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Background: Chronic pain is associated with decreased quality of life and is one of the

most common reasons adults seek medical care, making treatment imperative for many

aspects of patient well-being. Chronic pain management typically involves the use of

Schedule II full μ-opioid receptor agonists for pain relief; however, the increasing prevalence

of opioid addiction is a national crisis that is impacting public health and social and

economic welfare. Buprenorphine is a Schedule III partial μ-opioid receptor agonist that is

an equally effective but potentially safer treatment option for chronic pain than full μ-opioid

receptor agonists. The purpose of this review is to provide an overview of the clinical

efficacy and safety of the transdermal and buccal formulations of buprenorphine, which

are approved by the Food and Drug Administration for chronic pain, compared with that of

extended-release full μ-opioid receptor agonists.

Methods: Controlled or randomized controlled clinical trial information was retrieved from

EMBASE, Medline, and PubMed using the search terms “buprenorphine” AND “chronic”

AND “pain.”

Results: A total of 33 clinical studies were ultimately used in this review, including 29

(88%) on transdermal buprenorphine and 4 (12%) on buprenorphine buccal film. Although

the measure of pain intensity varied among studies, each of these 33 trials demonstrated

efficacy for buprenorphine in pain relief. A total of 28 studies also assessed safety, with each

concluding that buprenorphine was generally well tolerated.

Conclusion: Comparison of current clinical data along with results of responder and safety

analyses support the use of buprenorphine over full μ-opioid receptor agonists for effective

preferential treatment of chronic pain; however, head-to-head clinical studies are warranted.

Keywords: opioids, Schedule III, partial μ-opioid receptor agonist

Introduction
Chronic pain is ongoing pain that persists for 6 months or more; it is one of the

most common reasons adults seek medical care.1 It is estimated that 50 million

adults in the United States experience chronic pain, and 19.6 million adults

experience high-impact chronic pain, which frequently limits life or work

activities.1 Chronic pain has been linked to various comorbidities including anxiety,

depression, and suicide.1,2 Achieving adequate pain relief is therefore important for

improving quality of life in patients with chronic pain.

Chronic pain treatment typically involves Schedule II full μ-opioid receptor

analgesics; however, the high and increasing prevalence of opioid addiction is a
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serious national crisis for public health and social and

economic welfare.3,4 Opioid addiction creates challenges

for the patient and physician in effectively treating chronic

pain while adhering to state-mandated regulations and

preventing misuse and addiction.5–7 The management of

chronic pain with potentially safer yet equally effective

treatment options is needed.

Buprenorphine is a relatively modern atypical opioid that

is derived from the opium alkaloid thebaine of the poppy

Papaver somniferum.8,9 It has been used as an analgesic in the

United States since 1981.10,11 Buprenorphine functions by

targeting the opioid receptors μ, δ, and κ and opioid receptor-
like 1 (ORL1).4 Multimechanistic effects are observed in

