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1.    Executive Summary 

Orexigen Therapeutics (the Sponsor) has submitted a response to the Agency’s Complete 
Response (CR) Letter (Dated 31stJanuary, 2011). The purpose of this submission is to address the 
approval deficiency noted in the CR letter stating that before this application could be approved, 
the Sponsor must conduct a randomized, double-blind, placebo-controlled trial of sufficient size 
and duration to demonstrate that the risk of major adverse cardiovascular events (MACE) in 
overweight and obese subjects treated with Contrave does not adversely affect the drug’s benefit-
risk profile.

CONTRAVE® (hereafter CONTRAVE or NB) Tablets are proposed for the 
treatment of obesity and weight management. CONTRAVE is a fixed-dose combination drug 
product containing two active pharmaceutical ingredients, naltrexone hydrochloride (hereafter 
naltrexone or N) and bupropion hydrochloride (hereafter bupropion or B).  Naltrexone is a μ (mu) 
opioid antagonist and bupropion is a dopamine (DA) and norepinephrine (NE) reuptake inhibitor. 

Since both active ingredients are approved in the US for use in other indications, this application 
was submitted by the sponsor as a 505(b)(2) NDA. The sponsor has referenced pertinent 
information from approved US prescribing information for ReVia® (naltrexone hydrochloride; 
NDA 18-932) and Wellbutrin SR® (bupropion hydrochloride; NDA 20-358). 

Each CONTRAVE tablet has a trilayer core that is composed of two drug layers containing the 
drug and excipients, and claimed to be a  tablet. A rapidly dissolving inert layer 
separates the two drug layers. CONTRAVE will be available as one combination dosage strength 
tablet: 

 CONTRAVE® 8/90, (naltrexone HCL 8 mg/bupropion HCL 90 mg) tablet (hereafter NB 
8/90 mg)

Sponsor is not seeking approval of 4/90 mg tablet, (naltrexone HCL 4 mg/bupropion HCL 90 mg) 
tablet strength proposed with the original NDA submission. 

1.1 RECOMMENDATIONS

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) 
has reviewed the Complete Response in support of NDA 200063 for CONTRAVE® and 
found it acceptable. OCP has the following recommendations:

 The current bupropion and naltrexone product labels indicate a potential for 
significant increase in exposure of bupropion/naltrexone and its metabolites, 
although to a different magnitude for each of these components in subjects with 
hepatic or renal impairment. However, in the context of CONTRAVE, the 
information from individual product labels is limited from a quantitative 
perspective in precisely guiding the dosing of CONTRAVE across varying degree 
of hepatic or renal impairment. OCP recommends that further information on 
these two specific populations be collected in post-marketing studies, meanwhile 
considering a restricted labeling to ensure safe use of the product.

 An in-vitro drug-drug interaction (DDI) study was conducted by the sponsor to 
evaluate whether naltrexone, bupropion, and their respective metabolites inhibit 
Organic Cation Transporter 2 (OCT2), which is involved in the tubular secretion 
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of several drugs and creatinine. The in-vitro study results showed that bupropion 
and its metabolites inhibit OCT2 (Free Cmax/IC50 >0.1 for threohydro-, 
erythrohydro-bupropion combined), and suggest that clinically relevant 
interaction through inhibition of OCT2 could occur at therapeutic bupropion 
doses. Therefore, OCP recommends describing the sponsor’s in vitro DDI study 
results in the label with caution on concomitant use of OCT2 substrates with 
CONTRAVE, and that an in vivo evaluation of DDI potential will further help in 
appropriate labeling of CONTRAVE. 

1.2 PHASE IV COMMITMENTS  

1) Evaluate the effect of hepatic impairment on pharmacokinetics of naltrexone, 
bupropion and respective major metabolites (6-beta naltrexol, hydroxybupropion, 
threohydrobupropion, erythrohydrobupropion) from CONTRAVE formulation.
(PMC1, see Attachment 3.1.1)

2) Evaluate the effect of renal impairment on pharmacokinetics of naltrexone, bupropion 
and respective major metabolites (6-beta naltrexol, hydroxybupropion, 
threohydrobupropion, erythrohydrobupropion) from CONTRAVE formulation.
(PMC2, see Attachment 3.1.2)

3) Conduct a drug-drug interaction study of CONTRAVE with an organic cation 
transporter-2 (OCT2) substrate, such as metformin. (PMC3, see Attachment 3.1.3)

1.3 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS 

This submission included the Data Monitoring Committee (DMC) Open and Closed 
Reports from the planned interim analysis of ongoing Study NB-CVOT, as agreed to in 
the January 2013 Type C meeting and with a commitment to provide the interim analysis 
clinical study report within 60 days. Sponsor also submitted the pediatric study plan for 
CONTRAVE. 

While we defer the acceptability of the cardio-vascular safety data to the safety statistical 
reviewer and the clinical reviewer, this review captures the final labeling changes and 
updated thinking on some of the issues highlighted in the original clinical pharmacology 
review (see Clinical Pharmacology Review by Dr. Manoj Khurana in DARRTS, dated 
12/23/2010).  

1. Use in Hepatic Impairment: The effect of hepatic impairment on pharmacokinetics 
of bupropion and naltrexone from CONTRAVE is not fully understood. Bupropion 
undergoes extensive metabolism in liver to hydroxybupropion (AUC based 
Metabolite-to-parent ratio of 12 at steady-state), threohydrobupropion (AUC based 
Metabolite-to-parent ratio of 4 at steady-state), and erythrohydrobupropion (AUC 
based Metabolite-to-parent ratio of 1 at steady-state).  Orally administered naltrexone 
is metabolized extensively by non-CYP pathways (aldo-keto-reductases) to 6-beta 
naltrexol (AUC based Metabolite-to-parent ratio of 30 at steady-state). Bupropion and 
metabolites as well as naltrexone and its metabolite are also renally excreted. The 
currently available information in bupropion and naltrexone product labels indicates a 
potential for significant increase in exposure of bupropion/naltrexone and its 
metabolites, although to a different magnitude for each of these components. 
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However, the information is limited from a quantitative perspective in precisely 
guiding the dosing across varying degree of renal impairment. Further, the risk of 
seizures with bupropion is increased for 400 mg daily dose (Lack of margin for 360 
mg/day dose for CONTRAVE). Therefore, anchoring the dosing decision to 
bupropion, CONTRAVE can be administered at a dose of two tablets (one each 8mg 
naltrexone/90 mg bupropion tablet in the morning and evening) daily in patients with 
moderate or severe renal impairment. No dose adjustment is required in patients with 
mild renal impairment. Patients with mild renal impairment were included in safety 
and efficacy trials of CONTRAVE. CONTRAVE use is not recommended in patients 
with end stage renal disease. A systematic evaluation of PK in patients with mild, 
moderate, and severe hepatic impairment will further help in guiding better dosing 
decision for CONTRAVE. A systematic evaluation of PK in patients with mild, 
moderate, and severe renal impairment will further help in guiding better dosing 
decision for CONTRAVE.  Therefore, sponsor could conduct a systematic evaluation 
of PK of CONTRAVE in subjects with mild, moderate, and severe renal impairment.

3. In vivo DDI study with OCT2 substrate: An in-vitro drug-drug interaction (DDI) 
study was conducted by the sponsor to evaluate whether naltrexone, bupropion, and 
their respective metabolites inhibit Organic Cation Transporter 2 (OCT2), which is 
involved in the tubular secretion of several drugs and creatinine. The in-vitro study 
results showed that bupropion and its metabolites inhibit OCT2 (Free Cmax/IC50 
>0.1 for threohydro- and erythrohydro-bupropion combined), and suggest that 
clinically relevant interaction through inhibition of OCT2 could occur at therapeutic 
bupropion doses. Therefore, an in vivo evaluation of DDI potential will help in 
appropriate labeling of CONTRAVE.  This evaluation was considered as a PMR 
during the original NDA submission review. However, newly submitted information 
from CV safety evaluation revealed that a high proportion of patients were type 2 
diabetic and were using metformin doses ranging from 5000 mg to 2000 mg. The data 
suggests that, from a safety perspective there were very few hypoglycemia adverse 
reactions seen from this interim data. 

To some extent this information indicates a lack of concern with the co-
administration of metformin and CONTRAVE and possibly lack of significant 
interaction between CONTRAVE and metformin. However, depending upon the 
capability of metformin to induce hypoglycemia, this information does not 
completely rules out the DDI concern based on OCT2 inhibition. Therefore, the 
labeling language is proposed to capture the in vitro potential of CONTRAVE 
components to inhibit OCT2 and advising caution in concomitant use of OCT2 
substrates. Sponsor could conduct a DDI study with a suitable OCT2 substrate, such 
as metformin, to evaluate the in vivo potential of CONTRAVE constituents 
(bupropion and naltrexone) to inhibit OCT2 and further refine the labeling language
based on results of the study. 
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Co-administration of CONTRAVE with drugs that are metabolized by 
CYP2D6 isozyme including certain antidepressants (SSRIs and many tricyclics), 
antipsychotics (e.g., haloperidol, risperidone and thioridazine), beta-blockers (e.g., 
metoprolol) and Type 1C antiarrhythmics (e.g., propafenone and flecainide), should be 
approached with caution and should be initiated at the lower end of the dose range of the 
concomitant medication.  If CONTRAVE is added to the treatment regimen of a patient 
already receiving a drug metabolized by CYP2D6, the need to decrease the dose of the 
original medication should be considered, particularly for those concomitant medications 
with a narrow therapeutic index [see Clinical Pharmacology (12.3)].
7.4 Potential for Other Drugs to Affect CONTRAVE
Bupropion is primarily metabolized to hydroxybupropion by CYP2B6. Therefore, the 
potential exists for drug interactions between CONTRAVE and drugs that are inhibitors 
or inducers of CYP2B6.
Inhibitors of CYP2B6: Ticlopidine and Clopidogrel: Concomitant treatment with these 
drugs can increase bupropion exposure but decrease hydroxybupropion exposure. Avoid 
concomitant use with CYP2B6 inhibitors (e.g., ticlopidine or clopidogrel) [see Clinical 
Pharmacology (12.3)].
Inducers of CYP2B6: Ritonavir, Lopinavir, and Efavirenz: Concomitant treatment with 
these drugs can decrease bupropion and hydroxybupropion exposure and may reduce 
efficacy. Avoid concomitant use with ritonavir, lopinavir, or efavirenz [see Clinical 
Pharmacology (12.3)].
Drugs That Lower Seizure Threshold 
Use extreme caution when coadministering CONTRAVE with other drugs that lower 
seizure threshold (e.g, antipsychotics, antidepressants, theophylline, or systemic 
corticosteroids). Use low initial doses and increase the dose gradually [see 
Contraindications (4) and Warnings and Precautions (5.2)].
Dopaminergic Drugs (Levodopa and Amantadine) 
Levodopa and amantadine have dopamine agonist effects. CNS toxicity has been reported 
when bupropion was coadministered with levodopa or amantadine. Adverse reactions 
have included restlessness, agitation, tremor, ataxia, gait disturbance, vertigo, and 
dizziness. It is presumed that the toxicity results from cumulative dopamine agonist 
effects. Use caution when administering CONTRAVE concomitantly with these drugs.
7.7 Use With Alcohol 
In postmarketing experience, there have been rare reports of adverse neuropsychiatric 
events or reduced alcohol tolerance in patients who were drinking alcohol during 
treatment with bupropion. The consumption of alcohol during treatment with 
CONTRAVE should be minimized or avoided.
7.8 Drug-Laboratory Test Interactions 
False-positive urine immunoassay screening tests for amphetamines have been reported 
in patients taking bupropion. This is due to lack of specificity of some screening tests. 
False-positive test results may result even following discontinuation of bupropion 
therapy. Confirmatory tests, such as gas chromatography/mass spectrometry, will 
distinguish bupropion from amphetamines.
7.9 Drug-transporter based Interactions 
In vitro, CONTRAVE constituents inhibited the renal organic cation transporter, OCT2 
to a clinically relevant level.  The systemic concentrations of substrate drugs transported 
by OCT2 (e.g. Amantadine, amiloride, cimetidine, dopamine, famotidine, memantine, 
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metformin, pindolol, procainamide, ranitidine, varenicline, oxaliplatin) , are likely to 
increase due to reduced renal clearance when co-administered with CONTRAVE. Co-
administration of CONTRAVE with such drugs should be approached with caution and 
patients need to be monitored for adverse effects.

Section 8 Use in Specific Population
8.6 Renal Impairment
CONTRAVE has not been evaluated in subjects with moderate or severe renal 
impairment. Based on information available for the individual constituents, systemic 
exposure is significantly higher for bupropion and metabolites (two to three-fold), and 
naltrexone and their metabolites in subjects with moderate-to-severe renal impairment. 
Therefore, the maximum recommended daily maintenance dose for CONTRAVE is two 
tablets (one tablet each in morning and in evening) in patients with moderate or severe 
renal impairment. CONTRAVE is not recommended for use in patients with end stage 
renal disease.[see Dosage and Administration (2.2) and Clinical Pharmacology (12.3)].

8.7 Hepatic Impairment
CONTRAVE has not been evaluated in subjects with hepatic impairment.  Based on 
information available for the individual constituents, systemic exposure is significantly 
higher for bupropion and metabolites (two to three-fold), and naltrexone and their 
metabolites (up to 10 fold higher) in subjects with moderate-to-severe hepatic
impairment. Therefore, the maximum recommended daily dose of CONTRAVE is one 
tablet in the morning in patients with hepatic impairment.[see Dosage and Administration 
(2 3) and Clinical Pharmacology (12 3)]

Section 12.3 Pharmacokinetics

Absorption 
Naltrexone
Following single oral administration of CONTRAVE (2 x 8mg Naltrexone/90 mg 
Bupropion tablet) to healthy subjects, mean peak naltrexone concentrations (Cmax), time 
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to peak concentration (Tmax), and extent of exposure (AUC0-inf) are 1.3 ng/mL, 2 hr, 
and 8.2 ng*hr/mL, respectively.   
Bupropion
Following single oral administration of CONTRAVE (2 x 8mg Naltrexone/90 mg 
Bupropion tablet) to healthy subjects, mean peak bupropion concentrations (Cmax), time 
to peak concentration (Tmax), and extent of exposure (AUC0-inf) are 166 ng/mL, 3 hr, 
and 1574 ng*hr/mL, respectively. 

Food Effect on Absorption
When CONTRAVE was given with a high-fat meal the AUC and Cmax for naltrexone 
increased 2.1-fold and 3.7-fold and the AUC and Cmax for bupropion increased 1.4-fold 
and 1.8-fold, respectively. At steady state, the food effect resulted in AUC and Cmax

increases of 1.7- and 1.9-fold for naltrexone, and 1.1- and 1.3-fold for bupropion, 
respectively. Thus, CONTRAVE should not be taken with high-fat meals due to the 
significant increases in bupropion and naltrexone systemic exposure in the presence of a 
high-fat meal.

Distribution 

Naltrexone

Naltrexone is 21% plasma protein bound. The mean apparent volume of distribution at 
steady state for naltrexone, Vss/F, was 5697 liters. 

Bupropion
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Limited information is available for naltrexone in patients with moderate to severe renal 
impairment. In a study of seven patients with end-stage renal disease requiring dialysis, 
peak plasma concentrations of naltrexone were elevated fold compared to healthy 
subjects. 

Bupropion

Limited information is available for bupropion………Dose of 
CONTRAVE should be reduced in patients with moderate and severe renal impairment. 
CONTRAVE is not recommended for use in patients with end stage renal disease[see
Dosage and Administration (2,3) and Use in Specific Populations (8.6)]. 

Drug Interactions

In vitro Assessment of Drug Interactions

At therapeutically relevant concentrations, naltrexone or 6-beta-naltrexol are not a major 
inhibitor of CYP isoforms: CYP1A2, CYP2B6, CYP2C8, CYP2E1 CYP2C9, CYP2C19, 
CYP2D6 or CYP3A4. Both naltrexone and 6β-naltrexol are not major inducers of CYP 
isoforms: CYP1A2, CYP2B6, or CYP3A4.

In vitro, bupropion (IC50=9.3 µM) and its metabolites: hydroxybupropion (IC50=82 
µM), threohydrobupropion and erythrohydrobupropion (1:1 mixture; IC50=7.8 µM) 
inhibited the renal organic cation transporter, OCT2 to a clinically relevant level.  The 
systemic concentrations of substrate drugs transported by OCT2 are likely to increase due 
to reduced renal clearance when co-administered with CONTRAVE.

We recommend that sponsor should present the following highlighted label text in a 
tabular format for describing DDIs:
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ONDQA BIOPHARMACEUTICS REVIEW

NDA#: 200-063/S-000 resubmission
Submission Date: 12/10/2013
Drug Name: Contrave (naltrexone HCl bupropion HCl)
Formulation: ER Tablets
Strength: 4/90 and 8/90 mg (naltrexone HCl/bupropion HCl)
Applicant: Orexigen
Reviewer: John Duan, Ph.D.
Submission Type: NDA resubmission

BACKGROUND

NDA 200-063 for CONTRAVE is proposed for the treatment of obesity and weight 
management, including weight loss and maintenance of weight loss, to be used in conjunction 
with lifestyle modification. The current submission is to address the deficiency noted in the 
Complete Response Letter issued on 1/31/2011. This review will focus on the issue regarding 
dissolution specifications.

COMMENTS

The Applicant’s responses regarding the dissolution specifications and the in vitro alcohol dose 
dumping study are acceptable.

RECOMMENDATION

ONDQA-Biopharmaceutics Team has reviewed the resubmission of NDA 200-063 for 
CONTRAVE and found it is acceptable. An approval is recommended from the 
Biopharmaceutics perspective.

_______________________________________ _________________
John Duan, Ph.D. Date
Reviewer
ONDQA Biopharmaceutics

_____________________________________ ______ _________
Tapash Ghosh, Ph.D. Date
Team Leader 
ONDQA Biopharmaceutics

cc: NDA 200-063 DARRTS, RLostritto
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The Applicant evaluated the in vitro dissolution data of naltrexone using comprehensive 
statistical analysis of relevant clinical Phase 3 and Phase 1 (bioavailability) lots, including the 

 lots manufactured  to support ongoing clinical trials. A further refined 
specification was proposed. A summary of the Agency’s recommendation and the Applicant’s 
revised proposal is provided below.

Active Ingredient Time (h)
0.5 1 2 3 4 6

Agency’s Recommended Specification in the CRL
Naltrexone HCl % % % NLT % --- ---

Sponsor’s Revised Proposed Specification
Naltrexone HCl % % --- --- NLT % ---

Based on statistical analysis of the relevant batches from  clinical batches manufactured to 
date (table below), the proposed specification range was selected as % of the overall batch 
mean for 0.5 h and 1 h time points, and in consideration of individual tablet variability at the 
early time points. According to the Applicant, the selection of a % range for the 0.5 hour 
time point does not pose a safety risk given that the naltrexone Cmax is less than % of that 
observed with approved naltrexone immediate-release (IR) tablet formulations. 

A 1 hour middle time point with a specification range of % was recommended by the 
Agency in the complete response letter and during the Type C meeting between Orexigen and 
Agency on 24 October 2013.  Due to within batch variability for the early time points, a 
specification of % would lead to three of the pivotal clinical lots failing this specification. 
Therefore, a range of % is proposed, which better describes the performance of pivotal 
clinical batches. This range is not centered on the 1 hour mean value due to the individual high 
results observed in the clinical lot data set.

The Agency recommended NLT % at a 3 hour time point in the Complete Response Letter 
(CRL). A 3 hour time point was evaluated in response to the Agency suggestion, and the analysis 
showed that several clinical lots would not meet this acceptance criterion as shown in the 
statistical data in the following table. Based on the statistical analysis of release and stability data 
from clinical and registration batches, a time point of 4 hours with NLT % provides more 
reliable assurance that the drug product release of naltrexone is complete, and this time point 
allows use of the more stringent NLT % acceptance criterion recommended by the Agency 
without undue risk of batch failure. 

Time Point Population
Mean

Min
(Mean*)

Max
(Mean*)

Population
Mean SD

Individual
Pooled SD

Naltrexone 0.5 h 37.5 33.0 43.3 2.4
Naltrexone 1 h 57.7 51.0 65.8 3.5
Naltrexone 3 h 89.8 83.8 98.8 2.4
Naltrexone 4 h 93.6 86.5 102.0 2.5

* mean result from release and stability at 25 C/60%RH

The  of in vitro naltrexone release observed at the early (0.5 hour) and middle 
(1 hour) time points indicates the need to apply a %) at those time points. In 
evaluating the validity of applying a % range for the 0.5 hour and 1 hour time points for 
naltrexone, the Applicant has taken into consideration the attributes of naltrexone/bupropion in 
vivo product performance to justify the proposed specifications:
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The Applicant also argues that small differences in the rate of tablet dissolution are not expected 
to alter the efficacy or result in meaningful differences in the safety profile. Long-term efficacy 
and safety have been observed across a two-fold range of naltrexone doses.  Total daily NB
doses of 16/360 (NB16, a lower dose not intended for commercialization) and 32/360 (NB32, the 
intended commercial dose) were studied in one of the one-year Phase 3 studies (NB-301). While 
weight loss observed with NB32 exceeded that observed with NB16, both doses exhibit 
acceptable degrees of weight loss as shown in the following table.

