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Abstract: With a global prevalence of ~9%–12%, low back pain (LBP) is a serious public health 

issue, associated with high costs for treatment and lost productivity. Chronic LBP (cLBP) involves 

central sensitization, a neuropathic pain component, and may induce maladaptive coping strate-

gies and depression. Treating cLBP is challenging, and current treatment options are not fully 

satisfactory. A new BioErodible MucoAdhesive (BEMA®) delivery system for buprenorphine 

has been developed to treat cLBP. The buccal buprenorphine (BBUP) film developed for this 

product (Belbuca™) allows for rapid delivery and titration over a greater range of doses than 

was previously available with transdermal buprenorphine systems. In clinical studies, BBUP 

was shown to effectively reduce pain associated with cLBP at 12 weeks with good tolerability. 

The most frequently reported side effects with the use of BBUP were nausea, constipation, and 

vomiting. There was no significant effect on the QT interval vs placebo. Chronic pain patients 

using other opioids can be successfully rotated to BBUP without risk of withdrawal symptoms 

or inadequate analgesia. The role of BBUP in managing cLBP remains to be determined, but it 

appears to be a promising new product in the analgesic arsenal in general.

Keywords: buccal, transmucosal, buprenorphine, chronic low back pain, BEMA, drug delivery 
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Introduction
Low back pain (LBP) is one of the top ten causes of years lived with disability (YLD) 

in every one of the 188 nations surveyed in the Global Burden of Disease Study of 2013 

and also the leading cause of  YLD in 45 of the 50 developed nations.1,2 The metric YLD 

is the number of incident cases multiplied by its average duration multiplied by a fac-

tor known as disability weight or, in some studies, it may be calculated by multiplying 

prevalent cases by the disability weight.3 The rates of global mortality are not declining as 

rapidly as the rate of  YLDs with the result that health care systems will be increasingly 

faced with the management of the nonfatal aspects of disease and injury worldwide.4

LBP has been defined as pain that lasts at least 1 day in the posterior aspects of the 

body from the lower margin of the twelfth rib to the lower gluteal folds, which may or 

may not be accompanied by pain in one or both lower limbs.3 It may be also defined 

as a pain in the lower back lasting at least 1 day that limits activity with or without 

pain referred to one or both lower limbs.1 Global prevalence of LBP is estimated to 

be ~9%–12%.1,3,5 The risk of LBP increases with age6 and is most prevalent among 

persons between the ages of 40 years and 80 years.1 Most people (24%–80%) who 

experience one episode of activity-limiting LBP experience recurrent LBP at 1 year.6
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(BEMA®; Endo Pharmaceuticals, Malvern, PA, USA) deliv-

ery technology for its potential role in the treatment of cLBP.

Methods
A literature search was conducted for keywords “buccal 

buprenorphine,” “Belbuca,” and “BEMA buprenorphine” 

in the PubMed, Cochrane, Embase, and Scopus databases, 

producing 152 results. Duplicates and articles not in English 

were removed (n=66), leaving 86 articles. Authors then 

reviewed the articles for relevance to the subject (buccal 

buprenorphine [BBUP] using BEMA technology for cLBP). 

Although no year constraints were employed in the search 

(to maximize results and not miss anything relevant), authors 

could also reject articles as outdated. A total of nine results 

remained (Figure 1).

BEMA technology and 
buprenorphine
Buprenorphine is a potent opioid that has been described 