vitro depending on the receptor subtype, as buprenorphine

is a partial agonist at the μ-opioid receptor, an antagonist at

the δ- and κ-opioid receptors, and an agonist at ORL1.9

Because the μ-opioid receptor is well-known for its

role in analgesia, misconceived notions regarding the effi-

cacy of buprenorphine as an analgesic have been based on

its classification as a partial agonist;12–14 however, partial

agonism at the µ-opioid receptor does not limit the full

analgesic efficacy of buprenorphine and in fact may

explain the decreased likelihood of respiratory depression

and abuse potential.13,15–18 In addition, the antagonistic

effects of buprenorphine at the δ- and κ-opioid receptors

may contribute to its favorable safety and tolerability

profile by decreasing the risks of respiratory depression,

constipation, and suicidal tendencies, as well as potentiat-

ing anti-depressant and anti-anxiety effects.9,19–22

Agonistic activity at ORL1 may also contribute to bupre-

norphine’s analgesic efficacy, as it has been shown to

promote analgesia in the dorsal horn of the spinal cord.23

Treatment options for chronic pain, such as buprenor-

phine, are especially important when the United States is

facing increasing opioid misuse and related overdoses.24,25

Because buprenorphine has less potential for abuse than

drugs or substances in Schedules I and II, it has been

classified by the Drug Enforcement Administration

(DEA) as a Schedule III controlled substance.21 Orally

administered buprenorphine has only approximately 10%

bioavailability, but recent advances in drug delivery cir-

cumvent this issue.26 The sublingual formulation provides

approximately 28–51% bioavailability, the transdermal

formulation provides approximately 15%, and the buccal

film exhibits 46–65% bioavailability. Each of these for-

mulations bypasses first-pass metabolism.24,27–30

Buprenorphine transdermal system (Butrans®, Purdue

Pharma, LP, Stamford, CT) and buprenorphine buccal film

(Belbuca®, BioDelivery Sciences International, Inc,

Raleigh, NC) are the two formulations currently indicated

for the management of pain that is severe enough to

require daily, around-the-clock, long-term opioid treatment

and for which alternative treatment options are

inadequate.23,24 This standard labeling is required on all

extended-release (ER) or long-acting opioids indicated for

chronic pain. The purpose of this review is to provide an

overview of the clinical efficacy and safety of these Food

and Drug Administration (FDA)–approved buprenorphine

formulations and to elaborate on the current data that

support its effective and potentially safer use in chronic

pain management compared with ER Schedule II opioids.

Materials And Methods
EMBASE, Medline, and PubMed searches were conducted

on April 11, 2019, using the terms “buprenorphine” AND

“chronic” AND “pain”. The search was restricted to con-

trolled or randomized controlled clinical trials in humans

that were published in English and for which full texts

were available (ie, not a meeting abstract). Articles that

did not include standard outcomes of pain intensity or

quality of life measures were considered irrelevant and

were not included. Other references were added at the

authors’ discretion. A reduction in pain or improvement

in quality of life that was considered by the authors of the

study to provide utility for transdermal buprenorphine or

buprenorphine buccal film in the management of chronic

pain was regarded as a positive overall outcome.

Results
A total of 118 studies were assessed for eligibility. The

abstracts were screened and analyzed, resulting in the

exclusion of 85 studies. A total of 33 clinical studies

obtained with the search criteria were ultimately included

in this review, 29 (88%) of which examined transdermal

buprenorphine and 4 (12%) of which examined buprenor-

phine buccal film (Figure 1).

Transdermal Formulation
The safety and efficacy of transdermal buprenorphine has

been studied in multiple chronic pain populations

(Table 1).31–59 On the basis of the search criteria used

here, 12 (41%) studies examined general chronic pain,

10 (34%) examined chronic low back pain, 5 (17%) exam-

ined osteoarthritis pain, 1 (3%) examined chronic malig-

nant pain, and 1 (3%) examined musculoskeletal pain. The

duration of these studies ranged from 6 days to 5.7 years,
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with the doses of transdermal buprenorphine ranging from

5 to 140 µg/h (in the United States, 20 µg/h is the highest

dosage strength available). A total of 11 (38%) studies

were placebo controlled, 7 (24%) had no comparator, 7

(24%) compared against buprenorphine dose, duration, or

formulation differences, 3 (10%) used an analgesic com-

parator, 2 (7%) used age comparators, and 1 (3%) com-

pared against supplemental analgesics. Examination of

multiple comparators by some studies was taken into

account.