Treatment

Placebo
NB16 (Two NB 4/90
Tablets BID)

NB32 (Two NB 8/90
Tablets BID)

N 511 471 471
Mean Baseline Body Weight (kg) 99.29 100.11 100.17
Mean % Change from Baseline to Endpoint -1.27 -4.94 -6.07

Proportion of Subjects
Achieving ≥5% Weight Loss at Endpoint

16.44% 39.49% 47.98%

The tolerability profiles are shown in the following table (similar between the two doses).

Preferred Term
Incidence (% of Subjects)
Placebo (N=569) NB16 (N=569) NB32 (N=573)

Nausea 5.3 27.2 29.8

Constipation 5.6 15.8 15.7
Vomiting 2.5 6.3 9.8
Dry Mouth 1.9 7.4 7.5
Diarrhoea 4.9 5.4 4.5

In addition, the Applicant states that due to accumulation of the active naltrexone metabolite 6β-
naltrexol with chronic dosing and long duration of binding of naltrexone to the mu-opioid 
receptor, small differences in the timing of naltrexone release in the in vitro setting are unlikely 
to meaningfully impact overall in vivo systemic exposure to the pharmacologically active 
moieties (i.e., parent compounds and their metabolites). The extent of accumulation of the 
pharmacologically active metabolite 6β-naltrexol that occurs over time needs to be considered 
when developing in vitro dissolution specifications. While the degree of accumulation of 
naltrexone at steady-state is relatively minor (~7%), there is significant accumulation of 6β-
naltrexol due to a long terminal elimination half-life as shown in the flowing table.  Given this 
accumulation, in addition to the observation that the half-life of naltrexone receptor occupancy is 
greater than 100 hours, small differences in the timing of naltrexone release in the in vitro setting 
are unlikely to meaningfully impact overall in vivo systemic exposure to the pharmacologically 
active moieties.

Plasma 6β-naltrexol
AUCratio,M-P                                                                               44.56 ± 20.91

Cmaxratio M-P 24.47 ± 10.15

In light of these findings and considerations, the Applicant deems that the proposed naltrexone 
dissolution specifications are adequate.

For Bupropion hydrochloride dissolution specifications, the Applicant has evaluated the Agency-
proposed changes to the product in vitro dissolution specifications employing comprehensive 
statistical analysis of relevant clinical Phase 3 and Phase 1 (bioavailability) lots, including the 

 lots manufactured since  to support ongoing trials, and believes that a further 
refined specification would more appropriately support product characteristics and performance 
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while adhering to regulatory guidance. A summary of the Agency’s recommendation and the 
sponsor’s revised proposed specification is provided below.

Active 
Ingredient

Time (h)
0.5 1 2 3 4 6

Agency’s Recommended Specification in the CRL
Bupropion HCl ---

Sponsor’s Revised Proposed Specification
Bupropion HCl

The proposal is based on a statistical analysis of the overall batch mean from  clinical batches 
manufactured to date as shown in the following table. These specification ranges are in line with 
that proposed by the Agency in the CRL. The last time point of 6 hours was selected to ensure at 
least % of drug has dissolved. The Agency proposed NLT % at the 4 hour time point in 
CRL. However, more data have been generated since the original submission, and based on the 
statistical analysis and specification for bupropion drug content ( % of claimed amounts 
throughout product life), an end-of-release time point of 6 hours with NLT % provides 
assurance that bupropion has achieved near complete release (at or above %). 

Time Point Population Mean Min (Mean*) Max (Mean*) Population Mean SD Individual Pooled SD

Bupropion 0.5 h 24.5 22.9 28.6 0.8
Bupropion 2 h 64.0 58.3 69.6 3.0
Bupropion 4 h 87.1 80.8 92.7 2.8

Bupropion 6 h 95.4 93.5 98.8 1.1

Reviewer’s Comments: The responses are acceptable. 

1. The proposed acceptance criteria at 0.5, 2 and 6 h for bupropion are in line with the 
Agency’s recommendations. The following figures show the dissolution data overlapped with 
the proposed acceptance criteria.

Bupropion 0.5 hr.
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2. The Applicant’s arguments using in vivo PK and PD of naltrexone to justify its in vitro 
dissolution specifications are reasonable based on the following considerations. 

a. The high intrinsic PK variability is evidenced by the study results provided.
b. The mu-opioid receptor occupancy study showed an adequate degree of occupancy 

by naltrexone at 1 hour time point and therefore the small changes in the timing and 
extent of release in vivo may not alter the PD response.

c. Due to accumulation of the active naltrexone metabolite 6β-naltrexol with chronic 
dosing and long duration of binding of naltrexone to the mu-opioid receptor, small 
differences in the timing of naltrexone release in the in vitro setting are unlikely to 
meaningfully impact overall in vivo systemic exposure to the pharmacologically 
active moieties

3. The release and stability data support the proposed specification for naltrexone as shown in 
the following figures.
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Orexigen Therapeutics (the Sponsor) is seeking an approval of CONTRAVE® (hereafter 
Contrave or NB)  Tablets for the treatment of obesity and weight management. 
Contrave is a fixed-dose combination drug product containing two active pharmaceutical 
ingredients, naltrexone hydrochloride (hereafter naltrexone or N) and bupropion hydrochloride 
(hereafter bupropion or B).  Naltrexone is a μ (mu) opioid antagonist, and bupropion is a 
dopamine (DA) and norepinephrine (NE) reuptake inhibitor.  

Since both active ingredients are approved in the US for use in other indications, this application 
is submitted by the sponsor as a 505(b)(2) NDA. The sponsor has referenced pertinent 
information from approved US prescribing information for ReVia® (naltrexone hydrochloride; 
NDA 18-932) and Wellbutrin SR® (bupropion hydrochloride; NDA 20-358).  

Each Contrave tablet has a trilayer core that is composed of two drug layers containing the drug 
and excipients, and claimed to be a  tablet. A rapidly dissolving inert layer 
separates the two drug layers. Contrave will be available as two naltrexone dosage strength 
tablets:  

• CONTRAVE® 8/90, (naltrexone HCL 8 mg/bupropion HCL 90 mg) tablets (hereafter 
NB 8/90 mg) 

• CONTRAVE® 4/90, (naltrexone HCL 4 mg/bupropion HCL 90 mg) tablets (hereafter 
NB 4/90 mg) 

The individual study reviews are provided in this Part 2 of the OCP review. For the OCP 
Question Based Review, Pharmacometrics, and Pharmacogenomics Reviews refer to Part 1 of the 
NDA review: (N200063 QBR_P1_Finalv). 
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1.1 Individual Study Reviews 

1.1.1  PK (NB-230) 

Contrave is a combination of naltrexone and bupropion, containing 4 or 8 mg naltrexone and 90 
mg bupropion in a sustained release trilayer tablet.  The total daily dose is 32 mg (lower than 50 
mg naltrexone IR) and 360 mg (higher than the 150 mg bupropion SR), respectively, for 
naltrexone and bupropion.  This study was conducted to answer the question: “How do the PK 
profile of these two components from intended commercial formulation of Contrave (2 x NB 8/90 
mg) compare to the commercially available tablet formulations of naltrexone IR (50 mg) and 
bupropion SR (150 mg), in healthy adult subjects?”.    
 
The study design is as follows: 
 
Title:  
 

A Phase 1, Open-Label, Randomized, Single-Dose, Three-Way Crossover 
Study to Assess the Relative Bioavailability of Naltrexone SR/Bupropion 
SR Combination Trilayer Tablets to Commercially Available Tablet 
Formulations of Naltrexone IR and Bupropion SR in Healthy Adult 
Subjects 

Objectives: 
 

Primary: To assess the single dose relative bioavailability of naltrexone 
SR/bupropion SR combination trilayer tablets to commercially available 
tablet formulations of naltrexone IR and bupropion SR in healthy adult 
subjects. 
Secondary: To assess the safety and tolerability of the 3 evaluated 
treatments. 
 

Study Design The 3 study treatments (A, B, and C) were as follows: 
 
A = Two Naltrexone SR 8 mg/Bupropion SR 90 mg Trilayer Tablets 
(Test) 
B = One Naltrexone IR 50 mg Tablet (Reference 1) 
C = One Bupropion SR 150 mg Tablet (Reference 2) 
 
Prior to the start of the study, each subject was randomly assigned to 1 of 3 
treatment sequences according to a Latin square design. The treatment 
sequence for each subject included all 3 treatments: Treatment A (Test), 
Treatment B (Reference 1), and Treatment C (Reference 2).  
Following a fast of at least 10 hours, subjects received a single oral dose of 
study drug on Day 1 of each treatment period, with a minimum 14-day 
washout period between dosing days. 

Study Population N= 27 Healthy subjects,  Gender: 13 M and 14F, Age: 33 (19-60) yr 
Weight: 87.5 (53-135) kg, BMI: 30.1 (20-40) 
 

Test Product The test product was 2 naltrexone SR 8 mg/bupropion SR 90 mg 
combination trilayer tablets (Treatment A, Test), Lot number C8B0367, 
manufactured by  given as a single oral dose with 240 mL of 
water. 

Reference Products Naltrexone reference treatment was 1 naltrexone IR 50 mg tablet, 
(Treatment B, Reference 1), Lot number 307101, manufactured by  

 given as a single oral dose with 240 mL of water; 

Reference ID: 2883235
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Bupropion reference treatment was 1 bupropion SR 150 mg tablet, 
(Treatment C, Reference 2), Lot number ML080653, manufactured by 

 given as a single oral dose with 240 mL of water. 
Sampling: Blood Blood samples for determination of naltrexone, 6-beta-naltrexol, 

bupropion, hydroxybupropion, threohydrobupropion, and 
erythrohydrobupropion plasma concentrations were measured at the 
following times for each treatment period: 15 minutes pre-dose (0 
hour), and at 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 
48, 60, 72, and 120 hours post-dose. 
Naltrexone elimination half-life (t1/2) is approximately 4 h, bupropion has 
a t1/2 of 21 hr; thus, a 120-h plasma concentration versus time profiling 
appears to be adequate for all analytes.  

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞,Cmax, Tmax, Kel, t1/2 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment none 

 
Protocol Deviations: There were no protocol deviations with respect to study entry 
criteria, no subjects who developed withdrawal criteria and were not withdrawn, and no 
subjects who received the wrong treatment or incorrect dose. 
 
Subject Disposition and Data Sets Analyzed: 
 

 
 

All 27 subjects who were enrolled in the study also received at least 1 formulation and 
were included in the PK analysis data sets. However, data from 7 of the 27 subjects were 
either not collected or excluded from certain individual treatment PK summary statistics 

Reference ID: 2883235
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and/or statistical analysis for the following reasons; two subjects discontinued from study 
prior to getting their intended treatment, vomiting occurred at or before 2 times median 
Tmax in two subjects, unreliable t1/2 estimation in two subjects (AUC0-inf for 
threohydro/erythrohydro only). 
 
Pharmacokinetic Results: 
The concentration-time profiles of all analytes by treatment are shown in Figure below: 
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The distribution of PK parameters by treatment for naltrexone and bupropion is summarized in 
the figures below: 
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The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both naltrexone and bupropion. 
 
The geometric mean ratios and 90% CIs from the statistical comparison of PK parameters are 
presented in the following tables. 
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Table 1 Statistical comparison for naltrexone PK parameter  

 
 
Table 2 Statistical comparison for bupropion PK parameter  

 
 
Predicted Naltrexone and Bupropion and Metabolite Pharmacokinetic Parameters 
(Using Superposition): Naltrexone SR/Bupropion SR q12h Versus Naltrexone IR q24 
h and Bupropion SR q12h, respectively: 
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Conclusions: 
 
The 2 x NB 8/90 mg was bioequivalent to bupropion SR 150 mg for bupropion total and peak 
exposures.  The naltrexone total and peak exposures were significantly lower than the 50 mg 
naltrexone IR formulation.  The steady-state bupropion exposure was predicted to be ~ 20% 
lower for 2 x NB 8/90 mg than that from 200 mg bupropion SR after BID administration. The 
steady-state naltrexone total exposure was predicted to be 40% lower than naltrexone IR 50 mg 
daily dose. 
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1.1.2 PKPD (IR-PET) 

 
Administration of a single oral dose of 50 mg naltrexone has been reported in literature to result 
in > 80% receptor blockade for up to 72 hours.  Therefore, to understand the PKPD relationship 
and to optimize the naltrexone doses for the Contrave program, this study was conducted to 
answer the question: “What is the relationship between % CNS opioid receptor occupancy and 
naltrexone dose/concentration?”.    
 
The study design is as follows: 
 
Title 
 

Single Center, Open Label, Clinical Pharmacology Study to Determine the 
Dose/Response of CNS Receptor Occupancy by Naltrexone 

Objectives 
 

• To characterize the dose response curve of naltrexone on receptor 
occupancy. 

• To define the dose response of naltrexone on the occupancy of CNS 
receptors and identify doses which result in > 80% occupancy. 

• To correlate the dose response of CNS receptors by naltrexone with 
plasma levels of naltrexone and 6-beta naltrexol 

Study Design This clinical study was conducted as an open label, 7-day dosing PET study 
in healthy but overweight or obese subjects. Nine (9) healthy but overweight 
or obese subjects (BMI >25, kg/m2) were enrolled. After obtaining informed 
consent, a thorough screening evaluation was performed, including medical 
history, physical examination including vital signs, an electrocardiogram 
(ECG), clinical laboratory tests, and a magnetic resonance imaging (MRI) 
scan. For female subjects, a blood sample was drawn for serum β-hCG assay 
(pregnancy test) at screening. Once all screening procedures were performed, 
and if the subject met all inclusion and exclusion criteria, they were enrolled 
into the study. Subjects then had a baseline PET scan. After completion of the 
baseline PET scan, each subject was assigned to one of three dosing cohorts. 
Drug was taken orally, twice a day with a meal, beginning the day after 
baseline PET scan on Day 1. Dosing continued until Day 7. On the afternoon 
of Day 6, each subject was asked to check into a hotel near PET center. The 
Day 7 morning dose was administered at the PET center. Afterwards, the 1-
hour, 6-hour, and 24-hour post-dose PET scans were performed on Days 7 
and 8. 

Study Population N= 9 Healthy obese subjects,  Gender: 7 M and 2 F, Age: 19-54 yr 
BMI: >25, kg/m2 

Test Product Naltrexone was administered as powder-filled gelatin capsules for 7 days 
Radiotracer for 
PET Imaging 

[11C]DIPRENORPHINE (DPN): Diprenorphine (DPN) is an opioids 
antagonist that was originally developed for use in veterinary medicine to 
reverse the effects of narcotic sedatives in large animals. DPN is selective for 
the opioid system, showing negligible affinity for other classes of cellular 
receptors. [11C]Carfentanil (CFN) had been previously used to image mu 
opiate receptors. DPN differs from CFN in that DPN is an antagonist and 
labels delta and kappa opiate receptors in addition to mu opiate receptors; 
specifically, DPN will label all three opiate receptors, while, CFN is specific 
for the mu opiate receptor. Advantages of DPN over CFN are the absence of 
pharmacologic effects at the dose administered to human subjects and the 
possibility of imaging delta and kappa opiate receptors. 
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Dosing Groups Three subjects participated in each of the following dosing cohorts: 

Group A: 8 mg b.i.d. (total daily dose - 16 mg) 
Group B: 16 mg b.i.d. (total daily dose - 32 mg) 
Group C: 24 mg b.i.d. (total daily dose - 48 mg) 

Sampling: Blood Blood samples for determination of naltrexone and 6-beta-naltrexol, were 
collected at the following times for each treatment: 1, 6, and 24 hours post-
dose. 

Urine none 
Feces none 
PK Assessments Naltrexone concentrations 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment % Receptor occupancy Emax, ED50, EC50 

 
Protocol Deviations:  
There were no notable protocol deviations.  There were deviations related to laboratory chemistry 
values, which are not expected to affect the PKPD results in any way. 

 
Pharmacodynamic Results: 
A representative dose-response plot for the Caudate region in brain is presented below: 
Figure 1 Percent Opioid Receptor Occupancy (%RO) in Caudate Versus Naltrexone 
Dose 
 

 
 
The following relationship was used to explore dose/concentration response for receptor 
occupancy: 
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Figure 1 Percent Opioid Receptor Occupancy (%RO) in Caudate Versus Naltrexone 
and 6beta-naltrexol 

 

 
These Emax models assume oral administration of naltrexone, and do not imply causality, as the 
relative contribution of naltrexone and 6-beta naltrexol to receptor occupancy cannot be 
ascertained. Based on these Emax models, an average naltrexone concentration of 2 ng/mL over 
24 hours would be correlated with an average 85% receptor occupancy. This correlation is less 
reliable than the 6-beta naltrexol correlation due to the number of samples that were below the 
limit of quantitation for this analyte. Based on these Emax models, an average 6-beta naltrexol 
concentration of 15 ng/mL over 24 hours would be correlated with an average 85% receptor 
occupancy. In addition, a 12-hr 6-beta naltrexol concentration of 20 ng/mL would be correlated 
with an average 85% receptor occupancy. Estimates/predictions were necessary to understand 
receptor occupancy at 12 hours, since no direct measurements were made at this time point. 
 
The summary of receptor occupancy by dose and time is presented in the Table below: 
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Table 1  Average Receptor Occupancy in the entire brain as a function of BID dose (mg) 
and time, including upper and lower 90% Confidence Intervals 

 
 
Conclusions: 

Doses significantly lower than the current clinical dose of naltrexone 50 mg QD can achieve 
receptor occupancy of greater than 70%. Naltrexone twice daily dosing for 7 days resulted in 
average receptor occupancy in excess of 80% with 24 mg and for between 1 to 6 hours with 16 
mg. Average receptor occupancy with 8 mg naltrexone twice daily was greater than 70% for at 
least 6 hours. At 16 and 24 mg twice daily, the receptor occupancy remains above 60% up to 24 
hours. The dose-occupancy curve indicates that a saturating occupancy can be achieved. 
Naltrexone shows uniform occupancy across brain regions, no meaningful differences in receptor 
occupancy between regions were observed. The sponsor’s assessments and conclusions are 
acceptable. 
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1.1.3 PKPD (NB-222) 

Based on the results from study IR-PET, which provided insight into the PKPD relationship for 
naltrexone IR, this study further evaluated the same relationship for a controlled release form of 
naltrexone.  Therefore, this study was conducted to answer similar question: “What is the 
relationship between % CNS opioid receptor occupancy and dose/concentration of naltrexone 
given as a controlled release formulation?”.    
 
The study design is as follows: 
 
Title 
 

Single-Center, Phase 1, Open-Label, Clinical Pharmacology Study to 
Determine the CNS Receptor Occupancy by Controlled-Release Naltrexone 

Objectives 
 

The primary objectives of this study were to characterize the influence of 2 
doses of a controlled release (CR) naltrexone formulation on opioid receptor 
occupancy and to correlate the response of central nervous system (CNS) 
receptors by naltrexone/6-beta naltrexol with plasma levels of naltrexone and 
6-beta naltrexol. 

Study Design This clinical study was conducted as an open-label, Positron Emission 
Tomography (PET) study in healthy, obese subjects. Eligible subjects were 
sequentially assigned to 1 of 2 dosing groups in which naltrexone CR was 
taken orally twice daily (BID) with food from Days 1 to 6. The final dose of 
study medication was administered the morning of Day 7. PET scans were 
performed and blood samples for pharmacokinetic (PK) analysis were 
collected at Days 0 (baseline), 7, and 8. 

Study Population N= 7 Healthy obese subjects,  Gender: 3 M and 4 F, Age: 29 (20-50 yr) 
BMI: 33 (29 – 42) kg/m2 

Test Product The test product was naltrexone CR administered orally 
Radiotracer for 
PET Imaging 

Approximately 20 mCi of [11C] diprenorphine (DPN) was administered to 
each subject through intravenous (IV) injection prior to the beginning of each 
PET scan. 

Dosing Groups Three subjects participated in each of the following dosing cohorts: 
• Dose Group A: 2 × 5 mg minitabs BID for a 20 mg total daily dose 
• Dose Group B: 5 × 5 mg minitabs BID for a 50 mg total daily dose 

(Subject 15 in Dose Group B received 5 × 6 mg minitabs QD in the morning 
and 4 × 5 mg minitabs QD in the evening) for a 50 mg total daily dose. 

Sampling: Blood Pharmacokinetics: Plasma concentrations of naltrexone and 6-beta naltrexol 
were measured prior to each PET scan on Day 0 (baseline), and on Day 7 at 
approximately 1, 5.5, and 25 hours (Day 8) post-dose. 

Urine none 
Feces none 
PK Assessments Naltrexone concentrations 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment PET scans were performed immediately following IV administration of 

approximately 20 mCi of [11C]DPN on Day 0 (baseline) and on Day 7 at 1, 
5.5, and 25 hours (Day 8) after administration of the last naltrexone dose on 
the morning of Day 7. The percent opioid receptor occupancy (%RO) was 
calculated from the binding potential (BP) data ([pre-treatment BP – post-
treatment BP]/pre-treatment BP) in each of the following brain regions: 
caudate, cingulate cortex, orbital frontal cortex, parietal cortex, prefrontal 
cortex, putamen, superior frontal cortex, temporal cortex, and thalamus. 
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Protocol Deviations:  
Drug was dispensed to 2 subjects who were not able to complete the study, which depleted drug 
supply at the site for the doses needed for Subject 15. A protocol deviation was granted by the 
Sponsor to allow for an alternate dosing schedule for this subject. Subject 15 received 5 × 6 mg 
minitabs QD in the morning and 4 × 5 mg minitabs QD in the evening for Days 1 through 6. 
Subject 15 also received 5 × 6 mg minitabs the morning of Day 7. The subject received a total 
daily dose of 50 mg on Days 1 through 6 as was specified by the protocol.   
 
