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The following studies provided buprenorphine exposure information (Table 1).

Table 1   Belbuca Pharmacokinetic studies

Study SD MD Dose 
linearity

Ab 
BA

Rel BA: 
(Roxane 
8 mg SL)

pH Liquid 
temp. Mucositis QT

BUP-115 500 µg X

BUP-116 60 to 240 μg  X

BUP-117 75 to 1200 μg  X X

BUP-118 900 µg X X

EN3409-
120

900 µg X

BUP-121 60 µg X

BUP-150 3000 µg X

Pop PK P3 studies:  EN3409-307 and EN3409-308 

Single-dose

The following are the single dose pharmacokinetic parameters from Belbuca administered in various 
different doses (Table 2).

Table 2   Buprenorphine Plasma Pharmacokinetic Parameters (mean±SD)
BUP-121

60 µg 
BUP-117 

75 µg
BUP-117 
300 µg 

BUP-117 
300 µg 

BUP-115 
500 µg  

BUP-118
900 µg 

BUP-120 
900 µg 

BUP-117 
1200 µg 

Cmax 
(ng/mL)

0.07± 0.02 0.17±0.30 0.37±0.10 0.47±0.47 0.55±0.12 1.32±0.41 1.36±0.42 1.43±0.45

AUCt
(ng.h/mL)

0.23±0.09* 0.46±0.220 2.00±0.58 2.04±0.68 3.80±0.82 8.75±2.46 9.40±2.86 9.59±2.92

AUCinf
(ng.h/mL)

- 0.63±0.24 2.23±0.63 2.26±0.69 4.40±1.11 9.53±2.74 10.1±3.03 10.46±3.32

T1/2
(h)

- 2.45±0.60 4.58±2.87 3.94±2.13 19.10±11.54 13.77±6.75 14.24±7.01 15.10±5.62

Tmax 
(h)

2.5 3.00 3.00 2.5 2 3.00 2 3.00

Note: 0-24h

After Belbuca 3000 µg single dose (QT study; , which is not the TBM) the 
observed Cmax and AUC0-24 was 3.66 ng/mL and 25.3 ng.hr/mL, respectively.

Multiple-dose
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Study BUP-116 was an open-label, dose-escalating, multiple-dose study in healthy subjects.  Ten 
(10) healthy subjects were dosed in a sequential, dose escalating manner, that is, at 60, followed by 
120, followed by 180, and, finally, at 240 μg (Table 3).

Table 3   Buprenorphine Plasma Pharmacokinetic Parameters after multiple doses
BEMA Buprenorphine Dose (Study Day)Parameter

60 mcg
(Day 3)

120 mcg
(Day 6)

180 mcg
(Day 9)

240 mcg
(Day 12)

Tmax (hours) 3.0 (2.0-4.0) 2.5 (2.0-4.0) 2.0 (0-3.0) 2.0 (2.0-3.0)
Cmax (ng/mL) 0.0766±0.0195 0.156±0.0437 0.216±0.106 0.364±0.125
AUC0-τ

(h∙ng/mL)
0.4903±0.1395 0.9658±0.2468 1.358±0.5951 2.343±0.7424

T½ (hours) NA NA NA 27.58±11.18

Dose linearity

Single-dose

Study BUP-117 indicated that buprenorphine Cmax and AUC increased linearly with an 
increase in dose from 75 to 1200 µg.

Multiple-dose

Study BUP-116 indicated that buprenorphine Cmax and AUC increased linearly with an 
increase in dose from 60 to 240 µg after 6 doses administered every 12 hours.  The 
elimination half-life following the last dose was approximately 27.6 hours.

Relative Bioavailability

Study BUN-118 provided relative bioavailability information comparing single dose 900 µg 
Belbuca and 8 mg buprenorphine sublingual tablet, Roxane Laboratories.  Buprenorphine mean 
Cmax value from Belbuca was 1.32 ng/mL compared to 6.73 ng/mL with sublingual tablet 8 mg.  
Buprenorphine mean AUC value from Belbuca was 9.53 ng.h/mL compared to 44.1 ng.h/mL with 
sublingual tablet 8 mg.

 and  formulation comparison

Study BUP-117 provided the buprenorphine exposure information from a single dose 300 µg 
Belbuca  and  formulations.  The buprenorphine drug loading and surface area of the 
films are different for  and  formulations.  Both formulations are designated as to-be-
marketed formulations.  The 90% CIs for buprenorphine AUC after 300 μg Belbuca from 2 
formulations (  and  were within 0.80 to 1.25.  The 90% CI for buprenorphine Cmax 
lower bound is slightly below of 0.8 (74.9%), perhaps due to a large % CV was observed for 
buprenorphine Cmax for  formulation.
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Absolute bioavailability

Study BUP-115 explored absolute bioavailability by comparing 500 μg single-dose Belbuca (  a 
to-be-marketed formulation) and a 2-minute IV injection of 150 μg buprenorphine in 0.5 mL 
(Buprenex Injection).  The mean absolute bioavailability (based on AUCinf) of buprenorphine from 
Belbuca was approximately 0.65 at dose level of 0.5 mg (Table 29).

Study BUP-117 explored absolute bioavailability by comparing 75, 300 and 1200 μg single-dose 
Belbuca (  a to-be-marketed formulation) and a 2-minute IV injection of 300 μg buprenorphine 
(0.3 mg/1 mL; Buprenex Injection).  The mean absolute bioavailability ranged from 0.46 to 0.51 
across the 4 buccal doses

Grade 3 mucositis patients

In patients with Grade 3 mucositis (Study BUP-121) administered with 60 µg Belbuca, 
buprenorphine Cmax and AUC values were 80% higher and 60% greater compared to age and gender 
matched healthy subjects.  Therefore, dose adjustment language will be added to the labeling regarding use 
in patients with mucositis.

Temperature effect

Study EN3409-120 explored the temperature effect on a single dose 900 µg Belbuca when hot, cold 
or room temperature water was co-administered.  

Buprenorphine Cmax and AUC values were lower by 28% and 27%, respectively, following 
Belbuca administration with hot water compared with Belbuca administration without any liquids.

Buprenorphine Cmax and AUC values were lower by 31% and 23%, respectively, following 
Belbuca administration with cold water compared with Belbuca administration without any liquids.

Buprenorphine Cmax and AUC values were lower by 26% and 24%, respectively, following 
Belbuca administration with water at room temperature compared with Belbuca administration 
without any liquids.

pH effect

Buprenorphine Cmax and AUC decreased by 47 and 37%, respectively, when a single dose 900 µg 
Belbuca was co-administration with low pH liquid (room temperature decaffeinated cola).  Co-
administration with high pH liquid (room temperature sodium bicarbonate mixed with water) had no 
significant impact on buprenorphine exposure from Belbuca (Study BUP-118).  The exposure to 
norbuprenorphine was comparable across the different treatments.

Due to the effect of temperature and pH, the consumption of liquids should be avoided until the 
buccal film has completely dissolved and such language will be added to the labeling.
QT effect
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The Applicant reported moderate effect of 5.2 msec at 6 hours and 5.8 msec at 8 hours (the mean 
naltrexone-corrected, change from baseline QTcF (ΔΔQTcF) after Belbuca with naltrexone) post 
Belbuca administration.

The QT-Interdisciplinary Review Team’s (IRT) review indicated that ‘no significant QTc 
prolongation effect of BEMA Buprenorphine was detected in this TQT study” (IND 72428, dated 
6/19/13).    Additionally QT-IRT assessment based on the range of doses and QT prolongation, the 
review stated that “marginal clinically relevant QTc prolongation (comparable to that at  

) may occur for BEMA with doses of 600 µg q12h or above” (NDA 207932 dated 6/18/15).  
See QT-IRT reviews, respectively, for an in-depth discussion and assessment regarding QT 
prolongation.