as a partial mu-opioid receptor (MOR) agonist.24 This 

terminology – a partial agonist – can be misleading, in that 

buprenorphine often acts like a full agonist in terms of clinical 

analgesic effect.34 It offers durable analgesia in that it has high 

affinity for binding to MOR and slow dissociation from the 

MOR in the central nervous system.35 Unlike other opioids, 

buprenorphine has been associated with antihyperalgesia36 

and has a ceiling effect for both gastrointestinal side effects 

and respiratory depression.24 Buprenorphine is associated 

with less abuse liability than many other opioid agents.37 This 

may be due to the fact that it acts as an agonist at the opioid 

The costs of LBP are high, since they include medi-

cal expenditures, lost productivity, and expenses related 

to indemnity payments and litigation.7–9 In 1998, it was 

estimated that LBP cost the US10 > $90 billion and in 2000, 

the UK estimated direct and indirect costs to be > 11 billion 

pounds.11 Although it is impossible to state with authority 

exactly how much LBP costs society, it is clearly one of the 

costliest health care conditions.6,7

The etiology of LBP can be diverse and may include 

anatomical or structural problems (including bones, discs, 

ligaments, nerves, blood vessels, and muscles), osteopo-

rosis, neoplasm, or infection.6 Occupational risks for LBP 

include manual labor, bending, twisting, and being exposed 

to whole-body vibrations.12 Other risk factors include low 

educational levels,13 obesity,14 stress, anxiety, depression,15–17 

and job dissatisfaction,18 although the latter four factors may 

be more directly associated with the transition from acute 

LBP to chronic LBP (cLBP).16,19

Most patients with nonspecific acute LBP have a favor-

able and unremarkable natural course in that the condition 

is typically brief and self-limited, with improvements occur-

ring in ~4  weeks.20 Patients with subacute LBP (lasting 

4–12 weeks) usually improve as well but not as rapidly or 

completely. A subset of patients with acute LBP will develop 

cLBP, defined as LBP lasting ≥12 weeks; cLBP is difficult to 

treat and usually does not improve substantially over time.20

Treating cLBP is challenging in part because chronic pain 

involves central sensitization and may include a neuropathic 

component. Patients with cLBP may also have comorbid 

conditions and psychosocial factors, such as maladaptive 

coping strategies and depression.20

The first-line agents generally recommended for the 

control of cLBP are acetaminophen and nonsteroidal anti-

inflammatory drugs.21 When such nonopioid pain relievers 

provide inadequate pain control, physicians may consider 

opioid analgesics, which carry with them risks for adverse 

events and abuse liability.22,23 Opioid analgesic agents are 

effective and may be used safely by certain patients under 

appropriate clinical supervision. Among these agents is a new 

buccal formulation of buprenorphine that may be particularly 

well suited for the treatment of cLBP. Buprenorphine is the 

only opioid agent that can be safely taken by elderly patients 

with no dosage adjustment24 and addresses both nociceptive 

and neuropathic pain components.25 Buprenorphine has been 

clinically evaluated in the treatment of cLBP26–33 and is a 

well-known and widely used analgesic.

The purpose of this review is to evaluate a new formu-

lation of buprenorphine with BioErodible MucoAdhesive 
Figure 1 A literature search was conducted using PubMed, Cochrane, Embase, and 
Scopus databases, resulting in nine articles relevant to the objective.
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receptor-like 1 (NOP) receptor, which has been associated 

with attenuating the rewarding effect common with other 

opioids.25,38

The relatively poor oral bioavailability of buprenorphine 

(~15%39) has led to the development of buprenorphine for-

mulations as a transdermal system for pain control and a 

transmucosal product for opioid maintenance in dependent 

patients. The 7-day buprenorphine patch for chronic pain 

management is available in the doses of 5 µg/h, 7.5 µg/h, 

10 µg/h, 15 µg/h, and 20 µg/h, with the two lower doses used 

primarily to initiate and titrate opioid-naïve patients.39 Effec-

tive pain control has been demonstrated for buprenorphine 

patches at the doses of 10 µg/h, 15 µg/h, and 20 µg/h, giving 

buprenorphine transdermal systems a relatively narrow thera-

peutic dose range (10–20 µg/h).40,41 However, some patients 

may not achieve adequate analgesia with the doses of 20 µg/h.

