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Abstract: Health care providers in the United States are facing challenges in selecting
appropriate medication for patients with acute and chronic pain in the midst of the current
opioid crisis and COVID-19 pandemic. When compared with conventional opioids, the
partial p-opioid receptor agonist buprenorphine has unique pharmacologic properties that
may be more desirable for pain management. The formulations of buprenorphine approved
by the US Food and Drug Administration for pain management include intravenous injec-
tion, transdermal patch, and buccal film. A comparison of efficacy and safety data from
studies of buprenorphine and conventional opioids suggests that buprenorphine may be
a better-tolerated treatment option for many patients that provides similar or superior
analgesia. Our benefit-risk assessment in this narrative review suggests that health care
providers should consider that buprenorphine may be an appropriate alternative for pain
management over other opioids.
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Introduction
As a result of the current opioid crisis, the United States is having difficulty
providing adequate care for patients with acute and chronic pain.' Statistics
from 2016 indicate that acute pain is reported by approximately 55% of hospi-
talized patients, and 50 million (20.4%) adults in the United States have chronic
daily pain, with 19.6 million (8%) experiencing high-impact chronic pain that
interferes with daily life or work activities.” Immediate-release/short-acting or
extended-release (ER)/long-acting opioids are often prescribed for pain, as they
elicit analgesia by acting on opioid receptors to inhibit nociceptive stimulation.’
Increased prescribing rates coupled with the diversion of prescription opioids
have contributed to the national crisis of opioid use disorder (addiction) and
overdose deaths, signifying the need for safer alternatives.* Although abuse-
deterrent opioid formulations were designed to deter altered routes of adminis-
tration (eg, snorting, inhalation, chewing, injection) that increase the risk of
overdose, these formulations are not abuse-proof.” With advancing better prac-
tices in response to the opioid crisis, 17 of the 38 states with prescription opioid
overdose death data saw a decline between 2017 and 2018, and no states
experienced a significant increase.* However, opioid abuse rates have increased
with the COVID-19 pandemic.®

Opioids can be divided into conventional opioids (full p-opioid receptor agonists
such as fentanyl, hydrocodone, morphine, oxycodone)’ and mixed-action or atypical
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opioids (such as buprenorphine, butorphanol, tramadol,
tapentadol).”> When compared with other opioids currently
on the market, the atypical opioid buprenorphine has
a unique pharmacologic profile.®

Buprenorphine is a partial agonist with very high
binding affinity at p-opioid receptors, an agonist with
low binding affinity at the nociceptin opioid receptor
(NOP, formerly known as opioid receptor like-1), and
an antagonist with high binding affinity at x- and &-
opioid receptors (Figure 1).” The term “partial agonist”
was applied owing to a partial effect on stimulating the
receptor with in vitro assays.'? This does not necessarily
translate to partial analgesic efficacy in vivo or in clinical
practice, as the analgesic signaling pathway may be suf-
ficiently activated by a partial agonist. Partial agonism at
the p-opioid receptor by buprenorphine yields potent
analgesia and a ceiling effect on respiratory depression
and euphoria and reduces other adverse events commonly
with fomte

Buprenorphine does not occupy all p-opioid receptors,

observed conventional  opioid  use
which allows for efficacy of concomitant full p-opioid
receptor agonists.” Antagonism at the 8- and k-opioid
receptors may limit constipation, respiratory depression,
dysphoria, and substance abuse.” Kappa-opioid receptor
antagonists are currently being considered as promising
therapeutics for psychiatric conditions such as depres-
sion, anxiety, and substance abuse disorders.'” Agonism
at NOP contributes to spinal analgesia and may limit the
potential for substance abuse and tolerance commonly

observed with full p-opioid receptor agonists.