Pharmacodynamic Results: 
 
A representative PKPD plot for the Frontal Cortex region in brain is presented below: 
 
Figure 1 Percent Opioid Receptor Occupancy (%RO) in Superior Frontal Cortex 
Versus Plasma Naltrexone and 6-Beta Naltrexol 

 
 
Solid line represents model-predicted concentration-response relationship: 
E = (Emax*C)/(EC50+C) 
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Solid line represents model-predicted concentration-response relationship: 
E = (Emax*C)/(EC50+C) 
 
The summary of receptor occupancy by region, treatment and time is presented in the Tables 
below: 
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Table 1 Percent Opioid Receptor Occupancy (%RO) by Region of Interest and Time for 
Dose Groups A and B and final PD parameters 

 
 
Table 2 Final PD parameters 

 
 
Conclusions: 

• Using [11C]DPN PET to quantify %RO showed that the opioid receptor occupancy by 
naltrexone was rapid, with the highest %RO at 1 hour post-dose and values generally 
above 80% in most brain regions for both the 20 and 50 mg daily naltroxone CR doses. 

• Overall, %RO values were slightly higher in all brain regions at all 3 imaging time points 
following the 50 mg daily doses than with 20 mg daily doses. 
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• By 25 hours post-dose, there was still substantial naltrexone receptor occupancy in most 
brain regions, with 70% to 80% occupancy following the 50 mg daily dose and 53% to 
72% occupancy following the 20 mg daily dose. 

• The relationship between %RO in each brain region and 6-beta naltrexol concentrations 
was best described by a simple Emax model, with predicted Emax values in the 85% to 
96% range. The relationship between %RO in each brain region and naltrexone 
concentrations was also best described by a simple Emax model; however, the predicted 
Emax values tended to be underestimated relative to the highest mean %RO values 
observed at 1 hour following 50 mg daily doses. Predicted Emax values were in the 78% 
to 90% range with EC90 values ranging from 0.07 to 0.14 ng/mL. 

Reviewer’s Comments: The sponsor’s assessments and conclusions from this study are 
acceptable.  Though, the two studies (NB-222 and IR-PET) were conducted in a small number of 
subjects, the results from these studies appear to be supportive of sponsor’s decision to select 16 
mg and 32 mg total naltrexone daily dose for clinical evaluation. 
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Protocol Deviations: There were no protocol deviations with respect to study entry 
criteria, no subjects who developed withdrawal criteria and were not withdrawn, and no 
subjects who received the wrong treatment or incorrect dose. 
 
Subject Disposition and Data Sets Analyzed: 
A total of 40 healthy male and female subjects were planned and enrolled in the study; 38 
subjects completed the study. All 40 subjects were included in the safety analysis, and 39 subjects 
were included in the PK analysis. A total of 40 subjects entered the study and were randomized to 
1 of 2 treatment sequences. A total of 37 subjects completed the study (Table 14.1.1.1). Two 
subjects were discontinued due to AEs. Subject 104 was discontinued due to the AE of moderate 
nausea on Day 1 of Period 1 following administration of one of the treatments  reference 
trilayer tablets). Subject 120 was discontinued at check-in for Period 2 due to pregnancy prior to 
administration of the second treatment  test trilayer tablets). One subject, 
Subject 131, did not complete the final visit and was discontinued from the study due to being 
lost to follow-up. Three subjects were excluded from individual treatment summary statistics and 
statistical analysis. 
 

 
 
All 40 subjects who were enrolled in the study also received at least 1 formulation. 
However, only 39 subjects had evaluable PK parameters and were included in the PK 
population. Subject 104 was discontinued from the study due to an AE on Day 1 of 
Period 1 following administration of the  reference trilayer tablets, but prior to 
collection of sufficient blood samples and thus was not included in the PK population. 
Data from Subject 104 are listed in the concentration and PK parameter tables and 
individual subject figures, but were excluded from summary statistics, mean figures, and 
statistical analyses due to insufficient parameter characterization. Data from 4 additional 
subjects were either not collected or excluded from certain individual treatment PK 
summary statistics and/or statistical analysis for the following reasons: Subjects 106, 117, 
and 125 vomited within a specified time frame following dosing, and Subject 120 did not 
receive the specified treatment prior to discontinuing from the study. 
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1.1.5 DDI Study (NB-232) 

Preface to the DDI Evaluation: Sponsor’s DDI evaluation, as discussed by study for Study NB-
232 and later for NB-233 and NB-234, was focused primarily on the effect of co-administration 
of various drugs (atorvastatin, valsartan, glyburide, metoprolol, lisinopril) on NB 
pharmacokinetics. These drugs were selected as general representative drugs from 
antihyperlipidemic, anti-hypertensive, anti-diabetic, which are likely to be co-administered in 
obese patient population with one or more co-morbid conditions.  As secondary objective, 
sponsor also evaluated effect of Contrave on PK of these drugs by collecting the PK data for the 
co-administered drugs and comparing it to the historical data available in literature, FDA reviews 
or product labels. Agency did not agree on the originally proposed  and 
later informed the sponsor that cross-study comparison will only be good for initial signal 
detection. 
 
The study NB-232 was designed with multiple assessments, which include effects of single dose 
of atorvastatin (80 mg)  or valsartan (360 mg) on the single dose plasma PK of 2 naltrexone 8 mg 
SR/bupropion 90 mg SR combination trilayer tablets (when given alone and when co-
administered with these drugs) in healthy adult subjects. In addition, the effects of naltrexone (16 
mg total) and bupropion (180 mg total) on the single dose plasma PK of atorvastatin or valsartan 
was estimated based on comparison to any previously published or reported results of these drugs 
when given alone as single-dose. Atorvastatin dose range is from 10 to 80 mg once daily 
(Lipitor®). The recommended start dose is 10 or 20 mg once daily. Patients requiring large LDL-
C reduction (>45%) may start at 40 mg once daily.  Valsartan (Diovan) is available as 40, 80, 
160, and 320 mg scored tablets and dose range for adult hypertension is 80-320 mg once daily. 
The highest dose was evaluated for both atorvastatin and valsartan to maximize the potential for a 
PK interaction with naltrexone and/or bupropion (and their metabolites) to be detected. 
 
The study design is as follows: 
 
Title:  
 

A Phase 1, Open-Label, Randomized, Single-Dose, Four-Way Crossover 
Study to Assess the Effects of Atorvastatin or Valsartan on the 
Pharmacokinetics of Naltrexone Sustained Release (SR)/Bupropion SR and to 
Determine the Relative Bioavailability of Two Different Strengths of 
Naltrexone SR/Bupropion SR Trilayer 
Tablets in Healthy Adult Subjects 

Objectives: 
 

Primary: 1. To assess the effects of single dose atorvastatin (80 mg) or 
valsartan (320 mg) on the single dose plasma pharmacokinetics (PK) of 2 
naltrexone SR 8 mg sustained release (SR)/bupropion 90 mg combination 
trilayer tablets in healthy adults. 
2. To assess the relative bioavailability of naltrexone SR 4 mg/bupropion SR 
90 mg versus naltrexone SR 8 mg/bupropion SR 90 mg combination trilayer 
tablet. 
Secondary: To compare the single dose plasma PK of atorvastatin and 
valsartan (given in combination with naltrexone SR 8 mg/bupropion SR 90 
mg combination trilayer tablets) to previously published or reported results of 
these individual agents when given as monotherapy. 

Study Design The 4 study treatments (A, B, C, and D) were as follows: 
A = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets 
(Reference) 
B = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets co-
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administered with 1 atorvastatin 80 mg tablet (Test 1) 
C = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets co-
administered with 1 valsartan 320 mg tablet (Test 2) 
D = Two naltrexone SR 4 mg/bupropion SR  90 mg Trilayer Tablets (Test 3) 
A total of 20 subjects were randomized to 4 treatment sequences (5 subjects 
per sequence. 

 
 
Prior to the start of the study, each subject was randomly assigned to 1 of 3 
treatment sequences according to a Latin square design. The treatment 
sequence for each subject included all 4 treatments. Subjects received a single 
oral dose of each treatment on Day 1 of each treatment period, with a 
minimum 14-day washout period between dosing days. Treatments A and B 
were given under fasted conditions (at least a 10-hour fast).  

Study Population N= 20 Healthy subjects,  Gender: 16 M and 4F, Age: 39 (20-56) yr 
Weight: 90.5 (69-123) kg, BMI: 30 (20-39) 

Test Product Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets, 
Lot # C8B0367 (manufactured by  co-administered with 1 
atorvastatin 80 mg tablet, Lot #11738VB (Lipitor ®; Pfizer Inc.) given as a 
single oral dose (Test 1); 
Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets, 
Lot # C8B0367 (manufactured by  co-administered with 1 valsartan 
320 mg tablet, Lot #F0479 (Diovan ; Novartis Pharmaceuticals Corporation) 
given as a single oral dose (Test 2); 
Two investigational naltrexone SR 4 mg/bupropion SR 90 mg trilayer tablets, 
Lot # C7K0321 (manufactured by  given as a single oral dose (Test 
3). 

Reference Products 2 investigational naltrexone SR 8 mg/bupropion SR 90 mg combination 
trilayer tablet Lot # C8B0367 (manufactured by  given as a single 
oral dose. 

Sampling: Blood Blood samples for determination of naltrexone, 6-beta-naltrexol, 
bupropion, hydroxybupropion, threohydrobupropion, 
erythrohydrobupropion, and atorvastatin, o-hydroxy-atorvastatin, p-
hydroxy-atorvastatin, and valsartan, plasma concentrations were 
measured at the following times for each treatment period: 15 minutes 
pre-dose (baseline), and at 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, 
16, 24, 36, 48, 60, 72, and 120 hours postdose. 
Naltrexone elimination half-life (t1/2) is approximately 4 hr, bupropion has a 
t1/2 of 21 hr, atorvastatin has a t1/2 of ~20 hr, valsartan has t1/2 of 15 hr; 
thus, a 120-hr plasma concentration versus time profiling appears to be 
adequate for all analytes.  

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞,Cmax, Tmax, Kel, t1/2 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment none 
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Protocol Deviations:  
There were no protocol deviations. Subject 20 was discontinued due to non-compliance 
with the study schedule. 
 
Subject Disposition and Data Sets Analyzed: 
 

 
 
All 20 subjects who enrolled in the study received at least 1 of the 4 treatments and were included 
in the PK population. Data from 4 subjects were either not collected or excluded from certain 
individual treatment PK summary statistics and/or statistical analysis for the following reasons: 
did not receive the specified treatment prior to discontinuing from the study, vomited within a 
specified time frame following dosing. 
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Table 1 Statistical comparison for naltrexone PK parameter (NB+Atorvastatin versus NB 
Alone) 

 
 
 
Table 2 Statistical comparison for naltrexone PK parameter (NB+Valsartan versus NB 
Alone) 
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Table 3 Statistical comparison for bupropion PK parameter (NB+Valsartan versus NB 
Alone) 
 

 

 
 
 
Table 4 Statistical comparison for bupropion PK parameter (NB+Valsartan versus NB 
Alone) 
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Table 7 Comparison for naltrexone PK parameters (NB 2 x 4/90 mg versus NB 2 x 8/90 mg 
trilayer tablets)  

 
 
Table 7 Comparison for bupropion PK parameters (NB 2 x 4/90 mg versus NB 2 x 8/90 mg 
trilayer tablets) 
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Conclusions: 
• Co-administration with single dose of either atorvastatin or valsartan did not 

effect the PK of single dose of naltrexone and bupropion in the naltrexone 
SR/bupropion SR trilayer combination. The % geometric mean ratios and the 90% 
CI of the naltrexone and bupropion PK parameters obtained from the evaluable 
PK population were within 80 - 125%. 

• The comparison with literature data showed that co-administration of a single 
dose of 2 naltrexone SR 8 mg/bupropion SR 90 mg tablets in combination with 1 
atorvastatin 80 mg tablet or with 1 valsartan 320 mg tablet did not point towards 
any effect on the PK exposure of atorvastatin or valsartan.   

• No clinically significant difference in dose-adjusted AUC0-inf values between 
naltrexone SR 4 mg/bupropion SR 90 mg and naltrexone SR 8 mg/bupropion SR 
90 mg alone (Reference) was detected. In addition, a less than 11% difference in 
plasma naltrexone AUC0-t and Cmax was observed between both treatments. 
Therefore, naltrexone exposures were approximately dose proportional between 
single doses of 8 and 16 mg in the naltrexone SR/bupropion SR combination. The 
PK parameters of bupropion were comparable between the two formulations. 

• Single-dose administration of naltrexone SR 8 mg/bupropion SR 90 mg + 
atorvastatin, naltrexone SR 8 mg/bupropion SR 90 mg + valsartan, and naltrexone 
SR 4 mg/bupropion SR90 mg appeared to be generally safe and well tolerated by 
the healthy male and female subjects in this study. 

 
Reviewer’s Comments: Overall, sponsor’s conclusions from this study are reasonable 
and acceptable with some notable exceptions. Comparison of atorvastatin PK data with 
the literature was limited to Cmax for direct comparison of the 80 mg dose as there are 
notable differences in the AUCs, and half-life between sponsor’s values and those 
reported by Posavar et al 1996. In absence of the comparison of bioanalytical methods, 
the reason cannot be determined. The valsartan data comparison does provide preliminary 
signal that a mutual interaction is unlikely.   
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1.1.6 DDI and High-Fat Food Effect Study (NB-233) 

This study assessed the effects of a single dose of micronized glyburide (6 mg) on the single dose 
plasma PK of 2 naltrexone 8 mg SR/bupropion 90 mg SR combination trilayer tablets (when 
given alone and when co-administered with micronized glyburide) in healthy adult subjects. In 
addition, the effects of naltrexone (16 mg total) and bupropion (180 mg total) on the single dose 
plasma PK of micronized glyburide (6 mg) was estimated based on comparison to any previously 
published or reported results of this agent when given as single-dose monotherapy. Micronized 
glyburide is a commercially available marketed product in the US. The maximum suggested 
starting dose of micronized glyburide is 1.5 to 3 mg daily; however, a 6 mg single dose was 
evaluated in this study to better maximize the potential for a PK interaction with naltrexone 
and/or bupropion (and their active metabolites) to be detected. 
 
In the Phase 3 trials with naltrexone SR/bupropion SR combination trilayer tablets, administration 
with meals is recommended to potentially minimize gastrointestinal (GI) intolerance (e.g., 
nausea) to treatment. According to the Wellbutrin® SR label, food increases the Cmax and AUC 
of bupropion by 11% and 17%, respectively. With respect to naltrexone, the effect of food on the 
PK of naltrexone has not been reported.  Therefore, this study also included the evaluation of the 
effect of food (standard high-fat breakfast), compared to the fasted state (at least a 10-hour fast) 
on the single dose plasma PK of 2 naltrexone 8 mg SR/bupropion 90 mg SR combination trilayer 
tablets in healthy adult subjects. 
 
The study design is as follows: 
 
Title:  
 

A Phase 1, Open-Label, Randomized, Single-Dose, Three-Way Crossover 
Study to Assess the Effects of Micronized Glyburide or Food on the Plasma 
Pharmacokinetics of Naltrexone SR/Bupropion SR Combination Trilayer 
Tablets in Healthy Adult Subjects 

Objectives: 
 

Primary: 1. To assess the effects of single dose micronized glyburide (6 mg) 
on the single dose plasma pharmacokinetics (PK) of 2 naltrexone 8 mg 
SR/bupropion 90 mg SR combination trilayer tablets given under fasted 
conditions in healthy adult subjects. 
2. To compare the effects of fasted and fed conditions on the plasma PK of 2 
naltrexone 8 mg SR/bupropion 90 mg SR combination trilayer tablets in 
healthy adult subjects. 
Secondary: 1. To compare the single dose plasma PK of micronized 
glyburide (given in combination with naltrexone 8 mg SR/bupropion 90 mg 
SR combination trilayer tablets) to previously published or reported results of 
this drug when given as single-dose monotherapy. 
2. To assess the safety and tolerability of single doses of the 3 evaluated 
treatments. 

Study Design This was a Phase 1, open-label, randomized, single-dose, 3-way crossover 
study to assess the effects of micronized glyburide (6 mg) or food on the 
plasma PK of naltrexone 8 mg SR/bupropion 90 mg SR combination trilayer 
tablets in healthy adult subjects. 
The 3 study treatments (A, B, and C) were as follows: 
A = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets given 
under fasted conditions 
(Reference, Nal SR/Bup SR, Fasted). 
B = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets co-
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administered with 1 micronized glyburide 
6 mg tablet given under fasted conditions (Test 1, Nal SR/Bup SR + Gly). 
C = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets given 
under fed conditions (standard high-fat breakfast) (Test 2, Nal SR/Bup SR, 
Fed). 
  
Prior to the start of the study, each subject was randomly assigned to 1 of 3 
treatment sequences according to a Latin square design. The treatment 
sequence for each subject included all 3 treatments: Treatment A (Reference), 
Treatment B (Test 1), and Treatment C (Test 2). Subjects received a single 
oral dose of each treatment on Day 1 of each treatment period, with a 
minimum 14-day washout period between dosing days. Treatments A and B 
were given under fasted conditions (at least a 10-hour fast).  
 
To minimize any possible hypoglycemic effects, Treatment B was taken 
orally with 240 mL of 20% glucose solution, with an additional 60 mL of this 
glucose solution given approximately every 15 minutes (starting 15 minutes 
postdose) until 15 minutes prior to the 4-hour postdose meal. Treatment C 
was given under fed conditions (subjects ingested a standard high-fat 
breakfast within 30 minutes before dosing). Treatments A and C were taken 
orally with 240 mL (8 ounces) of water. 

Study Population N= 18 Healthy subjects,  Gender: 13 M and 14F, Age: 33 (19-60) yr 
Weight: 87.5 (53-135) kg, BMI: 30.1 (20-40) 
 

Test Product 1) Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer 
tablets (manufactured by ), Lot No.: C8B0367, co-administered with 
1 micronized glyburide 6 mg tablet (Glynase®; Pharmacia and Upjohn 
Company), Lot No.: 08T4551A , given as a single oral dose under fasted 
conditions (Test 1). 
2) Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer 
tablets (manufactured by , Lot No.: C8B0367, given as a single oral 
dose under fed conditions (Test 2). 

Reference Products The reference treatment in this study was 2 investigational naltrexone SR 8 
mg/bupropion SR 90 mg combination trilayer tablets (manufactured by 

 Lot No.: C8B0367), given as a single oral dose under fasted 
conditions. 

Sampling: Blood Blood samples for determination of naltrexone, 6-beta-naltrexol, 
bupropion, hydroxybupropion, threohydrobupropion, and 
erythrohydrobupropion plasma concentrations were measured at the 
following times for each treatment period: 15 minutes pre-dose 
(baseline), and at 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 
48, 60, 72, and 120 hours postdose. 
Naltrexone elimination half-life (t1/2) is approximately 4 hr, bupropion has a 
t1/2 of 21 hr and glyburide has a t1/2 of ~4 hr; thus, a 120-hr plasma 
concentration versus time profiling appears to be adequate for all analytes.  

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞,Cmax, Tmax, Kel, t1/2 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment none 
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Protocol Deviations:  
According to the protocol, subjects were restricted from consuming mustard from 48 
hours prior to dosing until approximately 72 hours postdose as this food item may affect 
CYP activity. However, on Day 1 at the 4.5-hour time point, Subjects 5 and 12 consumed 
mustard with their lunch. Moreover, according to the protocol, subjects dosed with 
Treatment C (Nal SR/Bup SR, Fed) were to have consumed a high-fat, high-calorie 
breakfast within 30 minutes of dosing. However, on Day 1 of Period 3, Subjects 2, 4, 9, 
11, 13, and 18 dosed with Treatment C (Nal SR/Bup SR, Fed) started their breakfast 
approximately 15 minutes early. These meal deviations were not expected to have an 
impact on the marked food effect observed in this study. 
 
Subject Disposition and Data Sets Analyzed: 
 

 
 
All 18 subjects who enrolled in the study received at least 1 of the 3 treatments and were included 
in the PK population. Data from 6 subjects were either not collected or excluded from certain 
individual treatment PK summary statistics and/or statistical analysis for the following reasons: 
did not receive the specified treatment prior to discontinuing from the study, vomited within a 
specified time frame following dosing, and/or had insufficient data to reliably calculate certain 
PK parameters. 
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Bupropion: 
 
 

 
 
The AUC% extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both naltrexone and bupropion. 
 
The geometric mean ratios and 90% CIs for the treatment comparisons are presented in the 
following Tables: 
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Table 1 Statistical comparison for naltrexone PK parameter (Fed versus Fasted) 

 
 
Table 2 Statistical comparison for bupropion PK parameter (Fed versus Fasted) 
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Table 3 Statistical comparison for naltrexone and bupropion PK parameter (With 
Glyburide versus Fasted) 
 

 
 
Table 3 Descriptive Statistics of Plasma Glyburide Pharmacokinetic Parameters 
(Pharmacokinetic Population [N = 18]) 
 

 
Published glyburide PK parameters following a single oral dose of micronized glyburide 6 mg 
tablet under fasted conditions were 153.4 ng/mL (Cmax), 6.65 h (Tmax), 1102 ng*hr/mL (AUC0-
∞), and 4.01 h (t1/2). (FDA, Bioequivalence Review, Application Number 74-686). 
 