All 12 studies of general chronic pain demonstrated

the efficacy of transdermal buprenorphine in pain relief,

including 2 (17%) studies assessing an elderly

population.31,33,36,40–42,48–52,55 Of these, 4 (33%) studies

also observed various quality of life parameters, with all

4 showing improvements in general quality of

life, sleep duration, and/or need for breakthrough

analgesia.31,33,50,52 All 12 of these studies also found

transdermal buprenorphine to be well tolerated in the

treatment of general chronic pain.31,33,36,40–42,48–52,55

All of the 15 studies examining chronic low back pain

(10 studies) or osteoarthritis pain (5 studies) demonstrated

effective pain relief for transdermal buprenorphine, includ-

ing 1 osteoarthritis study that examined solely elderly

populations.14,34,35,37,38,43,44,46,47,53,54,56–59 These studies

also examined parameters associated with quality of life,

and all 15 demonstrated improvements in activities of daily

living (lifting, bending, working), sleep, and/or physical and

mental health in response to treatment with transdermal

buprenorphine.14,34,35,37,38,43,44,46,47,53,54,56–59 Safety was

Figure 1 Flow diagram: clinical trial identification and inclusion. Schematic detailing the search criteria used in this review to identify relevant clinical trials of buprenorphine

in chronic pain management.
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also examined in 5 (50%) chronic low back pain studies and

