that
the rate of drug overdose deaths involving fentanyl is rising
significantly, and more than doubled in a single year from
1905 deaths in 2013 to 4200 deaths 2014.

Within the range of different fentanyl formulations, the
transdermal fentanyl devices, particularly those with a drug
reservoir containing high doses of fentanyl, are especially
prone to abuse. Previously worn transdermal devices may
contain 28-84% of the initial drug [115], thus safe disposal
of used devices or patches is also paramount in preventing
abuse. Given that there is limited evidence for the use of
fentanyl outside the setting of acute pain or cancer pain, the
importance of appropriate patient selection must be
emphasized; and use outside these boundaries should
discouraged.

3 Transdermal Fentanyl

3.1 Transdermal Therapeutic Systems

3.1.1 Formulation

Transdermal fentanyl patches containing fentanyl in a
reservoir have been in clinical use since the 1990s [116].
There are two types of transdermal delivery systems cur-

rently available. The original transdermal therapeutic sys-
tem (TTS) was produced by Janssen, named Duragesic®; it

was followed by many generic formulations. Duragesic®
patches are available in 12, 25, 50, 75 or 100 pg/h
concentrations.

The initial TTS formulations consisted of a liquid fen-
tanyl drug reservoir separated from the adhesive layer by a
rate-limiting membrane, and ethanol as co-absorbent to
provide controlled drug release [117]. However, these
reservoir systems carried a risk of accidental leakage
resulting in release of the entire dose within a short period
of time [118]. They also carried a higher risk of abuse, due
to the high concentration of fentanyl present in the liquid
reservoir, which could be easily syphoned off [119].

Therefore, newer passive transdermal fentanyl formu-
lations exclusively use the matrix technique, with the drug
dissolved in an inert polymer matrix that controls drug
release [117]. This method diminishes the risk of incidental
drug leakage and complicates the extraction of the drug for
abuse [120]. However, abuse, overdose and even death can
still occur by applying the patches sublingually [121],
ingesting them [122] or by injection of fentanyl extracted
by boiling [123]. The high risk of ingestion is confirmed by
an in vitro study, which revealed that an average of 26 and
41% of 7.65 mg of fentanyl contained within a 75 pg/h
patch was released into gastric and intestinal fluid in 3 h,
respectively [124]. The newer matrix patch consists of only
two functional layers and a protective peel strip. The
pharmacokinetics and clinical effects of the matrix trans-
dermal device are similar to that of the original transdermal
device [125].

3.1.2 Pharmacokinetics

Transdermal fentanyl patches constantly deliver a certain
dose per hour over 72 h, so that theoretically a zero-order
delivery with a rate constant k, should be provided [6].
However, the initial movement of fentanyl into the sys-
temic circulation is not zero-order, as the drug needs to
cross skin and underlying tissue.

Fentanyl becomes detectable in the serum within 1-2 h
of application and therapeutic serum fentanyl concentra-
tions are achieved approximately 12—16 h after transder-
mal device applications [126-129]; steady-state
concentrations are usually only achieved with the second
patch administration at 24 h [125]. Peak analgesic effect
may vary with local conditions such as skin condition and
body temperature; there is a risk of unintentional opioid
overdose in febrile patients [130, 131] or in patients with
impaired skin integrity, e.g. by eczema [132]. Increased
absorption leading to toxicity has also been described with
exposure to high temperatures [133]. Absorption of TTS
fentanyl in cancer patients has also been found to be highly
variable, with lower absorption in older patients, and
variations depending on the type of cancer, with breast or
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gastrointestinal cancer associated with higher absorption
than lung cancer [134, 135].