Conclusions: 

• A marked food effect was observed for Nal SR/Bup SR with naltrexone AUC and Cmax 
increasing approximately 2- and 4-fold and bupropion AUC and Cmax increasing 
approximately 1.4- and 1.8-fold. 

• Glyburide co-administration was associated with an increase in PK exposure of 
naltrexone and bupropion when given as Nal SR/Bup SR. Naltrexone AUC and Cmax 
increased approximately 2-fold and bupropion AUC and Cmax increased 18% and 37%, 
respectively. Given the food effect observed in this study, the increased exposure could 
be due to glyburide administration with an oral glucose solution that provided over 1000 
calories (40% of the calories were in the first hour postdose). 
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• The PK of naltrexone and bupropion with glyburide and its accompanying glucose 
solution were elevated relative to the fasted condition and reduced relative to the fed 
condition of a high-fat, high-calorie meal. 

• Both the food effect and apparent drug-drug interaction with glyburide were mitigated in 
part for bupropion by taking into account its active metabolites. The increases in PAWC 
Cmax and AUC were only 18% and 24% for glyburide co-administration. Food increased 
PAWC Cmax by 40% whereas AUC increased 15% with %CIs falling entirely within the 
80-125% range. These changes are unlikely to be clinically significant. 

• Although food increases the exposure of naltrexone, this finding is not believed to be 
clinically significant since subjects in the phase 3 clinical trials were instructed to take 
naltrexone SR/bupropion SR with food to improve tolerability. Similarly, the effect of 
glyburide on naltrexone (which could also be food related) is not expected to be clinically 
meaningful when naltrexone SR/bupropion SR is administered with food. 

• Published PK results from one study of a single 6 mg dose of glyburide were not 
appreciably different from Nal SR/Bup SR + Gly results. Although exposure from Nal 
SR/Bup SR + Gly was ~24% higher, this difference is small given the comparison across 
studies and is not expected to be clinically significant. 

 
Reviewer’s Comments: Overall, sponsor’s conclusions from this study are reasonable 
and acceptable with some notable exceptions. Sponsor concluded that the DDI study 
results were confounded by the possible food-effect on naltrexone and bupropion PK due 
to oral glucose solution.  There is literature information that suggests that food-effect due 
to oral glucose solution cannot be ruled out1. Also, treatment comparison results and 
conclusions based on PAWC are not convincing considering uncertainty around PAWC 
metric.  
 
 
 

                                                      
1 Linear Gastric Emptying of Hyperosmolar Glucose Solutions. William T. Phillips, Joyce G. Schwartz, 
Ralph Blumhardt, and C. Alex McMahan. J Nucl Med 1991; 32:377-381 
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1.1.7 DDI Study (NB-234) 

The study NB-234 was designed with multiple assessments, which include effects of single dose 
of nifedipine (80 mg) or lisinopril (40 mg) on the single dose plasma PK of 2 naltrexone 8 mg 
SR/bupropion 90 mg SR combination trilayer tablets (when given alone and when co-
administered with these drugs) in healthy adult subjects. In addition, the effects of naltrexone (16 
mg total) and bupropion (180 mg total) on the single dose plasma PK of nifedipine or lisinopril 
was estimated based on comparison to any previously published or reported results of these drugs 
when given alone as single-dose.  

Nifedipine is metabolized by CYP3A4. Hence, drugs known to either inhibit (e.g., ketoconazole, 
erythromycin, etc.) or induce (e.g., rifampin, carbamazepine, etc.) CYP3A4 may alter the first 
pass or clearance of nifedipine. The metabolites are excreted in urine and bile. Both in vitro and 
in vivo data indicate that nifedipine can inhibit the metabolism of other drugs that are substrates 
of CYP3A4; thereby increasing the exposure to other drugs. Nifedipine is available in 30 mg, 60 
mg and 90 mg dosage forms. Treatment with nifedipine for either hypertension or angina should 
be initiated with 30 or 60 mg once daily.   

Lisinopril, an oral long-acting angiotensin converting enzyme inhibitor, does not undergo 
metabolism and is excreted unchanged entirely in the urine. No PK-related drug interactions 
involving lisinopril are reported in the labeling for lisinopril tablets (Zestril®), including 
concomitant use with propranolol or hydrochlorothiazide. Lisinopril (Zestril®), is available as 2.5 
mg, 5 mg, 10 mg, 20 mg, 30 mg and 40 mg tablets for oral administration.  The recommended 
initial dose is 10 mg once a day and dose is adjusted according to blood pressure response. The 
usual dosage range is 20 to 40 mg per day administered in a single daily dose. 

The highest dose was evaluated for both nifedipine and lisinopril to maximize the potential for a 
PK interaction with naltrexone and/or bupropion (and their metabolites) to be detected. 
 
The study design is as follows: 
 
Title:  
 

A Phase 1, Open-Label, Randomized, Single-Dose, Three-Way Crossover 
Study to Assess the Effects of Nifedipine or Lisinopril on the Plasma 
Pharmacokinetics of Naltrexone SR/Bupropion SR Combination Trilayer 
Tablets in Healthy Adult Subjects 

Objectives: 
 

Primary: The primary objective of this study was to assess the effects of 
single-dose nifedipine (90 mg) extended release (ER) or lisinopril (40 mg) 
immediate release (IR) tablets on the single-dose plasma pharmacokinetics 
(PK) of 2 naltrexone 8 mg sustained release (SR)/bupropion 90 mg SR 
combination trilayer tablets in healthy adult subjects. 
Secondary: 
The secondary objectives of this study were: 
• To compare the single-dose plasma PK of nifedipine and lisinopril (given in 
combination with naltrexone 8 mg SR/bupropion 90 mg SR combination 
trilayer tablets) to previously published or reported results of these individual 
agents when given as monotherapy. 
• To assess the safety and tolerability of the 3 evaluated treatments. 
 

Study Design The study was conducted in a total of 18 healthy male and female subjects 
between the ages of 18 and 60 years, inclusive. Subjects received 3 different 
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single-dose treatments. There was a minimum 14-day washout between 
dosing days of each treatment. Study confinement at the Phase 1 unit began 
the day prior to dosing, with at least a 10-hour fast prior to study drug 
administration. 
Confinement lasted for at least 72 hours after dosing for each treatment 
period. 
The 3 study treatments (A, B, and C) were as follows: 
A = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets 
(Reference) 
B = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets + 1 
nifedipine 90 mg ER tablet (Test 1) 
C = Two naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets + 1 
lisinopril 40 mg IR tablet (Test 2) 
 
A total of 18 subjects were randomized to 3 treatment sequences (6 subjects 
per sequence; Table 9-1) according to a Latin square design. The treatment 
sequence for each subject included all 3 treatments: Treatment A (Reference), 
Treatment B (Test 1), and Treatment C (Test 2). 

Study Population N= 18 Healthy subjects,  Gender: 12 M and 6F, Age: 40 (24, 58) yr 
Weight: 82 (58-110) kg, BMI: 29 (25-39) 
 

Test Product Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets, 
Lot #C8B0367 (manufactured by  co-administered with 1 nifedipine 
90 mg ER tablet, Lot #5401681 (Adalat® CC, Bayer) given as a single oral 
dose (Test 1); 
 
Two investigational naltrexone SR 8 mg/bupropion SR 90 mg trilayer tablets, 
Lot #C8B0367 (manufactured by  co-administered with 1 lisinopril 
40 mg IR tablet, Lot #107065 (Zestril®, Astra Zeneca) given as a single oral 
dose (Test 2). 

Reference Products 2 investigational naltrexone SR 8 mg/bupropion SR 90 mg combination 
trilayer tablets, Lot # C8B0367 (manufactured by , given as a single 
oral dose. 

Sampling: Blood Blood samples for determination of naltrexone, 6-beta-naltrexol, 
bupropion, hydroxybupropion, threohydrobupropion, and 
erythrohydrobupropion plasma concentrations were measured at the 
following times for each treatment period: 15 minutes pre-dose (0 
hour), and at 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48, 
60, 72, and 120 hours post-dose. 
Naltrexone elimination half-life (t1/2) is approximately 4 h, bupropion has a 
t1/2 of 21 hr, nifedipine has a t1/2 of 2 hr, and lisinopril has a t1/2 of ~30 hr; 
thus, a 120-h plasma concentration versus time profiling appears to be 
adequate for all analytes.  

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞,Cmax, Tmax, Kel, t1/2 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment none 
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Protocol Deviations: 
There were no protocol deviations with respect to study entry criteria, no subjects who 
developed withdrawal criteria and were not withdrawn, and no subjects who received the 
wrong treatment or incorrect dose. 
 
Subject Disposition and Data Sets Analyzed: 
 

 
 
 
 
All 18 subjects who were enrolled in the study also received at least 1 formulation and 
were included in the PK population; however, a total of 5 subjects discontinued or were 
excluded from individual treatment summary statistics and statistical analysis of PK. 
Table below presents the subjects with missing or excluded data for individual PK 
treatment summary statistics and statistical analysis. 
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The AUC % extrapolated was comparable across the two treatments to enable unbiased 
comparison of AUC0-inf for both naltrexone and bupropion. 
  
 
The statistical comparison of PK parameters of naltrexone and bupropion are given in the 
following tables: 
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Table 1 Statistical comparison for naltrexone PK parameter (NB + Nifedipine versus NB 
Alone)  

 
 
Table 2 Statistical comparison for naltrexone PK parameter (NB + Lisinopril versus NB 
Alone)  
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Table 3 Statistical comparison for bupropion PK parameter (NB + Nifedipine versus NB 
Alone)  
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Table 4 Statistical comparison for bupropion PK parameter (NB + Lisinopril versus NB 
Alone)  

 

 
 
Table 5 Pharmacokinetic Parameters of Nifedipine - Comparison with Literature Data 

 
bData from Food and Drug Administration (FDA) Clinical Pharmacology and Biopharmaceutics Review. Application 
number 76-070 (Nifedipine extended-release tablets). 
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1.1.8 DDI Study and multiple-dose PK (NB-236) 

Bupropion and its metabolites are known to inhibit CYP2D6. To address the DDI potential of 
Contrave with CYP2D6 substrate, this study was conducted with Metoprolol, which is often used 
as the CYP2D6 substrate representing this class.  The trial was conducted in subjects genotyped 
as extensive CYP2D6 metabolizers under the steady-state for bupropion to assess the true effect 
of inhibition by total daily dose of Contrave (2 x NB 8/90 mg).  Bupropion was given with 
moderate fat diet and as a second objective sponsor also evaluated food effect at steady-state.  
 
The study design is as follows: 
 
Title:  
 

A Phase 1, Open-Label, Steady-State Study to Assess the Effects of 
Naltrexone SR/Bupropion SR Combination Trilayer Tablets on the Single-
Dose Plasma Pharmacokinetics of Metoprolol in Healthy Adult Subjects 
Genotyped as Extensive Metabolizers of CYP2D6 

Objectives: 
 

Primary: The primary objective of this study was to assess the effect of 
steady-state dosing of 2 naltrexone 8 mg sustained release (SR)/bupropion 90 
mg SR combination trilayer tablets given twice daily on the single-dose 
plasma pharmacokinetics (PK) of metoprolol (50 mg) under fed conditions in 
healthy adult subjects genotyped as CYP2D6 extensive metabolizers. 
 
Secondary: The secondary objectives of this study were: 
• To assess the plasma PK of naltrexone 8 mg SR/bupropion 90 mg SR 
combination trilayer tablets under fed and fasted conditions; 
• To compare the steady-state plasma PK of 2 naltrexone 8 mg SR/bupropion 
90 mg SR combination trilayer tablets given twice daily in the absence and 
presence of a single dose of metoprolol (50 mg) under fed conditions; 
• To assess the safety and tolerability of the treatments received throughout 
the duration of the study. 

Study Design The 3 study treatments (A, B, and C) were as follows: 
 
A = Two Naltrexone SR 8 mg/Bupropion SR 90 mg Trilayer Tablets (Test) 
B = One Naltrexone IR 50 mg Tablet (Reference 1) 
C = One Bupropion SR 150 mg Tablet (Reference 2) 
 
During the study, subjects were dosed in the fed state on Day 1 and Days 3 -
31. On Days 3, 30, and 31, the meal consisted of a moderate-fat (23% fat), 
moderate-calorie (575 calories) meal.  
 

Study Population N= 18 Healthy subjects,  Gender: 11 M and 7 F, Age: 31 (19-45) yr 
Weight: 87 (62-116) kg, BMI: 29 (21-38) 
PK Extension:  
N= 11 Healthy subjects,  Gender: 7 M and 4 F, Age: 34 (19-45) yr 
Weight: 89 (62-116) kg, BMI: 29 (21-38) 
 

Test Product • Metoprolol (Lopressor®) 50 mg IR tablets, Lot number F0134, 
manufactured by Novartis Pharmaceuticals Corporation. 

• Naltrexone 8 mg SR/bupropion 90 mg SR trilayer combination tablets, 
Lot number C8B0367, manufactured by  

Reference Products NA 
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Sampling: Blood Serial PK blood samples were collected at designated times following the 
morning dose on Days 1 and 31 for metoprolol (24 hours of sampling), and 
on Days 3 (24 hours of sampling), 30 (12 hours of sampling) and 31 (12 hours 
of sampling), for naltrexone, bupropion and their metabolites. In addition, 
trough concentrations were collected at predose (morning and evening) of 
Days 28 to 30 for steady-state assessment of naltrexone, bupropion and their 
metabolites. 

Urine none 
Feces none 
PK Assessments AUC0-t, AUC%extrapolated, AUC0-∞,AUC0-12, Cmax, Tmax, Kel, t1/2, 

Cavg, AUMC, CL/F, Vss/F, M/P Ratios 
Safety Assessment Vital signs, ECG , Clinical laboratory, AEs 
PD Assessment none 

 
Summary of study plan:  

 
 
Protocol Deviations: There were no protocol deviations with respect to study entry 
criteria, subjects who developed withdrawal criteria and were not withdrawn, or subjects 
who received the wrong treatment or incorrect dose. The Day 31 24-hour blood samples 
for metoprolol analysis were inadvertently not collected from the 11 subjects who 
continued into the optional study extension, which resulted in potential underestimation 
of the Day 31 to Day 1 AUC0-t ratios in those subjects, and thus the overall mean AUC0-
t ratio for the metoprolol comparison. However, given that Cmax and AUC0-8 were 
unaffected these missing 24-hour samples have no impact on study conclusions. 
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Subject Disposition and Data Sets Analyzed: 

 
 
 

Pharmacokinetic Results: 
The concentration-time profiles of all analytes by treatment are shown in Figure below: 
Metoprolol: 
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Naltrexone: (First Dose of Contrave (1 x NB 8/90 mg) on Day 3 to Last dose (2 x NB 8/90 
mg) in the Extension Phase) 

 
6beta-Naltrexol: ((First Dose of Contrave (1 x NB 8/90 mg) on Day 3 to Last dose (2 x NB 
8/90 mg) in the Extension Phase) 
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Bupropion: (First Dose of Contrave (1 x NB 8/90 mg) on Day 3 to Last dose (2 x NB 8/90 
mg) in the Extension Phase) 

 
Hydroxybupropion: ((First Dose of Contrave (1 x NB 8/90 mg) on Day 3 to Last dose (2 x 
NB 8/90 mg) in the Extension Phase) 
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The results of statistical comparison are presented in tables below: 
Drug-drug Interaction Comparisons: 
 
Table 1 Statistical comparison for naltrexone PK parameters for NB+ Metoprolol (Day 31) 
versus NB Alone (Day 30) 

 
 
Table 2 Statistical comparison for bupropion PK parameters for NB+ Metoprolol (Day 31) 
versus NB Alone (Day 30) 

 

 
 
 
 
 
 

Reference ID: 2883235



 

 N200063 Indv_Study_Reviews_Final.doc 69 

Table 3 Statistical comparison for naltrexone PK parameters for NB + Metoprolol (Day 31) 
versus Metoprolol Alone (Day 1) 
 

 
 
Food Effect Comparisons: 
 
Table 4 Statistical comparison for naltrexone PK parameters for High-fat, high-calorie 
meal (Day 33 or 34) versus Fasted (Day 33 or 34) 
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Table 5 Statistical comparison for naltrexone PK parameters for Moderate-fat, moderate-
calorie meal (Day 30) versus Fasted (Day 33 or 34) 

 
Table 6 Statistical comparisons for naltrexone PK parameters for High-fat, high-calorie 
meal (Day 33 or 34) versus Moderate-Fat, moderate calorie meal (Day 30) 

 
Table 7 Statistical comparison for bupropion PK parameters for High-fat, high-calorie 
meal (Day 33 or 34) versus Fasted (Day 33 or 34) 
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Table 5 Statistical comparison for bupropion PK parameters for Moderate-fat, moderate-
calorie meal (Day 30) versus Fasted (Day 33 or 34) 
 

 
 
Table 6 Statistical comparison for bupropion PK parameters for High-fat, high-calorie 
meal (Day 33 or 34) versus Moderate-Fat, moderate calorie meal (Day 30) 
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Sponsor’s Conclusions: 

 
 
Overall, sponsor’s conclusions from this study are reasonable and acceptable with the following 
exceptions:  

• The food effect evaluation is limited by the fact that the dosing with changed diet pattern 
at steady-state (fasting or fed) was single and did not proceed to attain the stead-state.  
The effect of high-fat diet or fasting was inconsistent on the two occasions (Day 33 and 
34) and cannot be explained. 

• The food-effect results are however useful in understanding the nature of variability in 
exposure of naltrexone, bupropion, and metabolites resulting from change in conditions 
under which Contrave is administered. 
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1 Executive Summary 

Orexigen Therapeutics (the Sponsor) is seeking an approval of CONTRAVE® (hereafter 
Contrave or NB)  Tablets for the treatment of obesity and weight management. 
Contrave is a fixed-dose combination drug product containing two active pharmaceutical 
ingredients, naltrexone hydrochloride (hereafter naltrexone or N) and bupropion hydrochloride 
(hereafter bupropion or B).  Naltrexone is a μ (mu) opioid antagonist and bupropion is a 
dopamine (DA) and norepinephrine (NE) reuptake inhibitor.  

Since both active ingredients are approved in the US for use in other indications, this application 
is submitted by the sponsor as a 505(b)(2) NDA. The sponsor has referenced pertinent 
information from approved US prescribing information for ReVia® (naltrexone hydrochloride; 
NDA 18-932) and Wellbutrin SR® (bupropion hydrochloride; NDA 20-358).  

Each Contrave tablet has a trilayer core that is composed of two drug layers containing the drug 
and excipients, and claimed to be a  tablet. A rapidly dissolving inert layer 
separates the two drug layers. Contrave will be available as two naltrexone dosage strength 
tablets:  

• CONTRAVE® 8/90, (naltrexone HCL 8 mg/bupropion HCL 90 mg) tablets (hereafter 
NB 8/90 mg) 

• CONTRAVE® 4/90, (naltrexone HCL 4 mg/bupropion HCL 90 mg) tablets (hereafter 
NB 4/90 mg) 

1.1 Recommendation 

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) has 
reviewed the clinical pharmacology data submitted in support of NDA 200063 for 
CONTRAVE® and found them acceptable.   

1.2 Post-marketing Requirements 

In vitro study results that showed Contrave is an Organic Cation Transporter 2 (OCT2) inhibitor 
should be confirmed through an in vivo study.  Therefore, the sponsor should conduct the in vivo 
drug-drug interaction study evaluating the impact of Contrave on a OCT2 substrate such as 
metformin. 

1.3 Summary of Important Clinical Pharmacology Findings 

Sponsor is seeking the following indication for Contrave: “Contrave is indicated for the treatment 
of obesity and weight management, including weight loss and maintenance of weight loss, and 
should be used in conjunction with lifestyle modification. Contrave is recommended for patients 
with an initial body mass index ≥30 kg/m2 or ≥27 kg/m2 with one or more risk factors (e.g., 
diabetes, dyslipidemia, or hypertension)”.  The Contrave clinical development program is 
composed of 23 trials, including 15 Phase 1, four Phase 2, and four pivotal Phase 3 studies. 
Clinical Pharmacology review of the information submitted by the sponsor, in support of their 
application, revealed the following important findings:  

Dose/Exposure-Response for Weight loss (Efficacy): 
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Sponsor proposed a recommended daily dose of two NB 8/90 mg tablets twice daily (BID), which 
sums up to a total daily dose of 32 mg naltrexone/360 mg bupropion.  The adequacy of the 
proposed dosage regimen was evaluated from the dose-response relationship.  

Longitudinal (over time) and cross-sectional (across treatments) weight-loss data from the 
placebo-controlled Phase 3 Trial NB-301 was used for this purpose.  Among the four Phase 3 
trials, NB-301 is the only trial that tested two daily dose levels of Contrave: 16 mg 
naltrexone/360 mg bupropion (NB16) and 32 mg naltrexone/360 mg bupropion (NB32) over 56 
week duration.  Trials NB-302, NB-303, and NB-304 tested NB32 versus placebo. Additionally, 
NB-303 trial tested a higher 48 mg naltrexone/360 mg bupropion (NB48) dose in subjects who 
did not respond to NB32 by week 28. NB48 dose was given using 2 x NB 12/90 mg tablet BID, 
which is not proposed for approval under this application. 