in each osteoarthritis study, and buprenorphine was gener-

ally well tolerated in patients with chronic low back and

osteoarthritis pain.14,34,35,37,38,46,47,53,54,58

Similarly, the single study that examined chronic malig-

nant pain found transdermal buprenorphine was well toler-

ated, improved pain relief, and enhanced mental health and

vitality, with overall positive effects on quality of life.45 The

study of transdermal buprenorphine on musculoskeletal

pain observed pain reduction and also concluded that trans-

dermal buprenorphine was well tolerated.39

Regarding the 3 studies that utilized analgesic compara-

tors, 1 compared the safety and efficacy of buprenorphine with

that of morphine and 2 with tramadol. In patients with chronic

malignant pain, transdermal buprenorphine significantly

improved pain (p=0.01), mental health (p=0.03), and vitality

(p=0.001) compared with morphine and was better tolerated

for chronic pain management.45 In patients with chronic mus-

culoskeletal or osteoarthritis pain, buprenorphine was statisti-

cally noninferior to sustained-release tramadol, with the

incidence of adverse events being comparable between the

two groups.38,39

Although the measure of pain intensity varied among

these studies depending on the type of chronic pain being

assessed, in each case, the authors proposed utility for

transdermal buprenorphine in maintaining, reducing, or

providing relief from pain and/or enhancing the quality

of life of patients with chronic pain.31–57 In each of the 24

studies that also assessed safety, transdermal buprenor-

phine was considered well tolerated.31–42,45–55,58 The

most commonly reported adverse events in transdermal

buprenorphine clinical trials were nausea, headache, appli-

cation site pruritus, dizziness, constipation, somnolence,

vomiting, application site erythema, dry mouth, and appli-

cation site rash.23

Buccal Formulation
The safety and efficacy of buprenorphine buccal film has

been studied in opioid-experienced and opioid-naive

patients with chronic low back pain and in patients with

general chronic pain (Table 2).26,60–62 Four clinical studies

were identified with the search criteria used here; 1 was a

7-day crossover study, 2 were 12-week double-blind stu-

dies, and 1 was a 48-week long-term safety study. The

doses of buprenorphine buccal film ranged from 75 to 900

µg/12h.60–62

All four studies found that buprenorphine buccal film

relieved pain or maintained pain relief.26,60–62 Nausea,

constipation, headache, vomiting, fatigue, dizziness, som-

nolence, diarrhea, dry mouth, and upper respiratory tract

infection were the most common adverse reactions

reported in clinical trials, and buprenorphine buccal film

was deemed generally well tolerated in each study.26,60–62

In addition, patient compliance in these studies was high,

as indicated by the high number of completers and sub-

sequent continuation in the long-term safety study.26,60–62

Discussion
The Clinical Efficacy Of Buprenorphine In

Chronic Pain
Of the buprenorphine formulations currently approved by the

FDA for the management of chronic pain, the transdermal

formulation has been the most extensively studied, likely

because of its indication and length of time on the market.23

The ability of transdermal buprenorphine to provide effective

pain relief has been demonstrated in a variety of clinical

studies assessing an array of chronic pain types, and patient

compliance tends to be high because of ease of use.31–57,63

Three of the transdermal buprenorphine trials assessed here

utilized opioid comparators, and the results of these studies

indicated superiority to morphine in relieving chronic malig-

nant pain or noninferiority to tramadol for osteoarthritis or

musculoskeletal pain.38,39,45 In addition, a phase IV real-

world clinical trial demonstrated that the analgesic efficacy

of transdermal buprenorphine in patients with chronic malig-

nant pain was comparable to that of the Schedule II opioids

morphine, oxycodone, and fentanyl.64 In a meta-analysis of

clinical trials, transdermal buprenorphine was also found to

provide pain relief similar to that of transdermal fentanyl.65

Transdermal buprenorphine has thus been clinically shown to

be effective in managing chronic pain in a manner similar to

that of the Schedule II opioids morphine, oxycodone, and

fentanyl.

Buprenorphine buccal film is a relatively new formula-

tion, and as a result, few clinical studies have been

published.24 This formulation showed analgesic efficacy in

all of the currently available studies, and the efficacy data in

opioid-naive patients are comparable with those observed

in studies of the Schedule II opioid oxymorphone;61,66

however, a head-to-head study is needed for direct compar-

ison. A high level of patient compliance has been observed

with buprenorphine buccal film, as indicated by the high

percentages of completers and those who continued in a

long-term safety study.26,60,61 Current clinical data also
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support buprenorphine buccal film as an effective analgesic

in patients with chronic pain.

A total of 14% of chronic pain patients discontinued

transdermal buprenorphine because of lack of efficacy

compared with 5% who discontinued buprenorphine buc-

cal film for the same reason.23,26,60,61 In a responder

analysis of ≥30% or ≥50% reduction in pain intensity in

opioid-experienced patients, compared with transdermal

buprenorphine efficacy, the efficacy of buprenorphine buc-

cal film was more similar to that of full μ-opioid receptor

agonists, including hydromorphone hydrochloride ER,

hydrocodone hydrochloride ER, and oxymorphone hydro-

chloride ER (Figure 2).26,53,67–70 However, head-to-head

trials are needed to substantiate any differences in efficacy

given variations in trial methodology (ie, study design,

patient characteristics, use of rescue medications, and

methodology used for the imputation of missing data).

Nonetheless, current clinical data support the use of bupre-

norphine for effective chronic pain management with effi-

cacy potentially similar to that of full μ-opioid receptor

agonists.

To our knowledge, there are no clinical trials of buccal

buprenorphine film for acute pain, but transdermal bupre-

norphine has proven efficacy in the treatment of postsur-

gical acute pain.71–76 Future studies may provide more

information regarding additional uses for buprenorphine

in pain management; however, these formulations are not

currently FDA approved for acute pain treatment.

The Safety Of Buprenorphine In Chronic

Pain
The associated risks of abuse and addiction potential,

along with the prominent adverse effects of constipation

and respiratory depression, limit the use of full μ-opioid
receptor agonists for the management of chronic pain.26

The frequency of constipation with ER full μ-opioid recep-

tor agonists has reportedly ranged from 8% to 31%, com-

pared with 4% for buprenorphine buccal film and 13% for

transdermal buprenorphine.28,29,70,77–82 In a post-market-

ing surveillance study, 128 (1%) of 13,179 patients receiv-

ing transdermal buprenorphine experienced constipation.63

When constipation is a concern, buprenorphine may be a

more suitable treatment than other opioids.