Elderly and Sex

No dedicated pharmacokinetic studies were conducted in the development of Belbuca in order to 
address elderly or sex exposure differences.  However the Applicant performed the population 
pharmacokinetics analysis to possibly identify and characterize patient factors which influence the 
variability in buprenorphine exposures.  No variables such as age, body size or sex were found to be 
statistically significant factors (p<0.001).    

Pediatric

The PK information from Belbuca has not been studied in pediatric patients.  The Applicant requests 
a partial waiver from the requirement to submit assessment of Belbuca in pediatric subjects 0 to less 
than 7 years old due to the fact that 1) the necessary studies are impossible or highly impracticable 
and 2) the number of pediatric subjects meeting the indication in the age group are too small in 
number to make the studies feasible.  In addition, pursuant to 21 CFR Part 314.55(c)(3)(i) and (ii) 
and 21 CFR 314.55(b)(1)(a) and 505B(a)(3)(A)(i) of the FD&C Act, the Applicant requests a 
deferral of submission of assessment in pediatric subjects aged 7 to 16 years old due to the fact that 
the product is ready for approval for use in adults and the pediatric study has not been initiated or 
completed.  The Applicant plans to conduct pediatric studies to fulfill Pediatric Research Equity Act 
obligations.  

2 QBR

2.1 General Attributes of the Drug

2.1.1 What regulatory background or history information contributes to the assessment of the 
clinical pharmacology and biopharmaceutics of this drug?

The Applicant’s intention for developing Belbuca was to enable buccal absorption of buprenorphine 
delivered across the mucosa as the film dissolves in the mouth, bypassing the gastrointestinal 
absorption and first pass metabolism processes.  Additionally it is thought that Belbuca will be 
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The proposed indication is for the management of pain severe enough to require daily, around-the-
clock, long-term opioid treatment and for which alternative treatment options are inadequate  

2.1.4 What are the proposed dosage and route of administration?

The route of administration is via the buccal mucosa (oral cavity).  The following are the proposed 
doing regimen:

2.2 General Clinical Pharmacology

2.2.1 What are the design features of the pivotal clinical trials?

The efficacy of Belbuca was assessed in 3 enriched enrollment, randomized withdrawal, placebo-
controlled Phase 3 clinical studies (BUP-301, EN3409-307 and EN3409-308).  Studies EN3409-307 
and EN3409-308 are considered as pivotal studies.  Study BUP-301 was conducted in both opioid-
experienced and opioid-naïve subjects, which served as preliminary study to Studies EN3409-307 
and EN3409-308.  Study EN3409-307 was conducted in opioid-experienced subjects whereas Study 
EN3409-308 was conducted in opioid-naïve subjects.  All studies employed subjects with chronic 
low back pain (CLBP).  The reader is referred to medical officer’s review for in depth discussion 
and assessment of the Phase 3 program.  

Study EN3409-307 was a double-blind, placebo-controlled, enriched enrollment, randomized 
withdrawal study, evaluating the efficacy of buprenorphine HCl buccal film doses ranging from 150 
to 900 μg in a population of subjects with CLBP, who were opioid experienced. Study EN3409-308 
was a double-blind, placebo controlled, enriched enrollment, randomized withdrawal study, 
evaluating the efficacy of buprenorphine HCl buccal film doses ranging from 75 to 450 μg in a 
population of subjects with CLBP, who were opioid naive.  

The following table (Table 8) presents the summary description of Phase 3 studies.

Table 8   Description of Completed Phase III Clinical Efficacy Studies
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A full list of efficacy variables studied in the Phase 3 studies are presented in Table 9.  The primary 
efficacy variable was the change from the double-blind baseline to week 12 in the mean of average 
daily pain intensity scores.

Table 9   Efficacy Variables in the Phase III Studies
BUP-301 EN3409-307 EN3409-308

Primary Efficacy Variable
Change from double-blind baseline to week 12 of the double-
blind treatment phase in the mean of average daily pain 
intensity scores

x x x

Secondary Efficacy Variables
Proportion of responders x x x
Rescue medication use x x x

Time to optimal dose of open-label study medication x x

Time to treatment failure x x x

Patient-reported outcome measures

Patient Global Impression of Change 
questionnaire

x x x

Roland-Morris Disability Questionnaire x x x

Medical Outcomes Score Sleep Subscale x x

Treatment Satisfaction Questionnaire for Medication x
Overall satisfaction with study drug by subject and 
investigator

x
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The Applicant stated that both pivotal efficacy studies met their primary and secondary efficacy 
endpoints.  The Applicant presented the following information on their efficacy assessments 
(primary endpoint; also see Table 10 below).   

Applicant’s findings:

Study EN3409-307:
For the primary efficacy endpoint, the buprenorphine group showed a statistically significantly 
(P<0.00001) smaller mean change in numerical rating scale (NRS) pain intensity score from 
baseline to week 12 of the double-blind treatment phase compared with the placebo group, with a 
least squares mean treatment difference of -0.98 (2-sided 95% confidence interval [CI], -1.32 to -
0.64) for the ITT population excluding subjects at site 1008. The results of the primary efficacy 
analysis were supported by consistent results for analyses for the PP population and the sensitivity 
analyses using the mixed-effects model repeated measures (MMRM), last observation carried 
forward (LOCF), and baseline observation carried forward (BOCF) methods.  A treatment 
difference favoring the buprenorphine group compared with the placebo group was observed at each 
week in the double-blind treatment phase for the ITT population excluding subjects at site 1008 
(week 1 -0.68; week 2 -0.80, week 3 -0.88, week 4 -0.97, week 5 -1.04, week 6 -1.05, week 7 -1.17, 
week 8 -1.25, week 9 -1.13, week 10 -1.12, week 11 -1.12, and week 12 -1.15). The weekly change 
from baseline in NRS pain intensity scores was smaller for subjects in each of the 6 buprenorphine 
dose strata than for subjects receiving matching placebo at each week during the double-blind 
treatment phase, except for the 150-μg level at week 1 and weeks 3 through 6. The least square 
mean difference (95% CI) compared to placebo in the change from baseline to week 12 was 0.25 (-
1.51 to 2.01) for buprenorphine 150 μg, -0.46 (-1.40 to 0.48) for buprenorphine 300 μg, -0.64 (-1.53 
to 0.25) for buprenorphine 450 μg, -2.02 (-3.00 to -1.04) for buprenorphine 600 μg, -0.74 (-1.79 to 
0.31) for buprenorphine 750 μg, and -1.08 (-1.69 to -0.48) for buprenorphine 900 μg for the ITT 
population excluding subjects at site 1008.