The percent weight loss versus time profile from Phase 3 trial NB-301 shows a dose-dependent 
reduction in weight.  The data also showed that the maximal mean percent reduction in weight 
from baseline is achieved after week 28 in both low (NB16) and high dose (NB32) treatment 
arms (Figure 1).  

Figure 1 Time course of percent weight loss from baseline in the 56-week Phase 3 
confirmatory trial (NB-301) 

 

In addition, dose-response data from the efficacy trial NB-301 showed that NB32 dose was 
numerically beneficial for placebo-corrected weight-loss over NB16 dose.  

According to the FDA Guidance document on “Developing Products for Weight Management: 
“In general, a product can be considered effective for weight management if after 1 year of 
treatment either of the following occurs: 
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• The difference in mean weight loss between the active-product and placebo-treated 
groups is at least 5 percent and the difference is statistically significant 

• The proportion of subjects who lose greater than or equal to 5 percent of baseline body 
weight in the active-product group is at least 35 percent, is approximately double the 
proportion in the placebo-treated group, and the difference between groups is 
statistically significant”. 

Notably, the efficacy for Contrave was marginal as none of Phase 3 trials achieved the mean 
placebo corrected weight loss of 5%, and thus did not satisfy the first of the two efficacy 
benchmarks recommended in the Guidance.  With regards to dose-response, NB-301 trial results 
showed that the placebo corrected mean weight loss was <5% not meeting the efficacy 
benchmark; mean (95% CIs) of -3.67% (-4.5, -2.85) for NB16 and mean (95% CIs) of -4.81% (-
5.63, -3.99) for NB32, respectively. 

NB32 dose satisfied the second efficacy benchmark criteria in two adequately designed 56 week 
trials (NB-301 and NB-304) among the four Phase 3 trials.  From a dose-response perspective, 
both NB16 and NB32 doses evaluated in 56 week trial NB-301 satisfied the second efficacy 
benchmark criteria as the proportion of patients loosing weight was at least 35%, double the 
proportion in placebo, and the difference was statistically significant. However, numerical benefit 
of NB32 over NB16 was also evident based on a greater percentage of subjects loosing >5% 
weight with NB32 against NB16 and placebo.  

Therefore, the recommended daily dose of NB32 is acceptable from dose-response perspective 
and with regards to the maximum weight loss benefit offered by this dose.  

Systemic exposure-response analysis from the PK data collected in Phase 3 Trial NB-303 showed 
a shallow exposure-weight loss relationship for increasing bupropion trough concentrations. The 
observed bupropion trough concentrations were also associated with maximal weight loss 
achieved in this trial. This analysis was also explored with the pharmacological activity weighted 
composite (PAWC) metric (see QBR Section 2.2.1 for details), which was computed as the sum 
of parent and metabolite nanomolar (nM) concentrations for naltrexone and its metabolite 6β-
naltrexol, and bupropion and its metabolites, without applying any potency factors (Agency’s 
analysis did not use the potencies as they are based on animal experiments and their relevance to 
weight loss in humans is unknown).  Similar shallow trend was observed for the PAWC-weight 
loss relationship.  However, it was noted that the weight loss from the PK subset, whose PK 
samples were utilized in evaluation of the exposure-weight loss and PAWC-weight loss 
relationships, was not representative of that of the whole population in Trial NB-303, as the 
weight loss was greater in PK subset versus subjects with no PK collection. This could likely be 
due to the higher proportion of drop-outs observed in the group without PK sampling versus the 
group with PK sampling, as subjects had to remain in the trial in order to provide the week 28 to 
week 56 PK samples .  In this reviewer’s opinion subjects who stay in the trial tend to have better 
efficacy and less safety  
 
Dose/Exposure-Response for Safety: 
 
Effect on Blood Pressure: Bupropion is known to increase the blood pressure through unknown 
mechanism. Contrave treatment was also associated with an increase in systolic blood pressure 
(SBP) in obese patients. Data from placebo controlled Trial NB-301, which tested two dose levels 
of the combination (bupropion dose was same 360 mg/day), showed that the maximum mean 
increase of around 1 to 2 mm Hg from baseline was observed up to Visit 8 with the active 
treatment arms. This mean rise in SBP returned to baseline by week 16.  The placebo group 
showed greater reduction in SBP from baseline (Figure 2a).  When evaluated based on 5% 
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responder status by treatment (patients loosing ≥5% weight from baseline) in the completer 
population, the placebo responders had considerable improvement in blood pressure. Whereas, 
NB32 non-responder had their blood pressure elevated over the baseline and NB32 responders 
did not have any improvement in blood pressure (Figure 2b) Therefore, the beneficial effect of 
weight loss in terms of reduction in SBP was absent in the Contrave treatment group.  

Figure 2 (a) Time course of systolic blood pressure change from baseline in the 56-
week Phase 3 confirmatory trial (NB-301), (b) Mean change in systolic blood pressure from 
baseline by treatment response group (Completers) for NB32 pooled Phase 3 data 

 
(b)  
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The maximum risk with regards to the increase from baseline in SBP among top 5% of patients 
who had increase in SBP from baseline, as determined from the cumulative distribution of 
patients versus change from baseline in SBP, ranges from 2 to 5 mm Hg for Contrave treatment 
against that of placebo.  
 
Systolic blood-pressure changes did not show any trend when the mean changes from baseline 
were evaluated against increasing bupropion exposures (See PM review, Section 1.1.3 for details 
in Appendix 4.2).   
 
Exposure-AE: Most commonly reported treatment emergent adverse event (TEAEs) with 
Contrave was nausea. Constipation, vomiting, dry mouth, diarrhea, headache, and insomnia were 
other TEAEs from Contrave treatment.  Safety data from NB-301 revealed that frequency (% 
subjects with AE) of nausea was higher in both NB16 (27.2%) and NB32 (29.8%) dose groups, 
when compared against placebo. There was slight increase in frequency of vomiting (6.3% to 
9.8%), dizziness (7.7% to 9.4%), insomnia (6.3% to 7.5%), and hot flushes (2.3% to 5.2%) with 
increase in dose from NB16 to NB32.  Percentage of subjects reporting constipation, dry mouth, 
diarrhea, and headache were similar for the two dose groups, and overall comparable to placebo. 
Exposure-response analysis from Trial NB-303 showed that percentage of subjects reporting 
nausea and vomiting increased with increasing bupropion concentrations.  However, no such 
relationship was apparent with naltrexone concentrations. Nausea and vomiting have been 
associated separately with the use of bupropion or naltrexone. The other adverse events such as 
constipation, insomnia, anxiety did not show any relationship to either naltrexone or bupropion 
exposure. 
 
QT/QTc:  A thorough QT study was not conducted for Contrave. According to the Inter-
disciplinary Review Team (IRT) Review, large changes in QTc intervals were not observed in 
studies NB-228 and NB-303. However, the trial design was not sufficient to rule out small 
changes in QTc interval (i.e., upper bound of 90% confidence interval excludes 10 ms), as 
defined by ICH E14 guidance. 
 
Effect on Serum Creatinine: The clinical trial data showed an increase in serum creatinine from 
baseline in the Contrave treated patients.  To explain the plausible mechanism, the sponsor 
provided an in vitro DDI study report. This in vitro study was conducted to evaluate the ability of 
bupropion and its metabolites or naltrexone and its metabolite, to inhibit organic cation 
transporter, OCT2 in the kidney.  OCT2 is involved in tubular secretion of creatinine and other 
drugs such as metformin. The in vitro study results demonstrated that bupropion and its 
metabolites, specifically threohydrobupropion and erythrohydrobupropion can inhibit OCT2 at 
the exposure equivalent to combined Cmax at steady state.  According to the International 
Transporter Consortium recommendations1, if the ratio of free therapeutic concentration to the 
IC50 is greater than 0.1, the inhibition potential is considered to be clinical relevant.  In this case, 
this ratio is 0.29.  Thus, slight increase in serum creatinine noted in the Phase 3 trials could be due 
to the OCT2 inhibition.   In addition, these in vitro findings should be confirmed in an in vivo 
study to establish the OCT2 inhibitory effects of bupropion and its metabolites. Since this has 
implications on drug interactions via this transporter pathway, sponsor should address the in vivo 
DDI potential of Contrave with OCT2 substrates such as metformin.  In addition, sponsor should 
also evaluate the effect of Contrave administration on glomerular filtration rate to establish that 
the serum creatinine increase is not due to any untoward effect of bupropion on the renal 
function. 
 

                                                      
1 Membrane Transporters in Drug Development. Nature Reviews Drug Discovery 9, 215-236, 2010. 
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General ADME:  

Naltrexone:  The existing clinical pharmacology data on naltrexone demonstrate that upon oral 
administration, naltrexone undergoes high first pass metabolism to form 6β-naltrexol in humans 
via non-CYP mediated mechanism.  Both the parent and the metabolite are subject to conjugation 
prior to renal excretion.  Renal clearance of 6β-naltrexol also involves active tubular secretion.  

In the current application, naltrexone exhibited approximately dose proportional increase in 
exposure from the two Contrave dose strengths; NB 4/90 mg and NB 8/90 mg when given orally 
as two tablets of NB 4/90 mg and NB 8/90 mg. After the single oral dose of Contrave, naltrexone 
plasma concentrations declined with elimination t1/2 of 5 hr and the concentrations of 6β-
naltrexol declined in a bi-exponential fashion with a relatively longer t1/2 of 13 hr, suggesting its 
peripheral distribution. The exposure to 6β-naltrexol was numerically higher than naltrexone 
from Contrave. After single oral dose of 1 x NB 8/90 mg, for 6β-naltrexol, the area under 
concentration time curve (AUC) and the maximum concentration (Cmax) were approximately 30- 
and 15-fold greater than that for naltrexone, respectively. At steady-state 6β-naltrexol, AUC and 
Cmax were approximately 45- and 25-fold greater than that for naltrexone, respectively. 
Accumulation of 6β-naltrexol was greater than expected (~300%) from t1/2 of 13 hr and BID 
administration.  Although, the involvement of transporters in tubular secretion of 6β-naltrexol is 
unclear, based on the findings that bupropion and its metabolite inhibit organic cation transporter, 
this greater than expected accumulation could be due to an unidentified mutual interaction 
between the two Contrave components. 

Bupropion:  The existing clinical pharmacology data on bupropion demonstrate that upon oral 
administration, bupropion is subjected to extensive first pass metabolism primarily by CYP2B6 to 
form major metabolite hydroxybupropion, while cytochrome P450 isoenzymes are not involved 
in the formation of other two major metabolites threohydrobupropion or erythrohydrobupropion.   

In the current application, bupropion pharmacokinetic profile was similar from the two Contrave 
dose strengths; NB 4/90 mg and NB 8/90 mg when given orally as two tablets each of NB 4/90 
mg and NB 8/90 mg, respectively (bupropion dose was same).  After single oral dose of 
Contrave, bupropion plasma concentrations declined with elimination half-life of 21 hr in a 
biexponential fashion, suggesting its peripheral distribution.  Hydroxybupropion, 
threohydrobupropion, and erythrohydrobupropion plasma concentrations declined with t1/2 of 
~27, 47, and 32 hr, respectively. The AUC for hydroxybupropion and threohydrobupropion after 
single Contrave dose of NB 8/90 mg was 12-fold and 4-fold higher, respectively, than bupropion 
AUC. Both Cmax and AUC for hydroxybupropion and threohydrobupropion at steady state were 
substantially higher than bupropion values.  Whereas, slightly higher AUC was observed for 
erythrohydrobupropion relative to the parent drug, after single as well as multiple twice-daily 
doses. 

Thus, naltrexone, bupropion, and their metabolites accumulate at steady-state. 
Intrinsic Factors (Body weight, Age, BMI, Gender, Race, and Genetics etc.) Affecting 
Exposure:  
 
The population pharmacokinetic analysis was conducted separately for each of the 6 analytes: 
bupropion, hydroxybupropion, erythrohydrobupropion, threohydrobupropion, naltrexone, and 6β-
naltrexol. The effects of various covariates e.g. ideal body weight, actual body weight, age, BMI, 
gender, and race on naltrexone and bupropion PK parameters were evaluated in this analysis.  
Naltrexone CL/F in non-whites was 34% lower than that of white subjects.  However, this effect 
was not clinically meaningful. There was no difference in 6β-naltrexol CL/F among non-whites 
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is metabolized to hydroxybupropion, threohydrobupropion, and erythrohydrobupropion.  Both 
parent drugs and their metabolites undergo conjugation in liver.  Adequate studies of naltrexone 
in patients with hepatic impairment have not been conducted. Based on the bupropion product 
labels, there is lack of systematic evaluation of bupropion in hepatic impaired.  However, the 
available data suggests that bupropion exposure could be higher (3-fold higher AUC in severe 
hepatic cirrhosis) and metabolites also had increased exposures in comparison to healthy subjects. 
Therefore, Contrave use requires caution in mild and moderate hepatic impairment and  

 
 
Extrinsic Factors: 
Food Effect: The safety concerns for abrupt increase in seizure frequency above 450 mg total 
daily bupropion SR dose (1.5 fold higher in dose when compared to 300 mg total daily dose) are 
well established. Since the bupropion exposure from Contrave (bupropion dose 180 mg; given as 
2 x NB 8/90 mg tablet) is comparable to single bupropion SR 150 mg dose, same threshold of 
fold-increase greater than 1.5 can be considered clinically alarming for Contrave. Single oral dose 
food effect study showed that when given with high-fat meal, naltrexone peak and total exposure 
increased to 4-fold and 2-fold, respectively in comparison to those under the fasted state.  This 
increase in exposure numerically exceeded those expected from usual 50 mg daily dose of 
naltrexone IR (~1.5-fold when compared to 32 mg). Bupropion peak and total exposure were 
increased in clinically significant way in the presence of high-fat meal with fold increase in Cmax 
greater than 1.5 (See Figure 3).   
Steady-state food effect showed similar direction but lower magnitude than the single dose study. 
However, the study design and results were not sensitive to rule out the high-fat food effect. 

Food effect is unknown for the existing naltrexone IR formulation. Bupropion SR (Wellbutrin SR 
label) documents that food increased Cmax and AUC of bupropion by 11% and 17%, 
respectively, which was not considered as clinically significant food effect.  Therefore, the food 
effect that was seen in this application is unique to the Contrave formulation. 

Considering the seizure risk profile of bupropion, from clinical pharmacology perspective 
Contrave should not be taken with high-fat meal. 
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Figure 3 Effect of food on naltrexone and bupropion pharmacokinetics 

 
 
Effect of Contrave on Co-administered Drugs: 

Drug-drug interaction (DDI) studies in the Contrave development program were not conducted 
with the primary objective of evaluating the effect of Contrave on the pharmacokinetics of co-
administered drugs (atorvastatin, valsartan, glyburide, nifedipine, lisinopril) except the study with 
metoprolol.  The treatment arm of co-administered drug given alone was not included in any 
study except in the DDI study with metoprolol.  All other studies compared the pharmacokinetic 
data collected after co-administration with Contrave to those reported in literature or in approved 
product labels.  This cross-study comparison is acceptable for signal detection from clinical 
pharmacology perspective and cannot be relied upon for establishing or ruling out a DDI.  The 
cross-study comparison do not signal for any meaningful changes in the exposure of the co-
administered drugs due to Contrave; atorvastain, valsartan, glyburide, nifedipine, and lisinopril.  

Co-administration of single metoprolol dose at steady-state of Contrave resulted in 2-fold (90% 
CI 1.73 – 2.45) increase in Cmax and 4-fold increase (90% CI 3.33 – 5.33) in AUC of 
metoprolol.  This study was conducted in subjects genotyped as extensive CYP2D6 metabolizers 
to ensure that results are not confounded by the poor baseline metabolic capacity of poor 
metabolizers. 

Based on these results, there is no need for Contrave dose adjustment with the co-administered 
drugs: atorvastatin, valsartan, glyburide, nifedipine, and lisinopril.  Metoprolol and other 
CYP2D6 substrates need dose reduction and should be initiated at the lower end of their dose if 
co-administered with Contrave. 
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Effect of Co-administered Drugs on Contrave (Drug-drug Interactions):  
Co-administration of various representative drugs did not affect the exposure of naltrexone or 
bupropion in a clinically meaningful way.  The least square mean ratios were close to one and 
90% confidence intervals were contained within the 0.8 to 1.25 interval. The results with 
glyburide were confounded with the food effect due to oral glucose solution that was co-
administered. This food effect cannot be ruled out as the oral glucose solution is known to affect 
the gastro-intestinal motility.  

Figure 4 Effect of co-administered drugs on naltrexone and bupropion pharmacokinetics. 
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2 Question Based Review 

2.1 General Attributes 

Orexigen Therapeutics is seeking the approval of combination product for the treatment of 
obesity, Contrave (naltrexone HCl and bupropion HCl)  Tablets. Naltrexone 
(Figure 5a) is an approved mu-opioid receptor antagonist indicated for the treatment of opiate and 
alcohol dependence, while bupropion (Figure 5b) is an approved norepinephrine and dopamine 
reuptake inhibitor indicated for the treatment of major depression and nicotine dependence. 

Since both active ingredients are approved in the US for other indications, sponsor submitted a 
505(b)(2) NDA, and referenced pertinent information from approved US prescribing information 
for ReVia® (naltrexone hydrochloride; NDA 18-932) and Wellbutrin SR® (bupropion 
hydrochloride; NDA 20-358).   

The sponsor has supported the Contrave application with studies that compare different 
developmental and intended commercial drug product formulations, food effect, effect of co-
administered drugs, and population pharmacokinetic analysis. 

The chemical structures of naltrexone and bupropion are illustrated in Figure 5 below: 

Figure 5 Chemical Structure of Naltrexone and Bupropion. 

 
(a) Naltrexone (b) Bupropion 

 

 

 

Pharmacologically, the exact neurochemical appetite suppressant effects of Contrave are not fully 
understood. However, nonclinical studies suggest that Contrave has synergistic action on two 
distinct sites of the central nervous system that influence energy balance: the hypothalamus and 
the mesolimbic dopamine circuit (reward system).  In nonclinical studies, bupropion has been 
shown to decrease food intake and increase energy expenditure, resulting in weight loss.  

According to the proposed pharmacological mechanism of action, bupropion stimulates the 
activity of POMC cells in the hypothalamus, which are known to decrease food intake and 
increase energy expenditure. Activity of POMC cells is negatively auto-regulated by endogenous 
opioids, a compensatory mechanism that may limit sustained weight loss. Thus, 
naltrexone/bupropion in combination possibly acts as a dual POMC enhancer by stimulating 
activity of POMC and simultaneously antagonizing mu-opioid receptors on these same cells. By 
blocking opioid receptors on POMC cells, naltrexone could amplify the effect of bupropion. The 
mesolimbic dopamine system mediates reward-driven behavior, such as food-seeking and 
feeding. Nonclinical studies demonstrate that naltrexone and bupropion act synergistically in the 
reward system to decrease food intake. 

Reference ID: 2883140

(b) (4)



 

 N200063 QBR_P1_Finalv.doc 17 

Contrave is indicated for the treatment of obesity and weight management, including weight loss 
and maintenance of weight loss, and should be used in conjunction with lifestyle modification. 
Contrave is recommended for patients with an initial body mass index ≥30 kg/m2 or ≥27 kg/m2 
with one or more risk factors (e.g., diabetes, dyslipidemia, or hypertension). 

2.1.1 What are the proposed dosage regimens for Contrave? 
The proposed Contrave tablet has a trilayer core that is composed of two drug layers containing 
the drug and excipients, and a more rapidly dissolving inert layer separating each drug. Contrave 
is available as two naltrexone dosage strength tablets:  

• NB 8/90, (naltrexone HCL 8 mg/bupropion HCL 90 mg)  tablets  

• NB 4/90, (naltrexone HCL 4 mg/bupropion HCL 90 mg)  tablets 

The recommended dose of Contrave is two NB 8/90 tablets (Total dose of 16 mg naltrexone/180 
mg bupropion) taken twice daily for a total daily dose of 32 mg naltrexone and 360 mg 
bupropion. Contrave dosing is initiated with once daily morning dose of NB 8/90 mg.  The 
Contrave dose is escalated over a 3-week period until achieving the total daily maintenance dose 
of 32 mg naltrexone and 360 mg bupropion as shown in Figure 6 below. This is conceptually 
similar to the recommended usage of approved bupropion and naltrexone drug products, where 
doses of these two centrally acting compounds are slowly escalated to improve tolerability. The 
dose-escalation was used in the safety and efficacy evaluation for the two formulations as low 
(NB16) and high (NB32) total daily dose groups in trial NB-301 (Figures 6 and 7), and for the 
high total daily dose (NB32) in efficacy trials NB-302, NB-303, and NB-304. 

Figure 6 Dose escalation for Contrave using NB 8/90 mg strength in Phase 3 trials. 

 

Figure 7 Dose escalation for Contrave using NB 4/90 mg strength in Trial NB-301. 

 

Week 1 Week 2 Week 4 Week 3 

PM Tablets: 1 2 1 

AM Tablets: 1 2 2 1 

0 

Titration 

Total Daily N/B Dose (mg): 8/180 16/360 12/270 4/90 

Week 1 Week 2 Week 4 Week 3 

PM Tablets: 1 2 1 

AM Tablets: 1 2 2 1 

0 

Titration 

Total Daily N/B Dose (mg): 16/180 32/360 24/270 8/90 
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Figure 9 Metabolism of Bupropion 

 
The potency and toxicity of the metabolites relative to bupropion have not been fully 
characterized. However, based on antidepressant screening test in mice that hydroxybupropion is 
one half as potent as bupropion, while threohydrobupropion and erythrohydrobupropion are 5-
fold less potent than bupropion. 

