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Introduction: Opioid dependence is a chronic relapsing disorder that shows

excess mortality and comorbidity with somatic and psychiatric disorders.

Methadone and buprenorphine/naloxone are widely accepted and are used

as first-line maintenance treatments for opioid dependence. Fatal intoxi-

cations with these agents, risk of diversion, and accidental intoxications,

especially in children, are apparent risks and are of increasing public concern.

Buprenorphine/naloxone sublingual tablet is an established treatment for

opioid dependence. A novel buprenorphine/naloxone film has been devel-

oped with improved pharmacokinetics and a hopefully lower risk of diversion

and accidental intoxications.

Areas covered: This review evaluates the available preclinical and clinical data

on the novel buprenorphine/naloxone film for the treatment of opioid

dependence. Literature was identified though a comprehensive PubMed

search and data sources included official FDA information.

Expert opinion: This is an interesting new formulation of a well-established

medication in opioid dependence. However, few data have been published

on its safety and efficacy. In an experimental study, the new formulation

suppressed symptoms of opioid withdrawal as expected. Results of an unpub-

lished study made public by the FDA suggest a spectrum of adverse events

similar to that of the conventional sublingual tablet. Some data show patients

may prefer the novel film over the sublingual tablet. The estimated lower risk

for diversion and especially for accidental poisoning in children cannot be

assessed in clinical studies but requires data from emergency room visits.

Keywords: buprenorphine, buprenorphine film, naloxone, opioid dependence, opioid receptors,

opioids, therapy
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1. Introduction

Opioid dependence is a chronic medical disorder defined by a cluster of somatic,
psychological, and behavioral symptoms. The non-medical use of opioids, including
heroin, represents a major public health problem: the worldwide prevalence of
opioid use disorders is 0.4% in individuals aged 15 -- 64 years, with some 12 million
heroin users worldwide [1,2]. In Europe, the average prevalence of problematic
opioid use is estimated to be 3.6 -- 4.4 cases per 1000 population aged 15 -- 64
years [3]. This corresponds to approximately 1.35 million affected individuals in
Europe. In the United States, the 12-month prevalence of drug abuse in general,
with and without dependence, was recently estimated at 5.7% [4]. Approximately
3.7 million individuals have used heroin at least once in their lives, and
750,000 -- 1,000,000 individuals are currently heroin dependent [5]. The World
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Health Organization (WHO) estimates that the burden of
harm from opioid use is 11.2 million disability-adjusted
life-years (DALYs; [6]).
The endogenous opioid system has been extensively studied

over the past decades but the exact neurobiological mecha-
nisms underlying opioid dependence, compulsive drug use,
and drug seeking are not entirely understood [7-9]. Three major
classes of opioid receptors have been characterized -- mu,
kappa, and delta (µ, k, and d) [10]. Mu and kappa receptors
are located in the gray matter of the spinal cord, limbic system,
thalamus, ventral striatum, and brainstem and delta receptors
throughout the whole gray matter of the telencephalon.
Beta-endorphins are endogenous ligands for mu and delta
receptors, enkephaline for delta receptors, and dynorphine
predominantly, but not exclusively for kappa receptors [11-14].
Mu receptors play an essential role in mediating the

analgesic and euphoric effects of opioids, in respiratory
depression and also in physical dependence. There are at least
two subtypes of mu receptors, µ1 and µ2. The µ1-receptor
subtype mediates analgesia and euphoria, the µ2-subtype
respiratory depression [7]. The opioid system is linked to other
neurotransmitter systems, and opioids also modulate
dopamine release in the mesolimbic system and nucleus
accumbens, the key structure in addiction [15,16]. Trigo et al.
[17] suggested a model in which enkephalinergic interneurons
in the ventral tegmentum release enkephalins that act via pre-
synaptic mu receptors on GABAergic neurons and indirectly
induce dopamine release in the nucleus accumbens. In addi-
tion, experimental data indicate that opioids in the hypothal-
amus control dopamine levels in the nucleus accumbens [18].
Neuroimaging studies, in particular PET studies using

opioid receptor ligands, have substantially increased our
knowledge about the plasticity of the opioid receptor system,
its relationship to reward processing [19] and how different
drugs act at the opioid receptor. At clinical doses, buprenor-
phine occupies the mu-opioid receptor near maximum [20].
For buprenorphine, receptor occupancy of 50 -- 60% is
required to suppress the withdrawal symptoms [21]. PET
studies indicate that mu-opioid receptor binding may
predict the outcome not only of opioid but also of cocaine
dependence [22].