Study EN3409-308:
The buprenorphine group showed a statistically significantly (P=0.0012) smaller mean change in 
NRS pain intensity score from baseline to week 12 of the double-blind treatment phase compared 
with the placebo group, with a mean treatment difference of -0.67 (95% CI, -1.07 to -0.26) for the 
ITT population excluding subjects at site 1008. The results of the primary efficacy analysis were 
supported by consistent results for the ITT population without site 1008 excluded, the PP population 
analysis, and the sensitivity analyses using the mixed-effects model repeated measures (MMRM), 
last observation carried forward (LOCF), and baseline observation carried forward (BOCF) 
methods. A treatment difference favoring the buprenorphine group compared with the placebo group 
was observed at each week in the double-blind treatment phase for the ITT population excluding 
subjects at site 1008.  The weekly change from baseline in NRS pain intensity scores was smaller 
for subjects in each of the 3 buprenorphine dose strata than for subjects receiving matching placebo 
at each week during the double-blind treatment phase. The least squares mean difference (95% CI) 
compared to placebo in the change from baseline to week 12 was -0.24 (-1.04 to 0.57) for 
buprenorphine 150 μg, -1.04 (-1.73 to -0.35) for buprenorphine 300 μg, and -0.79 (-1.45 to -0.14) 
for buprenorphine 450 μg.
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Table 10   Change from Double-Blind Baseline to Week 12 in Average Numerical Rating Scale Pain 
Intensity in Double-blind Treatment Phase of the Individual Phase 3 Studies (ITT Population, 
Subjects at Site 1008 Excluded)

Data Source: BUP-301 CSR [Table 24 and Table 14.1.6.2], EN3409-307 CSR [Table 14.2.1.1], and EN3409-308 CSR [Table 14.2.1.1]
a Average of the subject diary NRS Pain Intensity measurements in the week prior to randomization for BUP-301, and the mean of pain intensity on the 
last 7 days before taking study medication prior to open-label titration phase.
b Baseline is defined as the mean of pain intensity on the last 7 days before taking study medication prior to the randomization date.
c Subjects with missing weekly subject diary data had their values imputed by multiple imputation methodology. Prior to multiple imputation, last 
observation carried forward (LOCF) was used to impute missing data for subjects prematurely discontinued due to lack of efficacy, screening 
observation carried forward (SOCF) was used for subjects prematurely discontinued due to adverse events, and baseline observation carried forward 
(BOCF) was used for subjects discontinued due to opiate withdrawal.
d P value is generated from t test for significance of treatment difference using PROC MIANALYZE by combining results from analysis of covariance 
(ANCOVA) model with change from baseline as the dependent variable, treatment as a factor and baseline value as a covariate from 5 imputed 
datasets.
e P value, treatment difference estimate, and 95% CI are calculated using Cui-Hung-Wang/Lawrence-Hung methods. After imputations, the ANCOVA 
model are performed with change from baseline as the dependent variable, treatment as a fixed effect and screen and baseline value as covariates from 
10 imputed datasets.
f P value, treatment difference estimate, and 95% CI are calculated using PROC MIANALYZE by combining results from ANCOVA model, 
performed with change from baseline as the dependent variable, treatment as a fixed effect and screen and baseline value as covariates from 10 
imputed datasets.

 

2.2.2 Are the active moieties in the plasma (or other biological fluid) appropriately identified and 
measured to assess pharmacokinetic parameters and exposure response relationships? (if yes, refer 
to II. F, Analytical Section; if no, describe the reasons)

Yes.  See Analytical Section 2.6.  
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assessing the overall safety exposure information (e.g., comparison of 900 µg and 3000 µg 
exposures).

Subjects received each of the 4 treatments (following) in 1 of 4 sequences:
 Treatment A: Buprenorphine HCl buccal film 3000 μg formulation  (2 × 1500 μg films) 

on day 1 with 4 doses of naltrexone 50 mg (over encapsulated), starting on the evening of 
day 0

 Treatment B: Placebo buccal film on day 1 with 4 doses of naltrexone 50 mg (over 
encapsulated), starting on the evening of day 0

 Treatment C: Placebo buccal film on day 1 with 4 doses of naltrexone placebo (over 
encapsulated), starting on the evening of day 

 Treatment D: Moxifloxacin 400 mg (open label) on day 1 with 4 doses of naltrexone placebo 
(over encapsulated), starting on the evening of day 0 

Oral naltrexone was co-administered to protect the subjects from potential opioid-induced AEs. 
Naltrexone was administered with placebo treatment group in order to control for naltrexone effects.  
Subjects were confined during each treatment periods.  There was a washout period of at least 14 
days between treatments.  Continuous Holter 12-lead ECGs were recorded beginning on the 
afternoon of 2 days before dosing until 24 hours post dosing (the morning of the day after dosing).  
On the day of dosing, ECGs were collected at 45, 30, and 15 minutes before dosing and at 1, 2, 3, 4, 
6, 8, 12, and 24 hours post dosing.  Post drug/placebo heart rate-corrected QTc intervals were 
referenced to baseline pre-drug/placebo data.  During each study period, blood samples were 
collected before dosing and at 1, 2, 3, 4, 6, 8, 12, and 24 hours post dosing.   The reader is referred 
to IRT’s review for in depth discussion and assessment of the findings from this study.  

The following results were presented by the Applicant.  Mean plasma concentrations of 
buprenorphine and norbuprenorphine versus time are presented in Figure 5 and Figure 6, 
respectively.

Figure 5   Mean (± SD) Plasma Concentrations of Buprenorphine Versus Time (PK Population)

Figure 6   Mean (± SD) Plasma Concentrations of Norbuprenorphine Versus Time (PK Population)
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Plasma PK parameters of buprenorphine and norbuprenorphine are summarized in Table 12 and 
Table 13, respectively.

Table 12   Mean (CV) Plasma Pharmacokinetic Parameters of Buprenorphine (PK Population)

Parameters (unit)a
BEMA Buprenorphine With Naltrexoneb

(N = 54)

AUC0-24 (ng·hr/mL)c 25.3 (19)d

Cmax (ng/mL)c 3.66 (26)

Ct (ng/mL)c 0.194 (22)

Tmax  (hr)e 3.17 (2.17, 4.18)
a Source Data: Table 14 2 2 1
b BEMA Buprenorphine with Naltrexone = BEMA Buprenorphine 3 mg with 4 doses of naltrexone 50 mg
(Treatment A)
c Geometric mean was determined for AUC0-24, Cmax, and Ct

d N = 53; AUC0-24 could not be estimated for Subject 129
e Median (minimum, maximum)

Table 13   Mean (CV) Plasma Pharmacokinetic Parameters of Norbuprenorphine (PK Population)
Parameters (unit)a

BEMA Buprenorphine With Naltrexoneb

(N = 54)

AUC0-24 (ng·hr/mL)c 5.51 (46)

Cmax (ng/mL)c 0.316 (47)

Ct (ng/mL)c 0.239 (46)

Tmax  (hr)d 6.17 (2.17, 24.25)
a Source Data: Table 14 2 2 2
b BEMA Buprenorphine with naltrexone = BEMA Buprenorphine 3 mg with 4 doses of naltrexone 50 mg
(Treatment A)
c Geometric mean was determined for AUC(0-24), Cmax, and Ct

d Median (minimum, maximum)

The mean naltrexone-corrected, change from baseline QTcF (ΔΔQTcF) after Belbuca with 
naltrexone reached 5.2 msec at 6 hours and 5.8 msec at 8 hours, with an upper bound of the 90% 2-
sided CI of 7.0 msec and 7.5 msec, respectively (Figure 7 and Table 14).  Naltrexone alone did not 
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have an effect on the placebo-corrected ΔQTcF (ΔΔQTcF).  Moxifloxacin showed the largest mean 
ΔΔQTcF of 12.0 to 12.4 msec between 2 and 4 hours.  

Figure 7   Placebo- or Naltrexone-Corrected, Change From Baseline QTc Using Fridericia’s 
Correction (ΔΔQTcF) by Treatment and Time Point (QT/QTc Population)

BEMA Buprenorphine with naltrexone = BEMA Buprenorphine 3 mg with 4 doses of naltrexone 50 mg (Treatment A);
Naltrexone = BEMA placebo with 4 doses of naltrexone 50 mg (Treatment B); Placebo = BEMA placebo with 4 doses of naltrexone placebo 
(Treatment C); Moxifloxacin = moxifloxacin 400 mg (open label) with 4 doses of naltrexone placebo (Treatment D).  Note: ΔΔQTcF for BEMA 
Buprenorphine = ΔQTcF on Treatment A − ΔQTcF on Treatment B;  ΔΔQTcF for naltrexone = ΔQTcF on Treatment B − ΔQTcF on Treatment C; 
ΔΔQTcF for moxifloxacin = ΔQTcF on Treatment D − ΔQTcF on Treatment C.