Based on the general belief that bupropion metabolites are active, sponsor of the current 
application computed a pharmacological weighted composite concentration metric (PAWC) 
separately for naltrexone and bupropion, weighing in the above mentioned relative potencies for 
antidepressant activity of the metabolites.  Naltrexone PAWC was computed assuming a potency 
factor of 0.25 for 6 β-naltrexol. PAWC metric was used by the sponsor for PK comparison in 
Phase 1 clinical pharmacology studies as well as to explain exposure-response for efficacy and 
safety. 

However, there are certain limitations of PAWC metric.  The relative potencies of metabolites are 
based on animal experiments and that relation of anti-depressant activity and weight-loss effect is 
unknown. The metabolites are referred to as “active” in literature and the product labels but the 
activity is mentioned without the context or in other words there is no clear answer to the 
questions “What are these metabolites active for?” or “At what pharmacological receptor these 
metabolites exert their action, and what is the nature of concentration-response?”.  Therefore, 
any analysis based on the PAWC carry certain assumptions and is exploratory in nature. On the 
other hand, PAWC metric may represent the worst case scenario from a safety evaluation 
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perspective as it represents collective measure of exposure to parent and metabolites at a given 
time. 
 

2.2.2 What are the PK characteristics of naltrexone and bupropion from Contrave 
formulation after oral administration and how do they relate to the dose? 

Single Dose: 

The overall trend of mean plasma concentration-time profiles of naltrexone, bupropion, and their 
metabolites based on pooled Phase 1 PK data from 2 x NB 8/90 mg dose, are illustrated in the 
Figure 10 below.   

The bi-exponential decline was apparent for bupropion and 6β-naltrexol, whereas all other 
analytes showed a mono-exponential decline. Consistent with the established PK profile for 
naltrexone and bupropion, the exposure to metabolites is numerically higher than the parent 
compound for both the drugs. 

Figure 10 Mean plasma concentration time profile of naltrexone, bupropion and their 
metabolites after single oral dose of 2 x NB 8/90 mg under fasted state (pooled 
Phase 1 data) 
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Table 2 Pharmacokinetic parameters of Naltrexone and Bupropion after single oral 
dose of 2 x 8/90 mg tablet (pooled Phase 1 data) under fasted condition 

 

Dose Proportionality: 

The two available dose strengths NB 4/90 mg and NB 8/90 mg only differ in terms of  
  The dose proportionality was therefore compared for naltrexone based on dose-

normalized PK parameters.  Bupropion PK parameters were compared without dose adjustment. 
The mean plasma concentration-time profiles of naltrexone and bupropion from 2 x NB 4/90 mg 
and 2 x NB 8/90 mg single doses in Trail NB-232, is illustrated in the Figure 11 below.  
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Figure 11 Mean(±SE) plasma concentration time profile of naltrexone and bupropion 
from Contrave formulation after single oral dose of two tablets each of NB 8/90 
mg and NB 4/90 mg (Linear and log scale) 

 

 

The mean concentration time profiles showed dose based increase for naltrexone.  As expected, 
the profiles for bupropion from the two formulations overlapped each other. 

The summary statistics of pharmacokinetic parameters for naltrexone and bupropion are 
presented in Table 3 below. 
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Table 3 Pharmacokinetic parameters of (a) naltrexone and (b) bupropion after 
single oral doses of 2 x NB 4/90 mg and 2 x 8/90 mg tablets. 

(a): Naltrexone 
Treatment 

NB 4/90 MG  NB 8/90 MG  
Naltrexone 

PK 
Parameter N Mean SD Median N Mean SD Median 

AUC0-t 
(ng.hr/mL) 

18 4.55 3.94 2.73 18 9.62 5.66 8.64 

AUCextrapol 
(%) 

14 5.80 4.04 5.25 16 3.74 2.70 3.10 

AUCinf 
(ng.hr/mL) 

14 5.26 4.28 3.45 16 10.55 5.76 9.27 

Cmax 
(ng/mL) 

18 0.72 0.65 0.56 18 1.37 0.94 1.14 

Tmax 
(hr) 

18 2.60 2.80 1.26 18 2.02 1.21 1.76 

t1/2  
(hr) 

14 4.32 0.93 4.33 16 4.94 1.60 4.64 

(b) Bupropion: 

Treatment 
NB 4/90 MG  NB 8/90 MG  

Bupropion 
PK 

Parameter N Mean SD Median N Mean SD Median 
AUC0-t 
(ng.hr/mL) 

18 1507.24 480.75 1552.70 18 1523.25 500.58 1472.62 

AUCextrapol 
(%) 

18 4.40 1.48 4.14 18 5.24 2.07 5.10 

AUCinf 
(ng.hr/mL) 

18 1573.06 490.59 1616.91 18 1613.41 549.55 1593.03 

Cmax 
(ng/mL) 

18 157.78 41.67 156.50 18 157.19 35.73 153.00 

Tmax 
(hr) 

18 2.69 1.10 3.00 18 2.85 0.75 3.00 

t1/2  
(hr) 

18 26.11 7.22 23.19 18 24.74 6.74 22.04 

The dose-proportionality assessment, based on statistical analysis of dose-normalized PK 
parameters of naltrexone and unadjusted PK parameters of bupropion, is presented in Table 4 
below.  Naltrexone exposure was approximately dose-proportional as the dose-normalized Cmax 
from NB 4/90 mg formulation was 5% higher and AUCt was 10% lower than those observed 
from NB 8/90 mg formulation. Bupropion exposure from NB 4/90 mg formulation was 
bioequivalent to that of the NB 8/90 mg formulation. 
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Table 4 Dose-proportionality assessment of pharmacokinetic parameters of (a) 
naltrexone and (b) bupropion after single oral dose  

(a) Naltrexone: 

 

(b) Bupropion: 

Test Reference PK Parameter Units Ratio (%) 90% CI 
AUC(0-inf) ng.hr/mL 101.57 95.99    -      107.48 
AUC(0-t) ng.hr/mL 100.93 95.53    -      106.64 

NB 4/90  NB 8/90  

Cmax ng/mL 102.73 93.72    -      112.59 

After single oral dose of Contrave, exposure of metabolites was higher than the parent for both 
bupropion and naltrexone (Table 5).  This shows that 6β-naltrexol and hydroxybupropion are 
formed as the major circulating metabolites of naltrexone and bupropion, respectively in humans.   

Total exposure of threohydrobupropion and erythrohydrobupropion is 5-fold higher and 0.8 fold 
lower, respectively in comparison to bupropion. This is in line with the information reported in 
product labels or literature for naltrexone and bupropion. The ratios of metabolite to parent were 
also consistent for the two formulations. 

Table 5 Metabolite to parent ratio after single oral dose in study NB-232 

Treatment Description: 2 x NB 4/90 MG 2 x NB 8/90 MG 

Variable N Mean SD N Mean SD 

Hydroxybupropion:         AUCratio 
Hydroxybupropion:         Cmaxratio 
Threohydrobupropion:    AUCratio 
Threohydrobupropion:    Cmaxratio 
Erythrohydrobupropion   AUCratio 
Erythrohydrobupropion:  Cmaxratio 
6-Beta naltrexol:              AUCratio 
6-Beta naltrexol:              Cmaxratio 

17 
19 
14 
19 
17 
19 
17 
19 

11.2 
2.6 
4.0 
0.9 
0.8 

0.20 
28.3 
14.7 

5.6 
1.6 
2.0 
0.2 
0.4 

0.04 
13.2 
6.7 

19 
19 
16 
19 
19 
19 
14 
19 

12.7 
2.5 
4.8 
0.9 
0.8 

0.16 
31.5 
15.4 

8.4 
1.4 
2.4 
0.3 
0.2 

0.03 
14.5 
7.8 

Single Dose Contrave versus Currently Approved Products: 

Mean plasma concentration time profile of naltrexone and bupropion from Contrave formulation 
(single oral dose of 2 x NB 8/90 mg under fasted state) versus single dose of 50 mg IR 
formulation and 150 mg Bupropion SR formulation are presented in Figure 12 below. 

On average, the exposure of naltrexone from 2 x NB 8/90 mg dose was lower than the 50 mg IR 
formulation.  Whereas, bupropion peak concentrations from 2 x NB 8/90 mg dose appeared to be 
slightly lower with comparable total exposure to 150 mg bupropion SR formulation. 
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Multiple Doses: 

Multiple dose PK was assessed for naltrexone and bupropion in the DDI study with metoprolol. 
Following Day 1 single (morning) dose of a metoprolol 50 mg IR tablet and a 2-day washout 
period (fed), once daily (morning) doses of 1 x NB 8/90 mg were administered on days 3 to 9 
(fed). Days 10 to 16 twice daily (morning and evening) doses of 1 x NB 8/90 mg (fed). On days 
17 to 23 morning doses of 2 x NB 8/90 mg tablets and evening doses of 1 x NB 8/90 mg (fed) 
were administered. On days 24 to 30 twice daily (morning and evening) doses of 2 x NB 8/90 mg 
tablets (fed) were administered.  PK data for bupropion was collected on Day 3 and Day 27 on 
wards.  The mean (95%CI bands) plasma concentration-time profile of NB after single oral dose 
(on Day 3) and multiple twice daily oral doses (Day 27-30) is summarized in Figure 13a and 13b, 
respectively for naltrexone and bupropion. 

Figure 13 Mean (95%CI bands) Plasma concentration-time profile of naltrexone (a) 
and (b) bupropion after single oral dose of 1 x NB 8/90 mg (on Day 3) and after multiple 
twice daily oral doses of 2 x NB 8/90 mg (steady state assessed on Day 27-30) 

 

(a) 

Day 27-31 
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Following multiple daily dosing according to the titration scheme explained above, naltrexone 
and bupropion apparently achieved steady-state for the 2 x NB 8/90 mg BID dosing as evident 
from Day 27-30 trough concentration time profile.  Bupropion showed accumulation after 
multiple doses as was expected based on ~24 hr t1/2 and 12 hr dosing interval.  Whereas, 
accumulation was not evident for the naltrexone component, (calculated dose-adjusted 
accumulation ratio of 7%), which is consistent with the shorter t1/2 of 4 hours and 12 hr dosing 
interval. Unlike naltrexone, approximately 2-fold dose-adjusted accumulation of 6β-naltrexol was 
expected for twice daily dosing given its t½ of approximately 13 hr, but the observed 
accumulation ratio of approximately 3-fold was higher than expected value. 

Metabolite-to-parent ratios after single oral dose of 1 x NB 8/90 mg and at steady state are 
presented in Table 6 and 7, respectively. After single oral dose of 1 x NB 8/90 mg, for 6β-
naltrexol, the AUC value was approximately 30-fold greater and the Cmax value was 
approximately 15-fold greater than for parent drug. AUC for hydroxybupropion and 
threohydrobupropion after single dose were 12- and 4-fold higher, respectively, than bupropion 
values, but only a slightly higher AUC was observed for erythrohydrobupropion relative to parent 
drug.  

At steady-state 6β-naltrexol AUC value was approximately 45-fold greater and the Cmax value 
was approximately 25-fold greater than for parent drug. Exposure parameters for 
hydroxybupropion and threohydrobupropion at steady state were substantially higher than 
bupropion values, but only a slightly higher AUC was observed for erythrohydrobupropion 
relative to parent drug.  Thus both parent components and their metabolites accumulated at 
steady-state. 

(b) 

Day 27-31 
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Table 7 Metabolite to parent ratio after single oral dose on Day 3 in study NB-236  

Treatment Description: 1 x NB 8/90 mg 

Variable N Mean SD 

Hydroxybupropion:         AUCratio 
Hydroxybupropion:         Cmaxratio 
Threohydrobupropion:    AUCratio 
Threohydrobupropion:    Cmaxratio 
Erythrohydrobupropion   AUCratio 
Erythrohydrobupropion:  Cmaxratio 
6-Beta naltrexol:              AUCratio 
6-Beta naltrexol:              Cmaxratio 

36 
38 
30 
38 
36 
38 
31 
38 

11.9 
2.6 
4.4 
0.9 
0.8 

0.16 
30.0 
15.0 

7.0 
1.5 
2.2 
0.3 
0.3 

0.04 
13.8 
7.2 

 

Table 8 Mean (±SD) metabolite to parent ratios for naltrexone and bupropion 
metabolites after multiple twice daily oral doses (Day 27-30) 

 

2.2.3 What are the pharmacodynamic characteristics of NB after oral administration and 
how do they relate to the dose? 
As mentioned earlier, based on proposed mechanism of action, naltrexone/bupropion in 
combination possibly act as a dual POMC enhancer by stimulating activity of POMC and 
simultaneously antagonizing mu-opioid receptors on these same cells. Naltrexone is believed to 
block opioid receptors on POMC cells, and thus could amplify the effect of bupropion.   
To optimize the dose for naltrexone, Sponsor conducted a clinical pharmacology study to 
determine the CNS opioids receptor occupancy by controlled-release naltrexone. This study 
showed that % occupancy of opioids receptor exceeded 80% at concentration as low as 0.1 ng/mL 
(Figure 14).  
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Figure 14 PKPD Relationship of naltrexone and 6-beta naltrexol for brain opiate 
receptor occupancy 

PKPD Relationship of Naltrexone for Brain Opioid Receptor 
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PKPD Relationship of 6beta-Naltrexol for Brain Opioid Receptor 
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The results of another study IR-PET showed that naltrexone twice daily dosing for 7 days 
resulted in average receptor occupancy in excess of 80% for the 24 mg dose. For the 16 mg dose, 
receptor occupancy remained above 80% for approximately 6 hours. Average receptor occupancy 
for the 8 mg naltrexone dose was greater than 70% for at least 6 hours. At 16 and 24 mg 
naltrexone twice daily, the receptor occupancy remained above 60% for up to 24 hours. The study 
results support the selection of total maximum daily dose of naltrexone component in Contrave 
(32 mg). However, the relevance of 60% lower cut-off used by the sponsor for the opioid receptor 
occupancy is not well understood. 
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Table 9 Dose-Response for brain opioids receptor occupancy in study IR-PET 

 
 
2.2.4 What are the characteristics of the exposure-response relationship (dose-response, 
concentration-response) for weight loss in obese patients? 
 
The percent weight loss versus time profile from Phase 3 trial NB-301, which tested two doses 
(NB 16/360 and NB 32/360) is presented in Figure 15 below.  The trial results show that the 
maximal mean percent reduction in weight from baseline is achieved after week 28 in both low 
(NB 16/360) and high dose (NB 32/360) treatment arms.  These two treatment arms differed in 
the total daily naltrexone dose; 16 mg versus 32 mg, while receiving same total daily dose of 360 
mg Bupropion.  

Figure 15 Time course of percent weight loss from baseline in the 56-week Phase 3 
confirmatory trial (NB-301) 
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The dose-weight loss relationship at week 56 from this trial shows that Contrave treatment is 
associated with a dose dependent reduction in weight from baseline (Figure 16).  However, the 
weight loss with Contrave treatment was marginal as the maximal placebo adjusted weight loss 
was 4.8%, achieved with the NB 32/360 mg dose.  This efficacy result does not satisfy one of the 
two efficacy benchmarks recommended in the FDA Guidance document on “Developing 
Products for Weight Management”.   
According to the Guidance “In general, a product can be considered effective for weight 
management if after 1 year of treatment either of the following occurs: 
• The difference in mean weight loss between the active-product and placebo-treated groups is at 
least 5 percent and the difference is statistically significant 
• The proportion of subjects who lose greater than or equal to 5 percent of baseline body weight 
in the active-product group is at least 35 percent, is approximately double the proportion in the 
placebo-treated group, and the difference between groups is statistically significant”. 
 
NB 32/360 mg dose also shows a numerical advantage over NB 16/360 mg dose with regards to 
maximal weight loss (See Table 10 below). 

Figure 16 Dose dependent increase in effectiveness of Contrave based on Mean (±SE) 
% Weight Loss from baseline at week 56 (Phase 3 trial NB-301) 
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Table 10 Body Weight (kg), Percent Change from Baseline to Endpoint in Trial NB-
301 (Full Analysis Set) 

 
Abbreviations: NB16=Naltrexone SR 16 mg/Bupropion SR 360 mg, NB32=Naltrexone SR 32 
mg/Bupropion SR 360 mg, CI=Confidence Interval 
(Reference: Table 2.7.3-2 Section 2.7.3 Summary of Clinical Efficacy Page 13) 
 
Numerical benefit of NB 32/360 mg dose was also evident from a greater percentage of subjects 
loosing >5% weight with this dose against NB16/360 mg and placebo (see Table 11 below).  
Thus, this efficacy result met second efficacy benchmark recommended by the Guidance. 
Table 11 Proportion of patients achieving ≥5% Weight Loss at Endpoint by 

Treatment in Trial NB-301 (Full Analysis Set) 

 
Abbreviations: NB16=Naltrexone SR 16 mg/Bupropion SR 360 mg, NB32=Naltrexone SR 32 
mg/Bupropion SR 360 mg, CI=Confidence Interval 
(Reference: Table 2.7.3-3 Section 2.7.3 Summary of Clinical Efficacy Page 14) 
 
Dose-response data from Phase 2 trial also demonstrated that co-administration of Naltrexone (16 
or 32 mg total daily dose) and Bupropion (400 mg total daily dose) results in additive increase in 
weight loss over the monotherapy with Naltrexone (48 mg total daily dose) or Bupropion (400 
mg total daily dose).  However, the NB48 treatment did not show any benefit over the NB16 or 
NB32 treatments and the B400 (Bupropion 400 mg monotherapy treatment (see Figure 17 
below). 
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Figure 17 Combination of Naltrexone and Bupropion results in additive weight loss 
versus monotherapy based on Mean(±SE) % Weight Loss from baseline at 
week 24 (Phase 2 trial NB-201) 

 
 
Phase 3 Trial NB-303 also tested the dose escalation to NB48 (Naltrexone 48 mg and Bupropion 
360 mg total daily dose) for subjects who did not loose >5% weight by Week 28. The percent 
weight loss versus time by treatment arms in Trial NB-303 is presented in Figure 18 below. The 
escalation of dose to NB48 did not show any benefit with regards to improvement in weight loss 
among non-responders to their baseline treatment. 
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Figure 18 Time course of percent weight loss from baseline by pooled treatment arms 
in the 56-week Phase 3 confirmatory trial (NB-303). 

 
PBO: Placebo subjects, NB32: Subjects on active treatment who lost 5% or greater weight by week 28, 
NB32-NB32: Subjects loosing less than 5% weight and re-randomized to receive NB32, NB32-NB48: 
Subjects loosing less than 5% weight and re-randomized to receive NB48. 
 
With regards to the concentration-response, there was a shallow trend of increase in weight loss 
with increase in bupropion exposure.  Similar trend was observed with increasing bupropion 
PAWC, naltrexone PAWC in the exploratory analysis using these metric. For FDA’s exploratory 
exposure-response PAWC was computed as sum of parent and metabolite concentrations in nM, 
without applying the potency factors for metabolites.  Percent weight loss (Mean±SE) was plotted 
against the median of each of the four quartiles for bupropion PAWC concentration (see Figure 
19)  
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Figure 19 Systemic exposure-response from the 56-week Phase 3 trial (NB-303) 

 
 (a)  

 
(b)  

 
Note: FDA computed naltrexone or bupropion PAWC as sum of parent and metabolite 
concentrations in nM, without applying the potency factors for metabolite(s) 
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2.2.5 What are the characteristics of the exposure-response relationship (dose-response, 
concentration-response) for blood pressure effects and with regards to gastro-intestinal and 
psychiatric adverse reactions in obese patients? 
 
Effects of Contrave Treatment on Blood Pressure: 
Effect on Blood Pressure: Bupropion is known to increase the blood pressure through unknown 
mechanism. Contrave treatment was also associated with an increase in systolic blood pressure 
(SBP) in obese patients. Data from placebo controlled Trial NB-301, which tested two dose levels 
of the combination (bupropion dose was same 360 mg/day), showed that the maximum mean 
increase of around 1 to 2 mm Hg from baseline was observed up to Visit 8 with the active 
treatment arms. This mean rise in systolic BP returned to baseline by week 16.  The placebo 
group showed greater reduction in BP from baseline.    

Figure 20 Mean (SE) systolic blood pressure change from baseline in the 56-week 
Phase 3 confirmatory trial (NB-301). 

 
 
Other three Phase 3 trials used one dose of bupropion (360 mg/day).  Therefore, longitudinal 
blood pressure and pulse rate data collected in the Phase 3 trials was pooled and evaluated by 
treatment arms, against placebo. Pooled data from placebo controlled trials NB-301, NB-302, 
NB-303 and NB-304 showed that the responders in placebo and active treatment group have 
greater reduction in BP from baseline when compared to the non-responders.  Similar trends were 
observed for Diastolic Blood Pressure and Pulse Rate (see Pharmacometric Review in Appendix 
4.2). Therefore, overall the beneficial effect of weight loss in terms of reduction in BP was absent 
in the Contrave treatment group. 
To determine the risk to patients with respect to the maximum BP increase, cumulative 
percentage of subjects were plotted versus the change in BP for the pooled Phase 3 data for active 
(NB32) versus the placebo treatments, both at week 4 and 56, stratifying by responder/non-
responder status (subjects who lost 5% or more weight from baseline at week 56).  The plots 
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clearly showed a distinction between the placebo and active treatment arms regardless of the 
response group (shift to the right) (Figure 21). 