In order to enhance and accelerate buprenorphine 

absorption, a buccal film delivery system was developed 

(Belbuca™); such a transmucosal film could increase titra-

tion flexibility and allow for a greater range of therapeutic 

doses. A novel and proprietary technology (BEMA) was 

developed to allow water-soluble polymeric films to adhere 

to the buccal mucosa and erode in a matter of minutes. Early 

testing found that this BBUP formulation had an absolute 

bioavailability of 46%–51% over a 16-fold range of doses.42 

Since steady-state conditions could be reached within ~3 days 

of dosing for transdermal products, BBUP offers therapeutic 

concentrations across a broad range of doses in a shorter 

time period than transdermal buprenorphine formulations.42

The buccal mucosa is an intensively vascularized tissue 
with vessels that drain into the jugular vein, although drugs 
penetrate the epithelium to enter directly into systemic cir-
culation rather than undergoing first-pass hepatic elimination 
in the gastrointestinal tract. A potential advantage for drug 
delivery via oral mucosa is accessibility, although saliva 
(dilution also known as the “washout” effect), oral pH fluc-
tuations, drug taste, and relatively low absorptive surface 
area compared to the intestines may be viewed as potential 
drawbacks.43 Two studies were conducted to evaluate the pos-
sible effects of ingesting liquids while receiving BBUP 90 µg 
in 57 healthy subjects.44 BBUP was compared to sublingual 
buprenorphine 8 mg in a study in which they were adminis-
tered to subjects without liquids, then just prior to hot water, 
cold water, tepid water, and low-pH and high-pH liquids. 
While high-pH liquids had no significant effect on systemic 
exposure to buprenorphine, low-pH liquids decreased the 
area under the curve (AUC

inf
) by ~37%. Water regardless of 

temperature decreased C
max

 and the extent of buprenorphine 
absorption by 23%-27%. Levels of norbuprenorphine, the 
metabolite of buprenorphine, were similar in all groups. 

Based on AUC
t
 and AUC

inf
, the relative bioavailability of 

BBUP compared to sublingual buprenorphine was 187% 
and 192%, respectively.44

A number of buccal mucosa delivery systems for a variety 

of pharmaceuticals are currently in development or evalua-

tion. The therapeutic areas for these novel products include 

pain, allergy, diabetes, and nicotine dependence.45 BBUP with 

BEMA technology has been approved for the treatment of 

chronic pain severe enough to require daily, around-the-clock, 

long-term opioid therapy for which alternative treatment 

options are inadequate.46

Pharmacokinetics
BBUP is available as buccal films in the doses of 75 µg, 

150 µg, 300 µg, 450 µg, 600 µg, 750 µg, and 900 µg. It is 

metabolized by N-dealkylation, mainly via the cytochrome 

3A4 enzyme, and glucuronidation and is eliminated in the 

feces (~70%) and urine (~30%). The T
max

 is 2.5–3.0 hours 

with steady-state concentrations reached prior to the sixth 

dose, and it has a half-life of 27.6 hours.47 The half-life for 

sublingual and transdermal buprenorphine formulations 

ranges from 20  hours to 73  hours.48 The mean plasma 

elimination half-life of BBUP is 27.6±11.2  hours.49 With 

the 7-day transdermal buprenorphine 20  µg/h patch, 

there is a gradual increase in the plasma concentration of 

buprenorphine over the first 2 days, plateauing at ~300 pg/

mL at 48 hours. The mean plasma concentration at 24 hours 

is 143.5 pg/mL, with C
max

 318.6 pg/mL, and the mean AUC is 

41,792.1 pg h/mL.50 Sublingual buprenorphine, on the other 

hand, showed a plasma profile of 400 µg every 8 hours with 

large peak-to-trough differences over 24  hours. Note that 

buprenorphine absorption may be affected by the location 

of the site of application (Table 1).50

Clinical efficacy
In a randomized, multicenter, double-blind, placebo-con-

trolled study of 749 opioid-naïve patients with moderate 

to severe cLBP, patients were titrated to a dose of BBUP 

in the range of 150–450 µg every 12 hours that they could 

tolerate well and which provided adequate pain control for 

at least 14 days.52 At that point, patients were randomized to 

continue BBUP (n=229) or be treated with placebo (n=232) 

and evaluated for the change in daily average pain intensity 

scores (numeric 11-point scale) from baseline to week 12 of 

treatment. The mean daily pain intensity score at baseline 

was 7.15±1.05. Pain was reduced markedly at drug titra-

tion with the mean daily pain intensity score of 2.81±1.07. 