Table 14   Placebo- or Naltrexone-Corrected, Change From Baseline QTc Using Fridericia’s 
Correction (ΔΔQTcF) by Treatment and Time Point (QT/QTc Population)

a BEMA Buprenorphine with naltrexone = BEMA Buprenorphine 3 mg with 4 doses of naltrexone 50 mg
(Treatment A); Naltrexone = BEMA placebo with 4 doses of naltrexone 50 mg (Treatment B); Placebo = BEMA placebo with 4 doses of naltrexone placebo (Treatment C); 
Moxifloxacin = moxifloxacin 400 mg (open label) with 4 doses of naltrexone placebo (Treatment D)  b ΔΔQTcF for BEMA Buprenorphine = ΔQTcF on Treatment A − 
ΔQTcF on Treatment B  c ΔΔQTcF for naltrexone = ΔQTcF on Treatment B − ΔQTcF on Treatment C  d ΔΔQTcF for moxifloxacin = ΔQTcF on Treatment D − ΔQTcF on 
Treatment C  Abbreviations: CI = confidence interval; SE = standard error

The QT-Interdisciplinary Review Team’s (IRT) review indicated that ‘no significant QTc 
prolongation effect of BEMA Buprenorphine was detected in this TQT study” (IND 72428, dated 
6/19/13).  The following excerpts are from the review: 
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Buprenorphine and norbuprenorphine pharmacokinetic parameters after each dose are provided in 
Table 15 and Table 16, respectively.

Table 15   Buprenorphine Pharmacokinetics after Single BEMA Buprenorphine Buccal and 
Intravenous Buprenorphine Doses Administered to Healthy Subjects-Arithmetic Mean±SD (%CV) 
(BUP-115)

Parameter BEMA Buprenorphine
500 μg (

(N=8)

Buprenorphine IV
150 μg
(N=8)

Tmax (h)a 2.00 (1.50-3.00) 0.25 (0.25-0.25)

Cmax (ng/mL) 0.551±0.122 (22.10) 0.726±0.117 (16.07)

AUC0-t (h*ng/mL) 3.802±0.8203 (21.58) 1.786±0.2859 (16.01)

AUC0-inf (h*ng/mL) 4.399±1.114 (25.32) 2.026±0.2956 (14.59)

t1/2 (h) 19.10±11.54 (60.45) 9.98±5.91 (59.26)
Data Source: 5.3.3.1, Study BUP-115 [Table 8, Table 14.2.2.1.1, Table 14.2.2.1.2, Table 14.2.2.1.3, and
Table 14.2.2.1.4]
a Median (range).
Note: Full precision data used in pharmacokinetic analysis.

Table 16   Norbuprenorphine Pharmacokinetics after Single BEMA Buprenorphine Buccal and 
Intravenous Buprenorphine Doses Administered to Healthy Subjects-Arithmetic Mean±SD (%CV) 
(BUP-115)

Parameter
Treatment B: 

Buprenorphine 0.5 mg Buccal

Treatment D: 

Buprenex 0.15 mg Injection
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(b) (4)





Figure 11   Mean Norbuprenorphine Concentration-Time Profiles After Administration of BEMA 
Buprenorphine Buccal Soluble Film 75 μg, Formulation  (Treatment A); 300 μg, Formulation 

 (Treatment B); 300 μg, Formulation  (Treatment C); 1200 μg, Formulation  (Treatment 
D); and Buprenorphine Injection 300 μg, (Treatment E) on Linear Scale

Buprenorphine and norbuprenorphine pharmacokinetic parameters after each study treatment are 
provided in Tables 18 and 19, and, Tables 20 and 21, respectively.  

Table 18   Plasma Pharmacokinetics of Buprenorphine After Single Buccal Doses Administered to 
Fasted Healthy Subjects – Arithmetic Mean±SD (%CV)
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Parameter BEMA 
Buprenorphine 

(  75 μg 
N=23a

BEMA 
Buprenorphine 

(  300 μg 
N=21

BEMA 
Buprenorphine 

(  300 μg 
N=22

BEMA 
Buprenorphine 
(  1200 μg 

N=23

AUClast (ng•h/mL) 0.455±0.2240 (49.2) 2.00±0.577 (28.9) 2.04±0.6754 (33.1) 9.59±2.924 (30.5)

AUCinf (ng•h/mL) 0.632±0.2373 (37.5) 2.23±0.631 (28.3) 2.26±0.689 (30.5) 10.46±3.324 (31.8)

Cmax (ng/mL) 0.172±0.303 (176) 0.367±0.0970 (26.5) 0.470±0.467 (99.4) 1.43±0.446 (31.2)

Tmax (h)b 3.00 (1.50-4.05) 3.00 (1.50-4.00) 2.50 (0.50-4.00) 3.00 (1.00-4.02)

Clast (ng/mL) 0.0495±0.0664 
(134.3)

0.0377±0.00940 
(24.9)

0.0405±0.0100 
(24.8)

0.0398±0.0106 
(26.5)

Tlast (h)b 6.00 (4.00-8.00) 12.00 (12.00-24.00) 12.00 (8.00-24.00) 48.00 (24.00-48.00)

λz (1/h) 0.3000±0.0801 
(26.7)

0.1925±0.0725 
(37.7)

0.2029±0.0573 
(28.3)

0.0559±0.0293 
(52.4)

t1/2 (h) 2.45±0.60 (24.4) 4.58±2.87 (62.7) 3.94±2.13 (54.1) 15.1±5.62 (37.3)

Fc 0.486±0.1534 (31.6) 0.462±0.1788 (38.7) 0.461±0.1606 (34.9) 0.506±0.1637 (32.4)
a N=14 for AUC, λz, t½, F for BEMA Buprenorphine  75 μg
b median (range)
c N=14 for BEMA Buprenorphine (  75 μg, N= 21 for BEMA Buprenorphine (  300 μg and (  300 μg, and N=22 for BEMA Buprenorphine (  1200 μg

Table 19   Plasma Pharmacokinetics of Buprenorphine After a Single 300 μg Intravenous Dose 
Administered to Fasted Healthy Subjects – Arithmetic Mean±SD (%CV)

Parameter
Buprenorphine 300 μg

N=24

AUClast (ng•h/mL) 4.79±1.169 (24.4)

AUCinf (ng•h/mL) 5.20±1.251 (24.1)

Cmax (ng/mL) 2.32±0.831 (35.8)

Tmax (h)a 0.25 (0.25-0.50)

Clast (ng/mL) 0.0349±0.00616 (17.7)

Tlast (h)a 24.00 (12.00-48.00)

λz (1/h) 0.1056±0.0590 (55.8)

t1/2 (h) 8.62±5.15 (59.8)
a median (range)

Table 20   Plasma Pharmacokinetics of Norbuprenorphine After Single Buccal Doses of 
Buprenorphine Administered to Fasted Healthy Subjects – Arithmetic Mean±SD (%CV)

Parameter BEMA 
Buprenorphine 

(  75 μg 
N=2a

BEMA 
Buprenorphine 

(  300 μg 
N=17

BEMA 
Buprenorphine 

(  300 μg 
N=18

BEMA 
Buprenorphine 
(  1200 μg 

N=23

28

Reference ID: 3818704
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(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) (4) (b) (4)

(b) (4) (b) (4)

(b) 
(4)

(b) 
(4)

(b) (4) (b) (4)



Cmax (ng/mL) 0.0617±0.0557 
(90.4)

0.0379±0.0200 
(52.8)

0.0324±0.0142 
(43.9)

0.118±0.0635 
(54.0)

Tmax (h)b 2.75 (2.50-3.00) 4.00 (1.50-12.00) 6.00 (1.50-48.00) 6.00 (1.50-12.00)
a N=number of subjects in whom any concentrations above LLOQ were measured. A total of 23, 21, 22, 23 subjects were dosed with 75 μg, 
Formulation  300 μg Formulation  300 μg, Formulation  and 1200 μg, Formulation 
b median (range)

Table 21   Plasma Pharmacokinetics of Norbuprenorphine After a Single Intravenous Dose of 
Buprenorphine Administered to Fasted Healthy Subjects – Arithmetic Mean±SD (%CV)

Parameter
Buprenorphine 300 μg

N=23a

Cmax (ng/mL) 0.0603±0.0379 (62.8)

Tmax (h)b 0.25 (0.25-3.00)
a N=number of subjects in whom any concentrations above LLOQ were measured. A total of 24 subjects were dosed with iv buprenorphine. No 
concentrations above LLOQ were measured for subject 1017
b median (range)

Comparison of 300 µg  and  formulations

See Section 2.5.2 for comparison.