The C,.x achieved ranges from 0.3 ng/ml for a 12 pg/h
transdermal device to 2.6 ng/ml for a 100 pg/h transdermal
device [126, 136]. In cancer pain patients, a dose of
100 pg/h of TTS fentanyl was equivalent to 240 mg mor-
phine/day [137]. Bioavailability of transdermal fentanyl is
approximately 92%; towards the end of the delivery
interval, the concentration gradient between the transder-
mal therapeutic system and the skin decreases until the
delivery ceases [138] leading to ‘end-of-dose failure’ in
some patients; poor adhesion may be another explanation
here [139]. The apparent half-life is around 16-22 h, due to
continued absorption from the subcutaneous depot during
the elimination phase [126, 129, 136].

3.1.3 Clinical Use

TTS fentanyl is well established in the treatment of cancer
pain [140] and may offer advantages over other opioids [141].
The maintenance of a relatively steady serum concentration
results in reduced side effects and improved efficacy [142].
Factors such as ease of application and convenience in an
outpatient setting also lead to improved therapeutic compli-
ance. As the release of fentanyl is continuous over 72 h, TTS is
more suitable for chronic pain management. TTS has, there-
fore, also been used in chronic pain of non-malignant origin,
although the usefulness of opioids in general in this indication
is limited [143]. In a comparative systematic review of
transdermal opioids in this indication, buprenorphine caused
fewer adverse effects than fentanyl [144]. It is not suited to
situations where pain may fluctuate, such as in the acute
postoperative phase as its long half-life is impractical for rapid
adjustments. Here, potentially life-threatening respiratory
depression has been observed [145].

The overall safety and tolerability of transdermal fen-
tanyl is favourable. Most reported adverse effects are
typical of opioids. Mild irritations at the application site
have been reported in around 25% of cases [146]. This can
be ameliorated by rotating the patch to different skin sites.
There appears to be a lower incidence of constipation
compared with slow-release oral morphine in patients with
cancer pain [140]. As with other opioids, concurrent use of
other sedatives, opioids, hypnotics or alcohol can cause
oversedation or unwanted respiratory depression and the
dose should be adjusted [147]. The period of greatest risk is
in the initiation phase of therapy prior to the development
of steady-state pharmacokinetics. Clinically relevant res-
piratory depression in patients with chronic pain on opioid
analgesics was not observed in three randomised trials
[148-150].

Economic evaluation has been evaluated in the treat-
ment of chronic moderate to severe pain, where
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transdermal fentanyl was compared with two long-acting
oral opioids [151]. In a conservative modelled analysis, the
fentanyl transdermal system led to increased quality-ad-
justed life-days (QALDs) at a nominal increased cost.

3.2 Iontophoretic Therapeutic Systems
3.2.1 Formulation

Tontophoresis is a method for transdermal administration
of ionisable drugs in which electrically charged compo-
nents are propelled through the skin by an external
electric field [152]. This process uses an imperceptible,
low-intensity, electric current to drive ionisable fentanyl
molecules from a reservoir across the stratum corneum
and into the systemic circulation [153]. Serum levels Cy,.x
and AUC increase with increasing current [154, 155]. The
iontophoretic therapeutic system (ITS) device offers a
pre-programmed, credit card-sized, needle-free system
that is designed to be activated by pressing the recessed
button twice within 3 s, with an audible beep and light-
emitting diode flash indicating a successful activation
[156].

The original fentanyl ITS comprised of a drug-con-
taining hydrogel sandwiched between two electrodes
arranged parallel to the skin surface, with the lower elec-
trode attached closely to the skin via an adhesive layer
[157]. Tt received European marketing authorisation in
January 2006 and FDA approval in May 2006 for this
indication. However, it was never launched in the USA due
to the detection of corrosion in a small number of samples
during storage caused by moisture from the hydrogels and
battery voltage being applied to the electronics during
storage [155]. There was also a high incidence of respira-
tory depression when used for treatment of acute pain [13].
The device was voluntarily withdrawn from the market
worldwide in September 2008 [158, 159]. At the time of
withdrawal, over 10,000 integrated fentanyl ITS devices
had been used in the EU by patients for postoperative pain
management [22].