Based on the cumulative frequency distribution top 5% of responder patients in the Contrave 
treatment arm had ~2 mm Hg increase from baseline over the top 5% placebo responders at Week 
4.  At week 56, this difference was ~3 mm Hg in top 5% patients among responders. Among the 
non-responder population, this difference against placebo was ~5 and 3 mm Hg at Week 4 and 
56, respectively.  

Figure 21 Cumulative Percentage of Subjects versus Systolic BP Change from Baseline 
by Treatment in Pooled Data from Phase 3 confirmatory trials 

 (a) Week 4–Responder  (b) Week 4 – Non Responders 

  
(c) Week 56 – Responders (d) Week 56 – Non-Responders 

  
 
Mean change in Systolic BP from baseline in Trial NB-303, however, did not show any trend 
with increasing bupropion exposure based on the exposure-response analysis.  This is more likely 
due to the fact that PK subset happen to be the patients who lost more weight than those in whom 
PK data was not collected (see Pharmacometric Review for details). 
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Treatment Emergent Gastro-intestinal and Psychiatric Adverse Events (TEAEs): 
 
Systemic exposure-response analysis for GI and Psychiatric TEAEs from Phase 3 trial Nb-303 
showed that the percentage of subjects with vomiting and to some extent nausea increased with 
increase in the bupropion PAWC metric (Fig. 18) across four PAWC quartiles.  No such 
relationship was apparent with increase in naltrexone PAWC metric across four quartiles. 
Percentage of subjects with insomnia and anxiety did not show increase with bupropion, 
bupropion PAWC, naltrexone or naltrexone PAWC metrics. 
 

Figure 22 Exposure-Response for Treatment Emergent Adverse Events of Nausea and 
Vomiting in 56-week Phase 3 confirmatory trial (NB-303) 

 

 
 
Effects on Serum Creatinine: 
The clinical trial data showed increase in serum creatinine from baseline in the Contrave treated 
patients.  A representative graph from one of the Phase 3 trial NB-301 is shown in Figure 23 
below. 

To explain the plausible mechanism, sponsor provided an in vitro DDI study report. This in vitro 
study was conducted to evaluate the ability of bupropion and its metabolites or naltrexone and its 
metabolite in inhibiting organic cation transporter (OCT2) in the kidney.  OCT2 is involved in 
tubular secretion of creatinine and other drugs e.g. metformin. The in vitro study results 
demonstrated that bupropion and its metabolites, specifically threohydrobupropion and 
erythrohydrobupropion inhibit Organic Cation Transporter (OCT2) with Cmax, free/IC50=0.29 
(Ratio>0.1 is considered clinically relevant).  Thus, slight increase in serum creatinine noted in 
the Phase 3 trials could be due to OCT2 inhibition.   
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Figure 23 Serum creatinine versus time by treatment in Trial NB-301   

 
 
 
2.2.6 Does this drug prolong the QT or QTc Interval? 

A formal consult to review the QTc data was submitted to the IRT.  Based on the IRT review the 
following observations were made: 

According the IRT Review, large changes in QTc intervals were not observed in studies NB-228 
and NB-303. However, the trial design is not sufficient to rule out small changes in QTc interval 
(i.e., upper bound of 90% confidence interval excludes 10 ms), as defined by ICH E14 guidance. 
The review noted following limitations: 

• No positive control was included in Study NB-228 or Study NB-303 to demonstrate 
assay sensitivity. 

• In both studies the number of ECGs collected was insufficient to capture the potential 
maximum QTc prolongation. 

• In Study NB 303, PK samples were collected incorrectly. For some subjects, there is no 
time-matched PK sampling. For other subjects, PK was collected immediately prior to 
ECG assessment. 

• It is unclear whether adequate number of subjects was included in the trial to rule out 
small changes in QTc interval, as defined by ICH E 14 guidance. 

2.3 Intrinsic Factors 
 
2.3.1 What intrinsic factors (e.g., weight, gender, race, age, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually) and/or 
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response, and what is the impact of any differences in exposure on efficacy or safety 
responses? 
 
The effect of various covariates e.g. Ideal body weight, Weight, Age, BMI, Gender and Race was 
assessed in the population pharmacokinetic analysis.  The details are mentioned in the 
Pharmacometric review under Appendix 4.2.  Highlights of the results for bupropion and 
naltrexone are described below: 
 
Bupropion: Ideal body weight was found to influence the apparent clearance of bupropion, as 
shown in Figure 24a.  However, the relationship between ideal body weight and clearance was 
shallow (Exponent 0.43) and it only explained 5% points of inter-indiviual variability (IIV) in 
CL/F.  The apparent volume of distribution Vc/F increased with increasing ideal body weight 
(Exponent 1.12), and ideal body weight explained 10% points of IIV in Vc/F. 
Figure 24 Bupropion clearance increases with increase in ideal body weight   
 
 (a) Inter-individual variability in bupropion 
clearance versus Ideal Body Weight from base 
model 

(a) IBW adjusted Clearance versus Gender 

 

According to the sponsor’s analysis, bupropion F was higher in women when compared with 
men, with an estimate of 1.20 (1.08, 1.37) relative to men. There was an almost 50% probability 
of bupropion bioavailability for females being greater than 125% of the typical male, suggesting 
that sex may have an influence on bupropion first-pass metabolism. The ideal body weight 
adjusted clearance on average showed difference among males and females (Figure 24b). 

The effect of age or race (Whites versus Non-whites) on bupropion clearance was not evident 
from the data. 
 
2.3.2 Does the renal function affect NB pharmacokinetics? 
 

Naltrexone, 6β-naltrexol, bupropion, hydroxybupropion, threohydrobupropion, and 
erythrohydrobupropion and their conjugates are excreted in urine.  Renal clearance of 6β-
naltrexol also involves active tubular secretion. Adequate studies of naltrexone in patients with 
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severe renal impairment have not been conducted. Based on the bupropion product labels, there is 
limited information on the pharmacokinetics of bupropion in patients with renal impairment.   

The available limited data suggests that the elimination of bupropion and/or the major metabolites 
of bupropion is reduced by impaired renal function.  Exposures in patients with end stage renal 
failure could be as high as 2.3- and 2.8-fold for hydroxybupropion and threohydrobupropion 
metabolites. While another study comparing normal subjects and patients with moderate-to-
severe renal impairment (GFR 30.9 ± 10.8 mL/min) showed that exposure to a single 150-mg 
dose of sustained-release bupropion was approximately 2-fold higher in patients with impaired 
renal function while levels of the hydroxybupropion and threohydro/erythrohydrobupropion 
(combined) metabolites were similar in the 2 groups. 

Contrave clinical program included mild and moderate renal impairment subjects for which PK 
data was available in Trial NB-303.  The data from this trial was used for population PK analysis 
in obese subjects.  There were 4 subjects with creatinine clearance values 30-59 mL/min 
(moderate) and 69 subjects with creatinine clearance values between 60-90 mL/min (mild 
impairment). Population PK analysis of data from NB-303 trial revealed that apparent bupropion 
and naltrexone clearance was not influenced by creatinine clearance over the range of 53 mL/min 
to 150 mL/min (upper limit in PopPK analysis).  Creatinine clearance was also linearly correlated 
with ideal body weight in this population. Ideal body weight adjusted apparent clearance of 
hydroxybupropion, threohydrobupropion, and erythrobupropion showed a shallow increase with 
increasing creatinine clearance.  The ideal body weight adjusted clearance showed linear increase 
for 6β-naltrexol with increasing creatinine clearance.  This suggests that with decreasing renal 
function these metabolites accumulate to relatively greater extent in comparison to that under 
normal renal function. 

2.3.3 Does the hepatic function affect NB pharmacokinetics? 

Effect of hepatic impairment was not evaluated for Contrave. Naltrexone is known to have 
extensive first-pass metabolism to 6β-naltrexol (non-CYP mediated pathway), bupropion is 
metabolized to hydroxybupropion, threohydrobupropion, and erythrohydrobupropion.  Both 
parent drugs and their metabolites also undergo conjugation in liver.  Adequate studies of 
naltrexone in patients with hepatic impairment have not been conducted.  Based on the bupropion 
product labels, there is lack of systematic evaluation of bupropion in hepatic impaired.  However, 
the available data suggests that bupropion exposure could be higher (3-fold higher AUC in severe 
hepatic cirrhosis) and metabolites also had increased exposures in comparison to healthy subjects.  

2.4 Extrinsic Factors 
 
2.4.1 What is the effect of food on the bioavailability of NB? 
Single dose food effect: 

Single oral dose food effect study showed that when given with high-fat diet, naltrexone peak and 
total exposure were increased to >1.5 fold numerically exceeding those expected from 48 mg 
total daily dose.  However, bupropion peak and total exposure were increased in clinically 
alarming way in the presence of high-fat diet with fold increase in Cmax greater than 1.5.  
The results of single and steady-state food effect studies are summarized in Figure 25 below.  
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Figure 25 Effect of food on naltrexone and bupropion exposure from Contrave  

 

Steady-state food effect: 

Steady-state PK parameters were assessed after administering NB 8/90 mg with moderate fat diet 
(up to Day 30). This was followed by DDI assessment with SD metoprolol on Day 31.  During 
the optional extension phase post-day 31 subset of subjects (n=11) were randomized to either 
receive morning doses on Day 33 and 34 under fasted or high-fat diet in a crossover fashion, 
while evening doses on Day 33 were given under fed condition. 

Effect of high-fat diet at steady-state had similar direction as that of single dose evaluation on 
both naltrexone and bupropion when compared to the fasted state.  However, the magnitude of 
effect was lower than that observed under single dose setting.   Effect of moderate-fat diet was 
slightly lower in magnitude than that of high-fat; the direction of effect was similar for both 
naltrexone and bupropion components.  

However, the results of this steady-state food effect study have some limitations; first, inherently 
this study design is less sensitive in revealing the effect of food on the release profile of 
formulation in comparison to a single dose food effect study.  Second, the study design did not 
test if the altered conditions post Day 30 would attain a different steady-state in comparison to the 
baseline moderate-fat fed condition, as the single administration on Day 33 or Day 34 in a cross-
over fashion does not allow for this assessment. Third, the effect on exposure of fed and fasted 
was not consistent on Days 33 and 34 when plotted on real-time scale (see Figure 26 below) and 
the reason for this is not apparent. Therefore, at best the only thing that can be inferred from the 
ratio of Cmax and AUCs from this trial is the expected fluctuation in exposure due to change in 
diet pattern. 
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Figure 26 Effect of food on naltrexone and bupropion exposure from Contrave at 
steady-state  

 

  

The food was not restricted in the Phase 3 trials; however, the time of administration with respect 
to food was not recorded. Though, exposure-response analysis using the trough bupropion 
concentrations for TEAEs did not reveal any relationship for Psychiatric AEs and increasing 

Day 33 ↓ 

Day 34↓ 

Day 33 ↓ 

Day 34↓ 
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bupropion concentrations in Phase 3 trial NB-303.  There were only 2 seizure events in the 
Contrave clinical program and patients with history of seizures were excluded and therefore dose-
response or exposure-response for this AE is not feasible from the available data. 

According to the Wellbutrin SR label: 

(http://www.accessdata.fda.gov/drugsatfda docs/label/2010/018644s038,020358s045lbl.pdf ) 

“Bupropion is associated with seizures in approximately 0.4% (4/1,000) of patients treated 
at doses up to 450 mg/day. This incidence of seizures may exceed that of other marketed 
antidepressants by as much as 4-fold. This relative risk is only an approximate estimate 
because no direct comparative studies have been conducted. The estimated seizure 
incidence for WELLBUTRIN increases almost tenfold between 450 and 600 mg/day, which 
is twice the usually required daily dose (300 mg) and one and one-third the maximum 
recommended daily dose (450 mg)…. 

…..The risk of seizure appears to be strongly associated with dose. Sudden and large 
increments in dose may contribute to increased risk.” 

Considering the nature of dose response for bupropion, there is no room for higher bupropion 
exposure based on the known safety concerns for abrupt increase in seizure frequency above 450 
mg total daily bupropion dose (1.5 fold).  With regards to naltrexone, the available data shows 
lack of benefit from naltrexone doses above 32 mg.  

Therefore, from clinical pharmacology perspective Contrave should not be taken with high-fat 
diet.   

2.4.2 Drug-Drug Interactions  

2.4.2.1 What is the CYP inhibition potential of NB? 

The hepatic metabolism of bupropion as well as the effects of bupropion and its metabolites on 
CYP enzymes in humans is relatively well understood. Bupropion and hydroxybupropion are 
known inhibitors of CYP2D6 isoenzyme in vitro.  Therefore, in vitro evaluations were not 
performed for bupropion component of CONTRAVE. 
 
The in vitro enzyme inhibition studies conducted with naltrexone and its major metabolite, 6β-
naltrexol using human liver microsomes demonstrate that: 

• Naltrexone produced no direct or time-dependent inhibition of human microsomal 
CYP1A2, 2A6, 2B6, 2C8, 2E1, or 3A4. 

• The activity of CYP2C9 was slightly inhibited by approximately 16% for direct 
inhibition, and CYP2C19 was moderately inhibited by approximately 20% for direct 
inhibition or 40% with 30 minute pre-incubation, respectively. No IC50 values for the 
inhibition of CYP2C9 or 2C19 could be calculated because of the negligible inhibition 
which only occurred at the highest concentration tested (50 μM, but not at 10 μM or 
lower). 

• Inhibition of CYP2D6 activity by approximately 56% or 59% was observed with 50 μM 
naltrexone directly or after 30 minutes of pre-incubation, with IC50 values of 39 μM and 
31 μM respectively. 

• These in vitro findings for inhibition of CYP2C9, 2C19, and 2D6 with 50 μM naltrexone 
are likely to have no clinical relevance given that this naltrexone concentration is >6000-
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fold higher than the observed mean Cmax (approximately 2.7 ng/mL or 0.008 μM) 
following steady-state administration of NB 8/90 tablets in Study NB-236. 

• 6β-naltrexol produced no direct inhibition of CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 
2E1, or 3A4. 

• With a 30 min pre-incubation CYP2C19 activity was modestly decreased (approximately 
20%), only at the highest 6β-naltrexol concentration of 50 μM. 

• 6β-naltrexol results are not likely to be clinically relevant given that only modest 
inhibition was seen at concentrations >300-fold higher than the observed 6β-naltrexol 
Cmax value (approximately 52 ng/mL or 0.15 μM) following administration of two NB 
8/90 tablets to steady state in Study NB-236. 

 
The in vitro enzyme induction studies conducted with naltrexone and its major metabolite, 6β-
naltrexol using human liver microsomes demonstrate that: 

• Both naltrexone and 6β-naltrexol produced little change (<20%) in the activity of 
CYP1A2, CYP2B6, or CYP3A4 in comparison to that observed with positive controls 
(omeprazole, phenobarbital, and rifampin, respectively).  This change in the activity of 
CYP1A2, CYP2B6, or CYP3A4 was only evident at the highest concentration tested (50 
μM) and therefore have little potential for inducing these drug metabolizing enzymes. 

Thus, naltrexone component of CONTRAVE is not expected to cause any drug-drug interactions 
related to inhibition/induction of cytochrome P450s. 
 

2.4.2.2 What is the inhibition potential of naltrexone and bupropion at human Organic 
Cation Uptake Transporters (OCTs)? 

Chinese Hamster Ovary (CHO) cells expressing human OCT2 were analyzed for inhibition of 
metformin uptake by naltrexone and its metabolite 6β-naltrexol, also by bupropion and its 
metabolites hydroxybupropion, threohydrobupropion, and erythrohydrobupropion. Naltrexone 
and 6β-naltrexol showed no clinically relevant potential for interference with the human OCT2 
uptake transporter. Naltrexone did not inhibit the human OCT2-mediated metformin uptake, and 
6β-naltrexol showed only modest dose-dependent inhibitory effect at the highest concentration 
(Figure 27). 
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Figure 27 Inhibition of OCT2 transporter measured in OCT2 uptake inhibition assay 

 
 
The IC50 value for 6β-naltrexol could not be determined in the investigated drug concentration 
range as the maximum observed inhibition was only approximately 50% at the highest 
concentration tested which exceeded clinical Cmax values by ~300-fold. 
Table 12 Calculated parameters of TAs from the drug total and free concentrations in 

humans and from IC50 values 

Test Analyte Cmax, total 
(μM) * 

Cmax, total 
/IC50 

TA protein 
binding (%)** 

Cmax, free 
(μM) 

Cmax free 
/IC50 

Naltrexone 0.0079 - 21 0.006 - 
6β-Naltrexol 0.192 0.0032*** 21 0.151 0.0025*** 
*maximum concentration of analyte after oral administration 
**assuming 6β-naltrexol has equal plasma protein binding 
***assuming IC50 value of 60 µM 
Cimetidine, bupropion and bupropion metabolites inhibited the uptake of metformin mediated by 
human OCT2 in a dose-dependent manner. Maximal inhibition values were 92.50% and 88.77%, 
respectively (Figure 28). 
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Figure 29 Inhibition of OCT2 transporter by hydroxybupropion and 
threohydrobupropion/ erythrohydrobupropion mixture measured in OCT2 uptake 
inhibition assay 

 
Table 13  Calculated reaction parameters from OCT2 uptake inhibition assay 
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Table 14 Calculated parameters of TAs from the drug total and free concentrations in 
humans and from IC50 values 

TA Dose/day Cmax total 
(μM) * 

TA plasma 
protein 

binding (%) 

Cmax 
free 

(μM) 

Cmax 
total /IC50 

Cmax 
free /IC50

Cimetidine 400 mg 11.8 25 8.85 0.14 0.11 
Bupropion 360 mg 0.667 84 0.107 0.07 0.01 
Hydroxybupropion  6.882 84 1.101 0.08 0.01 
TB/EB**  3.917 42 2.272 0.5 0.29 
*maximum concentration of analyte after BID oral administration of 180 mg (2 x NB 8/90 mg)  
or 400 mg cimetidine single dose  
***1:1 mixture of Threohydrobupropion/Erythrobupropion enantiomers, thus Cmax is a sum of 
two individual Cmax values 

Bupropion and its metabolites showed nearly 100% inhibition of the OCT2 transporter at the 
highest concentrations tested, which were generally ~300-fold greater than steady state Cmax 
concentrations, although the individual enantiomers in the TB/EB mixture ranged from ~150-fold 
for TB to ~750-fold for EB). 

The ratio of the free (unbound) Cmax and IC50 value was calculated in order to predict clinical 
relevance of in vitro findings. In general, drugs exhibiting equal or higher than 0.1 Cmax, 
free/IC50 ratio presumably exhibit clinical inhibition. The Cmax, free/IC50 ratio for bupropion 
and hydroxybupropion were well below this threshold, but the ratio for the TB/EB metabolite 
mixture was 0.29, suggesting that clinically relevant interaction through inhibition of OCT2 could 
occur at therapeutic bupropion doses. 

2.4.2.3 What is the effect of co-administered drugs on the pharmacokinetics of naltrexone 
and bupropion from Contrave formulation? 

Clinical DDI investigations were conducted at the highest recommended dose (two NB 8/90 
tablets given once for single dose studies, or twice daily (BID) for the multiple dose study) with 
representative medications from anti-hypertensive, anti-diabetic and lipid-lowering classes. Co-
administration of various representative drugs did not affect the exposure of naltrexone or 
bupropion in a clinically meaningful way (See Figure 30 and 31 below).  The least square mean 
ratios were close to one and 90% confidence intervals were contained within the 0.8 to 1.25 
interval. The results with glyburide were confounded with the food effect due to oral glucose 
solution that was co-administered. Oral glucose solution is known to affect the gastro-intestinal 
motility.  
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Figure 30 Effect of co-administered drugs on the naltrexone pharmacokinetics 

 
Figure 31 Effect of co-administered drugs on bupropion pharmacokinetics 
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An overview of the performance of various assays is presented below in Table 19. The assay 
methods are briefly described for naltrexone and bupropion components below: 

1. Tandem Method for the Analysis of Naltrexone and 6β-Naltrexol in Human Plasma 

A liquid chromatography/mass spectrometry/mass spectrometry (LC/MS/MS) method of analysis 
was used for determining naltrexone and 6β-naltrexol concentrations in human plasma 
(K2EDTA). This method was validated with a quantitation range of 0.02 to 2.00 ng/mL for 
naltrexone and 0.50 to 50.0 ng/mL for 6β-naltrexol. Naltrexone and 6β-naltrexol and the internal 
standards, Naltrexone-d3 and 6β-naltrexol-d4, were isolated from human plasma using a 
liquid/liquid extraction procedure. The method was originally validated using naloxone as the 
internal standard. The data to support this change is reported with the validation. For naltrexone, a 
linear regression with 1/x2 weighting was used to obtain the best fit of the data for the calibration 
curves. Quality control (QC) samples at concentrations of 0.06 ng/mL (low (L) QC), 0.80 ng/mL 
(medium (M) QC) and 1.60 ng/mL (high (H)QC) for naltrexone, prepared in human plasma, were 
analyzed to establish assay precision and accuracy. 