Multiple-dose:

Study BUP-116 was an open-label, dose-escalating, multiple-dose study in healthy subjects.  Ten 
(10) healthy subjects were dosed in a sequential, dose escalating manner, that is, at 60, followed by 
120, followed by 180, and, finally, at 240 μg (Table 22; Dose escalation schedule).  Each of the dose 
strength was administered every 12-hour for 6 doses.  Film sizes were 0.97, 1.94, 2.92, and 3.89 cm2 

for doses of 60, 120, 180, and 240 μg Belbuca, respectively.  Naltrexone (25 mg) was administered 
approximately 12- and 0.5-hours prior to, and 12-hours after the first dose of study drug, and, 
approximately 12 hours each subsequent morning dose.

Table 22   Dose Escalation Schedule for Study BUP-116

Study Period Study Days BEMA Buprenorphine Dose (μg)a

1 1 – 3 60

2 4 – 6 120
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(b) 
(4)

(b) 
(4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) (4)



3 7 – 9 180

4 10 – 12 240
aDoses were administered every 12 hours

Blood samples were collected for determination of buprenorphine and norbuprenorphine plasma 
concentrations at the times listed in Table 23.

Table 23   Pharmacokinetic Sample Collection Times

Study Period Study Days Pharmacokinetic Blood Sample Collection
(Hours Post the First Dose in Study Period)

1 1 – 3 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 60, 61, 62, 63, 64, 68

2 4 – 6 0, 24, 48, 60, 61, 62, 63, 64, 68

3 7 – 9 0, 24, 48, 60, 61, 62, 63, 64, 68

4 10 – 12 0, 24, 48, 60, 61, 62, 63, 64, 68, 72, 96, 120a

a  The 96- and 120-hour pharmacokinetic (PK) sample collections were done during outpatient clinic visits on 
days 14 and 15, respectively.

Mean buprenorphine and norbuprenorphine plasma concentrations over time are shown in Figure 12 
and Figure 13, respectively.

Figure 12   Mean Buprenorphine Concentration-Time Profiles after Administration of 60, 120, 180, 
and 240 μg BEMA Buprenorphine

Figure 13   Mean Norbuprenorphine Concentration-Time Profiles after Administration of 60, 120, 
180, and 240 μg BEMA Buprenorphine
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Buprenorphine and norbuprenorphine pharmacokinetic parameters after each dose are provided in 
Table 24 and Table 25, respectively.

Table 24   Buprenorphine Plasma Pharmacokinetic Parameters
BEMA Buprenorphine Dose (Study Day)Parameter

60 mcg
(Day 1)

60 mcg
(Day 3)

120 mcg
(Day 6)

180 mcg
(Day 9)

240 mcg
(Day 12)

Tmax (hours) 1.75 (1.0-3.0) 3.0 (2.0-4.0) 2.5 (2.0-4.0) 2.0 (0-3.0) 2.0 (2.0-3.0)
Cmax (ng/mL) 0.0796±0.0180 0.0766±0.0195 0.156±0.0437 0.216±0.106 0.364±0.125
Cavg (ng/mL) NA 0.0409±0.0116 0.0805±0.0206 0 113±0.0496 0.195±0.0619
Cmin (ng/mL) NA 0.0157±0.00899 0.0371±0.00855 0.0558±0.0210 0.0862±0.0278
AUC0-τ
(h∙ng/mL)

NA 0.4903±0.1395 0.9658±0.2468 1 358±0.5951 2.343±0.7424

AUClast
(h∙ng/mL)

0.3166±0.06967 0.4085±0.1017 0.7902±0.1981 1.111±0.5000 5.033±1.571

AUCinf
(h∙ng/mL)

NA NA NA NA 6.461±2.180

T½ (hours) NA NA NA NA 27.58±11.18
Note: Data presented as mean ± SD, except Tmax which is presented as median (range).

Table 25   Norbuprenorphine Plasma Pharmacokinetic Parameters
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Table 26   Buprenorphine Plasma Cmax and AUC0-t after 6 doses administered every 12 hours
BEMA Buprenorphine Dose (Study Day)Parameter

60 mcg
(Day 3)

120 mcg
(Day 6)

180 mcg
(Day 9)

240 mcg
(Day 12)

Cmax,ss (ng/mL) 0.0766±0.0195 0.156±0.0437 0.216±0.106 0.364±0.125

AUC0-τ (h∙ng/mL) 0.4903±0.1395 0.9658±0.2468 1.358±0.5951 2.343±0.7424

2.2.4.3 What is the bioavailability of Belbuca compared with other products?

Relative Bioavailability: Belbuca vs. buprenorphine sublingual tablet

Study BUN-118 provided relative bioavailability information comparing single dose 900 µg 
Belbuca and 8 mg buprenorphine sublingual tablet, Roxane Laboratories; see Section 2.4.1.1 for 
study description.  Plots of mean buprenorphine and norbuprenorphine concentrations versus time 
are provided in Figure 16 and Figure 17, respectively.

Figure 16   Mean Plasma Concentrations of Buprenorphine Versus Time after BEMA 
Buprenorphine (900 μg) and Sublingual Buprenorphine (8 mg)(BUP-118)

Figure 17   Mean Plasma Concentrations of Norbuprenorphine Versus Time after BEMA 
Buprenorphine (900 μg) and Sublingual Buprenorphine (8 mg)(BUP-118)
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BUP-117 Rich
An Evaluation of the Bioavailability and Dose Linearity of BEMA® Buprenorphine in
Healthy Subjects

EN3409-307 Sparse
A Phase 3, Double-blind, Placebo-Controlled, Multicenter, Randomized Withdrawal
Study to Evaluate the Analgesic Efficacy, Safety, and Tolerability of BEMA® 
Buprenorphine in Opioid-Experienced Subjects with Moderate to Severe Chronic Low 
Back Pain Requiring Around-the-Clock Opioid Analgesia for an Extended Period of Time

EN3409-308 Sparse
A Phase 3, Double-blind, Placebo-Controlled, Multicenter, Randomized Withdrawal
Study to Evaluate the Analgesic Efficacy, Safety, and Tolerability of BEMA® 
Buprenorphine in Opioid- Naive Subjects with Moderate to Severe Chronic Low Back 
Pain Requiring Around-the-Clock Opioid Analgesia for an Extended Period of Time

The plasma concentration-time data collected in these studies was analyzed using mixed effects 
modeling methods using NONMEM (v.7 or higher).  The covariates tested were subject age at 
baseline, subject weight BSA, body mass index, height, formulation, formulation surface area, and 
dose level.   Bootstrap methods with at least 2000 iterations were used in the final model.  The final 
pharmacokinetic model for buprenorphine was a 2 compartment model with first order absorption 
with an absorption lag and a dose effect on CL and V2 and a study effect on absorption rate 
constant, KA.  The final model, final model estimates (Table 32), and final parameter bootstrap 

parameters (Table 33) were reported to be: ,  ,

 , , , , and .

