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Disclaimer 

Except as specifically identified, all data and information discussed below and necessary for approval of 
NDA 209819 are owned by Indivior or are data for which Indivior has obtained a written right of reference.  
Any information or data necessary for approval of NDA 209819 that Indivior does not own or have a 
written right to reference constitutes one of the following: (1) published literature, or (2) a prior FDA 
finding of safety or effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data 
or information described or referenced below from reviews or publicly available summaries of a previously 
approved application is for descriptive purposes only and is not relied upon for approval of NDA 209819.  
Report text may be included as modified in this review if deemed correct after confirmation by the 
reviewer after review of the original data.  
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food consumption and weight loss in rats and watery feces, no feces/constipation, 
emesis, decreased activity, changes in food consumption such as low or no 
consumption, and decreased body weight in dogs.  After repeated dosing in rats 
(monthly for 6 months), evidence of increased stress was noted by the increased 
adrenal and decreased thymus weights.  As discussed during development, there was 
an increased incidence of pancreatic acinar cell apoptosis (exocrine pancreas) in the 
studies testing Atrigel vehicle vs Sublocade.  The Applicant attributed these to a stress 
response.  The findings were not noted in published studies with NMP (see Appendix) 
and were not expected to occur with PLGH.  There are data to support the conclusion 
that decreased body weight gain, which can be a side effect of buprenorphine, can 
result in similar changes in the pancreas.  However, based on these findings, the 
Applicant also included clinical monitoring for pancreatic function in their Phase 3 
studies.  The reader is referred to the clinical team review for further information.  
We also discussed rat findings of alveolar macrophage infiltrates in lungs in both Atrigel 
vehicle and Sublocade groups that appeared dose responsive in incidence and 
reversible after discontinuation of dosing.  This was intriguing given the intended route.  
Nevertheless, additional rat studies that tested Atrigel vehicle vs saline either did not 
show the alveolar infiltrates in either group or demonstrated a comparable low incidence 
between the saline and Atrigel vehicle groups.  Therefore, the findings are likely not 
toxicologically significant.  

Reproduction toxicity studies conducted with Sublocade and Atrigel included fertility 
(female rats – 2 doses over ~1 month with last dose on Gestation Day 7; male rats – 3 
doses premating over 3 months), embryo-fetal toxicity (female rats and rabbits dosed on 
Gestation Day 7), and pre-/post-natal toxicity (F0 maternal female rats dosed on 
Gestation Day 7 and Lactation Day 7).   While there was no effect on mating or fertility 
(rats), increased post-implantation losses and a higher number of resorptions and early 
fetal deaths were observed.  In female rats and rabbits administered Sublocade or 
Atrigel before mating (rats only) and again on GD 7 (rats and rabbits), increased 
skeletal malformations were observed.  Male rat fertility and reproduction indices were 
lower in the high Sublocade (high buprenorphine) and high Atrigel groups as evidenced 
by abnormal sperm parameters (low motility, low mean number of sperm, and higher 
percentage of abnormal sperm).  In the rat pre/post-natal study, a reduction in F1 body 
weights was observed in the higher dose Sublocade (buprenorphine) groups throughout 
the lactation and early postweaning periods only, but body weights returned to control 
levels during the F1 growth phase.  No other adverse effects were observed in this 
study.  Many of the adverse effects noted in these studies were present in both the 
Atrigel alone arm and the Sublocade arms, with a few exceptions.  These data suggest 
a potential risk of the vehicle in this formulation but also identify the potential for cranial 
malformations which appear to be due to buprenorphine alone.  As discussed during 
development, the Division was concerned that the Applicant’s studies with Sublocade 
alone were not adequate to characterize the impact of NMP on the standard endpoints 
in these studies.  As such, the Applicant submitted a literature-based safety justification 
for NMP (reviewed in the Appendix).   Review of the literature suggests that there 
appears to be smaller safety margins for NMP than there are for buprenorphine.  As 
such, we are recommending language be included in the drug product labeling and 
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post-marketing requirements (PMRs) to fully characterize the effects of NMP on these 
critical endpoints.

In vivo micronucleus testing of Sublocade and Atrigel in a valid assay, yielded negative 
results, indicating that Sublocade and Atrigel are not genotoxic.

The carcinogenic potential of NMP has been described in the published literature.  
Studies in rats via the inhalation and dietary routes suggest no increased risk of 
carcinogenicity.  However, a dietary study in the mouse demonstrated increased 
hepatocellular adenomas and carcinomas that appear to be treatment related.  The 
clinical significant of rodent liver tumors is not clear.  Many rodent hepatocarcinogens 
are not believed to have relevance to humans and there are signals in this study that 
suggest the same may be true to the NMP-induced mouse liver tumors.  However, a 
mode of action assessment has not been undertaken to date.  Assuming a significant 
public health benefit potential for the drug product, a model of action assessment can 
be completed as a post-marketing requirement and if it supports a lack of human risk, 

.  

In regard to Product Quality (i.e., Drug Substance, Drug Product, Impurities, Excipients, 
and Extractables/Leachables), there are no nonclinical issues that preclude approval.

1.3 Recommendations
1.3.1 Approvability

From a nonclinical pharmacology toxicology perspective, Sublocade may be approved 
with the recommended labeling changes and with post-marketing requirements.

1.3.2 Additional Nonclinical Recommendations

Based on the review of the application, the following post-marketing requirements are 
recommended:

1. Conduct a fertility and early embryonic development study testing N-methyl-
pyrrolidone in the rat model.

2. Conduct an embryofetal development study testing N-methyl-pyrrolidone in the 
rat model.

3. Conduct an embryofetal development study testing N-methyl-pyrrolidone in the 
rabbit model.

4. Conduct a pre- and post-natal development study testing N-methyl-pyrrolidone in 
the rat model.

Reference ID: 4184340
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during the period of organogenesis 
resulted in increased post-
implantation loss, which correlated 
with higher mean number of 
resorptions and decreased number of 
viable fetuses per litter, and 
decreased mean fetal body weights at 
900 mg/kg (approximately 38 times 
the maximum recommended human 
dose [MRHD] of 300 mg of 
SUBLOCADE on an AUC basis); 
however, similar effects were 
observed with an equivalent level of 
ATRIGEL® Delivery System alone, 
indicating they may be attributable to 
the vehicle.  Dose-related increases 
in incidences of skeletal 
malformations of the head and 
visceral malformations were observed 
with SUBLOCADE with significant 
changes at 900 mg/kg (approximately 
38 times the MRHD on an AUC 
basis).  Although similar effects were 
observed with equivalent levels of 
ATRIGEL Delivery System, the 
incidence of skeletal malformations, 
primarily skull malformations, was 
higher in the SUBLOCADE groups 
suggesting that buprenorphine 
contributed to the increased 
incidence.  Based on these results, 
the NOAEL for developmental toxicity 
was 300 mg/kg (approximately 15 
times the MRHD on an AUC basis).  

In an embryofetal development study 
in rabbits, administration of a single 
subcutaneous injection of 
SUBLOCADE to pregnant animals on 
Gestation Day 7 during the period of 
organogenesis resulted an increased 
litter incidence of skeletal 
malformations at 155 mg/kg 
(approximately 7 times the MRHD on 
an AUC basis), which appear to be 
buprenorphine-related adverse 
effects.  There was also an increased 
litter incidence of external 
malformations, visceral, and skeletal 
malformations and variations at 390 
mg/kg SUBLOCADE (approximately 
15 times the MRHD on an AUC 
basis); however, similar effects were 
observed with an equivalent level of 
the ATRIGEL Delivery System, 

adverse findings were also 
observed with Atrigel alone to 
note that the effects with 
RBP-6000 appear to be 
attributable to the vehicle or 
in combination with 
buprenorphine.
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indicating they may be attributable to 
the vehicle  In addition, increased 
post-implantation loss, which 
correlated with increased mean 
number of resorptions and decreased 
mean number of viable fetuses, and 
decreased fetal body weights were 
observed at 390 mg/kg 
(approximately 15 times the MRHD 
on an AUC basis); however, similar 
findings were also observed with an 
equivalent level of the ATRIGEL 
Delivery System alone.  Based on 
these results, the NOAEL for 
developmental toxicity for 
SUBLOCADE was 78 mg/kg 
(approximately 3 times the MRHD on 
an AUC basis).   

In a pre- and postnatal development 
study in rats, SUBLOCADE was 
administered subcutaneously to 
pregnant animals once during 
implantation (on Gestation Day 7) and 
once during weaning (on Lactation 
Day 7).  There were no adverse 
effects on offspring survival, sexual 
maturation, behavioral assessment, 
or reproductive performance at up to 
300 mg/kg (approximately 10 times 
the MRHD on an mg/m2 basis)

The Applicant did not propose 
language to describe the pre- 
and postnatal development 
study results.  We 
recommend this language 
here.

8.3 Females and Males of 
Reproductive Potential

Animal Data

8.3 Females and Males of 
Reproductive Potential

Human Data

Chronic use of opioids may cause 
reduced fertility in females and males 
of reproductive potential. It is not 
known whether these effects on 

Human Class labeling 
language should go first in 
the label.
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Exposure margins were 
changed to AUC0-24h basis.  
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Fertility information for NMP 
from published literature are 
added here.

The following table summarizes the exposure margins calculated based on a 
comparison of AUC levels achieved in animal reproductive and development studies 
compared to AUC levels reported from Clinical Study RB-US-12-0005 in which 
treatment-seeking opioid-dependent patients were inducted and stabilized over a 13-
day period on doses of Subutex at 8 to 24 mg prior to being administered 300 mg of 
RBP-6000.  Note that steady-state in humans administered 300 mg RBP-6000 was 
reached after the 4th injection and are represented in the table below as the multiple-
dose (MD) human AUC0-24h.  For safety margins, this MD human AUC value was used 
to compare to the last animal AUC0-24h value when multiple doses were administered to 
animals.  In contrast, human AUC after a single-dose (SD) was used for safety margin 
calculations when the animal study only employed a single-dose (e.g., rabbit EFD 
study).  It’s also worth noting that the exposure margins based on the rabbit EFD study 
were calculated using animal AUC0-336h values and human SD AUC0-672h values since 
the rabbit study report did not include AUC0-24h or AUC0-672h values.  Therefore, these 
exposure margins represent more conservative margins.

Exposure Margins for Reproductive and Developmental Toxicology Studies

Animal Doses of RBP-6000
(mg/kg)

Animal
AUC0-24h
(ng.h/mL)

Animal
AUC0-336h
(ng.h/mL)

MD Human 
AUC0-24h of 
178.1 

SD Human 
AUC0-672h 
of 1268 

Human
Exposure
Margins c
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(ng.h/mL) a (ng.h/mL) b
Fertility and Early Embryonic 
Development – Rat
Females
300 2720 15.3
600 4430 24.9
900 6710 37.7
Males
300 5690 32
600 10100 56.7
900 14200 79.7
Embryofetal Development – Rat 
300 2720 15.3
600 4430 24.9
900 6710 37.7
Embryofetal Development – Rabbit d
78 N/A 3010 2.4
155 N/A 7880 6.2
390 N/A 18700 14.7

a. Human AUC0-24h observed after 4th injection (Day 85) of RBP-6000 (300 mg buprenorphine) in 
multicenter, multiple-dose Study RB-US-12-0005

b. Human AUC0-672h observed after 1st injection of RBP-6000 (single 300 mg buprenorphine dose) in 
multicenter, multiple-dose Study RB-US-12-0005

c. Exposure margins were calculated using AUC0-24h values when available.  In addition, AUC values 
from single-dose nonclinical studies were compared to single-dose human AUC, and AUC values 
from repeat-dose nonclinical studies were compared to multi-dose human AUC.

d. AUC0-336h is presented because AUC0-24h was not calculated for this study; Exposure margins were 
calculated using human AUC0-672h since AUC0-336h were not evaluated, and therefore represent more 
conservative margins.

2 Drug Information
2.1 Drug - Buprenorphine
CAS Registry Number - 52485-79-7

Code Name - RX6029M

Chemical Name - (2S)-2-[17-(Cyclopropylmethyl)-4,5α-epoxy-3-hydroxy-6-methoxy-
6α,14-ethano-14α-morphinan-7α-yl]-3,3-dimethylbutan-2-ol

Molecular Formula/Molecular Weight - C29H41NO4/467.6
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Structure 

Pharmacologic Class - partial opioid agonist (FDA EPC)

2.2 Relevant INDs, NDAs, and DMFs

NDA# Drug Name Div Strength 
(route)

Marketing 
Status AP Date Indication Company

18401 Buprenex
(Buprenorphine) DAAAP

0.3 mg 
base/mL 
(injection)

Approved 12/29/1981 Pain INDIVIOR

20732 Subutex
(Buprenorphine) DAAAP

Up to 8 mg 
base 

(sublingual 
tablet)

Approved 
(Discontinued) 10/8/2002 Opioid 

Addiction INDIVIOR

20733 Suboxone
(Buprenorphine:Naloxone) DAAAP

Up to 8 mg:2 
mg base 

(sublingual 
tablet)

Approved 
(Discontinued) 10/8/2002 Opioid 

Addiction INDIVIOR

22410 Suboxone
(Buprenorphine:Naloxone) DAAAP

Up to 12 mg:3 
mg base 

(sublingual 
buccal film)

Approved 8/30/2010 Opioid 
Addiction INDIVIOR

IND# Drug Status Division Indication Stamp  
Date Sponsor

107607 RBP-6000 active DAAAP For the treatment of opioid 
dependence 9/17/2010 INDIVIOR

DMF# Subject of DMF Holder Submit  Date Reviewer’s Comment

The application does not rely upon a DMF for drug substance information.

2.3 Drug Formulation
RBP-6000 drug product is a sterile, non-aqueous solution for subcutaneous injection 
indicated for the treatment of opioid use disorder.  It contains 100 mg or 300 mg of 
buprenorphine (buprenorphine base) in the ATRIGEL Delivery System, which is 
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Poly(DL-lactide-co-glycolide) 50:50 (PLGH):  PLGH is present in the drug product at 
533 mg and at a concentration of % (w/w) based on the maximum recommended 
human dose (MRHD) of 300 mg, which may be administered not more frequently than 
once monthly.  

PLGH 50:50 is listed in the FDA Inactive Ingredient Database (IID) for the intravitreal 
route with a max potency of 350 mg and a concentration of 35%, which is equivalent to 
the total daily intake to this excipient based on the MRHD of the approved product.   
PLGA 75:25 form is listed for the intramuscular route with a maximum potency of 33.1 
mg and a concentration of 3.31% for a chronic use drug product, which translates to 
99.3 mg based on an MRHD of 3 mL, or 11.25 mg leuprolide acetate.  

PLGH is not listed in the IID as being used in a subcutaneously injected product; 
however, a Mercado search does indicate that this excipient is also used in an FDA-
approved SC hormone delivery product.  Nonetheless, this NDA included chronic 
repeat-dose SC toxicity studies in rat and dog which can be used to support the safety 
of the drug product formulation.

N-Methyl-2-pyrrolidone (NMP):  NMP is included in the drug formulation as a solvent 
with the highest level of 833 mg and at a concentration of % w/w based on the MRHD 
of 300 mg, which may be administered not more frequently than once monthly. 

NMP is listed in the FDA IID for the SC and periodontal routes with a maximum potency 
of 26% for the SC route and no level reported for the latter. The approved SC product 
containing % NMP is indicated for an advanced cancer indication.  Though 
considered a chronic indication, adequate nonclinical safety support for a chronic 
program cannot be assumed due to the risk:benefit profile for that product.  Therefore, 
we have required that development programs proposing chronic indications provide 
data to fully qualify NMP in accordance with the excipient guidance.

This NDA included chronic repeat-dose SC toxicity studies in rat (Study RBLS-R04-60-
09) and dog (Study RBL-C03-60-09) that tested NMP through its inclusion in the RBP-
6000 formulation with monthly dosing.  

Compendial
99.7% pure
Impurities – Individual %), Total %)

The following table was submitted by the Applicant.  An updated version is included in 
Section 11 Integrated Summary and Safety Evaluation.
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Container Closure System

RBP-6000 is manufactured in both 100 mg and 300 mg dosage strengths, both of which 
are comprised of 18% buprenorphine/ATRIGEL® Delivery System formulation 
presented in a sterile pre-filled syringe assembly and a pre-packaged sterile needle for 
injection.

The RBP-6000 product is

Figure 2.  Drug Product Configuration

Reference ID: 4184340
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A description of the container closure system, including the device components, for the 
commercial RBP-6000 100 mg and 300 mg dosage strengths is provided in the table 
below. 
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Assessment of Safety for Extractables for  Syringes Filled 
with N-Methyl-2-Pyrrolidone or RBP-6000 (11 pages – Attachment 
32/last one))

FC-RPT-0317R

Container Closure Integrity Testing for RBP-6000 Drug Product (13 
pages)

FC-RPT-0296R.01

Leachables Testing of the RBP-6000 Product (230 pages) FC-RPT-0321R

Extractables Testing

The series of extractions studies were conducted to evaluate the primary container 
closure syringe system filled with NMP, manufacturing process product-contact parts 
exposed to NMP, and secondary packaging components that were tested for volatile 
extractables.  The Applicant justified the use of NMP since it is the relevant solvent in 
the drug product, comprising % of the formulation.  Our CMC colleagues found this 
acceptable.  