The recently approved two-component fentanyl ITS
TonSys® device consists of a controller unit and a drug unit
designed to be assembled just prior to use. The controller
unit contains the electronics including an activation button,
a red light-emitting diode, a green light-emitting diode and
a dose counting display [22]. The drug unit contains two
hydrogel reservoirs, with the bottom of the unit covered
with a skin adhesive for attachment to the patient. The
separated system ensures that the hydrogels in the drug unit
and the electronic circuit of the controller are kept apart
during manufacture and storage, thereby preventing cor-
rosion of the electronics [159]. The new system is bioe-
quivalent to the previous version [155].
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3.2.2 Pharmacokinetics

The standard demand dose of fentanyl ITS is 40 pg
delivered over a 10-min period, hence allowing for up to
six doses per hour. Each system lasts for 24 h or a maxi-
mum of 80 doses, whichever occurs first. Bioequivalence
has been established between the original integrated fen-
tanyl ITS and the current two component fentanyl ITS
device. Dose-finding studies using an intravenous fentanyl
patient-controlled analgesia (PCA) system, deduced an
ideal bolus dose of 40 pg to maximise efficacy and mini-
mize respiratory depression [160].

Iontophoretic systems may provide both rapid onset
(within 15 min) and prolonged duration of analgesia [161].
After an initial 40 pg bolus administered over 10 min,
fentanyl plasma concentrations continue to increase for
approximately 5 min, resulting in a quick onset of effect at
approximately 15 min [6]. Steady-state absorption can be
attained approximately 10-12 h after initiation of treat-
ment; allowing fentanyl to accumulate within tissues, cre-
ating a longer elimination half-life and prolonged duration
of analgesia [156, 162]. In postsurgical patients, average
serum concentrations of fentanyl over a 24-h dosing period
ranged from 0.4 to 1.5 ng/ml with a median T},,x of around
23 h [162].

Absorption of fentanyl after ITS activation is similar
when the system is applied to the upper outer arm or chest,
but is approximately 20% lower when applied to the lower
inner arm [163]. Unlike traditional transdermal absorption,
iontophoresis does not form a drug depot within the skin
and passive absorption is minimal [164], thus no clinically
relevant fentanyl absorption occurs unless an electric cur-
rent is applied [13].

3.2.3 Clinical Use

Fentanyl ITS is indicated for the management of acute
postoperative pain in adults requiring opioid analgesia in
the hospital setting. The design of fentanyl HC1 ITS adds
convenience and ease of use to postoperative pain man-
agement practices. Unlike intravenous PCA methods, ITS
does not require tubing, poles or a pump apparatus, which
hinders patient mobility. It adheres to the patient’s upper
outer arm or chest using an adhesive backing, making it
less invasive than other patient controlled analgesic
options. Dosing parameters are fixed, which reduces the
risk of operator errors in programming [13]. As with all
PCAs, patients are able to titrate their own analgesia to
individual needs [153].

In well-designed, multicentre clinical trials, fentanyl ITS
was an effective and generally well tolerated method for
managing acute postoperative pain in inpatients who had
undergone major abdominal, thoracic or orthopaedic

surgery [165]. Overall, fentanyl ITS provided equivalent
analgesia efficacy to that with morphine patient-controlled
intravenous analgesia (PCIA) [166], but was perceived to
be more convenient and easier to use than morphine PCIA
by patients, nurses [167] and physical therapists [168].

Fentanyl ITS has been shown to be superior to placebo
and therapeutically equivalent to morphine intravenous
PCA as a method of pain control for the treatment of acute
postoperative pain in adult patients [165, 169]. In ran-
domised, double-blind trials, adult patients who had
undergone major abdominal, orthopaedic or thoracic sur-
gery showed superiority to placebo on all efficacy mea-
sures [170]. Patients receiving fentanyl ITS also had a
greater ability to mobilize after surgery than patients
receiving morphine PCIA [171, 172].