Table 32   Final Model Parameter Estimates for Buprenorphine

Table 33   Bootstrap Parameter Estimates for Final Model
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The Applicant reported that CL and V increased with increasing dose, but, the effects are not 
critically significant and are not considered clinically relevant (for CL a less than 2-fold difference is 
shown over a 12-fold difference in dose 75-900 µg; a similar range is observed V2).   No other 
demographic variables such as age, body size or sex were found to be statistically significant 
predictors (p<0.001) of the pharmacokinetic parameters for buprenorphine.  The Applicant’s finding 
appears to be reasonable since buprenorphine has not been reported to have differences in responses 
between elderly and younger patients.

2.3.1.2 Pediatric patients.  What is the status of pediatric studies and/or any pediatric plan for 
study?

The PK information from Belbuca has not been studied in pediatric patients.  The Applicant requests 
a partial waiver from the requirement to submit assessment of buprenorphine hydrochloride buccal 
film CIII in pediatric subjects 0 to 6 years old due to the fact that 1) the necessary studies are 
impossible or highly impracticable and 2) the number of pediatric subjects meeting the indication in 
the age group are too small in number to make the studies feasible.  In addition, pursuant to 21 CFR 
Part 314.55(c)(3)(i) and (ii) and 21 CFR 314.55(b)(1)(a) and 505B(a)(3)(A)(i) of the FD&C Act, the 
Applicant requests a deferral of submission of assessment in pediatric subjects aged 7 to 16 years 
old due to the fact that the product is ready for approval for use in adults and the pediatric study has 
not been initiated or completed.  The Applicant plans, as described in the iPSP, to conduct pediatric 
studies to fulfill Pediatric Research Equity Act obligations.  

2.3.1.3 Buprenorphine exposure in Grade 3 mucositis patients

Study BUP-121 was an open-label, a 60 μg single dose Belbuca, administered in 2 cohorts: Cohort 
1, six subjects with cancer and Grade 3 oral mucositis; Cohort 2: six healthy subjects without oral 
mucositis, age- and gender-matched to each subject in Cohort 1.  In Cohort 1, the study drug dose 
was applied to an area of oral mucositis.  In Cohort 2, the study drug dose was applied to a similar 
area of the oral mucosa as the matched subject in Cohort 1.  Blood samples for buprenorphine and 
norbuprenorphine analysis were collected at pre-dose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, and 24 hours post 
dose.
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Mean plasma buprenorphine concentration-time profiles are provided in Figure 18.  All 
concentrations for norbuprenorphine were below the lower limit of quantification.

Figure 18   Mean Plasma Buprenorphine Concentration-Time Profiles on Linear and Semi-
Logarithmic Scales in Subjects with (Cohort 1) and without (Cohort 2) Oral Mucositis

The summary of buprenorphine for Cohorts 1 and 2 is provided in Table 34. 

Table 34   Summary of Pharmacokinetic Parameters for Buprenorphine
Cohort 1: Subjects 

With Oral Mucositis
Cohort 2: Subjects 

Wthout Oral Mucositis

n Mean 
(SD)

Min, Max CV% n Mean 
(SD)

Min, Max CV%

Tmax (hr) 6 1.52 0.50, 2.02 42.65 6 2.50 2.50, 3.00 7.69

Cmax 
(ng/mL)

6 0.147 
(0.0731)

0.0295, 0.227 49.62 6 0.0711 
(0.0185)

0.0416, 0.0958 26.05

AUC0-24
(h/ng/mL)

6 0.4553 
(0.2779)

0.04210, 
0.8546

61.02 6 0.2299 
(0.08977)

0.1058, 0.3764 39.05

Note: For Tmax median values are presented.
Note: Full precision data used in pharmacokinetic analysis

The statistical analysis of buprenorphine PK parameters is provided in Table 35.  Buprenorphine 
was absorbed more rapidly and had about 80% higher Cmax and 60% greater AUC in subjects with 
mucositis compared to age and gender matched healthy subjects.  The 90% confidence intervals (CI) 
were wide perhaps due to the small sample size: the 90% CI for geometric mean ration of Cmax was 
98.24-327.17; AUC0-24 90% CI was 66.27-365.64.
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analysis of buprenorphine and norbuprenorphine plasma concentrations were collected at pre-
dosing, 0.5, 1, 1.5, 2, 3, 4, 8, 12, 24, and 48 hours post dosing.

Mean plasma concentrations of buprenorphine and norbuprenorphine versus time are presented in 
Figures 21 and 22, respectively.

Figure 21   Mean Plasma Concentrations of Buprenorphine Versus Time (PK Population)

Source Data: Figure 14 2 1 1
Treatment A=BEMA Buprenorphine 900 μg ) without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ) with hot water; Treatment C=BEMA 
Buprenorphine 900 μg ) with cold water; Treatment D=BEMA Buprenorphine 900 μg ) with room temperature water

Figure 22   Mean Plasma Concentrations of Norbuprenorphine Versus Time 

Source Data: Figure 14 2 1 2
Treatment A=BEMA Buprenorphine 900 μg ) without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ) with hot water;
Treatment C=BEMA Buprenorphine 900 μg ( ) with cold water; Treatment D=BEMA Buprenorphine 900 μg ) with room temperature water

Plasma PK parameters of buprenorphine and norbuprenorphine are presented in Table 40 and Table 
41, respectively.

Table 40   Buprenorphine Pharmacokinetics after BEMA Buprenorphine Administered without 
Liquid and with Hot, Cold, and Room Temperature Water to Fasted Healthy Subjects-Mean±SD 
(%CV) (EN3409-120) 
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BEMA Buprenorphine, 900 μg ( )aParameters (unit)

Treatment A: 
Without Liquid 

(N=31)

Treatment B: With 
Hot Water (N=31)

Treatment C: With 
Cold Water 

(N=31)

Treatment D: With 
Room Temperature 

Water (N=31)

AUC0-t (ng•h/mL) 9.40±2.86 (30.5) 6.88±2.62 (38.1) 6.93±2.49 (35.9) 7.37±2.93 (39.8)

AUC0-inf (ng•h/mL)b 10.1±3.03 (29.8) 7.55±2.76 (36.6) 7.74±2.46 (31.7) 7.98±3.01 (37.7)

Cmax (ng/mL) 1.36±0.422 (30.9) 1.01±0.393 (39.1) 0.974±0.359 (36.9) 1.03±0.400 (39.0)

Tmax (h)c 2.00 (1.00-4.00) 2.00 (1.00-4.00) 2.00 (1.50-4.00) 2.00 (1.50-4.00)

t½ (h)d 14.24±7.009 (49.2) 12.36±6.466 (52.3) 11.64±5.223 (44.9) 13.12±5.913 (45.1)

λz (/h)d 0.0640±0.3616 
(56.5)

0.0727±0.03675 
(50.6)

0.0724±0.03126 
(43.2)

0.0691±0.04310 
(62.4)

a Treatment A=BEMA Buprenorphine 900 μg ( ) without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ) with hot 
water; Treatment C=BEMA Buprenorphine 900 μg ) with cold water; Treatment D=BEMA Buprenorphine 900 μg ( ) with room 
temperature water   b N=30, N=30, and N=28 for AUCinf of Treatments A, B, and C, respectively  Linear regression lines could not be fitted through the terminal 
elimination phases of many profiles or the extrapolated AUCs were more than 20% of the AUC0-t  c N=29 for t1/2 and λz of Treatment C  Linear regression lines could not 
be fitted through the terminal elimination phases of some profiles   d Median (minimum, maximum) is presented for Tmax