Appropriate analytical methodologies were used in these studies and included direct 
injection Gas Chromatography with Mass Spectrometric detection (GC-MS) for semi-
volatile compounds, headspace GC-MS for volatile compounds, and Liquid 
Chromatography with Ultra-Violet and Mass Spectrometric detection (LC-UV-MS) for 
nonvolatile compounds.  These techniques were primarily targeted towards organic 
extractable compounds and are suitable for the evaluation of extractables from the drug 
container closure system . 
Elemental impurities were assessed using Inductively-Coupled Plasma Optical 
Emission Spectroscopy (ICP-OES) or related techniques.  

The Applicant proposed a toxicological threshold of concern of mcg/day with the 
following rationale based on intermittent dosing.

1. A lifetime 70 years (25,550 days divided by 28 days) of monthly doses (913 
doses/lifetime), which is also the dosing interval for RBP-6000, is equivalent of 
2.5 years of daily doses assuming all the extractable is absorbed in a single dose 
for the monthly product.  

2. The ICH M7 Guidance, M7 Assessment and Control of DNA Reactive 
(Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk, 
May 2015, which is for drug impurities, can be applied to extractables/leachables 
as is warranted in this case.

3. A Threshold of Toxicological Concern (TTC) -based acceptable intake of 1.5 
mcg/day is considered to be protective for a lifetime of daily exposure to a 
mutagenic impurity.  Per ICH M7, the Acceptable Intake for an Individual Impurity 
relative to duration of exposure is as listed below. 
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The Applicant considers the duration of exposure at 2.5 years of daily exposure with 10 
mcg/day allowed for impurity in drug with structural alert or positive Ames test but 
proposed to use a potential exposure level o mcg/day for these safety assessments 
based on advice provided by DAAAP with respect to the need to qualify the 
extractables/leachables for general toxicity as well as genotoxicity.  

Reviewer’s note:
The Applicant’s proposed safety concern threshold of mcg/day (e.g., AET=  
mcg/mL based on 1.5 mL volume at MRHD of 300 mg) is appropriate from a general 
toxicity perspective.  However, from a genetox perspective, 1.5 mcg/day is generally 
considered an appropriate qualification threshold for a chronically administered drug.  It 
is acknowledged that the product is only administered intermittently at a monthly interval 
over a lifetime.  If all of the leachable compounds are exposed only on the day of 
administration, then the Applicant’s proposal to base the genetox on a shorter 
cumulative lifetime exposure may be acceptable.  However, if the leachables are 
exposed slowly as the active ingredient is intended to be via the polymer depot, then 
lifetime exposure may actually exceed the estimated 2.5 years.  For instance, if the 
leachable compounds are exposed over a 4-day period following each dose 
administration, then lifetime exposure would be 10 years, resulting in an appropriate 
genetox threshold of 1.5 mcg/day.  However, since the total leachable exposure may 
occur over several days (<4 days per treatment), a higher total exposure may be 
acceptable.  This may ultimately end up translating to a comparable threshold as 
proposed by the Applicant.  Therefore, the reviewer considers the Applicant’s proposed 
qualification threshold for leachables/extractables of mcg/day to be acceptable for this 
drug product.  This Less Than Lifetime (LTL) exposure paradigm is consistent with the 
recommendations outlined in ICH M7, which states “In the case of intermittent dosing, 
the acceptable daily intake should be based on the total number of dosing days instead 
of the time interval over which the doses were administered and that number of dosing 
days should be related to the relevant duration category in Table 2.  For example, a 
drug administered once per week for 2 years (i.e., 104 dosing days) would have an 
acceptable intake per dose of 20 mcg.”  

The primary container closure system, including the  syringe,  
cap, and  plunger were filled with NMP and stored at 75⁰C for 23 days to 
represent a worst-case scenario.  The methods were deemed adequate by the CMC 
review team.

Duration 
of 
treatment

< 1
month

>1 - 12
months

>1 - 10
years

>10
years to 
lifetime

Daily 
intake 
[mcg/day]

120 20 10 1.5
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Results of Extraction Studies

A summary of the results from the NMP extractables studies for organic compounds 
that were at or above the threshold (AET) of  mcg/mL in the extract is presented in 
the table below.  This AET corresponds to the requested safety concern threshold of
mcg per injection for the largest volume to be administered (300 mg RBP-6000 dose)
Note that the concentrations seen in the extractables studies are likely higher than what 
would be expected in the product formulation in leachables testing, due to the higher 
extraction temperatures used in the studies, compared to the commercial product 
storage temperature of 5°C.  The last column shows the Applicant’s Margin of Safety 
(MOS) calculated for each compound.  This value is the ratio of the Permissible Daily 
Exposure (PDE) divided by the maximum amount delivered per dose.  

Reference ID: 4184340

(b) (4)

(b) 
(4)
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Adequate. 
Within PDE
Adequate. 
Within ICH 
Q3C PDE
Adequate. 
Within PDE
Adequate. 
Within PDE
Adequate. 
Within PDE

Adequate. 
Within PDE

Adequate. 
Within PDE
Adequate. 

Below QT in 
leachables
Adequate. 

Below QT in 
leachables
Adequate. 
Within IID
Adequate. 

Below QT in 
leachables

LC/MS Electrospray 
Negative

Adequate. 
Within IID
Adequate. 
Within IID

LC/MS Electrospray 
Positive

Adequate. 
Within PDE 

a=Maximum exposure based on 1.47 dose volume at MRHD of 300 mg
b=Daily exposure calculated by dividing total leachable exposure by 28 days
QT=qualification threshold

The risk assessments for select extractables not monitored in leachables study are 
below.  The reader is referred to the Leachable Testing Section for the risk 
assessments on all other compounds.

1.

Reference ID: 4184340

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Based on this information, the 13-week NOAEL was used for PDE calculations as 
follows:

PDE =  mg

  
Based on the level of  detected in extraction studies and MRHD of RBP-
6000, the potential exposure is  mcg.  The PDE= mg provides a margin of 
80,000X.

Modifying Factors Factor 
Recommendations

Factor Applied

F1 (extrapolation between 
species)

5 (for rat to human)
12 (for mice to human)
2 (for dog to human)
2.5 (for rabbit to human)
3 (for monkey to human)
10 (for other animal to 
human)

5

F2 (variability between 
individuals)

10 10

F3 (tox studies of short 
duration)

1 (for year rodent or 7 year 
nonrodent)
1 (for repro studies entire 
organogenesis covered)
2 (6 month study in 
rodents)
5 (3 month rodent study)
10 (shorter than 3 months)

5

F4 (severe toxicity) 1 if no severe toxicity 
concerns
1 for fetal toxicity with 
maternal toxicity
5 for fetal toxicity without 
maternal toxicity
5 for teratogenic effects 
with maternal toxicity
10 for teratogenic effect 
without maternal toxicity
X for genotox or carci or 
neurotox?

1

F5 (if no NOAEL was 
established)

1 if NOAEL established
Up to 10 if LOAEL only 
available pending severity 
of toxicity

1

Reference ID: 4184340

(b) (4)

(b) (4)

(b) (4) (b) (4)
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Modifying Factors Factor 
Recommendations

Factor Applied

F1 (extrapolation between 
species)

5 (for rat to human)
12 (for mice to human)
2 (for dog to human)
2.5 (for rabbit to human)
3 (for monkey to human)
10 (for other animal to 
human)

5

F2 (variability between 
individuals)

10 10

F3 (tox studies of short 
duration)

1 (for year rodent or 7 year 
nonrodent)
1 (for repro studies entire 
organogenesis covered)
2 (6 month study in 
rodents)
5 (3 month rodent study)
10 (shorter than 3 months)

5

F4 (severe toxicity) 1 if no severe toxicity 
concerns
1 for fetal toxicity with 
maternal toxicity
5 for fetal toxicity without 
maternal toxicity
5 for teratogenic effects 
with maternal toxicity
10 for teratogenic effect 
without maternal toxicity
X for genotox or carci or 
neurotox?

1

F5 (if no NOAEL was 
established)

1 if NOAEL established
Up to 10 if LOAEL only 
available pending severity 
of toxicity

10 (no NOAEL, LOAEL 
unclear.  Report not 
available.)

F6 (if relying on LD50) 10

PDE =  NOEL (mg/kg) x Weight Adjustment (50 kg)
F1 x F2 x F3 x F4 x F5

PDE =          mcg/day

The levels detected are acceptable based on a PDE approach. 

Reference ID: 4184340

(b) (4)
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Modifying Factors Factor 
Recommendations

Factor Applied

F1 (extrapolation between 
species)

5 (for rat to human)
12 (for mice to human)
2 (for dog to human)
2.5 (for rabbit to human)
3 (for monkey to human)
10 (for other animal to 
human)

5

F2 (variability between 
individuals)

10 10

F3 (tox studies of short 
duration)

1 (for year rodent or 7 year 
nonrodent)
1 (for repro studies entire 
organogenesis covered)
2 (6 month study in 
rodents)
5 (3 month rodent study)
10 (shorter than 3 months)

10

F4 (severe toxicity) 1 if no severe toxicity 
concerns
1 for fetal toxicity with 
maternal toxicity
5 for fetal toxicity without 
maternal toxicity
5 for teratogenic effects 
with maternal toxicity
10 for teratogenic effect 
without maternal toxicity
X for genotox or carci or 
neurotox?

1

F5 (if no NOAEL was 
established)

1 if NOAEL established
Up to 10 if LOAEL only 
available pending severity 
of toxicity

5

F6 (if relying on LD50) 10

PDE =  NOEL (mg/kg) x Weight Adjustment (50 kg)
F1 x F2 x F3 x F4 x F5

PDE =  mcg PDE

9.

Reference ID: 4184340

(b) (4)

(b) (4)
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male rats were treated with  ppm and female rats were treated with 
 ppm  6 hours per day, 5 days per week for 105 weeks.  The 

incidence of renal tubule adenomas and adenoma or carcinoma and of benign and 
malignant pheochromocytoma of the adrenal medulla were reported in  
ppm males.  There was also significant nephropathy and adrenal pheochromocytoma in 
these animals.  There were no tumors noted in female rats.  In the 2-year mouse study, 
B6C3F1 mice were exposed to  ppm  for 6 hours per day, 5 days 
per week, for 105 weeks.  There was an increased incidence of hepatocellular 
neoplasms in the  ppm group which correlated with centrilobular 
hypertrophy, necrosis, syncytial alterations, and erythrophagocytosis of the liver in the 

 ppm males.  Uterine polyps were noted in female mice.  The LD males could be 
used to estimate a NOEL for tumors in rats.  The exposure to  ppm in these animals 
could be used to determine the theoretical dose using the method Derelanko.  

The theoretical dose from an inhalation exposure:

Dose (mg/kg) = C x MV x T x D/BW 

Where C = concentration in mg/L (ppm) = mg/L
MV = minute volume (L/min) = 54 mL/min = 0.054 L/min (Derelanko 3 mo rat)
T = time of exposure (min) = 360 min
D = deposition fraction into the respiratory tract = assume 0.1 (10%)
BW = body weight = males ~220 grams per study report = 0.22 kg

Dose (mg/kg) =  mg/kg

Modifying Factors Factor 
Recommendations

Factor Applied

F1 (extrapolation between 
species)

5 (for rat to human)
12 (for mice to human)
2 (for dog to human)
2.5 (for rabbit to human)
3 (for monkey to human)
10 (for other animal to 
human)

5

F2 (variability between 
individuals)

10 10

F3 (tox studies of short 
duration)

1 (for year rodent or 7 year 
nonrodent)
1 (for repro studies entire 
organogenesis covered)
2 (6 month study in 
rodents)
5 (3 month rodent study)

1

Reference ID: 4184340

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)
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Table 14.  Results Primary Stability Lots 300 mg Drug Product

Sample ID

Lot 195, 5°C, 5 Months

Lot 195, 5°C, 15 Months

Lot 195, 25°C, 14 Months

Lot 196, 5°C, 5 Months

Lot 196, 5°C, 15 Months

Lot 196, 25°C, 14 Months

Lot 197, 5°C, 5 Months

Lot 197, 5°C, 15 Months

Lot 197, 25°C, 14 Months

Table 15.  Summary Recent Lot Leachables 300 mg Drug Product

Sample ID

Lot 208, 5°C, 0 Month

Lot 208, 25°C, 1 Month

Lot 209, 5°C, 0 Month

Lot 209, 25°C, 1 Month

Reference ID: 4184340

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.6 Proposed Clinical Population and Dosing Regimen

The proposed indication for RBP-6000 100 mg and 300 mg subcutaneous (SC) injection 
once monthly is treatment of moderate to severe opioid use disorder (OUD) in patients 
who have undergone induction to suppress opioid withdrawal signs and symptoms with 
a transmucosal buprenorphine-containing product.  RBP-6000 should be used as part of 
a complete treatment plan to include counselling and psychosocial support.  RBP-6000 
is intended to be administered monthly only by subcutaneous injection in the abdominal 
region.  The maximum recommended human dose is 300 mg monthly, but the dose 
may be decreased to 100 mg based upon tolerability.

2.7 Regulatory Background

IND 107607 (nonclinical related)
 preIND meeting April 27, 2010 
 new IND September 17, 2010
 EOP2 meeting September 30, 2014
 preNDA December 15, 2016
 Fast Trace designation granted May 23, 2017

NDA 209819
 new NDA May 30, 2017

3 Studies Submitted
3.1 Studies Reviewed 
Pharmacokinetics

INLS-R101-60-15: Quantitative Whole Body Autoradiography of Rats Following 
Subcutaneous Administration of 14C-PLGH or 14C-NMP (GLP)

RBRS-R010-60-11: Tissue Distribution of Radioactivity in Rats Following a Single 
Subcutaneous Dose of 14C-ATRIGEL Using Quantitative Whole Body Autoradiography 
(non-GLP)

Acute toxicity

RBLS-R02-60-09: A Single Dose 4-Week Toxicokinetic and Toxicity Study of 
Buprenorphine/ATRIGEL (RBP-6000) Administered Subcutaneously to Sprague-Dawley 
Rats (GLP)

Reference ID: 4184340
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RBLS-C01-60-09: A 4-Week Toxicokinetic and Toxicity Study of 
Buprenorphine/ATRIGEL (RBP-6000) Administered Subcutaneously to Beagle Dogs 
(GLP)  
 
Repeat-dose toxicity

RBLS-R04-60-09: A 6-Month Multi-Dose Toxicity and Toxicokinetic Study of 
Buprenorphine/ ATRIGEL (RBP-6000) Administered Subcutaneously to Sprague-
Dawley Rats, with a 12-Week Recovery Period (GLP) 

RBLS-C03-60-09: A 9-Month Multi-Dose Toxicity and Toxicokinetic Study of 
Buprenorphine/ATRIGEL® (RBP-6000) Administered Subcutaneously to Beagle Dogs, 
with a 12-Week Recovery Period (GLP) 

Genotoxicity

RBLS-R08-60-10: Letter Report: RBP-6000: Toxicity Information for Micronucleus Test 
in Bone Marrow Cells of CD Rats: Single Subcutaneous Dose (GLP)

Reproductive and developmental toxicity

INLS-R103-60-16: A Combination Study for the Effects of RBP-6000 (Buprenorphine 
base in the ATRIGEL Delivery System), Administered by Subcutaneous Injection, on 
Male and Female Fertility and Embryo-Fetal Development, in the Sprague-Dawley Rat 
(GLP)

INLS-L105-60-16: RBP-6000: A Study for Effects on Embryo Fetal Developmental 
Toxicity in Rabbits with a Toxicokinetic Evaluation (GLP)

INLS-R104-60-16: A Pre and Post-natal Development Study Including Maternal 
Function of RBP-6000 (Buprenorphine in the ATRIGEL Delivery System) Administered 
by Subcutaneous Injection in the Sprague-Dawley Rat (GLP)

3.2 Studies Not Reviewed 

NOTE: dose range finding studies were not formally reviewed but were essential 
to dose selection in definitive studies 
Acute toxicity

RBRS-C045-60-09: A Non-GLP Maximum Tolerated Dose Study of an ATRIGEL 
Formulation Containing % Buprenorphine Base and an ATRIGEL Vehicle 
Formulation in Male Beagle Dogs

ATLS-156: A Single Dose One-Month Toxicokinetics and Toxicity Study in Rats with 
GHRP-1 in ATRIGEL Administered by Subcutaneous Injection (GLP) 

Reference ID: 4184340

(b) 
(4)
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– different title in nonclinical written to emphasize the Atrigel effect not GHRP-1

ATLS-169: A Single Dose One-Month Toxicity and Toxicokinetics Study in Rats with 
ATRIGEL/Octreotide Administered by Subcutaneous Injection (GLP) 

– different title in nonclinical written to emphasize the Atrigel effect not drug