2. Overview of the market

A number of psychosocial approaches and therapies with the
goal of abstinence from opioids have proven efficacy in opioid
dependence, but the overall abstinence rates are low and
hardly exceed 20% [23].
Long-term studies among opioid-dependent individuals

indicate a low abstinence and high mortality rate [24-29]. A
recent comprehensive review by Degenhardt et al. [28] of 58
prospective studies reporting mortality rates from opioid-
dependent samples found an overall all-cause mortality of
2.09 per 100 person years. Other studies estimate the
mortality of untreated heroin dependence at 1 -- 3% per year

and thus 13 times higher than for the general population [19].
Termorshuizen et al. [17] reported follow-up data of a large
sample of opioid users and demonstrated that at least 27%
(probably 38%) of them had died within 20 years after starting
regular drug use. Similar data (37.8% fatal outcome over 20
years) have been published for Norway, with an estimated
standard mortality rate of 23.6 [25], and from other European
studies [24]. The European Monitoring Centre for Drugs and
Drug Addiction [3] concluded that problem drug users have a
10 to 20 times higher mortality risk than their peers.

Maintenance treatment with full or partial opioid agonists
has proven efficacy in reducing opioid consumption, criminal
behavior, and psychosocial and medical morbidity, including
rates of HIV and hepatitis B virus (HBV) infections, as
indicated by many studies and meta-analyses [30-33], and has
changed the therapeutic options for opioid-dependent
individuals dramatically over the past two decades. Metha-
done is a full agonist at the mu-opioid receptor. A very
substantial body of literature has shown that methadone
increases retention rates and social functioning in opioid
addicts [30,33-37]. Numerous long-term studies indicate that
methadone and buprenorphine reduce opioid use and its
associated harms [32,38]. Still, there are persistent concerns
about diversion of methadone, concomitant drug use, and
especially mortality in opioid-maintained patients [39].

3. Introduction to the compound

Search strategy method: Medline and PubMed were used to
identify possible publications (buprenorphine film only two
hits). In addition, an internet search via Google was per-
formed using the term “buprenorphine film” and finally the
manufacturer Reckitt Benckiser was addressed for additional
or unpublished material. In addition some researchers were
addressed directly for further information.

Numerous studies have proven the efficacy of buprenor-
phine or its combination with naloxone in reducing substance
use and improving social and clinical functioning in
opioid-dependent individuals [36,40-42]. All major treatment
guidelines [5,37,42-45] and reviews [34,35,46-48] recommend both
methadone and buprenorphine as effective and first-line
medications in the treatment of opioid dependence. In
addition, there is some evidence that buprenorphine is
effective in reducing comorbid cocaine use [49]. Misuse and
diversion of buprenorphine and the buprenorphine/naloxone
combination are still matters of concern [50-52], although
Cicero et al. [53] pointed out that the misuse potential of
buprenorphine is lower than that of methadone, oxycodone,
and hydrocodone, and that it is rarely the primary drug of
abuse. Post-marketing surveillance has provided some
evidence that the combination is less commonly injected, by
opioid users, than the pure buprenorphine form [54].

Buprenorphine has poor bioavailability in its present
sublingual form. The tablets may require several minutes to
fully dissolve. The usual dosages for maintenance therapy
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are 8 -- 16mg [30]. A possible advantage of buprenorphine is that
cessation of treatment results in less severe withdrawal symp-
toms than cessation of methadone [32]. Direct buprenorphine/
naloxone induction is a safe and effective strategy in opioid
dependence, as demonstrated in experimental studies [55].

3.1 Rationale for development of a new formulation

for buprenorphine
There have been persistent safety concerns about the increasing
number of emergency department visits because of intoxi-
cations with prescription drugs, especially opioids such as
methadone, oxycodone, and hydrocodone [56] but also bupre-
norphine. Specifically, the risk for children to be exposed to
buprenorphine has apparently increased. In the United States,
the number of children exposed to buprenorphine increased
from 53 in 2004 to 907 in 2008, with a total of 1786 children
exposed in the 2000 -- 2008 period [57]. For 2009, 1262 cases
were recorded by the American Association of Poison Control
Centers. Alternate forms might reduce this risk of diversion
also in adults. Although buprenorphine overdoses are generally
well tolerated, children appear to be at risk for respiratory
depression and central nervous system reactions [58]. In addi-
tion, the risk of diversion of the sublingual tablet form has
been linked to difficulties in supervising its consumption [59].