Conventional opioids bind to p-opioid receptors, which
activate signaling pathways that depress neural functions
and are associated with adverse events. However, the partial
agonistic effects of buprenorphine limit p-opioid receptor
activity, which elicits analgesia pathways but may restrict
pathways associated with adverse events, contributing to
a more favorable safety profile and patient satisfaction.

Buprenorphine is approved by the US Food and Drug
Administration (FDA) for acute pain, chronic pain, opioid
use disorder, or opioid dependence, depending on the
formulation (Table 1).”'®* Buprenorphine formulations
exist as either a combination therapy with naloxone (eg,
Suboxone and similar products) or as stand-alone pro-
ducts. The stand-alone buprenorphine products and their
indications are listed in Table 1.'°"*® Buprenorphine also
exists as a suppository, but this formulation is not FDA-
approved for use in the US.?’

The purpose of this review is to present the literature
assessing the efficacy of buprenorphine products for the
treatment of pain and compare the risks and benefits of
buprenorphine to conventional opioids. The information
presented here can be used to aid health care professionals
in medication selection for patients who are experiencing
deemed

pain and for whom opioid treatment is

appropriate.

Methods

This narrative review is based on the authors’ knowledge
of the literature, their clinical experience, and literature
searches including the terms buprenorphine and pain.

Antagonist
high binding affinity

Partial agonist
very high binding affinity

u-OR

Potent analgesia
Ceiling effect on respiratory
depression and euphoria
Reduction of adverse events
Unique signaling

5-OR

Reduced constipation, respiratory depression,
dysphoria, and substance abuse

Agonist
low binding affinity

k-OR
NOP

Spinal analgesia
Limited substance abuse
and tolerance

Figure | Mechanism of Action of Buprenorphine at Opioid and NOP Receptors. At p-opioid receptors, buprenorphine is a partial agonist with very high binding affinity,
which results in potent analgesia, contributes to a ceiling effect on respiratory depression and euphoria, and reduces other adverse events commonly observed with opioid
use owing to unique phosphorylation and signaling activity. Buprenorphine has antagonistic activity with high binding affinity at k- and §-opioid receptors, which may limit
constipation, respiratory depression, dysphoria, and substance abuse. The agonistic activity and low binding affinity at the NOP receptor contribute to spinal analgesia and
may limit the substance abuse potential and tolerance commonly observed with full p-opioid receptor agonists.

Abbreviations: NOP, nociceptin; OR, opioid receptor.
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Generic Subutex

Sublingual

2 or 8 mg

15%-30%

Opioid Dependence

Probuphine

Implant

74.2 mg/6 months

N/A

Addiction Medicine
Sublocade

Injection

100 and 300 mg/month

100%

oubD

Brixadi®

Injection

8, 16, 24, or 32 mg weekly; 64, 96, or

128 mg monthly

100%

Butrans

Transdermal

5,75, 10, 15, or

20 pg/h

15%

Chronic Pain

Pain Management
Belbuca

Buccal

75, 150, 300, 450, 600, 750,

or 900 pg

46%-65%

Acute
Pain
Buprenex

Injection

300 pg/mL

100%

FDA-Approved

Indication
Trade name

Table | Buprenorphine Products

Route of

administration

Available dose

range

Bioavailability

Notes: Combination products are not included. Please see package inserts for full indication, dosing, and REMS requirements for each product. “Tentative FDA approval.

Abbreviations: FDA, US Food and Drug Administration; OUD, opioid use disorder; REMS, Risk Evaluation and Mitigation Strategies.