ATLS-170: A Single Dose One-Month Toxicity and Toxicokinetics Study in Rabbits with 
ATRIGEL/Octreotide Administered by Subcutaneous Injection (GLP) 

– different title in nonclinical written to emphasize the Atrigel effect not drug

ATLS-157: A Single Dose One-Month Toxicokinetics and Toxicity Study in Dogs with 
GHRP-1 in ATRIGEL Administered by Subcutaneous Injection (GLP) 

– different title in nonclinical written summary to emphasize the Atrigel effect not
  drug  

 
Repeat Dose toxicity

ATLS-79: Systemic Toxicity Study in the Rat Following 4 and 12 Weeks of 
Subcutaneous Implantation (  CDRH-type - nonGLP)

ATLS-192: A Multiple-Dose Six-Month Toxicity and Toxicokinetics with Reversibility in 
Rats with AL3937.01 Administered by Subcutaneous Injection (GLP)

ATLS-193: A Multiple-Dose Nine-Month Toxicity and Toxicokinetics with Reversibility in 
Rabbits with AL3937.01 Administered by Subcutaneous Injection (GLP)

Genotoxicity

789820: RBP-6000: Micronucleus Test in Bone Marrow Cells of CD Rats: Single 
Subcutaneous Dose and 24 h and 48 h Sampling with Toxicokinetic Blood Sampling 
(GLP)

Reproductive and Developmental toxicity

INLS-R102-60-15: Dose Range-Finding Study of Fertility and Embryo-Fetal 
Development of RBP-6000 (Buprenorphine/ATRIGEL) Administered by Subcutaneous 
Injection in Rats (GLP)

INRS-R148-60-16: A Dose Range-Finding Pre- and Post-natal Development Study of 
RBP-6000 (Buprenorphine in the ATRIGEL Delivery System) Administered by 
Subcutaneous Injection in the Sprague-Dawley Rat (non-GLP)

INRS-L146-60-15: A Dose Range-Finding Prenatal Developmental Toxicity and 
Toxicokinetic Study of RBP-6000 (Buprenorphine in the ATRIGEL Delivery System) 
Administered by Subcutaneous Injection in New Zealand White Rabbits (non-GLP)

Reference ID: 4184340

(b) (4)
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3.3 Previous Reviews Referenced
IND 107607 (RBP-6000)

4 Pharmacology
No pharmacology studies were conducted for RBP-6000.  Refer to approved 
buprenorphine drugs (NDA 20-732 for Subutex and NDA 18-401 for Buprenex) and 
buprenorphine-naloxone drugs (NDAs 20-733 and 22-410 for Suboxone), owned by the 
Applicant.

4.1 Primary Pharmacology
No new studies were completed or required.  The reader is referred to the cross-
referenced NDAs.  As per the Applicant’s other buprenorphine drug product NDAs, 
“Buprenorphine is a partial agonist at the mu-opioid receptor and an antagonist at the 
kappa-opioid receptor. Naloxone is a potent antagonist at mu opioid receptors and 
produces opioid withdrawal signs and symptoms in individuals physically dependent on 
full opioid agonists when administered parenterally.”

4.2 Secondary Pharmacology
No new studies were completed or required.  The reader is referred to the cross-
referenced NDAs.

4.3 Safety Pharmacology
No new studies were completed or required.  The reader is referred to the cross-
referenced NDAs.

5 Pharmacokinetics/ADME/Toxicokinetics
Most specific Pharmacokinetics/ADME/Toxicokinetics studies were not reported except 
as reported in nonclinical toxicity studies that will be reported in Sections 6, 7, & 9 and 
the study/studies in section 5.1/ADME.  Refer to approved buprenorphine drugs (NDA 
20-732 for Subutex and NDA 18-401 for Buprenex) and buprenorphine-naloxone drugs 
(NDAs 20-733 and 22-410 for Suboxone), owned by the Applicant.  Toxicokinetic data 
included in toxicity studies.

5.1 PK/ADME
Study Title:  Quantitative Whole Body Autoradiography of Rats Following 
Subcutaneous Administration of 14C-PLGH or 14C-NMP (Study INLS-R101-60-15 - 
GLP) 

The absorption and distribution of radioactivity were determined after administration of a 
single subcutaneous dose of 14C-poly-lactide-co-glycolide (PLGH combined with a 

Reference ID: 4184340
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On Day 0, each rat received two 100 mcL subcutaneous (SC) injections containing 18% 
buprenorphine in the dorsal thoracic (DT) region.  Group I rats received one injection of 
Test Article (TA) 1 and one injection of TA 2, with alternating injection locations.  Group 
II rats received one injection of TA 1 and one injection of TA 3, with alternating injection 
locations.  On Days 1, 14, 21, and 35, thirteen rats per group were euthanized with CO2 
and the implants were retrieved for analysis of buprenorphine content using reverse 
phase high performance liquid chromatography (RP-HPLC). Macroscopic SC tissue 
reaction, relative to each formulation, was evaluated by gross examination of the 
implants and surrounding tissue.

Key findings:
 Injection site did not generally have a substantial effect on buprenorphine release 

at observation times during the 35 days (see Table).  Buprenorphine release 
profiles for all three test articles were similar in shape and magnitude, regardless 
of implant injection site.  Despite statistical differences in release observed on 
Days 1 and 21, it is difficult to discern any substantial differences between the 
three test articles.  A high degree of animal-to-animal variability observed in this 
study also contributes to the complexity in finding any dissimilarity between test 
articles or injection sites.  Macroscopic test site observations were unremarkable.

Table 17.  Summary of Buprenorphine Release from Recovered Implants

5.2 Toxicokinetics 
- included in toxicity studies

Reference ID: 4184340
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and the animals were stabilized after Week 2, there were no observed adverse 
effects in any of the RBP-6000-treated rats. 

 For dermal dose-site scoring, erythema, and/or edema were the primary 
observations noted in the 250 mg/kg dose level in 7 of the 20 dosed rats and in 10 of 
20 control rats.  Erythema severity reached Grade 4 level (Draize severe).  The 
erythema and/or edema were first noted on Day 3 with most resolving by Day 25 
except for one high dose female which had the observation to the end of the study.  
Effects were attributed to Atrigel delivery system as effects occurred only in control 
and high dose groups which received 1.14 mL/kg versus 0.05 mL/kg (low dose) and 
0.23 mL/kg (mid dose).

 No toxicologically relevant changes were observed in body weight/body weight gain, 
food consumption, clinical pathology, macroscopic pathology, and organ weights 
(changes were small, only affected males, and were without histologic correlates).   

 The NOAEL for local safety is the mid-dose of 50 mg/kg (0.23 mL/kg) based on 
subcutaneous granulomas observed at the high-dose and vehicle control group.  
Note that the mid-dose level had a lower volume of the Atrigel vehicle, which likely 
resulted in the less toxicity than the vehicle control group.

 A NOAEL for systemic toxicity was proposed to be 250 mg/kg under the conditions 
of this study, but a low-observed-adverse-effect-level (LOAEL) of 10 mg/kg RBP-
6000 may be more appropriate do to support needed as listed above.

 For toxicokinetics, Cmax values (ng/mL) were 4.32, 10.0, & 26.4 in males and 2.53, 
8.95, & 39.7 in females for the low-, mid- and high-dose groups, respectively.  AUC0-

24h values (ng*h/mL) were 32.9, 76.6, & 228 in males and 13.0, 47.1, & 273 in 
females for the low, mid and high dose groups, respectively. 

  

Reference ID: 4184340
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Methods
Doses:

Frequency of dosing: Single dose on Day 1
Route of administration: Subcutaneous

Dose volume: See table above
Formulation/Vehicle: Atrigel delivery system (NMP and PLGH)

Species/Strain: Sprague Dawley rats
Number/Sex/Group: 15/sex/group (toxicokinetic), 10/sex/group (main study)

Age: Approximately 13 weeks
Weight: 330.9 to 453.6 g for the males and 213.5 to 286.4 g for 

the females
Satellite groups: Toxicokinetic (TK) animals (no necropsy)

Unique study design: No.  Doses of Atrigel in table.

Deviation from study 
protocol:

Nothing remarkable.

Reference ID: 4184340
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Observations and Results

Mortality

All animals (including the TK groups) were observed for clinical signs and mortality 
twice daily (a.m. and p.m.) beginning on the day of acclimation to housing and 
continuing through the days of necropsy.  Observations were made by exception, with 
notations made for only those animals with findings.

On Day 4, Animal 2004 (Group 2) and Day 2 Animals 2510, 3002 (Group 3), 3003, 
3006, 3007, 3503, 3510, 4004 (Group 4), 4008, 4010, 4502, 4503, 4505, and 4508 were 
euthanized for humane reasons due to severe behavioral issues such as self-mutilation 
from pica behavior which is reported to be a buprenorphine effect in Sprague Dawley 
rats.  Animals were added to the study to return the affected groups to the full 
complement.  The euthanized animals were not included in the final evaluation of the 
study data.

Clinical Signs

All animals (including the TK groups) were observed for signs of morbidity twice daily 
(a.m. and p.m.) beginning on the day of acclimation to housing and continuing through 
the days of necropsy. Observations were made by exception, with notations made for 
only those animals with findings.  Detailed observations were conducted once daily 
(a.m.) on Day -7 to Days 30 and 29 (Sets A, B, and C, respectively).

Severe behavioral effects (self-mutilation due to pica behavior) were noted in the test 
article-dosed animals at all dose levels.  Collars were placed on the rats to prevent them 
from chewing on their extremities.  After approximately 48-hours post dose, these 
observations were absent or reduced.  Many of the clinical observations were 
associated with this behavior such as abrasions, reddened areas, and swelling on or 
around forepaws.  The incidence of these observations decreased after approximately 
14 days post dose.  All other noted observations were incidental findings, including, but 
not limited to, alopecia, broken/cracked teeth, and nasal discharge, and were of low 
incidence, not dose-dependent, noted in control animals, and/or are common findings 
for rats of this age.

Dermal Observations

Dermal observations were conducted predose on Day 1; once daily during Week 1 
(Days 1 through 7); then Days 8, 11, 15, 18, 22, 25, and prior to necropsy on Day 29.  
Each animal in the main study groups (Groups 1 to 4) was removed from the cage as 
listed above and observed in detail according to the Macroscopic Dermal Grading 
System (Draize 2), which is based on the Draize method.  A final dermal observation 
was made on the day of euthanasia prior to necropsy.  The scores were recorded 
separately for each individual dose site.

Reference ID: 4184340
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For dermal dose-site scoring, erythema, and/or edema were the primary observations 
noted in the 250 mg/kg dose level in 7 of the 20 dosed rats and in 10 of 20 control rats.  
Erythema severity reached Grade 4 level (Draize severe).  The erythema and/or edema 
were first noted on Day 3 with most resolving by Day 25 except for one high dose 
female which had the observation to the end of the study.  In two high dose and 1 
control animals, the observation was noted as severe.  Dermal reactions were 
considered an effect of the ATRIGEL Delivery System injection.  The control group 
received the greatest amount of the delivery system which was slightly more than the 
250 mg/kg dosed animals.  The 10 and 50 mg/kg dosed animals received a lower 
injection volume than the control and 250 mg/kg dose groups and had no observations 
of erythema and/or edema.

Body Weights

Main study and TK animals were weighed prestudy and prior to dosing on Day 1, then 
weekly thereafter.   A final fasted body weight was obtained on the day of scheduled 
necropsy for calculation of organ-to-body weight ratios.  Terminal body weights were not 
collected from animals found dead or euthanized moribund.

Body weights - While not of great magnitude, RBP-6000-related body weight decreases 
were noted in the 50 and 250 mg/kg dosed animals.  The decreased body weights were 
most notable at Week 2 in male and female rats.   At Week 2 for the 250 mg/kg dosed 
rats group 4), 9 of 10 males and 6 of 10 females lost weight compared to their Week 1 
weights at -2% and -1%, respectively, for group means with nothing significant.  For the 
same time period in the 50 mg/kg dosed rats (group 3), 3 of 10 males and 6 of 10 
females had lost weight with group mean increasing for male and -2% for females. By 
Week 3, the 50 and 250 mg/kg dose level rats were gaining weight and by the end of 
the study were comparable to control rats.  While body weight changes were noted, 
they were not considered toxicologically significant as Day 1 to Week 5 changes in body 
weight for males was +7%, +7%, +7%, and +5% for Atrigel controls and low, mid, and 
high dose RBP6000 groups, respectively.  Day 1 to Week 5 changes in body weight for 
females was +11%, +7%, +4%, and +6% for Atrigel controls and low, mid, and high 
dose RBP6000 groups, respectively. 

Body weight gain - This same toxicologically insignificant trend was also noted in the 
body weight gain data with a mean decease of body weight gain for the 250 mg/kg 
Group 4) dose level males and for the 50 and 250 mg/kg dose level females from Week 
1 (Day 0 dosing) to Week 2.  Although there was a decrease in body weight gain for the 
10 mg/kg dose level males at the end of Week 2 and females at the end of Week 4, 
these changes were not statistically significant, within the reported variability observed 
in laboratory housed rats, and not considered toxicologically significant.  

Food Consumption

Reference ID: 4184340
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Food consumption was measured for main study animals weekly.  Food consumption 
for the TK animals was not assessed.

There was some test article-related reduction of food consumption during the first week 
after dosing apparently due to buprenorphine.  In males, compared to Group 1 Atrigel 
controls (no saline control group), this was statistically significant for the males at both 
50 (-16%) and 250 (-16%) mg/kg at Week 1 with a reduction of 9% in the low dose, 10 
mg/kg male group.  In females, compared to Group 1 Atrigel controls (no saline control 
group), there was no statistical significance but reduction was at 18%, 24% and 20% for 
low to high dose groups, respectively.  From Week 2 to Week 3, food consumption 
increased in all RBP-6000 dosed groups, but was below control group values.  From 
Week 3 to 4 through termination, food consumption in all test article dosed groups was 
comparable to the control rats.  Over the course of Weeks -1 to 5, food consumption 
was reduced by 3%, 3%, and 9% in males and by 11%, 13%, and 10% in females, 
respectively, for the low-, mid-, and high-dose RBP-6000 groups compared to Atrigel 
controls.  
 
When food consumption data is considered in light of body weight data, it is not 
considered toxicologically significant.  

Ophthalmoscopy – Not evaluated 

ECG – Not evaluated 

Hematology

Blood was collected at terminal bleeding for main study animals.  Parameters analyzed 
were as follows:

There were no adverse test article-related changes in hematology parameters.  White 
blood cell count, neutrophils, and lymphocytes increased in test article-dosed males 
(some statistically significant) which was reported likely related to abrasions (pica 
related) on paws, abrasions on tails, and broken teeth, and not considered RBP-6000 
related.  Other intergroup differences, some statistically significant, were dose-
independent or within the range of variability for rodents thus were not considered 
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related to test article administration.  The control group had no intergroup differences, 
and all values were considered within the range of variability for rodents.

Coagulation

Blood was collected at terminal bleeding for main study animals.  Parameters analyzed 
were as follows:

There were no adverse changes in any coagulation parameters.  

Clinical Chemistry

Blood was collected at terminal bleeding for main study animals.  Parameters analyzed 
were as follows:

There were no adverse changes in any serum chemistry parameters. 

Urinalysis

Urine was collected overnight via urine collection cages during which time the animals 
were deprived of food prior to sacrifice.  Parameters analyzed were as follows:

There were no urinalysis parameter changes that were considered related to test article 
administration.

Gross Pathology
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Main study animals from Groups 1-4 were necropsied on Day 29 or 30.  All main study 
animals were subjected to a complete gross necropsy examination.  The necropsy 
examination included evaluation of the carcass and musculoskeletal system, all external 
surfaces and orifices, cranial cavity and external surfaces of the brain, and thoracic, 
abdominal, and pelvic cavities with their associated organs and tissues.

Gross findings related to the ATRIGEL Delivery System were present in most animals in 
all groups, including the vehicle controls, and consisted of dark or pale firm area/foci at 
the injection site.  These correlated histologically with granulomas in the subcutaneous 
(SC) tissue.  

Organ Weights

For all scheduled and unscheduled necropsies, the following organs (when present) 
were weighed before fixation.  Organ/body weight ratios were calculated (using the final 
body weight obtained prior to necropsy), as well as organ/brain weight ratios.

Statistically significant (SS) decreases in liver to body weight ratio were observed in 
males dosed with 50 (-8%) and 250 mg/kg (-12%) of RBP-6000 compared to Atrigel 
control.  At 10 mg/kg in males it was -7% but not statistically (NSS) significant.  Absolute 
liver weights in males were decreased at 9%, 9%, and 15%, respectively, for the low-, 
mid-, and high-dose males at NSS levels.  SS increases in adrenal weights (36% and 
29% at 50 and 250 mg/kg, respectively, with NSS at 19% for low 10 mg/kg dose).  SS 
adrenal to body weight ratio (100% and 100%) and adrenal to brain weight ratio (35% 
and 29%) were observed in males dosed with 50 and 250 mg/kg of RBP-6000, 
respectively.  At the low dose of 10 mg/kg, these NSS increases were 100% and 24%, 
respectively.  