In clinical studies, the incidence of respiratory depres-

sion with systemic or spinal opioids ranged from 1% to

11%.23 A post-marketing survey of 1005 patients receiv-

ing transdermal fentanyl reported respiratory depression

in 8 (0.8%) patients.83 Intravenous buprenorphine was

shown to exhibit a ceiling effect on respiratory depres-

sion at higher doses, unlike morphine and fentanyl, which

have a dose-proportional impact on respiratory depres-

sion (Figure 3).84,85 This finding is consistent with a post-

marketing survey of 13,179 patients receiving treatment

with transdermal buprenorphine, in which respiratory

depression was reported in 1 (0.01%) patient, approxi-

mately 80 times less than the incidence with transdermal

fentanyl. No cases of respiratory depression have been

reported in currently available buprenorphine buccal film

studies.26,60,61 In addition, a panel of experts reviewing

opioid pharmacology concluded that buprenorphine was

the only opioid to exhibit a ceiling effect on respiratory

depression.86 Buprenorphine also has a lower risk for

abuse potential than Schedule II opioids, hence its

Schedule III classification by the DEA.11,87 The risks of

drug dependence and analgesic tolerance were also lower

for buprenorphine than for Schedule II full μ-opioid
receptor agonists.87–89

Figure 2 Responder analysis: similar trials of opioids in opioid-experienced chronic pain populations. Compared with the efficacy data for transdermal buprenorphine (20 µg/h),53

buprenorphine buccal film (150–900 µg/12h)26 had more similar efficacy results to studies of the Schedule II opioids hydromorphone hydrochloride ER (12–64 mg),67 hydrocodone

hydrochloride ER (20–100 mg/12h),69 and oxymorphone hydrochloride ER (20–260 mg)70 assessed by ≥30% (A) and ≥50% (B) reduction in pain intensity.

Abbreviation: ER, extended-release.
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Although both transdermal buprenorphine and buprenor-

phine buccal film have been well tolerated in clinical studies

and have additional safety benefits compared with full μ-

opioid receptor agonists, the buccal formulation has the

additional advantage of reducing delivery site irritation com-

pared with the transdermal patch. Application site reactions

occurred in 1534 (23%) of the 6566 patients treated with

transdermal buprenorphine,90 whereas these events have not

been reported with the buccal formulation. In addition, 23%

of patients discontinued open-label titration with transdermal

buprenorphine because of adverse events, compared with

12.5% of patients taking buprenorphine buccal film.26,29,61

When the adverse events reported in clinical trials of trans-

dermal buprenorphine and buprenorphine buccal film were

compared with those associated with ER Schedule II opioids,

patients treated with buprenorphine buccal film were less

likely to experience an adverse reaction in response to treat-

ment (Figure 4).54,61,66 Buprenorphine was well tolerated in

patients with chronic pain, while also exhibiting a favorable

safety profile compared with full μ-opioid receptor agonists,

and the buccal film may confer additional safety advantages

compared with the transdermal patch. However, some

patients may experience adhesion issues with buprenorphine

buccal film.

Regarding post-marketing experiences, the FDA

Adverse Events Reporting System (FAERS) Public

Dashboard received 314 adverse events reports for bupre-

norphine buccal film and 26,531 for transdermal buprenor-

phine from 2016 to March 31, 2019. A total of 73 (23.2%)

people reported drug ineffectiveness for buprenorphine

buccal film vs 603 (2.3%) people for transdermal

Figure 3 Conceptual representation of buprenorphine’s ceiling effect on respira-

tory depression. Unlike the full μ-opioid receptor agonists fentanyl and morphine,

buprenorphine exhibits a ceiling effect on respiratory depression.84,85 The low

incidence of buprenorphine-associated respiratory depression has been observed

clinically.26,60,61,63

Figure 4 Safety analysis: adverse reactions reported in clinical trials of buprenorphine formulations and common Schedule II opioids for chronic pain. The percentage of

patients who reported adverse reactions in clinical trials for buprenorphine buccal film (A)28 is lower than those reported for the buprenorphine transdermal patch (B),29

oxycodone hydrochloride ER (C),79 hydromorphone hydrochloride ER (D),77 tapentadol ER (E),81 and oxymorphone hydrochloride ER (F).70