Once patients were randomized, placebo patients had an 

increase in the pain score of 1.59±2.04 compared to BBUP 
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where pain levels decreased by a mean of 0.94±1.85. The 

difference between BBUP and placebo patients at 12 weeks 

was significant (–0.67 difference, 95% CI, range –1.07 to 

–0.26, P=0.0012). Moreover, the proportion of patients 

who achieved a ≥30% reduction in pain was significantly 

larger in the BBUP group than in the placebo group (63% 

vs 47%, respectively, P=0.0012) (Figure 2). The most com-

mon adverse events reported in the double-blind treatment 

phase of the study for BBUP were nausea, constipation, 

and vomiting (10%, 4%, and 4%, respectively), while the 

most common adverse events in the placebo group were 

nausea, upper respiratory tract infection, headache, and 

diarrhea (7%, 4%, 3%, and 3%, respectively).52 There are 

several limitations of this study that must be noted. First, 

the double-blind phase of this study lasted 12 weeks, and 

longer term results cannot be inferred from these findings. 

Second, this study included a very specific patient popula-

tion (opioid-naïve adults with cLBP for ≥6 months), and 

patients had to achieve adequate analgesia with BBUP prior 

to entering the study. Third, this study excluded patients with 

certain serious comorbid conditions, such as sleep apnea 

and unstable cardiac disease, and therefore, results may 

not be generalizable to the population of cLBP patients at 

large. Finally, this study used a placebo control rather than 

an active comparator control (Figure 2).

In a randomized, placebo-controlled, double-blind with-

drawal study, opioid-experienced patients with moderate 

to severe cLBP were randomized to BBUP or placebo.53 

To enter the study, patients had to be previously taking 

30–≤160 mg/d of morphine equivalents, and the doses were 

then tapered to ≤30 mg/d. At that point, patients underwent 

an open-label titration of BBUP (range 150–900 µg every 

12 hours) that would provide adequate pain control and would 

be well tolerated. After 14 days, patients were randomized in 

a double-blind fashion to receive either BBUP or placebo, 

and the primary endpoint was the mean of the average daily 

pain intensity score change from baseline to week 12. Prior 

to titration, the mean pain score was 6.7±1.30. Following 

titration, the average baseline pain score had dropped to 

2.8±1.02. Over the course of the study, pain scores increased 

to 1.92±1.87 for the placebo patients when compared with 

0.88±1.79 for the BBUP patients (P<0.00001). Significantly 

more patients who achieved pain reductions by ≥30% and 

≥50% were in the BBUP group compared to the placebo 

group (64% vs 31%, P<0.0001 and 40% vs 17%, P<0.0001, 

respectively).53 The same limitations apply to this study: a 

specific and tightly defined patient population, placebo rather 

than active comparator as control, exclusion of patients with 

serious comorbidities, and adequate analgesia and tolerability 

of BBUP prior to entering the study. Again, this study had 

a double-blind phase of 12  weeks, and results cannot be 

generalized to longer time periods.

Safety
There have been concerns that buprenorphine, even at thera-

peutic doses, prolongs the QT interval on electrocardiography,39 

Table 1 Pharmacokinetic parameters across various buprenorphine products indicated for pain control

Cmax 
(ng/mL)

AUC0–t 
(h ng/mL)

AUC0–inf 
(h ng/mL)

Tmax (hours), 
median (range)

Absolute  
bioavailability (%)

Transdermal 7 d/5 µg/h 0.176 – 12.087 26 15
Transdermal 7 d/10 µg/h 0.191 27.543 27.035 26 15
Transdermal 7 d/20 µg/h 0.471 – 54.294 26 15
BBUP (Belbuca) 75 µg 0.17±0.30 0.46±0.22 0.63±0.24 3.0 (1.5–4.0) 46–65
BBUP (Belbuca) 300 µg 0.47±0.47 2.00±0.68 2.3±0.68 2.5 (0.5–4.0) 46–65
BBUP (Belbuca) 1,200 µg 1.43±0.45 9.6±2.9 10.5±3.32 3.0 (1.0–4.0) 46–65

Note: “–” data not available. Data from Endo49 and Purdue Pharma51 package inserts.
Abbreviation: BBUP, buccal buprenorphine.