The changes were considered test article-related, although the relationship may be 
indirect.  The changes were small, only affected males, and were without histologic 
correlates.  Adrenal weights are reported to increase in stressed animals.  These 
animals had reduced food consumption during the dosing period, indicating they were 
under stress.  There were no other alterations in organ weights or organ weight ratios in 
animals euthanized at terminal necropsy that could be attributed to the administration of 
RBP-6000. 

Histopathology
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Adequate Battery – yes

The following tissues and organs (or portions of), when present, were collected from 
any animal that died or was euthanized and preserved.  For all animals necropsied, the 
tissues listed in the table were embedded in paraffin wax.  For Groups 1 and 4, 
embedded tissues were sectioned, stained with hematoxylin and eosin, and examined.

Peer Review – not reported

Reference ID: 4184340



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 82 of 288

Histological Findings – 

Systemic effects:  Histopathologically, there was an increased severity of vacuolar 
degeneration of pancreatic acinar cells in dosed animals.  This change consisted of 
cytoplasmic vacuoles, which often contain cell debris, in some of the acinar cells.  
Minimal vacuolar degeneration was reported to be a common incidental finding in rats 
and was present in many controls in this study.  However, there was a dose proportional 
increased severity (to mild or moderate) in animals dosed with 10, 50, and 250 mg/kg 
RBP-6000.  It is possible that pancreatic vacuolar degeneration was indirectly related to 
test article administration and was related to test article-related lowered food 
consumption and weight loss.  However, a direct relationship to RBP-6000 
administration cannot be unequivocally ruled out.  Pancreatic vacuolar degeneration 
was not considered adverse by the report because it is a common incidental finding in 
rats and the change consisted only in increased severity.  

Local effects:  Dermal findings in all test groups were related to the Atrigel Delivery 
System and consisted of granulomas in the SC injection site of most animals. These 
were similar in appearance in control and dosed animals.  There were no adverse local 
effects observed at the mid-dose level.
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All other histologic changes were considered incidental and unrelated to RBP-6000 
administration because they were consistent with frequently observed incidental 
changes in Sprague Dawley rats at the Testing Facility, they occurred randomly within 
groups, or they were otherwise considered incidental.

Special Evaluation - none

Toxicokinetics

Blood samples were collected on Days -9, 1 (at 1, 2, 4, and 8 hours post dose), 2, 4, 8, 
11, 15, 22, and 29.  Animals were not fasted for sample collections.  Three 
animals/sex/time point were rotated in Groups 5-8 and the same 3/sex were sampled on 
each occasion according to the following table.

Plasma concentrations of buprenorphine was generally maximal at 2 hours post dose, 
after which time plasma concentrations rapidly dropped until 24 hours post dose.   After 
24 hours post dose, there was a plateau phase.  In the 10 mg/kg dose group, the 
terminal half-life of buprenorphine was estimated at 193 and 184 hours in males and 
females, respectively.  Exposure tended to be lower in females than in males.  
However, sex-differences in exposure were within the inter-individual variability of the 
plasma concentration data.  The increase in buprenorphine exposure was less than 
proportional to the increase in dose from 10 to 250 mg/kg (2.3- to 6.3-fold increase in 
exposure for a 25-fold increase in dose).  

Males
Group Dose Level Cmax AUC(0-t) AUC(0-24) AUC(0-inf) AUC%extrap Cmax/ AUC(0-t)/

No. (mg/kg) (ng/mL) (ng•h/mL) (ng•h/mL) (ng•h/mL) (tlast-inf) Dose Dose
6 10 141 5560 916 6224 10 7 14.1 556
7 50 282 11876 1535 a 43 3 5.63 238
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8 250 335 26256 2615 a 35 0 1.34 105

Females
Group Dose Level Cmax AUC(0-t) AUC(0-24) AUC(0-inf) AUC%extrap Cmax/ AUC(0-t)/

No. (mg/kg) (ng/mL) (ng•h/mL) (ng•h/mL) (ng•h/mL) (tlast-inf) Dose Dose
6 10 135 3675 803 4004 8 23 13.5 367
7 50 242 9422 1427 a 26 8 4.83 188
8 250 315 23141 2408 a 64 0 1.26 92.6

a Values are not reported because the AUC(0-inf) was extrapolated by more than 20% or Rsq was <0.800.

Dosing Solution Analysis

Reference ID: 4184340





NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 86 of 288

and changes were expected, due to the dehydration and exaggerated clinical 
findings (i.e., muscle tremors and ataxia) all dose levels were considered to cause 
treatment-related toxicity with the low dose of 20 mg/kg RBP-6000 being considered 
a reversible Lowest Adverse Effect Level (LOAEL) related to the buprenorphine as 
all RBP-6000 groups required some supportive care during the post-treatment 
phase.  

 Expected effects of the injection of the ATRIGEL Delivery System (present in the 
test and control articles) included clinical signs at the injection site(s) of swelling, 
abrasion, reddening, and raised areas or masses.  Dermal observations included 
edema, dermal irritation outside injection site(s), erythema, and erythema that 
extended beyond injection site(s).  

 No other treatment-related effects were observed.  
 The LOAEL for systemic effects was the low-dose due to exaggerated 

pharmacological clinical signs from buprenorphine that necessitated supportive care 
for all animals given RBP-6000.  

 A NOAEL for local effects was not clearly determined.  Animals from the RBP-6000 
groups received approximately the same amount of drug per injection site (e.g., 
higher dose levels had more injections sites rather than more drug administered per 
site).  That being said, only the high-dose RBP-6000 and vehicle control groups 
exhibited microscopic findings of granulomatous inflammation, ulcer, hemorrhage, 
and hyperplasia while the low- and mid-dose groups did not.  As no necrosis or 
degeneration was observed at the injection sites, the 20 mg/kg concentration tested 
may be considered a LOAEL.

 At the LOAEL of 20 mg/kg, TK values were a Cmax of 16 ng/mL in males and females 
and an AUC0-24h of 6214 ng*h/mL (males) and 5223 ng*h/mL (females).
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Methods
Doses:

Frequency of dosing: Single dose
Route of administration: Subcutaneous

Dose volume: See Table above with all buprenorphine groups 
receiving the same concentration of buprenorphine 

% v/v)
Formulation/Vehicle: Atrigel Delivery system

Species/Strain: Beagle dog
Number/Sex/Group: 3

Age: 0.8 years of age (9.6 months)
Weight: 7.7 to 9.4 kg for the males and 7.2 to 9.2 kg for the 

females at the outset (Day -1) of the study
Satellite groups: No 

Unique study design: No 24-hour necropsy, only Day 29 after single dose
Deviation from study 

protocol:
Nothing remarkable

Study Design

Dosing - Subcutaneous dosing sites (one to six) were demarcated by a tattoo indicator 
on a shaved area of the animal’s back (dorsal view).  Consistent with the different dose 
volumes per group, Groups 1 and 4 animals received a total of three injections per 
animal (one injection administered at each of Sites 1, 2, and 3).  Group 2 animals 
received one injection per animal administered at Site 1 and Group 3 animals received 
two injections per animal (one injection administered at each of Sites 1 and 2).  Sites 4, 
5, and 6 were apparently adjacent untreated controls.

Observations and Results

Mortality
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Animals were observed for signs of mortality twice daily (a.m. and p.m.) beginning 7 
days prior to initiation of dosing, and continuing through the end of the in-life phase on 
Day 29.

The subcutaneous injection(s) of RBP-6000 to beagle dogs on Day 1 was not 
associated with early death in any animals.   All animals survived to the Terminal 
Necropsy

Clinical Signs

Animals were observed for signs of morbidity twice daily (a.m. and p.m.) beginning 7 
days prior to initiation of dosing, and continuing through the end of the in-life phase on 
Day 29.

The subcutaneous injection(s) of RBP-6000 to beagle dogs on Day 1 was not 
associated with moribundity in any animals.  All animals survived to the terminal 
necropsy at Day 29.  Not including anticipated mechanical effects of dosing and blood 
sampling and common background findings there were no unexpected clinical signs in 
the Atrigel control group.  A small lump initially formed at each injection site due to 
implant formation by the test and control articles normally degraded over time (by Day 
29).

Expected pharmacological effects of the test article (RBP-6000) due to buprenorphine 
included no feces (constipation), emesis, decreased activity, changes in food 
consumption (low or no food consumption), and decreased body weight.  Watery feces 
were also observed.  RBP-6000-related clinical signs were noted primarily between 
Days 1 through 7 for both sexes (see Table below), with resolution between Days 8 to 
12 (data not shown).  A definitive dose response relationship was not evident; however, 
when compared to the 20 and 40 mg/kg dose groups, the clinical signs were most 
frequent and severe for the 80 mg/kg dose group.  Exaggerated pharmacological effects 
of the test article (RBP-6000) due to buprenorphine included muscle tremors and ataxia, 
and were reported for 2 of the 6 20 mg/kg animals and all 40 and 80 mg/kg animals on 
Day 2; and persisted through Day 4 for one 80 mg/kg male.

Due to the expected and exaggerated clinical signs from RBP-6000 treatment 
(decreased activity, dehydration, muscle tremors and ataxia, and low and/or no food 
consumption noted during Days 1 through 7), all RBP-6000-dosed animals received 
supportive care (80 mL Lactated Ringers administered subcutaneously) as follows: 

- all 40 and 80 mg/kg animals on Day 3 (p.m.)
- all 20, 40, and 80 mg/kg animals on Day 4 (a.m. and p.m.)
- one 20 mg/kg female and two 80 mg/kg males on Day 5 (a.m. and p.m.)
- and one 80 mg/kg male on Day 6 (a.m.)
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While some clinical signs and changes were expected, due to the dehydration and 
exaggerated clinical findings (i.e., muscle tremors and ataxia) all dose levels were 
considered to cause treatment-related toxicity with the low dose of 20 mg/kg RBP-6000 
being considered a reversible Lowest Adverse Effect Level (LOAEL). 
 

Dermal Observations

Observations occurred Predose on Day 1; once daily during Week 1 (Days 1 through 7); 
then Days 8, 11, 15, 18, 22, 25, and prior to necropsy on Day 29 using a Draize 2 Scale 
method.

Expected effects from the injection of the Atrigel Delivery System (present in the test 
and control articles) included clinical signs at the injection site(s) (swelling, abrasion, 
reddening, and raised areas or masses).   Dermal observations included edema, dermal 
irritation outside injection site(s), erythema, and erythema that extended beyond 
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injection site(s).  Generally, the duration, frequency, and severity of the Atrigel Delivery 
System-related clinical signs and dermal observations correlated with increasing volume 
of the Atrigel Delivery System administered.  The clinical signs and dermal observations 
were considered markedly frequent and severe for the 0 and 80 mg/kg groups that 
received three injections (largest volume).
Animals dosed at 20 mg/kg received one injection and had mildly frequent and severe 
reactions, while animals dosed at 40 mg/kg received two injections and had moderately 
frequent and severe reactions.  The clinical signs and dermal observations were noted 
beginning on Day 1 (post dose) and the frequency and severity generally decreased 
beginning on Day 11.  However, some of the clinical signs and dermal observations 
were still present through Day 29.  Because the ATRIGEL Delivery System-related 
clinical signs and dermal observations were resolving after Day 11, they were not 
considered adverse by the report but were considered anticipated and adverse but 
reversible by this reviewer.  On this basis, the low dose is the LOAEL with no apparent 
added effect due to presence of buprenorphine.  This high dose and Atrigel-only effect 
were correlated with the ATRIGEL Delivery System-related histopathologic findings at 
the injection site(s) which included subcutaneous protein granulomatous inflammation 
with or without associated hemorrhage, observed in most animals from the control and 
high-dose groups, and subcutaneous fibroplasia, arterial adventitial hyperplasia, and 
ulceration in one 80 mg/kg female.

Edema was the most prominent and lasting dermal effect then dermal irritation outside 
the dosing site, erythema, and erythema outside the dosing site (see Table).

NDA 209819 – Local Irritation after Single Subcutaneous Dose in Dogs with 
RBP-6000 in Atrigel Delivery System for a 29-Day Study – Last Day 

Observed with 0.09 mL administered to separate dosing sites
Dose 

groupa 
(mg/kg)

Dose 
volume 

(mL)
Sex

Edema 
(last day)

Irritation 
outside 

dose site 
(last day)

Erythema 
(last day)

Erythema 
outside dose 

site
(last day)

M 29 8 3 00 0.36
F 29 18 5 5
M 29 22 2 820 0.09
F 29 22 1 8
M 29 22 NRb NR40 0.18
F 29 29 NR NR
M 29 29 NR NR80 0.36
F 29 29 8 8

a - mg/kg buprenorphine in Atrigel
b – not observed to occur 

Body Weights

Body weights were measured at least twice prior to the first dose (Weeks -2 and -1), 
once daily during Week 1 (Days 1 through 7), then on Days 8, 11, 15, 18, 22, 25, and 
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prior to necropsy on Day 29.  For a single dose, 29-day observation period, body weight 
changes not total body weight is evaluated.

Body weight loss is an expected pharmacological effect of buprenorphine in the test 
article RBP-6000, primarily as a result of low and/or no food consumption.   
Buprenorphine-related body weight loss was noted for both sexes for all RBP-6000 
dose levels beginning on Day 2, persisted through Day 29 (necropsy) and was 
consistent with changes in food consumption.  A dose response relationship was not 
evident, with similar body weight loss for each sex across all three dose levels.  On Day 
29, intergroup differences in body weights attained statistical significance for females 
dosed at 20 mg/kg (Group 2).  Although the body weights for the RBP-6000-dosed 
animals did not fully recover to prestudy levels by Day 29, the body weight loss 
stabilized by approximately Day 7, and was less pronounced through Day 29 (necropsy) 
(see Table).  As such, the RBP-6000 (buprenorphine)-related body weight loss was not 
considered adverse for any of the dose levels by the report but the mid dose was 
considered a LOAEL by the reviewer.

Food Consumption

Food consumption was measured by weighing the food bowl before and after the 4-hour 
feeding period at least twice prior to the day of dosing (Day 1), once daily during Week 
1 (Days 1 through 7), then weekly thereafter starting on Day 14 through the day of 
necropsy.

Treatment-related changes in food consumption (low or no food consumption) was 
discussed in the Clinical signs section previously with associated decreased body 
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weight being discussed in the previous section to this one.  The LOAEL is the low dose 
of 20 mg/kg RBP-6000.

Ophthalmoscopy – none 

ECG – none 

Clinical Pathology Evaluation

Blood samples for evaluation of serum chemistry, hematology, and coagulation 
parameters were collected from all animals within one week prior to the initiation of 
dosing and on Day 29 prior to necropsy.  Urine samples were obtained by drainage 
from special stainless-steel cage pans during Week -1 (prestudy) and on Day 29. 
The animals were fasted for at least 8 hours prior to blood collections for serum 
chemistry.

Hematology 

There were no Atrigel- or RBP-6000-related changes in red blood cell 
parameters although reticulocytes were increased up to 3 fold from Day -4 to 29 
in a non-dose responsive manner.  In the white blood cell parameters, the 
eosinophil counts were increased on Day 29 compared to prestudy for RBP-6000 
dosed animals at 20, 40, and 80 mg/kg and ranged from 1.90- to 3.85-fold and 
was larger than Atrigel control changes (see Table).  Although the increased 
eosinophil counts were not considered to be adverse, the relationship to RBP-
6000 is toxicological relevance is uncertain. 

Fold Change for Mean Eosinophil Counts
(Day 29 Compared to Prestudy)
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Coagulation

There were no Atrigel- or RBP-6000-related changes in coagulation parameters.

Clinical Chemistry

There were no Atrigel Delivery System- or RBP-6000-related changes in serum 
chemistry parameters.

Urinalysis

There were no Atrigel Delivery System- or RBP-6000-related changes in 
urinalysis and urine chemistry parameters noted through Day 29.
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Gross Pathology

All euthanized animals were subjected to a complete gross necropsy examination.  The 
necropsy examination included evaluation of the carcass and musculoskeletal system, 
all external surfaces and orifices, cranial cavity and external surfaces of the brain, and 
thoracic, abdominal, and pelvic cavities with their associated organs and tissues.

The following tissues and organs were collected from all animals.  Tissues were 
preserved in 10% neutral-buffered formalin (except for the eyes, which were preserved 
in Davidson’s fixative for optimum fixation).
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Two bone marrow smears from the seventh rib of each animal were made, but were not 
examined microscopically because there were no suspected test article-related 
alterations observed in hematology parameters or in the standard histopathology 
sections of the bone marrow that would be further elucidated by examination of the 
smears.  The bone marrow smears were retained and archived with the study.

There were no gross findings that were considered related to the administration of the 
test article other than those associated with the injection of the Atrigel vehicle.  

Organ Weights

For all euthanized animals, the following organs were weighed before fixation with 
paired organs being weighed together.  Organ/body weight ratios were calculated (using 
the final body weight obtained prior to necropsy), as well as organ/brain weight ratios.