Abbreviations: ER, extended-release; NR, not reported.
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buprenorphine; 22 (7.0%) people reported product adhe-

sion issues for buprenorphine buccal film vs 626 (2.4%)

people for transdermal buprenorphine. However, this dis-

crepancy may be due to the large variation in numbers of

reports, potentially because duplicate reports are being

filed in the FAERS system. In addition, data on drug

exposure, concomitant medication use, titration to effect,

proper use, and suspected causality are not provided in the

database, nor is the total number of patients treated with a

particular drug. As such, these data alone cannot be used

to estimate the incidence of reactions reported or to pro-

duce an accurate comparison across drugs.

The Clinical Utility Of Buprenorphine In

Chronic Pain Management
Buprenorphine is suitable for use in multiple patient popu-

lations. Buprenorphine can be used in patients with a dual

diagnosis of chronic pain and opioid use disorder, those

requiring concomitant medications (as fewer interactions

may occur with other drugs), those with renal or hepatic

impairment, and in the elderly.86 The use of buprenorphine

in patients with cardiac conditions or concomitant use with

antiarrhythmic agents was initially a concern, as therapeu-

tic doses were thought to prolong the QT interval.23

Studies have since concluded that no clinically significant

prolongation in the QT interval is observed within thera-

peutic dose ranges for various buprenorphine

formulations.34,91–96 Buprenorphine also has additional

benefits in that it is not immunosuppressive,23,97 does not

negatively impact the hypothalamic-pituitary-adrenal

pathway,98–100 and reduces anxiety and depression.101–103

Before an opioid therapy for chronic pain management

is started or switched, risks and benefits should be weighed

on the basis of the patient’s needs. There appears to be a

general improvement in the risk-benefit ratio with bupre-

norphine compared with full μ-opioid receptor agonists,60

which may make it a favorable first-line therapy for

chronic pain management when nonopioid analgesics are

ineffective.104 In the United States, transdermal buprenor-

phine patches are available in 5-, 7.5-, 10-, 15-, and 20-µg/

h dosages,23 and buprenorphine buccal film is available in

higher strengths, including 75, 150, 300, 450, 600, 750,

and 900 µg.24 In opioid-experienced patients, initiation

depends on prior morphine sulfate equivalent doses.

Although buprenorphine is no longer listed in the

Centers for Disease Control and Prevention’s morphine

milligram equivalent chart because it was deemed unlikely

to be associated with overdose in the same dose-dependent

manner as Schedule I or Schedule II opioids, the prescrib-

ing information for transdermal buprenorphine and bupre-

norphine buccal film contains conversion strategies for

opioid-experienced patients.23,24,105,106

Conclusion
Buprenorphine is an atypical opioid that demonstrates

efficacy similar to that of Schedule II full μ-opioid recep-

tor agonists in managing chronic pain while exhibiting a

favorable tolerability profile, including the reduced like-

lihood of abuse potential and respiratory depression.

Buprenorphine has additional clinical advantages, includ-

ing use in multiple patient populations, such as the elderly

and those with renal or hepatic impairment, and reduced

likelihood of constipation and withdrawal. Regarding the

formulations indicated for chronic pain, buprenorphine

buccal film has higher bioavailability, has more dose

ranges, and appears to be more efficacious and tolerable

than the transdermal formulation on the basis of responder

and safety analyses of currently available, although lim-

ited, clinical studies. However, some patients may experi-

ence adhesion issues with the buccal film, although this

was not commonly reported in clinical trials. To gain

further insight into the most advantageous treatment

option for chronic pain, well-controlled head-to-head trials

are warranted for comparisons of buprenorphine with

Schedule II opioids and of transdermal buprenorphine

with buprenorphine buccal film. Nonetheless, current clin-

ical and long-term safety data support the use of bupre-

norphine over full μ-opioid receptor agonists for the

effective and preferential treatment of chronic pain at a

critical time when safer and less addictive treatments are

needed.
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