The convenience offered by the fentanyl ITS could
also be viewed as a double edged sword. Whilst it may be
better for patient mobility, it also has the potential to be
more easily concealed, stolen or abused compared with
other forms of PCA fentanyl [169]. Another limitation is
that it may only be used for a maximum of 24 h before it
must be discarded and replaced with a new system, which
has the potential to result in analgesic gaps [13]. It may
also result in unnecessary costs if a system is applied and
not used within 24 h [173]. Fixed dosing may be a lim-
itation in patients requiring a lower dose (e.g. hepatic
impairment, elderly patients) and those who require a
higher dose or background infusion (e.g. opioid-tolerant
patients).

Adverse events associated with fentanyl ITS are similar
to those associated with general opioid administration.
Nausea is the most frequently reported adverse event in
Phase III clinical trials, with incidence ranging from 31 to
67% compared to 25 to 60% in those receiving placebo
[170, 173]. Incidence of nausea, vomiting, pruritus and
headache is similar to that observed with intravenous
morphine PCA [174], although a later study from the
same group showed a lower incidence of opioid-related
adverse events with fentanyl ITS [175]. Fentanyl ITS has
been tested under X-ray exposure levels beyond those
associated with diagnostic X-rays and CT scans and under
exposure to radiofrequency fields and found to function
correctly [176].

4 Transpulmonary Fentanyl

4.1 Formulations

Pilot studies have examined the use of metered dose
inhalers or nebulised intravenous fentanyl solution as well

as liposome encapsulated formulations in human volun-
teers [86, 89, 90, 177, 178].
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4.2 Pharmacokinetics

Inhaled fentanyl can result in rapid analgesia, with a 7T},
of 2 min after administration of 300 png intravenous fen-
tanyl citrate solution [179]. Inhalation of liposome encap-
sulated fentanyl achieves a Ty,,x of 22 min [180].

The absorption of transpulmonary fentanyl is unreliable,
with bioavailability ranging from 12% with liposome-en-
capsulated fentanyl to close to 100% with free fentanyl,
with substantial inter-individual variability [13]. Duration
of action and half-life of transpulmonary fentanyl are
prolonged compared to intravenous fentanyl [70].

4.3 Clinical Use

Transpulmonary fentanyl for use in management of acute
or chronic pain remains experimental, although it is
appealing as a non-invasive method of delivering drugs
directly to highly vascularised tissue with a very large
surface area (~90 m2). It has been used successfully
within the context of palliation of patients with chronic
lung disease to relieve dyspnoea [181]. Although there
have been no reported significant adverse events reported
within the small pilot studies; recommendations cannot be
made without a larger body of evidence to support its use.

5 Conclusion

Over the past half century, fentanyl has proven to be one of
the most successful opioid analgesics. While initially
designed for parenteral use as a component of anaesthesia,
a large range of fentanyl formulations have shown use-
fulness in a variety of clinical scenarios, including man-
agement of acute and breakthrough pain in patients with
cancer, postsurgical patients, paediatric patients, pre-hos-
pital and critical-care settings. Transdermal formulations of
fentanyl are in particular suitable for use in management of
cancer pain. However, in view of increasing concerns
about the inappropriate use of opioids in the management
of many chronic pain conditions, in particular in Canada,
the USA and Australia, this indication needs to be con-
sidered with extreme caution [145].

As with use of any potent opioid agonist, the importance
of cautious dose titration cannot be overstated, as it is
essential to tailor the treatment to the individual patient and
reduce adverse effects. Fentanyl in its available formula-
tions is well tolerated in general with a good safety profile
when used responsibly; however, the high potency and ease
of administration carries a risk of inappropriate use and the
rapid effect a risk of abuse and addiction.

The more recently developed and now again available
iontophoretic system utilises modern technology to allow
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fentanyl to be delivered in a needle-free and patient-con-
trolled setting.

Due to its unique and favourable pharmacokinetics,
fentanyl is likely to remain a mainstay of treatment of pain
in many clinical scenarios. Newer fentanyl formulations
continue to offer promising features that produce effective
pain relief with a good safety and tolerability profile.
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