Efficacy of Buprenorphine in Pain
Management

Intravenous (V) Formulation

Although IV buprenorphine has not been studied in
chronic pain, this formulation has been shown to have
a dose-dependent analgesic effect in patients with acute
pain.?® IV buprenorphine had equal or superior analgesic
efficacy to IV morphine for postoperative pain following
abdominal, cardiac, lung, and spinal surgery or lateral
thoracotomy.**>® Bradley et al. found that 4 to 6 pg/kg
IV buprenorphine following abdominal surgery (hysterect-
omy or cholecystectomy) provided more potent analgesia
for a longer duration than morphine.?” In a separate study,
administration of intrathecal morphine and IV buprenor-
phine together alleviated pain and minimized sedation
more effectively than either drug separately, with IV
buprenorphine reducing the number of side effects when
compared with morphine.*” TV buprenorphine was also
more effective than procaine for pain relief in patients
with acute pancreatitis.*® In addition to providing effective
pain relief, a low-dose infusion (25 pg/h for 24 hours) of
buprenorphine prevented the short-term development of
secondary hyperalgesia around postoperative surgical
incisions.*

Sublingual (SL) Formulation

Although SL buprenorphine is not indicated for chronic
pain, a systematic review of 10 chronic pain trials (6
studies used <400 pg/dose; 4 studies used >400 pg/dose;
the dose range across all studies was 0.1-32 mg), includ-
ing for the treatment of general, osteoarthritic, sickle-cell
disease, nociceptive, and cancer chronic pain in the gen-
eral, elderly, or pediatric populations, found this formula-
tion to be efficacious in 100% of the studies.*® For
example, Malinoff et al. examined patients with chronic
pain syndrome and found that pain decreased in 86% of
patients following SL buprenorphine administration, and
many patients reported improved mood, decreased sleep
disturbance, and an improved sense of well-being after
treatment.*” For acute pain, SL buprenorphine had similar
or greater postoperative analgesic efficacy when compared
with IV patient-controlled analgesia (morphine) or intra-
muscular morphine following surgery (Figure 2); however,
significant relief was not observed until after 2 hours
postdose, suggesting that IV buprenorphine may be more
appropriate for immediate relief from severe acute
pain.*"**> SL buprenorphine (0.4 mg) also produced
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Figure 2 Pain Relief Induced by Intramuscular Morphine or Sublingual
Buprenorphine Following Surgery. Pain scores were determined using a VAS after
the administration of 0.4 mg SL buprenorphine or an injection of 10 mg/mL
morphine. ¥p<0.05 for comparisons between groups at that time.

Notes: Data from Edge et al (1979).*'

Abbreviations: h, hour(s); SL, sublingual; VAS, visual analog scale.

analgesia equal to or greater than that produced by oral
dihydrocodeine (60 mg) in patients with postoperative

pain.*?

Transdermal Formulation

In a systematic review, transdermal buprenorphine was found
to be efficacious in 29 (100%) clinical studies that examined
chronic pain (general, low back, osteoarthritis, malignant,
and musculoskeletal pain).” The dosages of transdermal
buprenorphine used in these chronic pain studies ranged
from 5 to 140 pg/h (the highest available dosage strength in
the United States is 20 pg/h). Steiner et al. found that 12
weeks of treatment with transdermal buprenorphine resulted
in significantly lower pain scores than placebo in opioid-

10+

Average pain intensity

naive patients with chronic low back pain.** A multicenter
randomized phase 4 trial by Corli et al. showed that trans-
dermal buprenorphine had analgesic efficacy similar to that
of transdermal fentanyl, oral morphine, and oral oxycodone
in patients with cancer pain (Figure 3).* In addition, trans-
dermal buprenorphine has demonstrated efficacy in the treat-
ment of postsurgical acute pain to a similar or greater extent

than oral tramadol or tramadol/acetaminophen.*®*®

Buccal Film Formulation

Buprenorphine buccal film (75 pg to 900 pg) has demon-
strated analgesic efficacy in all currently published studies
examining its effect on chronic low back pain (Figure
4).2731 A retrospective analysis found that converting from
a long-acting full p-opioid receptor agonist to buprenorphine
buccal film provided continued analgesia in most patients
despite a reduction in daily morphine milligram equivalent
(MME) factor, which could lead to improved patient safety
outcomes.>? To date, no studies have examined the effects of
buprenorphine buccal film for acute pain, presenting
a valuable opportunity for future research.