In addition to improving safety, the absorption and disso-
lution time of buprenorphine might be improved by using a
film. The buprenorphine film may adhere firmly to the
mucosa and dissolve more quickly than the conventional
sublingual tablet. Also, the aim is to achieve more complete
absorption from the film than from the tablet.

Other and minor objectives for developing a film are better
taste and obtaining a formulation that may deter crushing and
snorting.

Buprenorphine/naloxone sublingual film was introduced in
Australia in 2011 as an alternative to tablets, with the aim of
reducing the inconvenience and cost of supervised dosing, and
to reduce diversion and misuse [70]. The Australian regulatory
agency is requiring the removal of the target formulation
within 2 years due to the superior characteristics of the film
formulation.

4. Chemistry

Buprenorphine is a semisynthetic derivative of thebaine and a
partial mu-opioid receptor agonist that has been extensively
studied and is widely used for the maintenance treatment.
Buprenorphine is a mixed opioid agonist-antagonist that
produces a less than maximal or partial agonist effect at the
mu-opioid receptor and is an antagonist at the kappa-opioid
receptor [60,61]. Steady-state drug concentrations for a 16-mg
dose of buprenorphine are reached after 7 days [62]. There
are data showing a ceiling on the respiratory but not analgesic
effect of buprenorphine [63]. Buprenorphine is basically
metabolized by CYP3A4 (60%) and CYP2D6 isoenzyme
(30%) [58]. It has a ceiling effect at the opioid receptor and

probably a somewhat lower risk for fatal intoxications [37,64].
Buprenorphine has been marketed in most European coun-
tries and the United States since 2000 (2002 for the bupre-
norphine/naloxone combination) for the treatment of opioid
dependence. Like methadone, buprenorphine has an abuse
potential and a substantial risk for diversion [33,60]. A combina-
tion with naloxone in a fixed 4:1 ratio has been developed to
avoid IV administration and diversion of buprenorphine.
Naloxone is inactive when administered orally but can rapidly
precipitate opioid withdrawal when injected and is therefore
believed to discourage patients from parenteral misuse [47]; for
this reason it is currently the preferred form in the United
States. Experimental studies have shown that intramuscular
injection of buprenorphine/naloxone precipitates withdrawal
in opioid-dependent individuals [65,66]. Induction of buprenor-
phine/naloxone is generally considered to be easy and safe [66].
The addition of naloxone does not affect the efficacy of bupre-
norphine as a maintenance drug [61]. One of the advantages of
buprenorphine over methadone is the absence of the cardiac
risk of QT prolongation or Torsade de pointes [67].

5. Pharmacodynamics

No studies with the novel film have been published in this area.

6. Pharmacokinetics and metabolism

The pharmacokinetic profile of the buprenorphine/naloxone
film was studied in open-label studies comparing sublingual
doses in healthy adult volunteers not using opioids (n = 16).
Each administration was performed under a naltrexone block.
Data indicate that the pharmacokinetics of the buprenor-
phine/naloxone sublingual film is similar to those of the sub-
lingual tablet, although not all doses and dose combinations
met bioequivalence criteria [68]. A single-dose, cross-over
pharmacokinetic study with buprenorphine 2 mg/naloxone
0.5 mg (n = 39) and 8 mg/2 mg (n = 44) buprenorphine
film and tablet showed a small, clinically not relevant increase
in buprenorphine levels with the film (see Figures 1 and 2).

As expected, opioid agonist ceiling effects were observed in
a double-blind, parallel-group, dose-ranging comparison of
single doses of buprenorphine sublingual solution (1, 2, 3,
8, 16, and 32 mg), placebo, and a full agonist control at
various doses. In each case, a dose was reached that produced
no further effect [68].

The dissolution times of the buprenorphine/naloxone film
were compared with those of the tablet in 42 healthy volun-
teers (buprenorphine/naloxone dose combinations: 2/0.5,
4/1, 8/2, 12/3 mg). The dissolution time of the film was lower
than that of the tablet at all dosages (see Figures 3 and 4) [68].

7. Clinical efficacy

Strain et al. [69] studied the feasibility of induction with a
buprenorphine/naloxone soluble film in a clinical setting

Buprenorphine and buprenorphine/naloxone soluble-film for treatment of opioid dependence
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and performed a randomized study comparing the ability
of buprenorphine and buprenorphine/naloxone films to
suppress spontaneous withdrawal in 34 opioid-dependent vol-
unteers (18 in the buprenorphine, 16 in the buprenorphine/

naloxone group), most of whom were IV heroin users
but some of whom inhaled heroin. Participants were main-
tained on morphine and underwent challenge sessions to
confirm sensitivity to naloxone-induced opioid withdrawal.