For 6β-naltrexol, a quadratic regression with 1/x weighting was used to obtain the best fit of the 
data for the calibration curves. QC samples at concentrations of 1.50 ng/mL (LQC), 20.0 ng/mL 
(MQC) and 40.0 ng/mL (HQC) for 6β-naltrexol, prepared in human plasma, were analyzed to 
establish assay precision and accuracy. 

During validation (with naloxone as the internal standard), intra-day and inter-day precision and 
accuracy were evaluated from the results of the QC samples processed in three separate batch 
runs. The intra-day precision and accuracy of QC samples in three separate batch runs were 
within 15% for naltrexone and within 10% for 6β-naltrexol. The inter-day precision and accuracy 
of the QC samples were within 7% for naltrexone and 6% for 6β-naltrexol. 

2. Tandem Method for the Analysis of Bupropion and its Active Metabolites in Human 
Plasma 

An LC/MS/MS method of analysis was used for determining bupropion, hydroxybupropion, 
threohydrobupropion and erythrohydrobupropion concentrations in human plasma (K2EDTA). 
This method was validated with a quantitation range of 1.00 to 1,000 ng/mL. Bupropion, 
hydroxybupropion, threohydrobupropion and erythrohydrobupropion and the internal standards, 
bupropion-d9, hydroxybupropion-d6 and rac threohydrobupropion-d9, were isolated from human 
plasma using a solid-phase extraction procedure. 

Quadratic regression with 1/x2 weighting was used to obtain the best fit of the data for the 
calibration curves. QC samples at concentrations of 3.00 ng/mL (LQC), 400 ng/mL (MQC) and 
800 ng/mL (HQC), for bupropion, hydroxybupropion, threohydrobupropion and 
erythrohydrobupropion, prepared in human plasma, were analyzed to ensure acceptable assay 
data to support this change is reported with the validation. During validation, intra-day and inter-
day precision and accuracy were evaluated from the results of the QC samples processed in three 
separate batch runs for bupropion and four separate batch runs for hydroxybupropion, 
threohydrobupropion and erythrohydrobupropion. The intra-day precision and accuracy of QC 
samples were within 12% and 18%, respectively for all analytes. The inter-day precision and 
accuracy of the QC samples were within 13% and 8%, respectively for all analytes. 

Two bioanalytical sites  were 
used for naltrexone and 6β-naltrexol sample analysis from Study NB-303. Population 
pharmacokinetic analysis combined Phase 3 results from these two sites as well as Phase 1 study 
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4.2 Pharmacometrics Review 
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4. The sponsor’s proposed dissolution specifications are not acceptable by the 
Agency. Based on the dissolution results from the stability batches, the following 
Table describes the Agency’s recommendation with a side by side comparison to 
the sponsor’s  proposed specifications for both strengths (4/90 and 8/90 mg of 
naltrexone HCl and bupropion HCl respectively): 

  
Time (Hr) 

0.5 1 2 3 4 6 
Actives 

Sponsor’s Proposed 
Naltrexone HCl 
Bupropion HCl 

 Agency’s Recommendation 
Naltrexone HCl 
Bupropion HCl 
 

5. According to 21 CFR 320.25 (f), to claim a product as “Controlled Release”, the 
sponsor needs to conduct a study to demonstrate that the drug product’s steady-
state performance is equivalent to a currently marketed non-controlled release or 
controlled release drug product that contains the same active drug ingredient or 
therapeutic moiety and that is subject to an approved full new drug application. 
The sponsor did not conduct such a study. Therefore, the current submission did 
not fulfill all the requirements of the CFR for an “Extended Release” formulation.    

 
 

6. The sponsor’s  evaluation of the effect of alcohol (ethanol) on the in-vitro 
dissolution of bupropion hydrochloride or naltrexone hydrochloride, as submitted 
in this NDA, is deficient as they did not investigate testing in 0.1 N HCl (pH 1.2) 
containing a range of alcohol concentrations to evaluate any potential for in-vivo 
dose dumping in presence of ethanol. The sponsor is requested to provide this 
data as soon as it is available for review.  

 
 
 
 
 
Tapash K. Ghosh, Ph. D. 
Biopharmaceutics Primary Reviewer 
Office of New Drugs Quality Assessment         
    
 FT Initialed by Patrick Marroum, Ph. D. __________    
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Filability 

 “X” if yes Comments 
Is Application filable? X Comments to the Sponsor:  

a.  Please provide raw data (SAS transport files) 
and the model codes for the two PKPD studies 
(IR-PET and NB-222). 

b. Please provide the NONMEM and WINBUGS 
Model Codes for the PopPK and PopPKPD 
analyses.  You can follow the specifications 
mentioned in the Modeling and Simulations Plan 
Section 6 “Deliverables for Regulatory 
Submission” (page 325 of the Population 
Analysis Report by Metrum Dated Feb 9, 2010). 
In general, model codes or control streams and 
output listings should be provided for all major 
model building steps, e.g., base structural model, 
covariates models, final model, and validation 
model. These files should be submitted as ASCII 
text files with *.txt extension (e.g.: 
myfile_ctl.txt, myfile_out.txt). A model 
development decision tree and/or table which 
gives an overview of modeling steps. 

 
Submission in Brief: 
See the details below. 

Reviewer’s Comments to project manager: 
• Please send a consult to IRT for review of the QTc analysis results.
• From clinical pharmacology we have information requests for the 

sponsor to be sent in Day-74 letter as highlighted above 
#Studies submitted with Analysis Data sets 
 
Submission in Brief: 
Sponsor, Orexigen Therapeutics has submitted a new drug application for CONTRAVE® 
(naltrexone HCL and bupropion HCL, NB) Extended-Release Tablets for the treatment of obesity 
and weight management. The active pharmaceutical ingredients in NB drug product are 
naltrexone HCL, a potent µ (mu) opioids antagonist, and bupropion HCL, a dopamine (DA) and 
norepinephrine (NE) reuptake inhibitor.  

Each CONTRAVE tablet has a trilayer core that is composed of two drug layers containing the 
drug and excipients, and a more rapidly dissolving inert layer separating each drug. CONTRAVE 
will be available as two naltrexone dosage strength tablets:  

• CONTRAVE 8/90, (naltrexone HCL 8 mg/bupropion HCL 90 mg)  
tablets 

• CONTRAVE 4/90, (naltrexone HCL 4 mg/bupropion HCL 90 mg)  
tablets  

The proposed recommended daily dose of NB is two 8/90 tablets taken twice daily for a total 
dose of 32 mg naltrexone/360 mg bupropion. NB dosing is escalated over a 3-week period until 
achieving the total daily maintenance dose of 32 mg naltrexone and 360 mg bupropion. 
Treatment initiation and escalation with NB 4/90 tablets may be considered. If well tolerated, 
patients using NB 4/90 tablets should switch to NB 8/90 tablets to have their daily dose increased 
to the recommended maintenance daily dose of 32 mg naltrexone and 360 mg bupropion (two NB 

(b) (4)

(b) (4)
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8/90 tablets twice daily) to maximize weight loss. However, patients initiated with NB 8/90 
tablets that experience treatment intolerance during the escalation or early maintenance period 
can be switched to NB 4/90 tablets. 

The NB (Contrave) clinical development program is composed of 23 trials, including 15 Phase 1, 
four Phase 2, and four pivotal Phase 3 studies. The 15 Phase 1 studies were conducted as part of 
the formulation development and/or clinical pharmacology programs.  

A number of these studies were conducted to achieve multiple objectives (e.g., establishing both 
the effect of food on the pharmacokinetic (PK) profile of NB as well as investigating potential 
drug-drug interactions [DDIs]). Two of the Phase 1 trials (IR-PET and NB-222) were conducted 
to identify the extent and duration of opioid receptor occupancy associated with various doses of 
naltrexone; the results of these studies were important in the initial selection of naltrexone doses 
used in subsequent studies.  

The studies compared the PK of investigational forms of immediate release (IR) and sustained 
release (SR) naltrexone (NB-221) and investigational forms of SR naltrexone and naltrexone 
SR/bupropion SR capsules (NB-225).  

Trial (NB-230) compared the relative bioavailability (BA) of approved forms of naltrexone IR 
and bupropion SR tablets with the NB tablets used in Phase 3. Two studies (NB-228 and NB-229) 
allowed for an investigation of the relative BA of NB tablets manufactured at the site  

 subsequently referred to as  that supplied the majority of drug product 
used in Phase 3 and that will be used to manufacture commercial supplies versus the drug product 
made at two sites used during earlier stages of the development program  

 

Results from four studies (NB-233, NB-236, NB-237, and NB-239) contributed to the evaluation 
of the effect of food on the PK of NB tablets, and four trials (NB-232, NB-233, NB-234, and NB-
236) assessed the potential of PK DDIs between NB tablets and representative medications from 
pharmacological classes likely to be prescribed in parallel with NB (anti-hypertensive, anti-
diabetic, and lipid lowering agents). Four studies (NB-231, NB-237, NB-238 and NB-239) 
examined the PK of NB combination monolayer tablets not advanced for approval in the present 
application. 

Two Phase 2 studies (OT-101 and NB-201) were conducted to (1) demonstrate that the 
combination of naltrexone and bupropion produced greater weight loss than the individual fixed 
dose combinations of naltrexone and bupropion; and (2) to help determine which doses to 
evaluate in Phase 3. Although not the subject of this application, two open-label studies in special 
populations have been completed in overweight and obese subjects (nicotine dependent subjects 
[NB-401] and subjects who had major depression [NB-402]), and one double-blind study (NB-
431) is ongoing in overweight or obese subjects in order to assess changes in blood-oxygen-level 
dependent (BOLD) signals in the brain through functional magnetic resonance imaging (fMRI) 
following treatment with NB or placebo in key brain areas associated with recognition of food 
cues and food-mediated reward.  

The efficacy, safety and tolerability of NB were evaluated across four pivotal Phase 3 studies in 
obese subjects receiving customary diet and behavioral counseling (Studies NB-301 and NB-303), 
in obese subjects undergoing intensive lifestyle modification counseling (Study NB-302), and, as 
recommended by the current draft FDA guidance on the development of products for weight 
management (FDA 2007), in obese subjects with type 2 diabetes (Study NB-304). In each of 

(b) (4)

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

(b) (4)
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these studies, the efficacy of NB was evaluated using the FDA recommended co-primary 
endpoints of mean change from baseline in body weight at endpoint and the proportion of 
individuals who achieved a ≥5% reduction in body weight at endpoint. Although Studies NB-301, 
NB-302 and NB-303 enrolled a similar patient population (i.e., obese subjects with either 
uncomplicated obesity, or obese/overweight subjects with controlled hypertension and/or 
dyslipidemia), there were unique design elements associated with each of these studies. 

• Study NB-301 investigated two daily doses of NB (naltrexone 16 mg/bupropion 360 mg 
[NB16] and naltrexone 32 mg/bupropion 360 mg [NB32]). 

• Study NB-302 assessed the efficacy and safety of NB32 in a population of obese subjects 
undergoing an intensive behavioral modification program that included prescribed diet, 
exercise, and counseling. 

• In Study NB-303, subjects who did not experience or maintain at least 5% weight loss 
between Weeks 28-44 of NB32 therapy were re-randomized to continue on NB32 or 
increase their daily dose to naltrexone 48 mg/bupropion 360 mg (NB48) to determine if 
the dose increase resulted in a therapeutic benefit. 

• One of the four pivotal studies (Study NB-301) included a sub-study in which subjects 
underwent a body composition analysis and visceral fat measurement at baseline and 
after approximately 52 weeks of therapy, while another (Study NB-303) included a sub-
study where blood pressure was measured over a 24-hour period at baseline, and after 
approximately 24 and 52 weeks of therapy.  

Population pharmacokinetic analysis 

Sponsor conducted population (PopPK) analysis and the goals of the analysis were to describe PK 
of NB tablets and to estimate the effects of covariates on the variability in PK parameters. 
Pharmacokinetic models were then implemented to predict exposure metrics for subjects enrolled 
in Study NB-303. Predicted pharmacokinetic data from this analysis and observed plasma trough 
concentrations were utilized for population PK/PD modeling. The eleven studies included in the 
PopPK data set were all well-controlled Phase 1 studies with strict inclusion/exclusion criteria for 
subject enrollment, which limited the range of covariate values. The effects of the covariates body 
size, age, race, and sex on the PK of naltrexone, bupropion and their metabolites were 
investigated. 

Overall, sponsor claimed that the covariate analyses conducted in the PopPK analysis did not 
explain a significant portion of variability in NB and metabolite disposition. This may be due in 
part to poor estimation of some covariate effects, although those covariate effects that were well-
defined were generally small in magnitude. 

Exposure-Response Assessments 

Exposure-response assessments conducted with PK data drawn from Phase 1 studies and from the 
Phase 3 study NB-303 (trough concentrations) were conducted to characterize (1) opioid receptor 
occupancy of naltrexone after oral administration; (2) the PK relationship to selected 
safety/tolerability endpoints and QT/QTc; and (3) the PK relationship to efficacy endpoints and 
effect of covariates on PD variability.  
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Phase 1 PK studies also calculated exposure parameters to a pharmacologically weighted 
composite of bupropion metabolites (PAWC). This composite represents an attempt to take into 
account the different potencies of biological activity in the metabolites and, therefore, present a 
more accurate overall picture of the potential biological consequences of exposure to bupropion 
and its active metabolites. A naltrexone PAWC consisting of a weighted composite of naltrexone 
and 6β-naltrexol was used for exposure response assessments. 

In sponsor’s analysis, the efficacy and tolerability exposure-response relationships suggested that 
higher exposure to naltrexone PAWC and bupropion PAWC was associated with the greatest 
observed weight loss. None of the covariates examined (sex, age, or race) explained a substantial 
portion of between-subject variability in subject response on efficacy endpoints. Exposure to NB 
was associated with nausea, but there was no clear relationship of nausea incidence to bupropion 
or naltrexone plasma trough concentrations. Similarly, there was no relationship of vital sign 
changes or the QT interval to plasma concentrations. 

Clinical Pharmacology Review Questions:  

• What is the dose-response, systemic exposure-response relationship for NB and 
their metabolites for efficacy?  

o What is the impact of covariates on exposure-response? 
o Does exposure-response information support the proposed dose? 

• What is the systemic exposure-response relationship for NB and their metabolites 
for safety? 

o What is the concentration-QT relationship for NB and their metabolites 
with regards to safety? 

o Does exposure-safety information support the proposed dose? 
• What is the effect of food on pharmacokinetics of NB and their metabolites? 

o Do the results warrant any dose adjustment? 
o Do the results support sponsor’s proposed language? 
o Are analytical methods adequate? 

• What is the effect of NB on other co-administered drugs and vice-versa? 
o Does the DDI result warrant for any dose adjustments for NB and the co-

administered drugs? 
o Are analytical methods adequate? 

• Are sponsor’s assessments for specific populations appropriate and do they 
adequately support the proposed labeling language? 

• What is the relative bioavailability of to-be-marketed formulation in comparison 
to the formulations used in the development phase? 

o Are analytical methods adequate? 
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Clinical Pharmacology Program

Food EffectNB- 236, 239
N~20, BMI ~18-40 Kg/m2

With Atorvastatin or Valsartan (232), Glyburide
(233), Nifedipine or Lisinopril (234), Metoprolol
(236)

NB-232, 233, 234 
& 236
N~20, BMI ~18-40 Kg/m2

PK – DDI
(Reports & 
Raw Data)

Relative BA of Phase 3/TBM NB tabletsNB-228 & 229
N=40
BMI 18-30/40 Kg/m2

Relative BA of Phase 3/TBM NB formulation wi h 
approved Naltrexone IR and bupropion SR.
Rel-BA of 4/90 versus 8/90

NB-230
N=27, BMI 19-40 Kg/m2

NB-232

PK (BA)
(Reports & 
Raw Data)

%RO using PET imaging – Selection of 
Naltrexone doses for the combination

IR-PET & NB-222PK/PD 
(Reports only)

OBJECTIVETRIALTYPE

• Total 23 trials – 15 Phase 1, four Phase 2 and four pivotal Phase 3 trials

 5

Clinical Pharmacology Program

Food EffectNB- 236, 239
N~20, BMI ~18-40 Kg/m2

With Atorvastatin or Valsartan (232), Glyburide (233), Nifedipine
or Lisinopril (234), Metoprolol (236)

NB-232, 233, 234 & 236
N~20, BMI ~18-40 Kg/m2

PK – DDI
(Reports & 
Raw Data)

Relative BA of Phase 3/TBM NB tabletsNB-228 & 229
N=40
BMI 18-30/40 Kg/m2

Relative BA of Phase 3/TBM NB formulation with approved 
Naltrexone IR and bupropion SR.
Rel-BA of 4/90 versus 8/90

NB-230
N=27, BMI 19-40 Kg/m2

NB-232

PK (BA)
(Reports & 
Raw Data)

OBJECTIVETRIALTYPE

• Total 23 trials – 15 Phase 1, four Phase 2 and four pivotal Phase 3 trials

 

Listing of Clinical Trials and Clinical Pharmacology Review Focus: 

(b) (4)

(b) (4)
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Efficacy/Safety Clinical Trials – Phase 2

Nal-SR 4, 8, and 12 mg tablet & Bup-SR 100 mg tablet
1. Bup-SR 200 + Nal-SR 24 mg B D
2. Bup-SR 200 + Nal-SR 8 mg BID
3. Bup-SR 200 + PBO/ B D
4. PBO + Nal-SR 24 mg/ B D
5. PBO + PBO/ BID
6. Bup-SR 200 mg +Nal-SR 16 mg/B D
Obese Nonsmoker

Dose Finding:
NB-201
~48 week
Primary 24 wk
N=419
BMI 30-40 kg/m2

Fluoxetine 60 mg Capsule, Nal-SR 50 mg Caplet, Bup-SR150 mg Tablet
1. Flu 60 mg QD + Nal-SR 50 mg QD
2. Flu 60 mg QD+ PBO
3. Bup-SR 150 mg B D + Nal-SR 50 mg QD
4. Bup-SR 150 mg B D + PBO QD
5. PBO B D + Nal-SR 50 mg QD
6. PBO B D + PBO QD
Obese Nonsmoker

POC:
OT-101
~48 week
Primary 16 wk
N=358
BMI 30-40 kg/m2

Objective: Safety and Efficacy ComparisonTrial

 

7

Efficacy/Safety Clinical Trials – Phase 3

Nal-SR 4 mg / Bup-SR 90 mg (4/90)Tablet, Nal-SR 8 mg / Bup-SR 90 mg 
(8/90)Tablet, Nal-SR 12 mg / Bup-SR 90 mg (12/90)Tablet with 4 wk titration
1. Nal-SR 16 mg/ Bup-SR 180 mg BID or 2. Placebo BID
Re-randomization dose: 3. Nal-SR 24 mg/ Bup-SR 180 mg BID
Obese/Overweight with controlled Hypertension and/or Dyslipidemia

NB-303
56 week
N=1496
BMI 27-45 kg/m2

Nal-SR 8 mg / Bup-SR 90 mg (8/90)Tablet with 4 wk titration
1. Nal-SR 16 mg/ Bup-SR 180 mg BID or 
2. Placebo BID
Obese/Overweight with Type 2 DM

NB-304
56 week
N=505
BMI 27-45 kg/m2

Nal-SR 8 mg/ Bup-SR 90 mg (8/90) Tablet, with 4 wk titration
1. Nal-SR 16 mg/ Bup-SR 180 mg/BID or
2. Placebo/BID
Obese/Overweight with controlled Hypertension and/or Dyslipidemia Nonsmoker

NB-302
56 week
N=793
BMI 27-45 kg/m2

Nal-SR 4 mg / Bup-SR 90 mg (4/90) Tablet & Nal-SR 8 mg / Bup-SR 90 mg
(8/90) Tablet, 4 wk titration
1. Nal-SR 4 mg/ Bup-SR 180 mg/BID
2. Nal-SR 8 mg/ Bup-SR 180 mg/BID  or 3. Placebo/BID
Obese/Overweight with controlled Hypertension and/or Dyslipidemia

NB-301
57 week
N=1742 
BMI 27-45 kg/m2

Objective: Safety and Efficacy ComparisonTrial
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Exposure-Response for Efficacy

• Review Questions:
– What is the dose-response, systemic exposure-response relationship for NB 

and their metabolites for efficacy? 
– What is the impact of covariates on exposure-response?
– Does exposure-response information support the proposed dose?

• Filing Comments:
– Information request for NONMEM / WinBUGS model codes 

• Exposure-Response evident from 
the analysis for weight loss 
(efficacy)
• Covariate analysis - none of the 
covariate effects (race, age, sex) 
were estimated with sufficient 
precision, trial population 
limitations

Sponsor:

 

05/24/2010 11

Exposure-Response for Safety
• Sponsor:

– Nausea incidence unlikely to increase with sed N or B plasma Ctrough –
could not evaluate Cmax-response relationship

– Time-to-first nausea event dependent on B PAWC, but not to N PAWC 
exposures

– Females more likely to experience nausea (0.460) vs. males (0.102)
– Exposure-QT analysis from NB-228 and NB-303 trials and claimed no 

effect 
• Review Questions:

– What is the systemic exposure-response relationship for NB and their 
metabolites for safety? 

– What is the concentration-QT relationship for NB and their metabolites with 
regards to safety?

– Does exposure-safety information support the proposed dose?
• Filing Comments:

– Information request for NONMEM / WinBUGS model codes
– IRT Consult to be sent for review
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