The following organs were weighed:
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Non-dose-proportional decreases in spleen and thymus weights and increases in 
thyroid weights were observed for organ weight, organ-to-body weight ratio, and organ-
to-brain weight ratio (see Table).  Statistical significance between treated and Atrigel 
controls is only observed in the mid-dose females for the spleen and likely due to the 
large standard deviations for the mean values (not shown) for the groups of 3 animals.  
Each organ will be discussed individually after the table.

NDA 209819 - Changes in Organ Weights, Organ-to-Body Weight Ratio, and 
Organ-to-Brain-Weight Ratio for Select Organs in Dogs after a Single 
Subcutaneous Dose of RBP-6000 Compared to the Atrigel Vehiclea

ORGAN and 
Dose Groupb

Organ Weights
(% Differences)

Organ/Body Weight 
Ratio

(% Differences)

Organ/Brain 
Weight Ratio 

(% Differences)
Male Female Male Female Male Female

Spleen
Low dose -27 -34 -16 -20 -25 -28
Mid dose -31 -51c -29 -43c -28 -48c

High dose -9 -33 +1 -28 -5 -28
Thymus

Low dose -51 -59 -42 -51 -50 -56
Mid dose -31 -38 -26 -29 -27 -33

High dose -52 -20 -45 -14 -50 -14
Thyroid

Low dose -19 +23 -8 +51 -16 +36
Mid dose +25 -3 +13 +12 +34 +5

High dose +18 +67 +28 +89 +25 +89
a – no other notable differences observed for other organs
b – 20, 40, & 80 mg RBP-600/kg, respectively
c – statistically signifi9cant at p>= 0.05

Non-dose-proportional decreased spleen weight, spleen to body weight ratio, and 
spleen to brain weight ratio were observed for dosed animals compared to Atrigel 
controls, with only the mid-dose females containing any statistical significance (p<= 
0.05).  Non-dose-proportional, test article-related decreased body weights were 
observed compared to controls.  Moreover, the data suggested that decreased spleen 
weights and ratios in dosed females could not be completely accounted for by 
decreased body weight alone.  There was no histologic correlation to decreased splenic 
weights and/or ratios in RBP-6000 dosed animals.  Therefore, the spleen weight 
changes are not considered toxicologically significant.

Non-dose-proportional decreased thymic weights and ratios were observed for dosed 
animals compared to Atrigel controls with no statistical significance being identified.  
There were microscopic thymus findings of cortical hypocellularity in high-dose males 
and females and Atrigel vehicle control males, but the incidence does not correlate well 
with the organ weight changes.  Therefore the toxicological relevance is unclear.  
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Non-dose-proportional increased thyroid weights and ratios were observed for dosed 
animals compared to Atrigel controls with not statistical significance being identified.  
These changes were not well correlated to histopathologic findings in animals 
examined.  The increased variability of thyroid weights and ratios were considered 
additional evidence for a questionable association of these changes with the 
administration of the test article.  

Histopathology

For all animals necropsied, the tissues listed in the table above were embedded in 
paraffin wax, sectioned, and stained with hematoxylin and eosin.  The tissues from the 
control and high dose groups (Groups 1 and 4, respectively) were examined by a 
Veterinary Pathologist.  Based on the histopathology evaluation for the control and high-
dose groups (Groups 1 and 4, respectively) and per consultation with the Study 
Pathologist and the Sponsor, the low- and mid-dose groups (Groups 2 and 3, 
respectively) were not examined histologically, with the exception of the liver tissue for 
one Group 3 female based on gross observation.

Adequate Battery – yes 

Peer Review – not reported/found

Histological Findings - There were no histopathologic findings that were considered 
related to the administration of the test article buprenorphine other than Atrigel Delivery 
System-related findings at the injection site(s) (see Table).  These included 
subcutaneous protein granulomatous inflammation with or without associated 
hemorrhage, observed in most animals, and subcutaneous fibroplasia, arterial 
adventitial hyperplasia, and ulceration in one high-dose female animal.  Protein 
granulomatous inflammation was in the subcutaneous tissue and was characterized by 
a well-defined, typically circumferential infiltrate of epithelioid and non-epithelioid 
macrophages and multinucleated giant cells, often with intracytoplasmic and free 
eosinophilic, large, globular protein deposits.  

Compared to Atrigel controls, the character of this inflammation in test article-dosed 
animals were generally comparable with a possible increased incidence and severity in 
the high-dose group compared to the Atrigel controls.  The nature of the inflammation 
was the same between groups and hence was considered related to administration of 
the delivery system with a possible buprenorphine influence in the high-dose group.  
This inflammation was graded as mild to marked and did not exhibit a biased severity 
between groups. 
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All other histopathologic findings, most notably the spleen, thymus, and thyroid which 
exhibited different weights and weight ratios than Atrigel controls, were considered 
incidental because they were consistent with spontaneous findings or normal 
physiologic processes in beagle dogs at the Testing Facility and/or the incidence and/or 
severity did not suggest an association with dosing with the test article (see Table).
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Special Evaluation

Toxicokinetics

Blood samples for toxicokinetics were collected on Day -4, post dose at 1, 2, 4, and 8 
hours on Day 1 and Days 2, 3, 4, 5, 8, 11, 15, 18, 22, 25, and prior to necropsy on Day 
29 at the listed time past the single dose on Day1 as noted in the Table.

The toxicokinetics of buprenorphine and norbuprenorphine (norbuprenorphine not 
discussed in this review) were characterized after a single subcutaneous injection of 
Buprenorphine/ATRIGEL in beagle dogs, at dose levels of 20, 40, and
80 mg/kg.  Buprenorphine profile was characterized by multiple peaks several days 
apart.  Maximal concentrations of buprenorphine were observed either at the first or at 
second peak, with Tmax ranging from 1 to 504 hours.  Due to the fluctuating nature of the 
concentration vs. time profiles, a terminal phase could be characterized only for a few 
animals, with terminal half-lives ranging from 66.2 to 241 hours.  

There were no sex-related trends in exposure.  The increase in buprenorphine exposure 
was slightly greater than proportional to the increase in dose from 20 to 80 mg/kg in 
males, but it was less than proportional to the increase in dose in females.  On sex-
combined exposure parameters, the increase in exposure was proportional to the 
increase in dose from 20 to 80 mg/kg.   The ratio of norbuprenorphine to buprenorphine 
exposure parameters was similar at all dose levels.  Values are listed in the Table.
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Dosing Solution Analysis

The test article was provided by the Sponsor as a preformulated solution in syringes 
and was used as received.  Stability analysis and verification of test article 
concentration were conducted by the Sponsor and reported as acceptable.

Based on the Certificates of Analysis (COA) included in the Test Article Report provided 
by the Sponsor, the absence of test article in the control article was confirmed, and the 
concentration of the test article was determined to be acceptable (99.94% purity) over 
the course of the study.  Additionally, based on the analysis of samples stored at the 
Sponsor’s facility under the same conditions as the Testing Facility and the Certificates 
of Stability (C of S), the test and control articles were determined to be stable over the 
course of the study.

===============
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6.2 Repeat-Dose Toxicity
Study title:  A 6-month Multi-dose Toxicity and Toxicokinetics Study of
Buprenorphine/ATRIGEL® (RBP-6000) Administered Subcutaneously to
Sprague-Dawley Rats, with a 12-week Recovery Period

Study no.: RBLS-R04-60-09
Study report location: eCTD in Global Submit Review

Conducting laboratory and location:

Date of study initiation: November 17, 2009
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/ATRIGEL - 

% buprenorphine base in % 50/50 
Poly(DL-lactide-co-glycolide) (PLGH) and 

% N-methyl-2-pyrrolidone (NMP)), Lot 
0042-01, %.
- ATRIGEL® vehicle % 50/50 PLGH 
and % NMP), Lot 0042-21.

Key Study Findings

 Male and female rats received six monthly subcutaneous doses to the same dosing 
area of the back at levels of 0 (Atrigel control), 10, 25, and 100 mg/kg buprenorphine 
in RBP-6000.  Animals were sacrificed at 1, 2, and 3 months after the last dose. 

 A full GLP study with all relevant indices was conducted including histology and 
toxicokinetics.

 There were no significant test article-related effects on body weight, food 
consumption, ophthalmology, hematology, serum chemistry, coagulation, or 
urinalyses parameters.  Early mortalities occurred in all groups, but were not 
considered related to the administration of the test article.

 Dose related RBP-6000-related clinical observations noted in all dosed groups were 
overly aggressive behavior, urine stained fur, discolored urine (orange, red, and/or 
yellow), decreased activity, and broken/cracked teeth.  All of these observations 
were also noted in the control animals with the exception of decreased activity. 
However, the incidence was low compared to the RBP-6000-dosed animals.  
Resolution occurred by the end of the recovery period

 Local effects:  Dose site clinical observations (abrasion, reddened, and swollen) and 
dermal dose site scoring were similar in control and RBP-6000-dosed groups.  The 
severity of abrasions was higher in the control animals.  Dermal scoring noted 
edema and erythema in all animals on study, including the controls with up to Grade 
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3-4 but usually 0-2, Grades 0-2 in low-dose, 0-1 in mid-dose, up to Grade 4 in high-
dose animals but usually 0-2.  The dose response here is in relations to the amount 
of Atrigel.  Eschar and test site staining was also noted in all groups with 
approximately equal incidence.  The highest incidences of these observations were 
always the day after dosing and a few days post dose with the incidence decreasing 
over time.  Microscopically, granulomas, which were characterized by macrophages, 
lymphocytes, plasma cells and multinucleated giant cells, were observed at injection 
sites in both vehicle- and RBP-6000-treated animals.  At 30 days post last dose, the 
incidence and severity ranked from low to high as follows: LD>Veh>MD>HD, which 
suggests the findings were attributable to the vehicle and exacerbated by 
buprenorphine.  By 90 days post last dose, the incidence and severity did not 
change much for the vehicle, MD, and HD groups, but there was complete recovery 
for the LD group.  The LOAEL for local effects was the low-dose of 10 mg/kg/dose, 
which consisted of 0.045 mL/kg of the clinical product.

 The Cmax of buprenorphine for the low- and mid-dose groups remained relatively 
similar between dosing occasions and between sexes, reflecting a good consistency 
of exposure at Cmax, but the high-dose group was more variable. The Cmax of 
buprenorphine was generally less than dose proportional. The AUC(0-672) of 
buprenorphine remained relatively similar between dosing occasions for the low- and 
mid-dose groups, but increased after repeated administration for the high-dose 
group, especially for the males.  AUC(0-672) of buprenorphine was generally less than 
dose proportional at the early doses but became more than dose proportional for the 
later doses, which could result from a steady state being achieved.

 Systemic effects:  Systemic target organs included the pancreas and lungs. 
Pancreatic acinar cell apoptosis and alveolar macrophage infiltrates in the lungs 
were seen with increased severity and incidence in 25 and 100 mg/kg RBP-6000-
dosed rats compared to controls and 10 mg/kg RBP-6000-dosed groups.  As these 
findings persisted at increased severity and incidence in 25 and 100 mg/kg RBP-
6000-dosed rats compared to controls and 10 mg/kg RBP-6000-dosed groups, on 
Day 225 (90 days post dosing), 10 mg/kg could be at least described as a LOAEL 
and possible NOAEL according to this reviewer.

 At 10 mg/kg/day, the Cmax ranged from 49.6-69.6 ng/mL and the AUC(0-672) for the 
month ranged from 3109-6926 ng*hour/mL. 

 The final Cmaxs (68.0 ng/mL male and 142 ng/mL female) and AUCs(0-24h) (653 
ng*h/mL male and 590 ng*h/mL female) were used in the Applicant’s Safety Margins 
calculations whereas a mean of the six values yield Cmaxs of  (62.9 ng/mL male and 
73.2 ng/mL female) and AUCs(0-24h) (575 ng*h/mL male and 462 ng*h/mL female)
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Methods
Doses: 0 (Atrigel control), 10, 25, and 100 mg/kg 

buprenorphine in RBP-6000.  Doses selected 
based on information derived from previous 
studies (non-GLP MTD study, 4-week single 
dose study).  There was no saline control 
group in this study.

Frequency of dosing: Monthly for 6 months.  The first day of dosing 
was designated Day 1 with subsequent doses 
given on Days 29, 57, 85, 113, and 141 
(beginning of Month 6). 

Route of administration: Subcutaneous to the same demarcated site 
each month on the animal’s shaved back 

Dose volume: See study design below
Formulation/Vehicle: Atrigel - % PLGH % NMP in control and 

% PLGH: % NMP in drug product with % 
buprenorphine

Species/Strain: Sprague-Dawley rats
Number/Sex/Group: 28 per sex in main study and 9 per sex in 

toxicokinetic animals
Age: 13 weeks

Weight: 327.6 to 453.9 g for the males and 203.4 to    
278.3 g for the females

Satellite groups: Toxicokinetic groups 5-7 (surviving until 
scheduled euthanasia not necropsied) and 
main study recovery animals (necropsied at 1, 
2, and 3 months after last dose). 

Unique study design: No.
Deviation from study protocol: Nothing major reported.

Study Design

Group 
No.

No. of 
M/F

Dose Levela 

(mg/kg)
Dose 
Mass 

(mg/kg)b

Dose 
Volumea 

(mL/kg)

Buprenorphine
Dose 

Concentration 
(w/w%)

Terminal 
Necropsy 
Day 169 

M/F

Recovery 
Necropsy 
Day 197 

M/F

Recovery 
Necropsy 
Day 225 

M/F
1 (control) 28/28 0 (control)d 500 0.455 0 15/14 10/10 3/3

2 28/28 10 50 0.045 14/14 10/10 3/2
3 28/28 25 125 0.114 13/14 10/10 3/3
4 28/28 100 500 0.455 14/14  9/10 3/3
5c 9/9 10 50 0.045 NA NA NA
6c 9/9 25 125 0.114 NA NA NA
7c 9/9 100 500 0.455 NA NA NA
M/F = Male/Female
a    Doses were delivered within  20% of the desired dose mass.
b    Dose volume was an approximation and only used after calculating target dose levels in w/w.
c    Animals in the TK groups were used solely for the purpose of blood sample collections and were euthanized 

after the final collection without necropsy.
d    ATRIGEL® vehicle.
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Observations and Results

Mortality

All animals (including the TK groups) were observed for signs of mortality twice daily 
(a.m. and p.m.), beginning on the day of acclimation to housing and continuing through 
the day of necropsy.

No treatment related mortalities were observed in animals form all test groups that were 
euthanized early or found dead (see first table) as mortalities were dispersed across all 
groups, without regard to treatment (see second table).
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Clinical Signs

All animals (including the TK groups) were observed for signs of morbidity twice daily 
(a.m. and p.m.), beginning on the day of acclimation to housing and continuing through 
the day of necropsy.  Each animal in the Main Study groups (Groups 1 to 4) were 
observed cage side once daily for changes in general appearance and behavior. 

RBP-6000-related clinical observations were overly aggressive behavior, urine stained 
fur, discolored urine (orange, red, and/or yellow), decreased activity, and 
broken/cracked teeth.  All of these observations were also noted in the control animals 
with the exception of decreased activity.  However, the incidence was low compared to 
the RBP-6000-dosed animals.  Buprenorphine is known to cause pica behavior in 
Sprague-Dawley rats which increases the probability of the RBP-6000-dosed animals to 
chew on caging.  The notable RBP-6000-related clinical observations were generally 
dose-related as listed in the table.

All other noted observations were considered incidental findings that included, but were 
not limited to, alopecia, eye discharge, nasal discharge, abrasions other than at test 
site, and swollen neck/face (related to collars to prevent pica behavior) were of low 
incidence, not dose-dependent, noted in control animals, and/or are common findings 
for rats of this age.

Dermal Observations

Dermal observations were conducted for Groups 1-5 (Main Study animals only) prior to 
each monthly dose, then once daily for 7 days, and then once weekly prior to the next 
dose.  A final dermal observation was made on the day of necropsy prior to euthanasia 
(scheduled and unscheduled).  Each animal was removed from the cage according to 
the listed schedule and observed in detail according to the Macroscopic Dermal Grading 
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System which is based on the Draize 2 method with scoring ranges from 0 or 1 to 4 with 
4 being most severe.  Observations were made for erythema, edema, eschar, 
blanching, ulceration, necrosis, and superficial lightening.  Observations were also 
made for desquamation, fissuring, eschar exfoliation, test sight staining, and erythema 
beyond the test site.  

Dose site clinical observations (abrasion, reddened, and swollen) and dermal dose site 
scoring were similar in control and RBP-6000-dosed groups.  The severity of abrasions 
was higher in the control animals.  Dermal scoring noted edema and erythema in all 
animals on study, including the controls with up to Grade 3-4 but usually 0-2, Grades 0-
2 in low-dose, 0-1 in mid-dose, up to Grade 4 in high-dose animals but usually 0-2.  The 
dose response here is in relations to the amount of Atrigel.  Eschar and test site staining 
was also noted in all groups with approximately equal incidence.  The highest 
incidences of these observations were always the day after dosing and a few days post 
dose with the incidence decreasing over time.  The dose site observations were 
considered related to the ATRIGEL Delivery System injection and not related to RBP-
6000. 
 