Mean Cmax SUBOXONE Film (SD) SUBOXONE Tablet (SD)

Buprenorphine (ng/mL) 0.95 (0.37) 0.78 (0.32)

Mean Cmax SUBOXONE Film (SD) SUBOXONE Tablet (SD)

Buprenorphine (ng/mL) 3.37 (1.80) 2.58 (1.10)
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Figure 1. Comparison of absorption rate of buprenorphine 2 and 8 mg film versus tablet: no statistical differences.
*Mean Cmax = The mean maximum drug concentration in plasma determined directly from individual concentration-time data. Data on file. Reckitt Benckiser Phar-

maceuticals Inc., Richmond, VA.
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Figure 2. Rate and Extent of absorption of 0.5 and 2 mg naloxone in buprenorphine film and tablet: no statistical differences.
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maceuticals Inc., Richmond, VA.
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Participants received either buprenorphine 16 mg or bupre-
norphine/naloxone film (16/4 mg) for a 3 -- 5 day maintenance
period. The primary outcome measure was the Clinical Opiate
Withdrawal Scale (COWS) score and secondary measures were
pupillometry, a visual analogue scale, and subjective rating
scales. There was a significant reduction in the COWS score
but no differences between the two groups. The most common
adverse events were those consistent with opioid withdrawal.
Four participants with high COWS scores (two in each group)
dropped out. Four patients, again two in each group, had mild
nonulcerous irritations of the oral mucosa not present at base-
line; in three of the four, the irritation was attributed to teeth
grinding or dental decay. Strain et al. [69] interpreted the find-
ings as supporting the use of buprenorphine and buprenor-
phine/naloxone films as safe and effective delivery methods
for opioid induction. Further, they concluded that the new
film will not precipitate opioid withdrawal when taken

sublingually. Advantages of the new formulation were seen as
unit-dose packaging, thereby improving the ability to track a
dose of the medication and also providing more child-resisting
containment of the product [69].

Lintzeris et al. [70] performed a cross-over randomized
clinical trial in Australia comparing the novel and conven-
tional formulation on subjective dose effects and equivalence,
through plasma levels, adverse events, patient satisfaction,
supervised dosing time, and impact upon treatment outcomes
(substance use, psychosocial function). The results have been
presented at the recent CPDD meeting 6/2012. A total of
92 patients treated with the buprenorphine/naloxone tablets
(mean dose 17 mg, mean duration of treatment 48 weeks)
in an outpatient multisite double-blind double-dummy
parallel group trial were included and randomized to either
tablets or film, without dose changes over a 31-day period.
No significant differences were detected between film and
tablets on subjective ratings including craving and withdrawal,
substance use, patient ratings dose adequacy (98% film, 89%
tablet), psychosocial outcomes, adverse events, or plasma
buprenorphine levels. There was a higher patient preference
for film (59%) than tablets (23%). The authors concluded
that film and tablets are comparable with respect to dose
effects, clinical outcomes, and plasma levels and that the
mucoadhesion of the film reduced time for supervised dosing
which should enhance convenience, safety, and reduce
diversion.

8. Safety and tolerability

An unpublished 12-week, open-label safety and tolerability
study of buprenorphine/naloxone film in 194 patients
transferred to buprenorphine/naloxone film from the tablet
(same initial dosage) indicated an overall good tolerability,
with 28% treatment-emergent adverse events (TEAEs),
mostly mild in intensity [68]. The most common TEAE
related to the film was oral hypesthesia, which was reported
by two subjects (1%). It is unclear whether this is related to
a lower dissolution time. The dose was adjusted in only one
patient during the first 2 weeks and the dose was increased
in 2% of the patients at any point during the study.

The FDA states that the safety of buprenorphine/naloxone
film is supported by clinical trials using buprenorphine and
buprenorphine/naloxone sublingual tablets and an open-label
study in 194 patients with the novel film (unpublished data,
see [68]). Safety data on buprenorphine are available from
clinical studies in over 3000 opioid-dependent subjects [68].
Few differences in the adverse event profile were noted
between buprenorphine/naloxone sublingual film and tablet
and buprenorphine sublingual tablet. The most common
adverse event (> 1%) associated with the novel film was
oral hypesthesia. Other adverse events were constipation,
glossodynia, oral mucosal erythema, vomiting, intoxication,
disturbance in attention, palpitations, insomnia, withdrawal
syndrome, hyperhidrosis, and blurred vision.
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One possible advantage of the soluble film is that it has unit
packing and can be tracked more readily by pharmacy [69].