Figure 2 Significantly more patients achieved ≥30% pain reduction in the BBUP 
(63%) vs placebo (47%) groups, P=0.0012.
Note: Significance is indicated by the asterisk. The black bars indicate the proportion 
of patients who achieved at ≥30% and ≥50% pain intensity with BBUP. The white 
bars indicate the placebo rates. Data from Rauck et al.52

Abbreviation: BBUP, buccal buprenorphine.
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which has raised concern about prescribing buprenorphine to 

patients taking antiarrhythmic agents. Moreover, prolonged 

QT intervals could be problematic in any number of cardiac 

conditions, including, but not limited to, unstable atrial fibril-

lation and symptomatic bradycardia. A thorough QT study 

evaluated the effect of buprenorphine as a buccal soluble film 

on cardiac repolarization in 58 healthy subjects.54 In this study, 

subjects received BBUP with naltrexone to mitigate opioid-

associated effects that might potentially confound results. 

A separate group receiving only naltrexone was evaluated 

in the study. Subjects were randomized to one of the four 

groups receiving 3 mg of BBUP with naltrexone (50 mg of 

naltrexone was administered 12 hours prior to the first dose 

of buprenorphine); 50 mg naltrexone only on a placebo film; 

placebo (placebo on placebo film); and open-label moxifloxa-

cin 400 mg. Except for the moxifloxacin group, all treatments 

were administered in a double-blind fashion. The study was 

designed as a four-period, crossover, single-dose evaluation. 

During each period, blood was drawn for pharmacokinetic 

evaluation, and 12-lead electrocardiography assessments were 

conducted. This study found that even supratherapeutic doses 

of BBUP administered with naltrexone did not cause any 

clinically significant QT interval prolongation. While there 

was a slight shortening of the changes from the baseline PR 

interval in all treatment periods, it appeared to be smaller in the 

BBUP and naltrexone groups than in the naltrexone alone and 

placebo groups. Naltrexone by itself did not appear to exert any 

relevant effect on the QT interval. Changes from the baseline 

QRS-interval were very small (≤1 ms at all time points).54

In this same study, 67.2% (n=39) of patients reported at 

least one treatment-emergent adverse event.54 This rate was 

highest among the buprenorphine plus naltrexone patients 

(53.7%) compared to patients who took naltrexone alone 

(30.8%), placebo patients (5.9%), or moxifloxacin patients 

(15.7%). In the BBUP and naltrexone groups, the most 

frequently reported adverse events were nausea (27.8%), 

dizziness (14.8%), vomiting (13.0%), and headache (7.5%); 

these events were relatively uncommon in the naltrexone 

alone, placebo, and moxifloxacin groups (<10% for each). 

Most of the adverse events were deemed to be mild, no seri-

ous adverse events were observed, and no subject withdrew 

from the study because of adverse events.54

In a 12-week study of BBUP for cLBP (n=511), the most 

commonly reported adverse events during the double-blind 

phase of the study were nausea and vomiting (8% and 6%, 

respectively) for the BBUP patients and drug withdrawal 

syndrome and nausea (10% and 7%, respectively) for the 

placebo patients.53

Opioid rotation to BBUP
Opioid rotation can be an important pharmacological strat-

egy to allow patients with suboptimal results on one opioid 

to potentially achieve better results (improved analgesia, 

greater tolerability, or both) with another opioid agent.55 

Patients receiving a dose equivalent to 80–220 mg of oral 

morphine sulfate (n=35) were transitioned to BBUP at 50% 

of their full dose in a randomized, double-blind, double-

dummy, active-control two-period crossover study.56 The 

primary endpoint of this study was a composite: either a 

maximum Clinical Opiate Withdrawal Scale score of ≥13 

(moderate withdrawal) or the use of rescue medication to 

manage pain. All patients in the study had chronic pain 

and were confirmed as opioid dependent by naloxone chal-

lenge. It was found that these patients could be switched to 

BBUP without increased risk of withdrawal or exposure to 

inadequate analgesia.

Discussion
Chronic pain is a debilitating condition that decreases pro-

ductivity, limits function, and reduces the quality of life. 