Table 41   Norbuprenorphine Pharmacokinetics after BEMA Buprenorphine Administered without 
Liquid and with Hot, Cold, or Room Temperature Water to Fasted Healthy Subjects - Mean±SD 
(%CV) (EN3409-120)

BEMA Buprenorphine, 900 μg ( )aParameters (unit)

Treatment A: 
Without Liquid 

(N=31)

Treatment B: With 
Hot Water (N=31)

Treatment C: With 
Cold Water (N=31)

Treatment D: With 
Room Temperature 

Water (N=31)

AUC0-t (ng•h/mL) 3.49±1.49 (42.7) 3.34±1.38 (41.3) 3.38±1.18 (34.9) 3.53±1.41 (40.1)

AUC0-inf 
b

− 4.24±1.32 (31.2) 4.21±0.397 (9.44) −
Cmax (ng/mL) 0.116±0.0513 (44.2) 0.126±0.0586 (46.7) 0.121±0.0492 (40.8) 0.119±0.0526 (44.2)

Tmax (h)c 4.00 (1.00-24.00) 1.50 (0.50-24.00) 3.00 (1.00-48.00) 3.00 (1.00-24.00)

t½ (h)d 31.90±7.782 (24.4) 30.99±8.763 (28.3) 26.50±5.873 (22.2) 32.35±5.998 (18.5)

λz (l/h)d 0.0231±0.00622 
(27.0)

0.0243±0.00798 
(32.8)

0.0274±0.00660 
(24.1)

0.0221±0.00385 
(17.4)

a Treatment A=BEMA Buprenorphine 900 μg ( ) without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ) with hot water; Treatment C=BEMA 
Buprenorphine 900 μg ) with cold water; Treatment D=BEMA Buprenorphine 900 μg ) with room temperature water  b N=2 for Treatments B and C and N=0 for 
Treatments A and D  AUCinf could not be calculated for many profiles because the linear regression lines could not be fitted through the terminal elimination phases or the  extrapolated AUCs were 
more than 20% of the AUC0-t  c N=10, N=11, N=9, and N=10 for Treatments A, B, C, and D, respectively  Linear regression lines could not be fitted through the terminal elimination phases of many 
profiles  d Median (minimum, maximum) is presented for Tmax

Statistical analyses of plasma PK parameters of buprenorphine and norbuprenorphine are presented 
in Table 42 and Table 43, respectively.

Table 42   Statistical Analysis of Buprenorphine Plasma Pharmacokinetic Parameters 
(Pharmacokinetic Population)
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Parameter Treatment
Comparisona

N Geometric
LS Means

Ratio of 
Geometric 
LS Means 

(%)

90% CI
of the Ratio

B/A 31/31 6.3979/8.9673 71.347 64.749 - 78.618

C/A 31/31 6.4883/8.9673 72.355 65.664 - 79.729

D/A 31/31 6.8215/8.9673 76.071 69.036 - 83.823

B/C 31/31 6.3979/6.4883 98.606 89.487 - 108.655

B/D 31/31 6.3979/6.8215 93.790 85.116 - 103.348

AUC0-t (ng•h/mL)

C/D 31/31 6.4883/6.8215 95.116 86.319 - 104.808

B/A 30/30 7.0916/9.7307 72.879 67.012 - 79.260

C/A 28/30 7.5080/9.7307 77.158 70.833 - 84.048

D/A 31/30 7.4281/9.7307 76.337 70.269 - 82.930

B/C 30/28 7.0916/7.5080 94.454 86.736 - 102.858

B/D 30/31 7.0916/7.4281 95.470 87.873 - 103.723

AUCinf (ng•h/mL)

C/D 28/31 7.5080/7.4281 101.075 92.832 - 110.050

B/A 31/31 0.9346/1.2994 71.925 64.643 - 80.026

C/A 31/31 0.9025/1.2994 69.454 62.423 - 77.277

D/A 31/31 0.9554/1.2994 73.530 66.087 - 81.813

B/C 31/31 0.9346/0.9025 103.557 93.073 - 115.221

B/D 31/31 0.9346/0.9554 97.816 87.914 - 108.834

Cmax (ng/mL)

C/D 31/31 0.9025/0.9554 94.457 84.894 - 105.096
a Treatment A=BEMA Buprenorphine 900 μg (  without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ( ) with hot 
water;  Treatment C=BEMA Buprenorphine 900 μg ( ) with cold water; Treatment D=BEMA Buprenorphine 900 μg ( ) with room 
temperature water  Abbreviations: CI=confidence interval; LS=least squares

Buprenorphine:
Plasma buprenorphine peak (Cmax) and total (AUC0-t and AUCinf) exposures were lower by 28%, 
29%, and 27%, respectively, following BEMA Buprenorphine administration with hot water 
compared with BEMA Buprenorphine administration without any liquids.

Plasma buprenorphine peak (Cmax) and total (AUC0-t and AUCinf) exposures were lower by 31%, 
28%, and 23%, respectively, following BEMA Buprenorphine administration with cold water 
compared with BEMA Buprenorphine administration without any liquids.

Plasma buprenorphine peak (Cmax) and total (AUC0-t and AUCinf) exposures were lower by 26%, 
24%, and 24%, respectively, following BEMA Buprenorphine administration with water at room 
temperature compared with BEMA Buprenorphine administration without any liquids.
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Plasma buprenorphine peak (Cmax) and total (AUC0-t and AUCinf) exposures were similar to each 
other following BEMA Buprenorphine administration with hot water, cold water, and water at room 
temperature.

Table 43: Statistical Analysis of Norbuprenorphine Plasma Pharmacokinetic Parameters 
(Pharmacokinetic Population)

Parameter Treatment
Comparisona

N Geometric
LS Means

Ratio of 
Geometric LS 

Means (%)

90% CI
of the Ratio

B/A 31/31 3.0979/3.2170 96.297 90.839 - 102.084

C/A 31/31 3.2095/3.2170 99.767 94.111 - 105.762

D/A 31/31 3.3041/3.2170 102.708 96.886 - 108.880

B/C 31/31 3.0979/3.2095 96.522 91.051 - 102.323

B/D 31/31 3.0979/3.3041 93.758 88.444 - 99.392

AUC0-t (ng•h/mL)

C/D 31/31 3.2095/3.3041 97.136 91.630 - 102.973

B/A 31/31 0.1133/0.1052 107.665 100.814 - 114.982

C/A 31/31 0.1111/0.1052 105.580 98.862 - 112.755

D/A 31/31 0.1081/0.1052 102.743 96.205 - 109.726

B/C 31/31 0.1133/0.1111 101.975 95.486 - 108.905

B/D 31/31 0.1133/0.1081 104.791 98.122 - 111.912

Cmax (ng/mL)

C/D 31/31 0.1111/0.1081 102.761 96.222 - 109.745
a Treatment A=BEMA Buprenorphine 900 μg ( ) without coadministered liquids; Treatment B=BEMA Buprenorphine 900 μg ) with hot 
water; Treatment C=BEMA Buprenorphine 900 μg  with cold water; Treatment D=BEMA Buprenorphine 900 μg (  with room 
temperature water  Abbreviations: CI=confidence interval; LS=least squares

Norbuprenorphine:
Plasma norbuprenorphine peak (Cmax) and total (AUC0-t) exposures after BEMA Buprenorphine 
administration either with hot water or cold water or water at room temperature were similar 
compared with BEMA Buprenorphine administration without any liquids.

Plasma norbuprenorphine peak (Cmax) and total (AUC0-t) exposures following BEMA 
Buprenorphine administration with hot water were similar compared with BEMA Buprenorphine 
administration with either cold water or water at room temperature.

Plasma norbuprenorphine peak (Cmax) and total (AUC0-t) exposures following BEMA 
Buprenorphine administration with cold water were similar compared with BEMA Buprenorphine 
administration with water at room temperature.