9. Regulatory affairs

The novel buprenorphine/naloxone film was approved
by the FDA in August 2010 but is not available in
Europe or other countries to date but available in Australia.

10. Expert opinion and conclusion

Abundant literature is available on the clinical and cost-
effectiveness of buprenorphine and buprenorphine/naloxone
in the treatment of opioid dependence [34-36,71] (for a review
see [37]). Both methadone and buprenorphine are well-
established first-line medications in the treatment of opioid
dependence [5,37]. Persisting safety concerns and the risk of
diversion have already led to the introduction of a buprenor-
phine/naloxone combination (ratio 4:1) to prevent IV use.
Both formulations are extensively used worldwide for the
treatment of opioid dependence.
In its current forms, buprenorphine can only be adminis-

tered sublingually, because of its poor bioavailability. The
new buprenorphine film may represent a more convenient
and preferred approach for patients as indicated by a recent
study by Lintzeris et al. [70]. Unit-dose packaging improve
the ability to track a dose of the medication. More impor-
tantly, it may reduce safety concerns and risk of diversion,
which is particularly relevant as regards the risk of intoxication
in children. In the United States, the number of children
exposed to buprenorphine has grown exponentially over the
last decade [57].
Very few data on the new formulation have been published

to date and comments on the new formulation must be pre-
liminary. Many of the available data come from official
FDA information. The FDA recommends a target dose of
buprenorphine/naloxone sublingual film of 16/4 mg bupre-
norphine/naloxone as a single daily dose (range 4/1 mg to
24/6 mg). While there is no doubt concerning the general
clinical efficacy of buprenorphine and consequently of the
new buprenorphine film in opioid dependence and mainte-
nance therapy, the relevant benefits of the pharmacology of
the new formulation have to be established and demonstrated.
Generally, the major risks of the novel formulation -- respira-
tory and CNS depression, hepatic reactions, allergic reactions,
precipitation of opioid withdrawal, neonatal withdrawal, and
so on -- are the same as for the sublingual tablet. The new
application form may be more convenient but the differences
in pharmacokinetics between the sublingual form and the film
seem to be small. Unpublished pharmacokinetic data in
healthy subjects suggest that absorption is slightly higher
with the buprenorphine/naloxone film than with the tablets.
Although these differences are small, they might indicate

that patients switched from tablets to film should be moni-
tored for overdose and, vice versa, patients switched from
film to tablet should be monitored for opioid withdrawal.

Results from an open-label study in 194 patients indicate
that the adverse event spectrum of the novel film is similar
to that of the sublingual tablet. Oral hypesthesia appears
to be the most common adverse event. The new film has
not been studied in special subgroups such as pregnant or
nursing women.

Few other published data are available to date. A recent
study by Strain et al. [69] in opioid-dependent volunteers
maintained on morphine who underwent challenge sessions
to confirm sensitivity to naloxone-induced opioid withdrawal
showed that both buprenorphine and buprenorphine/
naloxone soluble films suppress symptoms of opioid with-
drawal. Strain et al. [72] concluded that both are safe and
effective delivery methods for opioid induction.

The reduced risk of diversion and especially unintentional
poisoning in children may be the most relevant advantage of
the new film. Whether the assumed better taste of the new
formulation may make it even more attractive for children
and increase risk for accidental poisoning cannot be assessed
in clinical studies but must be analyzed in surveillance studies.

Although buprenorphine is not a novel drug and has been
extensively and successfully studied in opioid dependence,
the buprenorphine/naloxone soluble film is a potentially
interesting new formulation with some advantages over
conventional formulations when it comes to absorption and
especially safety. Some data indicate a clear patient preference
for the film over the sublingual tablet. The mucoadhesion of
the novel film may reduce risk of diversion [70]. The probable
essential advantage, that is, a reduced risk for accidental
intoxication especially in children, cannot be assessed in
clinical studies. Post-marketing information from surveillance
studies and other sources such as emergency room visits or the
Drug Abuse Warning Network (DAWN) may help to fully
understand the possible benefits of this new formulation. A
risk evaluation and mitigation program is being implemented
as part of the FDA requirements to ensure that the benefits of
treatment with this medication outweigh the potential risks,
particularly risk of accidental overdose, misuse, and abuse.
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