Transdermal vs Buccal Film for Chronic

Pain Management

Among the formulations FDA-approved for chronic pain,
buprenorphine buccal film has a higher bioavailability.
Although buprenorphine has poor oral bioavailability and
transdermal bioavailability is limited, the mucosa allows for
higher bioavailability via the buccal route.” Buprenorphine
buccal film also has a larger available dose range compared
to the transdermal patch, which may be preferable for some
patients (Table 1). The 20 ug/h patch may not provide

T
Baseline Visit 2 Visit 3

3 Buprenorphine

3 Fentanyl

Visit 4 Visit 5 Visit 6

3 Morphine =3 Oxycodone

Figure 3 Efficacy of Transdermal Buprenorphine Compared With Conventional Opioids in Patients With Chronic Cancer Pain. Average pain intensity was measured on

a numeric rating scale. Data are mean (SD). Data from Corli et al (2016).**
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Figure 4 Efficacy of Buprenorphine Buccal Film in Patients With Chronic Low Back Pain. Mean NRS scores during the titration and long-term treatment phases with

buprenorphine buccal film in (A) de novo patients and (B) rollover patients.

Notes: Copyright ©2017. Dove Medical Press. Reproduced from Hale M, Urdaneta V, Kirby MT, Xiang Q, Rauck R. Long-term safety and analgesic efficacy of buprenorphine
buccal film in patients with moderate-to-severe chronic pain requiring around-the-clock opioids. J Pain Res. 2017;10:233-240.%°

Abbreviation: NRS, numerical rating scale.

adequate analgesia in patients receiving high-dose opioid
treatment (>80 mg MME factor/d).*® The dose range of
buprenorphine buccal film (75-900 pg) provides more flex-
ibility to titrate to an optimal dose, making it a preferable
option for patients whose needs exceed the doses available
with the transdermal system. The highest dosage of trans-
dermal buprenorphine available in the US is 20 pg/h (to be

worn for 7 days), with the median equivalent dose of the
buccal formulation being 300 pg/12 h.>* Transdermal bupre-
norphine has the advantage of medication adherence with
the ease of applying the product once a week, but it may also
cause application site pruritus, erythema, and site rash,**
which are treatment-emergent adverse events not reported

in clinical studies of buprenorphine buccal film.**! In
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clinical studies, 14% of patients with chronic pain discon-
tinued transdermal buprenorphine owing to lack of per-
ceived efficacy compared with 5% who discontinued
buprenorphine buccal film for the same reason.’ In similar
clinical trials, responder analysis of >30% or >50% reduc-
tion in pain intensity in opioid-experienced patients showed
that the efficacy of buprenorphine buccal film was greater
than transdermal buprenorphine (Figure 5).” The buccal film
also has the advantage of additional safety data, where
comparison with a conventional opioid (immediate-release
oxycodone) in a clinical study assessing respiratory drive
showed that, unlike oxycodone, buprenorphine buccal film
had no significant impact on respiration.>*

Benefit-Risk Assessment of
Buprenorphine vs Conventional
Opioids

Efficacy

Buprenorphine has a long-standing history of efficacy in

postsurgical acute pain (IV formulation) and chronic pain
(SL and transdermal formulations), and its clinical efficacy

A >30% Reduction in Pain Intensity

Transdermal buprenorphine -

Buprenorphine buccal film -

T T T T 1
0 20 40 60 80 100
% Responders

B >50% Reduction in Pain Intensity

Transdermal buprenorphine -

Buprenorphine buccal film -

T T T T 1
0 20 40 60 380 100
% Responders

Figure 5 Efficacy of the Transdermal and Buccal Film Formulations of
Buprenorphine. Responder analysis of similar opioid-experienced chronic pain
clinical trials. Comparisons are of efficacy data for transdermal buprenorphine (20
ug/h) and buprenorphine buccal film (150-900 pg/12h) with response defined as (A)
230% or (B) 250% reduction in pain intensity.