2.5 General Biopharmaceutics

2.5.1 What is the in vivo relationship of the proposed to-be-marketed formulation to the pivotal 
clinical trial formulation in terms of comparative exposure? 
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Table 7: Mean (± SD) BELBUCA Pharmacokinetic Parameters

Following the multiple dose administration (60 to 240 mcg every 12 hours) of BELBUCA, apparent 
steady-state buprenorphine plasma concentrations was achieved prior to the 6th dose.  
Buprenorphine steady-state Cmax and AUC increased proportional to dose.  

Systemic exposure to buprenorphine from BELBUCA film was reduced by 23-27% by the ingestion 
of liquids (cold, hot and room temperature water) during film administration; additionally 
coadministration with low pH liquid, such as decaffeinated cola, decreased buprenorphine exposure 
from BELBUCA by approximately 37%.  The consumption of liquids should be avoided until the 
buccal film has completely dissolved [see Dosage and Administration (2.5)].  

Distribution 
Buprenorphine is approximately 96% protein bound, primarily to alpha and beta globulin.

Elimination

Metabolism 
Buprenorphine undergoes both N-dealkylation to norbuprenorphine and glucuronidation. The N-
dealkylation  pathway is mediated primarily by CYP3A4. Norbuprenorphine, the major metabolite, 
can further undergo glucuronidation. Norbuprenorphine has been found to bind opioid receptors in 
vitro; however, it has not been studied clinically for opioid-like activity

Excretion
A mass balance study of buprenorphine showed complete recovery of radiolabel in urine (30%) and 
feces (69%) collected up to 11 days after dosing. Almost all of the dose was accounted for in terms 
of buprenorphine, norbuprenorphine, and two unidentified buprenorphine metabolites. In urine, 
most of buprenorphine and norbuprenorphine was conjugated (buprenorphine, 1% free and 9.4% 
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Table 7: Mean (± SD) BELBUCA Pharmacokinetic Parameters

Regimen Dosage 
(mcg)

Cmax
(ng/mL) AUC0-t (h∙ng/mL) AUC0-

(h∙ng/mL)
Tmax

*

(hr)

75 0.17±0.30 0.46±0.22 0.63±0.24 3.00 (1.50-4.00)

300 0.47±0.47 2.00±0.68 2.3±0.68 32.50 (0.50-
4.00)Single Dose

1200 1.43±0.45 9.6±2.9 10.5±3.32 3.00 (1.00-4.00)

*  Tmax values reported as median and range
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Table x.  Changes in Pharmacokinetic Parameters in Subjects With Moderate and Severe Hepatic 
Impairment

Oral Mucositis 
In an open-label pharmacokinetic study in 6 cancer patients with Grade 3 mucositis, buprenorphine 
was absorbed more rapidly from BELBUCA resulting in a higher Cmax (~79%) and AUC (~56%) 
compared to age- and gender-matched healthy control patients.  [see Dosage and Administration 
(2.5), Warnings and Precautions (5.15)].

Note: In the Dosage and Administration section the following may be suggested: In patients 
with known or suspected mucositis, reduce the starting dosage and titration incremental 
dosage by half compared to patients without mucositis.  

Geriatric Patients 
No notable differences in pharmacokinetics were observed from population PK analysis in subjects 
aged 65 compared to younger subjects. Other reported clinical experience with buprenorphine has 
not identified differences in responses between the elderly and younger patients. In general, dose 
selection for an elderly patient should be cautious, usually starting at the low end of the dosing 
range, reflecting the greater frequency of decreased hepatic, renal, or cardiac function, and of 
concomitant disease or other drug therapy. 

Pediatric Patients
BELBUCA has not been studied in children and is not recommended for pediatric use.

Sex
No notable sex differences in pharmacokinetics were observed from population PK analysis.

Renal Impairment 
No studies in patients with renal impairment have been performed with BELBUCA. In an 
independent study, the effect of impaired renal function on buprenorphine pharmacokinetics after IV 
bolus and after continuous IV infusion administration was evaluated; and no notable differences in 
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plasma buprenorphine concentrations were identified in patients with normal renal function 
compared to impaired or renal failure.

4 Appendices

4.1 Proposed Package Insert  
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4. Did the applicant submit comparative 
bioavailability data between proposed drug 
product and reference product for a 
505 b)(2) application? ☑Yes ☐No 

☐N/A

Buprenex & Subutex as 
references; ROXANE’s 
buprenorphine sublingual tablet 
was also used due to Subutex 
withdrawn from the market in 
2012 for reasons not related to 
safety

5. Did the applicant submit data to allow the 
evaluation of the validity of the analytical 
assay for the moieties of interest?

☑Yes ☐No 
☐N/A

6. Did the applicant submit study 
reports/rationale to support dose/dosing 
interval and dose adjustment?

☑Yes ☐No 
☐N/A

7. Does the submission contain PK and PD 
analysis datasets and PK and PD parameter 
datasets for each primary study that supports 
items 1 to 6 above (in .xpt format if data are 
submitted electronically)?

☑Yes ☐No 
☐N/A

8. Did the applicant submit the module 2 
summaries (e.g. summary-clin-pharm, 
summary-biopharm, pharmkin-written-
summary)?  

☑Yes ☐No 
☐N/A

9. Is the clinical pharmacology and 
biopharmaceutics section of the submission 
legible, organized, indexed and paginated in 
a manner to allow substantive review to 
begin?
If provided as an electronic submission, is 
the electronic submission searchable, does it 
have appropriate hyperlinks and do the 
hyperlinks work leading to appropriate 
sections, reports, and appendices?

☑Yes ☐No 
☐N/A

Complete Application
10. Did the applicant submit studies 
including study reports, analysis datasets, 
source code, input files and key analysis 
output, or justification for not conducting 
studies, as agreed to at the pre-NDA or pre-
BLA meeting?  If the answer is ‘No’, has the 
sponsor submitted a justification that was 
previously agreed to before the NDA 
submission?

☑Yes ☐No 
☐N/A

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist
Data 
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1. Are the data sets, as requested during pre-
submission discussions, submitted in the 
appropriate format (e.g., CDISC)? 

☑Yes ☐No 
☐N/A

2. If applicable, are the pharmacogenomic 
data sets submitted in the appropriate 
format?

☐Yes ☐No 
☑N/A

Studies and Analysis 
3. Is the appropriate pharmacokinetic 
information submitted?

☑Yes ☐No 
☐N/A

4. Has the applicant made an appropriate 
attempt to determine reasonable dose 
individualization strategies for this product 
(i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)?

☑Yes ☐No 
☐N/A

5. Are the appropriate exposure-response 
(for desired and undesired effects) analyses 
conducted and submitted as described in the 
Exposure-Response guidance?

☑Yes ☐No 
☐N/A

No formal analysis was 
conducted; however, opioid PD 
effect using the pupillometry was 
explored  

6. Is there an adequate attempt by the 
applicant to use exposure-response 
relationships in order to assess the need for 
dose adjustments for intrinsic/extrinsic 
factors that might affect the pharmacokinetic 
or pharmacodynamics?

☑Yes ☐No 
☐N/A

7. Are the pediatric exclusivity studies 
adequately designed to demonstrate 
effectiveness, if the drug is indeed effective?

☑Yes ☐No 
☐N/A

General 
8. Are the clinical pharmacology and 
biopharmaceutics studies of appropriate 
design and breadth of investigation to meet 
basic requirements for approvability of this 
product?

☑Yes ☐No 
☐N/A

9. Was the translation (of study reports or 
other study information) from another 
language needed and provided in this 
submission?

☐Yes ☐No 
☑N/A

Filing Memo
This is optional, discuss with your TL content and format 
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