Body Weights

Body weights of Main Study and TK animals were noted twice prior to the first dose 
(Day 1) and weekly thereafter.  For the Main Study animals, a final fasted body weight 
was noted on the day of scheduled necropsy for calculation of organ-to-body weight 
ratios.

Mean body weights were statistically significantly (SS) lower for 10, 25, and 100 mg/kg 
dosed males at Week 1 as compared with control animals.  This related to an RBP-
6000-related statistically significant lower mean body weight for the males at all RBP-
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6000 dose levels throughout the dosing period (see table), which could be misleading if 
just compared on a control versus treated basis.  

However, considering within groups comparisons (e.g., Week 1 body weight for high-
dose group to Week 32 body weight for high-dose group) identified Week 1 to 32 body 
weights increasing at 63%/37%, 67%/24%, 63%/30%, and 50%/35% for control, low-, 
mid-, and high-dose groups, respectively.  High-dose males lost 5% of body weight from 
Week 26 to 32.  Based on these observations, RBP-6000 dosing did not adversely 
affect body weights. 

Mean body weight gains showed somewhat similar but differing results as listed in the 
table.  While no RBP-6000 treatment effects was observed in females, there were some 
differences in males with statistically significant difference compared to control.  The 
relative change of ~10% is notable but a lack of any dose-response and overlap of SDs 
(standard deviations), makes these effects of unknown toxicological significance.  

Body weight gains over dosing period with RBP-6000 in rats 
dosed monthly for 6 months

Gender Dose 
group

Absolute weight gain 
week -1 to 24 (SD)

% weight gain 
week -1 to 24 (SD)

Controla 245.66 g (51.80) 63.95 g (12.75)
10 mg/kg 199.48 g (41.96)* 51.97 g (9.59)*
25 mg/kg 192.89 g (38.95)* 49.94 g (8.60)*

Male

100 mg/kg 192.12 g (38.35)* 51.46 g (10.71)*

Controla 81.29 g (19.12) 35.51 g (7.20)
10 mg/kg 84.94 g (15.41) 36.64 g (6.38)
25 mg/kg 81.91 g (18.31) 36.39 g (8.07)

Female

100 mg/kg 75.79 g (16.13) 33.15 g (6.94)
a – Atrigel only group
* - statistically significant at p <= 0.05 level compared to the control

These indices for body weights and body weight gains were also generally 
unremarkable for the recovery groups.

Food Consumption

Food consumption for Main study animals only was determined weekly beginning in 
Week -1.  
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Mean food consumption was in general comparable to controls in all RBP-6000-dosed 
groups.  Although the mean food consumption was slightly lower at times for the 100 
mg/kg-dosed males, it was not considered outside normal variability by the conducting 
laboratory.

Ophthalmoscopy

An ophthalmic exam was conducted on all Main Study animals during the pre-study 
period and on Groups 1 and 4 within a week of terminal necropsy.

There were no abnormal ophthalmic findings noted in the test article-dosed animals.

ECG – Not evaluated. 

Clinical Pathology

Blood samples for evaluation of serum chemistry, hematology, and coagulation 
parameters were collected from Main Study animals within one week prior to initiation of 
dosing, Week 12, prior to Day 84, and on Days 169, 197, and 225.  Urine samples were 
obtained on ice by overnight cage collection from all available Main Study animals pre-
study and prior to Terminal and Recovery necropsies.

Hematology – The following parameters were analyzed:

There were no hematology changes that were considered related to test or control 
article administration.  Intergroup differences, some statistically significant, were dose-
independent or within the range of variability for rodents thus were not considered 
related to test article administration.  The control group had no intergroup differences, 
and all values were considered within the range of variability for Sprague-Dawley rats 
over the time frame of the study.

Coagulation - The following parameters were determined:
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There were no coagulation parameter changes that were considered related to test or 
control article administration. Intergroup differences, some statistically significant, were 
dose-independent or within the range of variability for rodents thus were not considered 
related to test article administration.  The control group had no intergroup differences, 
and all values were considered within the range of variability for Sprague-Dawley rats 
over the time frame of the study.

Clinical Chemistry – The following parameters were analyzed:

There were no serum chemistry changes that were considered related to test or control 
article administration.

Intergroup differences, some statistically significant, were dose-independent or within 
the range of variability for rodents thus were not considered related to test article 
administration. The control group had no intergroup differences, and all values were 
considered within the range of variability for Sprague-Dawley rats over the time frame of 
the study.

Notable was lactate dehydrogenase in males (see table).  Note that Day 169, Day 197, 
and Day 225 were different animals (main study and two recovery groups).  The 
toxicological significance of this is unknown as increases in this enzyme is the indicator 
of toxicity and as there was no histological correlate of toxicity.
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Urinalysis - The following parameters were analyzed:

There were no urinalysis parameter changes that were considered related to test or 
control article administration.  Intergroup differences, some statistically significant, were 
dose-independent or within the range of variability for Sprague-Dawley rats over the 
time frame of the study thus were not considered related to test article administration.  
The control group had no intergroup differences, and all values were considered within 
the range of variability for rodents.

Gross Pathology

All Main Study animals were subjected to a complete gross necropsy examination after 
sacrifice on Days 169, 197 (recovery group), 225 (recovery group).  The necropsy 
examination included evaluation of the carcass and musculoskeletal system, all external 
surfaces and orifices, cranial cavity and external surfaces of the brain, and thoracic, 
abdominal, and pelvic cavities with their associated organs and tissues.
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The following tissues and organs were collected for the main and recovery animals for 
all animals in groups 1-4 (main and recovery animals), not for TK groups:

Two bone marrow smears were collected from the femoral shaft of each Main Study 
animal at necropsy.

Gross pathology/macroscopic pathology are reported for necropsies on Days 169 (main 
study - ~30 days post last dose), 197 (Recovery 1 – ~60 days post last dose), and 225 
(Recovery 2 – ~90 days post last dose).  

Day 169 - Treatment-associated gross observations included:

 Area foci dark (1/14 males and 2/15 females in Atrigel control group) and area 
foci pale (0/10 males and 0/10 females in low dose RBP-6000 group, 4/10 males 
and 1/10 females in mid-dose group, and 3/10 males and 7/10 females in high 
dose group) were observed at injection sites which correlated to microscopic 
findings of granulomas.  This appears to primarily be a buprenorphine-related 
dose response effect with the Atrigel vehicle having some contribution. 

 Pale areas in the lungs were observed in some rats (1/14 high dose females 
only) which correlated to alveolar macrophage infiltrates. 

Day 197 - Treatment-associated gross observations included:
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 Area foci dark (1/10 females in Atrigel control group and 1/10 males in high dose 
RBP-6000 group) and area foci pale (4/14 males and 3/15 females in low dose 
RBP-6000 group, 8/14 males and 9/14 females in mid-dose group, and 13/15 
males and 14/14 females in high dose group) were observed at injection sites 
which correlated to microscopic findings of granulomas.  This appears to be a 
buprenorphine-related dose response effect. 

 Pale areas in the lungs were observed in some rats (1/10 high dose males only) 
which correlated to alveolar macrophage infiltrates.  

Day 225 - Treatment-associated gross observations included:

 Area foci dark (1/3 females in Atrigel control group) and area foci pale (0/3 males 
and 0/2 females in low dose RBP-6000 group, 1/3 males and 0/3 females in mid-
dose group, and 2/3 males and 2/3 females in high dose group) were observed 
at injection sites which correlated to microscopic findings of granulomas.  This 
appears to be a buprenorphine-related dose response effect. 

 Pale areas in the lungs were not observed.  

In summary, there were local injection site findings observed in all dose groups 
including vehicle control, but exacerbated by buprenorphine that were largely resolved 
by the 90 days post the last dose.  In addition, there were pale areas in lung at the high-
dose, which also recovered by 90 days post last dose.  

Organ Weights

The following organ weights were obtained at necropsy:

Organ/body weight ratios were calculated (using the final body weight obtained prior to
necropsy), as well as organ/brain weight ratios.

Organ weights, organ-to-body weights and organ-to-brain weights were reported for 
necropsies on Days 169, 197, and 225.  The table contains select data followed by 
evaluation of each day’s observations.
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Day 169 

Notable observations in organ weights and ratios are included in the table for males.   
 The actual toxicological significance of the liver changes are unknown but 

considered of minor consequence and variation with no histological correlate 
(see Histopathology section).

 The thymus and adrenal changes are considered real and explained by the 
report as due to stress with no histological correlate. 

 There were no notable observations for females.
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* - statistically significant at p <= 0.05 level 

Day 197  

Notable observations in organ weights and ratios are included in the table for males.   
 The actual toxicological significance of the liver changes are unknown but 

considered of minor consequence and variation with no histological correlate 
(see Histopathology section).

 The adrenal changes are considered real and explained by the report as due to 
stress with no histological correlate.  

 Testes/body weights were increased 21, 18, & 20% and brain/body weight 15, 
17, and 13% for the low, mid, and high dose groups, respectively, at a SS level, 
but were not considered of any toxicological significance with no histological 
correlate.  

 There were no notable observations for females.

Organ weights, organ to body weight ratios and organ to brain weight 
ratios changes after 6 monthly doses with RBP-6000 (Day 197 – 2 

months after last dose) compared to control (Atrigel) in rats
Organ Dose 

(mg/kg)
Organ weight 

(g)
Organ/body 
weight (%)

Organ/brain 
weight (%)

Liver 10 -16%* -4% -17%*
20 -18%* -6%* -20%*

100 -20%* -11%* -23%*

Adrenal 10 +17% +34%* +17%
20 +21% +38%* +18%

100 +37%* +51%* +34%*
* - statistically significant at p <= 0.05 level 

Organ weights, organ to body weight ratios and organ to brain weight ratios 
changes after 6 monthly doses with RBP-6000 (Day 169 – 1 month after last 

dose) compared to control (Atrigel) in male rats
Organ Dose 

(mg/kg)
Organ weight 

(g)
Organ/

body weight (%)
Organ/

brain weight (%)
Liver 10 -18%* -11% -17%*

20 -21%* -14% -21%*
100 -27%* -19%* -26%*

Thymus 10 -14% -6% -12%
20 -32%* -24% -32%*

100 -26%* -18% -26%*

Adrenal 10 +24%* +33%* +25%*
20 +35%* +46%* +34%*

100 +21%* +33%* +20%*
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Day 225 

Notable observations in organ weights and ratios are included in the table for males.   
 The actual toxicological significance of the liver changes are unknown but 

considered of minor consequence and variation with no histological correlate.  Of 
note is that the liver values are more closely aligned with control at this last 
sacrifice and listed as within normal limits by the report.  

 A SS, RBP-associated increased lung to body weight ratios in male rats dosed at 
10 and 100 mg/kg RBP-6000 (25 mg/kg is mid-dose). This alteration may be 
associated with alveolar macrophage infiltrates in the lungs, which was 
correlated histologically (see Histopathology section).

 Thymus values were again decreased as on the first observation Day 169 with 
no histological correlate.

 Spleen weights and ratios were decreased but not in a dose-responsive manner 
with no histological correlate.

 There were no notable observations for females.
  

 

* - statistically significant at p <= 0.05 level 

Histopathology

The tissues from the control and high-dose groups (Groups 1 and 4, respectively) and 
gross lesions, were examined.  Target tissues in the low- and mid-dose groups (Groups 
2 and 3, respectively) of lung, pancreas, and injection sites were also examined.

Organ weights, organ to body weight ratios and organ to brain 
weight ratios changes after 6 monthly doses with RBP-6000 
(Day 225 – 3 months after last dose) compared to control 

(Atrigel) in rats
Organ Dose 

(mg/kg)
Organ weight 

(g)
Organ/body 
weight (%)

Organ/brain 
weight (%)

Liver 10 -8% -3% -10%
20 -9% -4% -12%

100 -24% -9% -22%

Thymus 10 -6% -3% -7%
20 -12% -9% -15%

100 -39% -29% -38%

Spleen 10 -17% -13% -18%
20 -10% -5% -13%

100 -26% -13% -26%

Lung 10 +24 +32* +23
20 +18 +26 +15

100 +8 +29* +10
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Adequate Battery - yes

Peer Review – not reported/found

Histological Findings

Microscopic observations and severity for Days 169, 197, and 225 are summarized in 
the table below.  

Local effects
Injection site:  Notable microscopic changes observed at injection sites included 
granulomas, which were characterized by macrophages, lymphocytes, plasma cells and 
multinucleated giant cells, in both vehicle- and RBP-6000-treated animals.  At Day 169 
(30 days post last dose), the incidence and severity ranked from low to high as follows: 
LD>Veh>MD>HD, which suggests the findings are attributable to the vehicle and 
exacerbated by buprenorphine.  Incidence and severity were consistent for all groups at 
Day 197 (60 days post last dose) relative to Day 169.   By Day 225 (90 days post last 
dose), the incidence and severity did not change much for the vehicle, MD, and HD 
groups, but there was complete recovery for the LD group.  

Systemic effects
Lung:  At Day 169, minimal to mild alveolar macrophage infiltrates were observed in 
nearly all RBP-6000 treated animals from LD to HD while approximately half of the 
vehicle control animals exhibited the finding mostly with minimal severity.  Incidence 
and severity remained comparable for all groups between Days 169 and 179.   By 90 
days post dose, the incidence and severity did not change much for the MD and HD 
groups, but the LD group looked comparable to the vehicle control group.  
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Pancreas:  Increase apoptosis of pancreatic acinar cells were observed in 
approximately half of the animals in all RBP-6000 groups while less than a quarter from 
the vehicle group exhibiting the finding, which suggests it may either be incidental or 
vehicle related and exacerbated by buprenorphine.  The finding appeared to resolve 
over time with the LD and MD looking comparable to vehicle by 90 days post last dose 
though more than half of the HD group animals still exhibited the finding at this time.

Some additional detailed text describing the toxicities observed in these three target 
organs at each sacrifice time point are below.

Day 169 - Treatment-associated microscopic observations included:

 RBP-6000-associated findings at the injection sites
o Minimal hair follicle atrophy at the injection sites occurred equally in 

control and RBP-6000-dosed rats, and was considered related to the 
ATRIGEL vehicle and RBP-6000 administration. 

o Minimal to moderate granulomas at the injection sites occurred in both 
control and RBP-6000-dosed rats, indicating a relationship with the 
administration of the ATRIGEL vehicle to inflammation; however, these 
findings were more prevalent and more severe in animals receiving 25 
and 100 mg/kg RBP-6000. 

o Rats dosed at 10 mg/kg RBP-6000 had injection site granulomas similar in 
incidence and severity as controls.  

o Injection site granulomas were characterized by SC aggregates of 
macrophages, lymphocytes, plasma cells and multinucleated giant cells, 
frequently surrounding pockets or cysts of amorphous, pale basophilic 
material and/or eosinophilic, cellular material.

 RBP-6000-associated findings in the lungs
o Minimal to mild alveolar macrophage infiltrates in the lungs were 

increased in incidence and severity in all RBP-6000 dosed groups 
compared to controls. 

o Alveolar macrophage infiltrates were characterized by macrophages with 
pale, basophilic, foamy cytoplasm occasionally associated with 
extracellular, amorphous, pale, basophilic material.

 RBP-6000-associated findings in the pancreases
o There was a slightly increased severity of minimal to mild pancreatic 

acinar cell apoptosis in RBP-6000-dosed rats, compared to controls.
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Day 197 - Treatment-associated microscopic observations included:

 Findings in rats were similar to those described for Day 169 necropsies.
o These findings consisted of granulomas at the injection sites and 

pancreatic acinar cell apoptosis that were more prevalent and severe in 
rats dosed with 25 and 100 mg/kg RBP-6000, but were comparable 
between control and 10 mg/kg RBP-6000-dosed rats. 

o Alveolar macrophage infiltrates in the lungs were increased in incidence 
and severity in all RBP-6000-dosed groups compared to controls. 
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Day 225 - Treatment-associated microscopic observations included:

 Injection site granulomas, pancreatic acinar cell apoptosis, and alveolar 
macrophage infiltrates in the lungs persisted at increased severity and incidence 
in 25 and 100 mg/kg RBP-6000-dosed rats compared to controls and 10 mg/kg 
RBP-6000-dosed groups.
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Special Evaluation – none 

Toxicokinetics

Three animals/sex/time point were rotated in Groups 5 through 7 and the same 3/sex 
were sampled on each occasion according to the following table.
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The following results for buprenorphine were observed in the table that contains Cmax 
and AUC(0-672) for the six days of exposure (1/month – 672 hours) and the accumulation 
ratios at the different time points.  The second table contains the AUC(0-24h) after the last 
dose on Day 141 which is used in safety calculations:

 

The final Cmaxs (68.0 ng/mL male and 142 ng/mL female) and AUCs(0-24h) (653 ng*h/mL 
male and 590 ng*h/mL female) were used in the Applicant’s Safety Margins calculations 
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whereas a mean of the six values yield Cmaxs of  (62.9 ng/mL male and 73.2 ng/mL 
female) and AUCs(0-24h) (575 ng*h/mL male and 462 ng*h/mL female)

The Cmax of buprenorphine for the low- and mid-dose groups remained relatively similar 
between dosing occasions and between sexes, but the high-dose group was more 
variable.  The Cmax of buprenorphine was generally less than dose proportional.  