Notes: Copyright ©2019. Dove Medical Press. Adapted from Pergolizzi |V, Jr., Raffa
RB. Safety and efficacy of the unique opioid buprenorphine for the treatment of
chronic pain. J Pain Res. 2019;12:3299-3317.7

has been shown to be greater than that of morphine in
some studies.?’**** Buprenorphine has been suggested to
be 25 to 115 times more potent as an analgesic than
morphine (depending on the study), with no ceiling effect
on analgesia.” Buprenorphine products no longer have an
MME factor in the Centers for Disease Control opioid
conversion guide, as they are not expected to be associated
with overdose risk in the same dose-dependent manner as
full p-opioid receptor agonists.> In addition to morphine,
the analgesic efficacy of buprenorphine has also been
demonstrated to be equal to or greater than oxycodone
(MME factor [mg]: 1.5) or fentanyl (MME factor for
patch [ug]: 7.2) in chronic pain studies.*>>® When
compared across clinical studies, the efficacy of buprenor-
phine buccal film was similar to that of the conventional
ER  opioids
oxymorphone.**>'**®! In a meta-analysis examining the

hydromorphone, hydrocodone, and
effects of buprenorphine (SL, transdermal, and buccal) on
chronic pain outcomes in patients with or without opioid
use disorder (OUD), the authors found that efficacy was
more pronounced in patients without OUD, and high doses
may be needed for patients with OUD.®® Overall, the data
from these studies suggest that buprenorphine has equiva-
lent or greater clinical analgesic efficacy than conventional

opioids.

Safety
Buprenorphine is a Schedule III drug with a unique
mechanism of action that has less potential for abuse
than Schedule II drugs (eg, morphine, oxycodone,
fentanyl).®> The lower abuse potential of buprenorphine
may mitigate the number of overdose deaths observed with
conventional opioids.®* Opioids are commonly used
recreationally and carry a high risk of diversion; therefore,
choosing an opioid medication with slower absorption and
less drug liking and abuse potential is imperative during
the current opioid crisis. The risks of drug dependence and
analgesic tolerance are also lower for buprenorphine than
for conventional opioids.'>-*3-6¢

Buprenorphine also reduces the potential for respira-
tory depression and death compared with conventional
opioids."''"" No cases of respiratory depression were
reported in any clinical trials of buprenorphine buccal
film.**>! In a phase 1 study, buprenorphine buccal film
300, 600, or 900 pg did not negatively impact respiratory
drive, whereas oxycodone 30 mg and 60 mg significantly
reduced respiratory drive (Figure 6).>* The clinical trials of
buprenorphine buccal film included fewer than 1000
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Figure 6 Effect of Buprenorphine Buccal Film and Oxycodone Hydrochloride on Minute Ventilation. Effect of each drug treatment on respiratory drive: mean minute
ventilation over time. In the partial completer population (n=16), mean minute ventilation for BBF was not significantly different from placebo at any time point. *p<0.05,

#p<0.01, *#p<0.001.

Notes: Reprinted by permission from Springer Nature, Adv Ther, Webster LR, Hansen E, Cater ], Smith T, Phase A. | placebo-controlled trial comparing the effects of
buprenorphine buccal film and oral oxycodone hydrochloride administration on respiratory drive. Copyright 2020;37(1 1):4685-4696.>*

Abbreviations: BBF, buprenorphine buccal film; Oxy, oxycodone.

patients each, but in a postmarketing survey of 13,179
patients receiving transdermal buprenorphine, only 1
(0.01%) patient experienced respiratory depression.®’
This is approximately 80 times less than what was
observed in a separate study of transdermal fentanyl.®®
While IV buprenorphine may cause some respiratory
depression, studies have demonstrated that it plateaus
with a ceiling effect, whereas conventional opioids such
as fentanyl do not.'""'? Sedatives such as benzodiazepines
and alcohol increase the risk of respiratory depression, and
benzodiazepines are not recommended to be prescribed in
combination with any opioids." Because the risk of
respiratory depression appears to be lower with buprenor-
phine than with conventional opioids, an overdose may be
less likely to result in a fatality.