More than 100 million Americans suffer chronic painful 

conditions, with cLBP a leading cause, and many of these 

patients may be considered for opioid therapy.57 Unrelieved 

chronic pain is epidemic in the US, and many cLBP and other 

chronic pain patients are not highly passionate advocates for 

better pain control. This is in part the nature of the disorder: 

with the passage of time, chronic pain causes individuals 

to withdraw from society, to retreat from activities, and to 

cope with life rather than engage. Opioids are effective pain 

relievers, and many patients benefit from their appropriate 

use. However, opioids carry with them a well-recognized 

abuse liability, and for this reason, many clinicians hesitate 

to prescribe them except for patients with the most severe 

forms of chronic noncancer pain. Indeed, there are respected 

experts who challenge the use of opioids in the setting of 

chronic nonmalignant pain altogether.58,59 Recent guidelines 

from the Centers for Disease Control and Prevention recom-

mend limiting the use of opioids in patient populations such 

as patients with cLBP.60

Pain experts are left to weigh the evidence in evaluat-

ing various pain control strategies and to make prescribing 

choices based on the needs and lifestyles of individual 

patients. The perfect analgesic agent does not yet exist. We 

have a pharmacological armamentarium of effective pain 

relief products, all of which carry some degree of risk. It 

is in this light that buprenorphine should be reconsidered. 

According to the World Health Organization, buprenorphine 
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is considered as a strong opioid,61 and it possesses a unique 

pharmacology and limited abuse liability.24 It may be used 

without dose adjustment in elderly patients (a large subset 

of the chronic pain population) and those with renal dys-

function.25 Buprenorphine administered transdermally is a 

convenient way of providing round-the-clock analgesia with 

good patient adherence.

The role of buprenorphine for pain control has been lim-

ited by concerns that it may be difficult to titrate adequately. 

Despite the apparent advantages of buprenorphine,25 it is 

often considered as an “older drug” with limited utility. New 

indications for chronic pain, our knowledge of the drug and 

its unique pharmacology,24 and the BBUP product make it 

worthy of a second look.

Transmucosal products are easy to administer and conve-

nient for the clinical team. Patient acceptance of transmucosal 

products has not been well studied, although another trans-

mucosal product (fentanyl) is on the market. The advantages 

of a convenient, rapid-onset opioid pain reliever with limited 

abuse liability makes the advent of this new BBUP particu-

larly promising.

As with any opioid pain reliever, patients should be 

informed about the potential risks of opioid therapy, notably the 

risk of certain opioid-associated side effects and abuse liability. 

Opioid therapy should be closely supervised with patients and 

physicians setting goals for treatment that might include pain 

control, increased function, and specific personal goals such as 

being able to sit through a movie comfortably or being able to 

go out to dinner with the family. While pain assessments using 

validated metrics are important clinical tools, personal goals can 

have more relevance and be more motivational to the patient 

and his or her family than decreasing pain intensity numbers.

There are only a few studies in the literature addressing 

BBUP to date, and these studies have certain limitations. The 

authors could not find a BBUP study in the literature that com-

pared BBUP with an active comparator. Furthermore, the studies 

described in our article evaluated BBUP over a 12-week time 

period (double-blind phase) in very refined patient populations 

who had achieved adequate analgesia and good tolerability with 

BBUP before entering the study. Thus, prudence is warranted 

when considering this new drug. Nevertheless, studies so far 

indicate that BBUP offers clinical efficacy, safety, tolerability, and 

versatility to help address cLBP. As such it must be considered as 

a promising and important new product for clinicians and their 

patients suffering from moderate to severe cLBP.

Conclusion
Buprenorphine is a potent and important opioid analgesic 

with a unique pharmacology. Until recently, buprenorphine’s 

availability to chronic pain patients was limited to transder-

mal patch systems in only three doses. BBUP offers a novel 

transmucosal technology that may enhance and accelerate 

buprenorphine absorption in the body. BBUP allows for 

greater dosing versatility (an important consideration for 

some cLBP patients). Buprenorphine is associated with a 

lower abuse liability than many other strong opioids, a ceil-

ing effect for respiratory depression, and no requirement to 

adjust doses for the elderly or renally impaired patients. QT 

interval prolongation was not evident with BBUP even at 

supratherapeutic doses. Thus, BBUP may be an important 

new addition to help treat patients with moderate to severe 

pain associated with cLBP.
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