The AUC(0-672h) of buprenorphine remained relatively similar between dosing occasions 
for the low group with the mid-dose group showing increases after the first dose (males) 
and second dose (females) that were comparable thereafter.   For the high dose group, 
the AUC(0-672) increased after the first dose and generally continued  increasing after 
repeated administration especially for the males.  AUC(0-672) of buprenorphine was 
generally dose proportional for the low dose and greater than dose proportional for the 
mid-dose and high doe, more so for the high dose.    

Tmax for buprenorphine at usually 1-2 hours, suggesting rapid conversion to its 
metabolite (data tables not shown).  Half-lives were apparently not reported.  

The following Cmax, AUC(0-672), and accumulation ratios for norbuprenorphine, the major 
metabolite of buprenorphine, are presented only as comparison for data completeness 
purposes but will not be discussed.  Values for norbuprenorphine were generally at 
least 10-fold lower than buprenorphine for the considerably less biologically active 
norbuprenorphine.  
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This TK assessment confirmed that 1) high and consistent (except for high dose males) 
exposures to parent drug, buprenorphine, and metabolite, norbuprenorphine, were 
achieved with SC injection of RBP-6000 in rats once every four weeks for six 
consecutive dosing periods and 2) significant exposure was maintained throughout the 
four-week dosing intervals following each dose.

Dosing Solution Analysis

According to the study report, appropriate documentation of the method of synthesis, 
fabrication, or derivation of the test and control articles are on file if this documentation 
is requested by regulatory agencies.  The test and control (vehicle) articles were 
provided by the Sponsor as pre-filled syringes.  The test and control articles were used 
as received for dose.  Stability analysis and verification of test article concentration and 
control article were conducted by the Sponsor.  Analysis of the test and control articles 
was performed by the Sponsor on samples stored at the Sponsor’s facility under the 
same conditions as the Testing Facility. The stability exit testing began after the sixth 
and final dose in the test article and control groups.  

Agreed upon by this reviewer, all product characteristics seemed to be within 
acceptable ranges upon the initial release of Lots RB0042-0 1 (test article) and 
RB0042-21 (control article).  A comparison of the Certificates of Analysis and the 
Certificates of Stability for Lots RB0042-01 and RB0042-21 indicates that there were no 
substantial changes in the products over the course of 12 months for materials stored at 
5 ± 2 oC. All characteristics were within generally acceptable ranges for the purposes of 
this study.   The test article and control article are considered to have been stable for 
the duration of the study under the storage conditions per the study protocol at 2 to 8 
oC.
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===============

Study title:  A 9-Month Multi-Dose Toxicity and Toxicokinetic Study of
Buprenorphine/ATRIGEL® (RBP-6000) Administered Subcutaneously to
Beagle Dogs, with a 12-Week Recovery Period

Study no.: RBL-C03-60-09
Study report location: eCTD in Global Submit Review

Conducting laboratory and location:

Date of study initiation: November 17, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/ATRIGEL - 

% buprenorphine base in % 50/50 
Poly(DL-lactide-co-glycolide) (PLGH) and 

% N-methyl-2-pyrrolidone (NMP)), Lot 
0042-01, %.
- ATRIGEL® vehicle % 50/50 PLGH 
and % NMP), Lot 0042-21.

Key Study Findings
 Male and female Beagle dogs received 0 (Atrigel control), 10, 20, or 40 mg/kg of 

RBP-6000 by subcutaneous (SC) injection monthly for nine (9) months and were 
necropsied approximately 30 (3/sex/dose), 60 (3/sex/dose), and 90 (2/sex/dose) 
days after the last dose.

 A complete GLP protocol was conducted as the animals were evaluated for clinical 
signs, dermal (injection site) observations, changes in food consumption and body 
weight, electrocardiograms (ECGs), ophthalmic examinations, serum chemistry, 
hematology, and coagulation, and urinalysis. Blood samples were collected for 
toxicokinetic analysis at various time points prior to and following each injection.   
Full necropsies were conducted on all animals, and tissues were collected, weighed, 
preserved, and processed.  Groups 1 and 4 were examined microscopically.

 Clinical signs associated with the ATRIGEL® Delivery System occurred at the 
injection sites in all groups (test and control), and included edema/swelling, raised 
areas, masses, erythema/reddening, abrasion, eschar formation, ulceration, 
desquamation, and blanching.  Edema, the most prominent and consistent effect, 
was observed in all animals in the control and RBP-6000 dose groups at most time 
points following each dose administration.  Severity of edema reached Grade 4 
(severe), but Atrigel control and RBP-6000 groups were similar in response.

 All animals survived to their respective scheduled necropsy time point on Study 
Days 253, 281, or 309.  The once monthly subcutaneous injection of RBP-6000 
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(buprenorphine/ATRIGEL®) to beagle dogs for up to 9 months was not associated 
with any evidence of systemic toxicity other than anticipated pharmacological effects 
of buprenorphine.  Therefore the NOAEL/LOAEL for systemic effects was the 
highest dose tested at 40 mg/kg. 

 Notable local effects included microscopic findings of granuloma at the injection sites 
of animals from all study groups including vehicle control, indicating that the effects 
were primarily attributable to the Atrigel vehicle.  Over time, granulomas at older 
injection sites tended to be less cellular, having a thinner fibrotic wall, degenerate 
central debris and characterized by collapse of the central core.  These findings 
represented resolving inflammation at injection sites which had been used at earlier 
time points in the study and in all sites at the last study time point (Study Day 309).  
However, injection site inflammation persisted longer in RBP-6000-dosed animals 
relative to vehicle-treated animals, suggesting buprenorphine exacerbates the local 
effects.  The dose of 40 mg/kg RBP-6000 was considered an acceptable 
LOAEL/NOAEL for local effects due to the general reversibility of the injection site 
changes.

 Combined (male and female) Cmaxs ranged from 10.3 to 34.9 ng/mL (low-dose), 17.2 
to 49.8 ng/mL (mid dose), and 35.7 to 123 ng/mL (high dose) over the course of the 
study.  Combined (male and female) AUC’s over 672 hours (1 month) ranged from 
4,033 to 7,102 ng*hour/mL (low dose), 7,134 to 13,192 ng*hour/mL (mid-dose), and 
14,743 to 26,204 ng*hour/mL (high-dose) over the course of the study.
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225.  The Terminal 1 necropsy is Day 253 or 28 days (4 weeks) after the last injection 
with the next two necropsies are 8 weeks (Day 281) and 12 weeks (Day 309) after the 
last injection, respectively.

Dosing Scheme

Subcutaneous dosing sites (1 to 18) were demarcated by a tattoo indicator on a clipped 
area of the animal’s back as indicated below (dorsal view).  The dose was administered 
over 1 or 2 separate injection sites as necessary (dependent on dose volume).  Using 
this dosing scheme, no injection site received repeated injections.

Observations and Results

Mortality

Animals were observed for signs of mortality twice daily (a.m. and p.m.) beginning at 
least 7 days prior to initiation of dosing and continuing through the end of the in-life 
phase.

No mortality was reported.

Clinical Signs

Animals were observed for signs of morbidity twice daily (a.m. and p.m.) beginning at 
least 7 days prior to initiation of dosing and continuing through the end of the in-life 
phase.

Observed clinical signs were either associated with the expected pharmacological 
effects of buprenorphine (decreased activity and abnormal feces) covered in this section 
or the injection sites related to the Atrigel (swelling, abrasion, reddening, raised areas, 
and/or masses) covered in the Dermal Observations section following this section.  
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Decreased activity was observed in several animals of both sexes in the three RBP-
6000-dose groups during the first few days following dosing on Day 1.

Watery feces, abnormal feces color (red and/or black, orange), and mucus in feces 
were observed during Week 1 in a few animals in each of the three RBP-6000 dose 
groups.

Dermal Observations

Doses 1-8: Prior to each monthly dose, then once daily for 7 days at approximately the 
same time as dosing, then once weekly at approximately the same time as dosing.   
Dose 9: Prior to dose, then once daily for 7 days at approximately the same time as 
dosing, then once weekly at approximately the same time as dosing through the day of 
necropsy.  A final dermal observation was made on the day of necropsy prior to 
euthanasia.  Each animal was removed from the cage according to the listed schedule 
and observed in detail according to the Macroscopic Dermal Grading System which is 
based on the Draize 2 method with scoring ranges from 0 or 1 to 4 with 4 being most 
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severe.  Observations were made for erythema, edema, eschar, blanching, ulceration, 
necrosis, and superficial lightening.  Observations were also made for desquamation, 
fissuring, eschar exfoliation, test sight staining, and erythema beyond the test site.  

The most common dermal observation was edema with erythema and eschar being 
observed to a much lesser extent.  Blanching, ulceration, and desquamation were also 
observed, but affected very few animals.  Dermal irritation outside the test site was also 
observed and is not surprising considering the dosing locations and that the solvent 
dissipates from the injection site to form the implant.    Dermal effects occurred in most 
animals in each of the 4 groups and is generally considered an effect of the he 
ATRIGEL® Delivery System with possible contribution by buprenorphine based on dose 
volume and buprenorphine concentration.  Edema was observed in all animals in the 
Atrigel control and RBP-6000 dose groups at most time points following dose 
administration with some reversal in some animals before the next dose and certainly 
during the recovery periods within approximately 30-60 days after the last dose on Day 
225 with the Atrigel control group exhibiting reversal in all animals at ~34 days and the 
other groups within 1-3 weeks later.  Edema (swelling) ranged from very slight (Grade 
1) to severe (Grade 4).  There may have been a buprenorphine-related and/or dose 
volume dose-response in edema as the total number of edema observations recorded 
prior to necropsy on Day 253 for the 10 mg/kg group (low-dose) was less than the 
control group, while the 20 and 40 mg/kg groups (mid- and high-dose groups) were 
slightly greater in number but at only 10% difference.  Isolated observations of edema 
occurred in a few animals in all 4 dose groups during the period between Days 253 and 
281 (Terminal Necropsy 2) and in only one 20 mg/kg animal after that (Recovery).  
While inflammation was identified microscopically (see histopathology section), the 
edema/swelling at the injection sites may also have been associated with the small 
lump that forms at each injection site due to implant formation by the ATRIGEL®.  
Erythema (redness) which was typically very slight to well-defined (Grades 1 and 2) 
sometimes extended beyond the injection site and was observed most often during the 
period following the first 2 doses. 

Body Weights

Body weights were measured twice prior to the first dose (Weeks -2 and -1), prior to 
dosing on Day 1, then weekly thereafter.  Food was withheld before body weights were 
measured.  A terminal body weight was obtained the day of necropsy for all animals.  
This body weight was used to calculate organ/body weight ratios.

Decreases in individual body weight occurred for both sexes in all RBP-6000 dose 
groups beginning at Week 1 following the first dose, which resulted in mean body 
weights for the three RBP-6000 dose groups that were statistically significantly (SS) 
lower than controls at various time points throughout the study (see Table).  The effect 
on body weight was consistent with the observed reductions in food consumption and 
with the expected pharmacological effect of the buprenorphine contained in RBP-6000.
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RBP-6000 had an adverse effect on body weight that appeared to be buprenorphine-
related.  In brief, there was nearly no average weight gain for any RBP-6000 male or 
female group through the dosing period while the vehicle control groups steadily gained 
weight during this time.  The effect appeared reversible as animals from the RBP-6000 
groups gained weight during the recovery periods. 

The RBP-6000-related decrease in body weight was initially observed on Day 7 
following the first dose, when all but one RBP-6000-dosed males exhibited weight loss, 
which resulted in mean weight losses of approximately 6%, 6%, and 8% for the 10, 20, 
and 40 mg/kg-dosed males, respectively, relative to pre-study (Day -1).  In the male 
control group, 4 of 8 male control animals had slight weight losses resulting in a group 
mean gain of less than 1% relative to pre-study.  All RBP-6000-dosed females 
experienced weight loss following the first dose, resulting in mean losses of 
approximately 8%, 8%, and 9% for the 10, 20, and 40 mg/kg-dosed females, 
respectively, relative to pre-study (Day -1).  Three (3) of 8 female control animals 
exhibited weight loss, resulting in a mean gain of less than 1% relative to pre-study. 

The RBP-6000-effect on body weight was evident throughout the dosing phase of the 
study.  Mean body weight for the 10 and 20 mg/kg-dosed males remained below pre-
study levels for the first few weeks of study, followed by periodic increases to weights 
equal to or exceeding pre-study levels at several succeeding time points, while the 40 
mg/kg-dosed males did not attain pre-study weight until the period following the first 
terminal necropsy (Week 36) and being most evident at the Week 44 terminal necropsy.  
All three RBP-6000-dosed female groups remained below the pre-study mean weight 
for the duration of the study through the Week 40 terminal necropsy (end of 1st recovery 
period) where the low- and mid-dose groups achieved Day -1 levels.   The high-dose 
group (40 mg/kg) females remained below original body weights until the between the 
second necropsy and the final necropsy (Weeks 41 through 44).  The table lists group 
mean body weight changes (%) relative to pre-study, measured at the end of the 4-
week periods between each of the nine dose administrations.  
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The next table list how individual animals were affected relative to body weight changes 
(i.e., gain, loss, or no change) at the end of the 3 study phases.  Buprenorphine 
appeared to affect body weight in a dose-responsive manner.
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Food Consumption

Food was measured by weighing the food bowl before and after the 4-hour feeding 
period. This was done twice prior to the first day of dosing (Day 1), then once weekly 
thereafter.  Food consumption recorded prior to dosing and through the day of necropsy 
is presented in the study report.

RBP-6000-related decreases in food consumption occurred in all dose groups 
beginning on Day 2.  This effect is consistent with the pharmacological effect of 
buprenorphine contained in RBP-6000.  Individual animal and group mean quantitative 
food consumption was quite variable at all time points of the study including pre-study. 
The first dose of RBP-6000 resulted in the most notable decrease for the study with 
statistically significant reductions in quantitative food consumption on Day 2 (Week 1) 
for both sexes in all three RBP-6000 dose groups relative to the control group.  
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Individual qualitative food consumption was also assessed daily.  Qualitative 
assessment of reduced food consumption was also variable between individuals and 
groups at all time points, but tended to occur more often in the three RBP-6000 groups 
relative to controls but not in a dose-dependent manner.  
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Ophthalmoscopy

Ophthalmic Examinations were performed on all main study animals during the pre-
study period and Groups 1 and 4 on Day 225.  No further examinations were required 
because no test article-related findings were observed at Day 225.  

There were no ophthalmic findings associated with administration of RBP-6000.

ECG

Electrocardiograms were conducted pre-study and on Day 225 (Dose 9) at 2 hours (±15 
minutes) post-dose, following the 2-hour post-dose TK sample collection.  No further 
ECGs were required because no test article-related findings were observed at Day 225.

There were no abnormal electrocardiographic findings reported to be attributable to the 
administration of RBP-6000.  While quantitative data were not provided, summary 
graphs were included and the ECG report was signed by a veterinary cardiologist.  

Clinical Pathology

Blood samples for evaluation of serum chemistry, hematology, and coagulation 
parameters were collected from all animals prior to the initiation of dosing (Day -6), prior 
to dosing on Days 85 and 169, and on Days 252, 280, and 308. Urine samples were 
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obtained by cage pan collection pre-study (Day -6) and from the bladder at each 
necropsy on Days 253, 281, and 309.  The animals were fasted for at least 8 hours prior 
to blood collections for serum chemistry.

Hematology

The following parameters were analyzed:

A blood smear was prepared from each hematology specimen.

There were no RBP-6000-related hematology changes.  Any changes to hematology 
parameters were considered by the Applicant to be within the normal range of variability 
seen in laboratory-housed beagle dogs at this facility or were not biologically relevant.

Coagulation

The following parameters were analyzed:

There were no RBP-6000-related changes to prothrombin time (PT), activated partial 
thromboplastin time (APTT), or fibrinogen concentration.

Clinical Chemistry

The following parameters were analyzed:
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There were no RBP-6000-related clinical chemistry changes.  Any changes to clinical 
chemistry parameters were considered to be within the normal range of variability seen 
in laboratory-housed beagle dogs at this facility or were not biologically relevant.

Urinalysis

The following parameters were analyzed:

For all animals, urine was collected from the bladder at necropsy and analyzed.

There were no RBP-6000-related urinalysis changes.

Gross Pathology

The animals were necropsied according to the following schedule:

                                                                        

All animals were subjected to a complete gross necropsy examination.  The necropsy 
examination included evaluation of the carcass and musculoskeletal system, all external 
surfaces and orifices cranial cavity and external surfaces of the brain, and thoracic, 
abdominal, and pelvic cavities with their associated organs and tissues.
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The following tissues and organs were collected from all animals.  Tissues were 
preserved in 10% neutral-buffered formalin (except for the eyes, which were preserved 
in Davidson’s fixative for optimum fixation).