In addition to a decreased risk of respiratory depres-
sion, other tolerability factors like constipation are more
favorable with buprenorphine. Constipation rates for ER
full p-opioid receptor agonists range from 8% to 23%,% 7
while constipation was reported in only 4% of patients
receiving buprenorphine buccal film and in 13% of

20,21

patients receiving transdermal buprenorphine. In

a postmarketing surveillance study, 128 (1%) of 13,179

patients receiving transdermal buprenorphine experienced
constipation.®” Opioid-induced constipation is associated
with increased economic burden and reduced quality of
life, so buprenorphine may be preferable to conventional
opioids when considering this adverse event.”* In addition,
a comparison of adverse events reported in clinical trials
for buprenorphine buccal film and ER formulations of
oxycodone, hydromorphone, and oxymorphone showed
that the proportion of patients who experienced nausea,
vomiting, constipation, headache, dizziness, somnolence,
anxiety, and dry mouth was lower with buprenorphine
buccal film than with conventional opioids (Figure 7).
Unlike with conventional opioids, additional benefits of
buprenorphine due to its unique metabolism include suitability
for use in patients requiring concomitant medications, those
with renal or hepatic impairment, and the elderly.'* Most
patients with OUD have been found to also have chronic
pain, and among them, the majority had chronic pain before
their first OUD diagnosis, making appropriate treatment in this
subset of patients essential.”* Patients with comorbid chronic
pain and OUD have reported satisfaction with buprenorphine
treatment.”> Also,

immunosuppressive, *’’

buprenorphine is not
does not negatively impact the
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Figure 7 Adverse Events Reported in Clinical Trials of Buprenorphine Buccal Film Compared With Conventional Opioids for Chronic Pain. The percentage of patients who

reported adverse events in clinical trials for buprenorphine buccal film?'

hydromorphone,® and oxycodone.®’

compared with those reported for extended-release formulations of oxymorphone,®

Notes: Copyright ©2019. Dove Medical Press. Adapted from Pergolizzi |V, Jr.,, Raffa RB. Safety and efficacy of the unique opioid buprenorphine for the treatment of chronic

pain. J Pain Res. 2019;12:3299-3317.

hypothalamic-pituitary-adrenal pathway,” %

81-84

and may reduce
anxiety and depression.

Overall, the safety data and additional benefits of bupre-
norphine suggest that it has a lower risk of adverse events
compared with conventional opioids, most notably with
respiratory depression. However, all opioids, including
buprenorphine, carry the risk of adverse events and addic-
tion potential, depending on the dose. Therefore, careful
consideration should be given to the risks and benefits of
each opioid before prescribing. Health care providers
should consider using one or more opioid risk screening

tools before the initiation of any opioid therapy.®>%¢

Conclusions

Clinical safety and efficacy data in this narrative review sug-
gest that buprenorphine may be a more tolerable alternative
with equivalent or superior analgesia to conventional opioids
for patients with pain. IV buprenorphine has been the most
extensively studied formulation and is FDA-approved for
acute pain, while the transdermal patch and buccal film are
FDA-approved for chronic pain. The transdermal patch has
demonstrated efficacy for chronic pain with once-weekly dos-
ing. Health care providers may find that the buprenorphine
buccal film formulation has favorable bioavailability, available
doses, efficacy, adverse event profile, and benefit-risk assess-
ments for the treatment of chronic pain. Clinicians should
always consider the benefits and risks of various therapeutic
options for pain management and are encouraged to explore
their unique aspects, long-term clinical impact, and individual
patient needs.
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