Two bone marrow smears from the seventh rib of each animal were made, but were not 
examined microscopically because there were no suspected test article-related 
alterations observed in hematology parameters or in the standard histopathology 
sections.

As noted previously, dosing was as follows: 
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Necropsy Days 253, 281, and 309 - RBP-6000-associated macroscopic findings were 
limited to injection sites and consisted of area/foci, pale, firm, or equivalent finding in 
animals examined on necropsy Days 253, 281, and 309 (see tables).  The incidence of 
injection sites with findings per animal was higher in RBP-6000-dosed animals at Day 
253 than Atrigel control.  At Days 281 and 309, injection site findings were only 
observed in RBP-6000-dosed animals, but not in controls administered the ATRIGEL® 
Delivery System.   No clear dose-related response was evident for injection site findings 
although higher incidences were usually associated with the high-dose.  Injection site 
findings at earlier sites (Sites 1-16; Days 253, 281, and 309) were primarily observed in 
RBP-6000-dosed animals.  Macroscopic injection site findings correlated with 
microscopic findings of subcutaneous granuloma, degenerate/necrotic cell debris, 
mononuclear cell infiltrate, fibroplasias, and/or hemorrhage (see histopathology 
section).
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Gross findings based upon time elapsed after injection show increased incidence of 
injection site findings in dosed animals as compared to controls for all injection sites for 
the course of the study.  Females had a somewhat higher occurrence of injection site 
findings than males (46 versus 34) with occurrence in females distributed more evenly 
across doses, whereas high-dose males had a much higher number of injection site 
findings than mid- and low-dose males.  A clear dose-incidence relationship is seen with 
sexes combined at numbers of 5, 16, 24, and 40 for the vehicle, LD, MD, and HD, 
respectively.
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Organ Weights

For all animals, the following organs (when present) were weighed before fixation.  
Paired organs were weighed together.  The pituitary was weighed post fixation.  
Organ/body weight ratios were calculated (using the final body weight obtained prior to 
necropsy), as well as organ/brain weight ratios.

On Day 253 (1st necropsy), liver weights, liver/body weight ratios, and liver/brain weight 
ratios were no different among any of the groups.  On Day 281 (2nd necropsy), liver 
weight were decreased 38%, 26%, and 94% for the low, mid, and high dose groups, 
respectively, compared to Atrigel control (statistical significance at p <= 0.05).  
Liver/body weight ratios were decreased 17%, 17%, and 23% for the low-, mid-, and 
high-dose groups, respectively, compared to Atrigel control (statistical significance at p 
<= 0.05 for high dose only).  On Day 309 (3rd necropsy), all liver values were 
unremarkable.   There was no associated histopathology with this observation, so its 
toxicological relevance is unknown.

No other alterations in organ weights or organ weight ratios in animals euthanized at 
Study Days 253, 281, or 309 were attributed to the administration of RBP-6000 or the 
ATRIGEL® Delivery System.

Histopathology

For all animals necropsied in the control and high-dose groups (Groups 1 and 4, 
respectively), the tissues listed in the table above and any gross lesions from the low- 
and mid-dose groups (Groups 2 and 3, respectively) were evaluated.

Adequate Battery – Yes

Peer Review – No

Histological Findings - No histological evidence of systemic toxicity was observed as 
RBP-6000-associated findings were limited to injection sites.  Microscopic findings at 
Injection Sites 17 and 18 for animals examined on Day 253 and 281 were similar in 
incidence and severity among control and RBP-6000-dosed animals.  However, RBP-
6000-dosed animals had a higher incidence and severity of findings at Injection Sites 17 
and 18 on Study Day 309 (see tables).  Granulomas at older injection sites tended to be 
less cellular, having a thinner fibrotic wall, degenerate central debris and characterized 
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by collapse of the central core.  These findings represented resolving inflammation at 
injection sites which had been used at earlier time points in the study and in all sites at 
the last study time point (Study Day 309).  Although injection site findings were similar 
between control (which received ATRIGEL® Delivery System) and RBP-6000-dosed 
animals at relatively recent time points post injection, injection site inflammation 
persisted longer in RBP-6000-dosed animals.  Cellular infiltration is observed in other 
organs but not at any comparable incidence or distribution across all dose groups.  In 
summary, macroscopic and microscopic injection site findings appeared to be related to 
the ATRIGEL® Delivery System with injection site findings more persistent in RBP-
6000-dosed animals.  

Day 253
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Day 281
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Day 309

Special Evaluation – None  

Toxicokinetics

On dosing days, up to 4 animals/sex/time point were sampled on each occasion at pre-
dose and 1, 2, 4, 8, and 24 hours following each dose.  All available samples were 
evaluated.

On Days 15, 43, 71, 99, 127, 155, 183, 211, 239, and 252, up to 4 animals/sex/time 
point were sampled once at approximately the same time as dosing.  All available 
samples were evaluated.
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On Days 267 and 280, up to 5 animals/sex/time point were sampled at approximately 
the same time as dosing.  On Days 295 and 308, up to 2 animals/sex/time point were 
sampled at approximately the same time as dosing.  All available samples were 
evaluated.

The toxicokinetics of buprenorphine was characterized in Beagle dog plasma following 
once monthly subcutaneous administration at dose levels of 10, 20, and 40 mg/kg. 
Buprenorphine concentrations tended to be sustained between 8 hours and
4 weeks post-dose.  
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The estimated t1/2 of the recovery phase was between 260 and 561 hours for 
buprenorphine.  Exposure of buprenorphine as defined by Cmax and AUC(0-672), 
increased with increasing dose level and was generally proportional to dose within the 
range tested (10 to 40 mg/kg of RBP-6000).  No notable accumulation was observed for 
the AUC(0-672) of buprenorphine, but modest accumulation was observed for Cmax 
(accumulation ratios between 1.10 and 3.37) at all dose levels.  There was generally no 
notable difference in the exposure between males and females.  

Combined (male and female) Cmaxs ranged from 10.3 to 34.9 ng/mL (low-dose), 17.2 to 
49.8 ng/mL (mid-dose), and 35.7 to 123 ng/mL (high-dose) over the course of the study.  
Combined (male and female) AUC’s over 672 hours (1 month) ranged from 4033 to 
7,102 ng*hour/mL (low-dose), 7,134 to 13192 ng*hour/mL (mid-dose), and 14,743 to 
26,204 ng*hour/mL (high-dose) over the course of the study.
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This toxicokinetic assessment confirmed that 1) consistent and high exposures to 
buprenorphine was achieved with subcutaneous injection of RBP-6000 in dogs once 
every 4 weeks for 9 consecutive dosing periods; 2) significant exposure was maintained 
throughout the 4-week dosing intervals following each dose; 3) control group animals 
remained drug naive throughout the study.

Dosing Solution Analysis

As per the study report, appropriate documentation of the method of synthesis, 
fabrication, or derivation of the test and control articles are on file and are available to 
the appropriate regulatory agencies should it be requested.  The test and control 
(vehicle) articles were provided by the Sponsor as pre-filled syringes.  The test and 
control articles were used as received for dose.  Stability analysis and verification of test 
article concentration and control article were conducted by the Sponsor.  Analysis of the 
test and control articles was performed by the Sponsor on samples stored at the 
Sponsor’s facility under the same conditions as the Testing Facility. The stability exit 
testing began after the sixth and final dose in the test article and control groups.  

Agreed upon by this reviewer, all product characteristics seemed to be within 
acceptable ranges upon the initial release of Lots RB0042-0 1 (test article) and 
RB0042-21 (control article).  A comparison of the Certificates of Analysis and the 
Certificates of Stability for Lots RB0042-01 and RB0042-21 indicates that there were no 
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substantial changes in the products over the course of 12 months for materials stored at 
5 ± 2oC.  All characteristics were within generally acceptable ranges for the purposes of 
this study.  The test article and control article are considered to have been stable for the 
duration of the study under the storage conditions per the study protocol at 2 to 8oC.

The test and control articles conformed with product characteristics and specifications 
when supplied for this study and remained within these parameters under the 
prescribed storage conditions through the duration of the study.  Buprenorphine in the 
test formulation was 98% and 97% target concentration at the initial and end of study 
assays, respectively.

===============

7 Genetic Toxicology
7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
No specific studies were conducted for RBP-6000.  Refer to approved buprenorphine 
drugs (NDA 20732 for Subutex and NDA 18401 for Buprenex) and buprenorphine-
naloxone drugs (NDAs 20733 and 22410 for Suboxone), owned by the Applicant.

7.2 In Vitro Assays in Mammalian Cells
No specific studies were conducted for RBP-6000. Refer to approved buprenorphine 
drugs (NDA 20732 for Subutex and NDA 18401 for Buprenex) and buprenorphine-
naloxone drugs (NDAs 20733 and 22410 for Suboxone), owned by the Applicant.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title:  RBP-6000: Micronucleus Test in Bone Marrow Cells of CD Rats: 
Single Subcutaneous Dose and 24 h and 48 h Sampling with Toxicokinetic 
Blood Sampling

Study no: RBLS-R08-60-10 (789280)
Study report location: eCTD in Global Submit Review

Conducting laboratory and location:

Date of study initiation: August 10, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/ATRIGEL - 

% buprenorphine base in % 50/50 
Poly(DL-lactide-co-glycolide) (PLGH) 
and % N-methyl-2-pyrrolidone 
(NMP), Lot 0042-01, buprenorphine 

%, NMP % 
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Methods
Doses in definitive study:

- 2000 mg/kg Atrigel  

- 500 mg/kg buprenorphine in RBP-6000  

Frequency of dosing: Once 
Route of administration: Subcutaneous 

Dose volume: 5 mL/kg
Formulation/Vehicle: Atrigel

Species/Strain: (Crl:CD) Sprague Dawley rats
Number/Sex/Group: 5-10 (see Table above)

Satellite groups: Satellite groups of rats were dosed at 0 h and blood 
samples taken for drug plasma level analysis as follows:

Basis of dose selection: Previous MTD study (RBLS-R08-60-10, 787959) and 
toxicity study in this report

Negative control: 2000 mg/kg Atrigel
Positive control: 50 mg Cyclophosphamide

Study Validity

The following 3 acceptance criteria were satisfied:
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General - The assay was considered acceptable as the prepared slides showed uniform 
staining properties and sufficient number of PCE cells present to allow accurate 
micronucleus determination.

Negative Controls - The assay was considered acceptable as the MN-PCE frequencies 
for the vehicle control dosed rats were within the expected historical range. The ranges 
are defined in accordance with  experience of the bone marrow 
micronucleus test using CD rats.

Positive Controls - The assay was considered acceptable as an adequate positive 
control response for at least 2 animals and the dose group as a whole was observed.

Evaluation Criteria

Negative Response - The test would be judged negative if no biologically relevant 
increases in the numbers of micronucleated polychromatic erythrocytes (MN-PCE) were 
observed, relative to the concurrent and established historical control frequencies for 
MN-PCE induction.

Positive Response - The test was judged positive if an increase in the number of MN-
PCE was obtained for one or more of the test item treated dose groups.  That is, an 
increase greater than 10% over the expected historical control ranges for a group of 
animals.  The increase observed should be biologically relevant and statistically 
significant relative to concurrent and historical control frequencies for MN-PCE and/or 
MN-NCE induction.

Positive Response - The test was judged positive if an increase in the number of 
MN-PCE was obtained for one or more of the test item treated dose groups.  That is, an 
increase greater than 10% over the expected historical control ranges for a group of 
animals. The increase observed should be biologically relevant and statistically 
significant relative to concurrent and historical control frequencies for MN-PCE and/or 
MN-NCE induction.

Inconclusive Response - The test would be considered inconclusive if the levels of MN-
PCE within any one dose group were increased above the established historical control 
frequencies for MN-PCE induction, but not high enough to meet the criteria for a 
positive response.  That is an increase up to 10% over the maximum negative control 
frequency for a group of animals.

Results

Toxicity Study - In the preliminary toxicity study, groups of male and female CD rats 
received subcutaneous doses of RBP-6000 ranging from 500 to 1000 mg/kg/day. 
Groups of rats were also treated with ATRIGEL Delivery System at the equivalent level 
of NMP to RBP-6000 at 500 or 1000 mg buprenorphine/kg dose group.  Clinical signs 
included lump at dosing site, subdued behavior, hunched posture, irregular respiration, 
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staggering, partly-closed eyes, rolling gait, dark staining at the injection site, pale 
extremities.  Clinical signs and mortality, which occurred in the 100 mg/kg Atrigel group, 
are listed in the table.  Based on this data, the MTD was determined to be 500 mg/kg 
buprenorphine as RBP-6000.  For NMP, this is equivalent to 2,000 mg/kg Atrigel 
regarding the dose of NMP.

 

Test Conduct - In the micronucleus test, 3 groups of rats were dosed subcutaneously at 
0 hour with RBP-6000 at target doses of 125, 250, and 500 mg buprenorphine/kg as the 
low-, mid-, and high-dose groups, respectively.  Concurrent vehicle and positive control 
groups of rats were similarly dosed subcutaneously at 0 hour.  Sampling for all groups 
was at 24 and 48 hours.
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Toxicokinetics - The plasma analysis showed animals were exposed to buprenorphine 
as levels of buprenorphine were between 104 and 346 ng/mL in the satellite animals 
treated at the high dose level.  No apparent toxicokinetic analysis (e.g., Cmax, AUC) 
were apparently reported.

===============

===============
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7.4 Other Genetic Toxicity Studies
N/A

8 Carcinogenicity
No carcinogenicity studies were conducted for RBP-6000.  Refer to approved 
buprenorphine drugs (NDA 20732 for Subutex and NDA 18401 for Buprenex) and 
buprenorphine-naloxone drugs (NDAs 20733 and 22410 for Suboxone), owned by the 
Applicant.  As part of the pre-IND meeting of April 27, 2010 (IND 107607) for this NDA 
209819, no additional carcinogenicity studies would be anticipated pending absence of 
data of carcinogenic concern from planned 6- and 9- month toxicity studies in rats and 
dogs, respectively, that differ from the known carcinogenic potential of buprenorphine.  
This lack of a need for additional carcinogenicity studies was confirmed in the 
nonclinical review by this reviewer in DARRTS (June 18, 2013) of those chronic rat and 
dog studies.

As NMP is technically novel for a chronic, non-oncology indication, the Applicant 
provided a literature-based safety justification for NMP.  NMP has been reported to be 
negative in rats and positive in mice (hepatocellular adenoma which correlated with 
hepatocellular hypertrophy).  Refer to the appendix on NMP for further information.

9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development 

(Embryo-Fetal Combination)

Study title:  A Combination Study for the Effects of RBP-6000 
(Buprenorphine Base in the ATRIGEL® Delivery System), Administered by 
Subcutaneous Injection, on Male and Female Fertility and Embryo-Fetal 
Development, in the Sprague-Dawley Rat

Study no.: INLS-R103-60-16
Study report location: eCTD in Global Submit Review

Conducting laboratory and location:

Date of study initiation: March 24, 2016
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/ATRIGEL - 

18% buprenorphine base in % 50/50 
Poly(DL-lactide-co-glycolide) (PLGH) and 

% N-methyl-2-pyrrolidone (NMP)

Reference ID: 4184340

(b) (4)

(b) 
(4)

(b) 
(4)



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 156 of 288

- 100 mg, Lot 158, % of 
buprenorphine content

- ATRIGEL® vehicle % 50/50 PLGH 
and % NMP)

- 100 mg placebo (Lot 202), % 
NMP
- 300 mg placebo (Lot 203), % 
NMP

- 0.9% Sodium chloride, Lots 52-071-JT, 
53-027-JT, 54-017-JT, 56-025-JT

Key Study Findings

 A comprehensive GLP study protocol was employed to assess male and female 
fertility and embryo-fetal development.  Twenty-three (23) male and female rats were 
dosed subcutaneously (SC) with saline, 300, 600, & 900 mg/kg buprenorphine as 
RBP-6000 (ATRIGEL® Delivery System vehicle) and three (3) equivalent dose 
volumes of Atrigel to the buprenorphine dose groups.  Females were dosed on Day 
1 and Gestation Day 7, which were approximately 22 to 38 days apart.  Males were 
dosed on Days 1, 28, & 56, then mated with non-treated females.  Treated females 
were sacrificed on GD 20 and untreated females were sacrificed on GD 13.

 Following two dose cycles, female survival, macroscopic findings, and organ weights 
were unaffected by any of the ATRIGEL® control or RBP-6000 dose levels.  The 
majority of clinical signs were related to the injection site(s).  Swelling at the injection 
site(s) was the most prevalent observation during the study period and was seen in 
all animals in the Atrigel control (low, mid, and high) and RBP-6000 administered 
groups (300, 600, and 900 mg/kg buprenorphine).  Clinical signs indicative of 
maternal toxicity were observed during the gestation period and consisted of lower 
body weight, body weight gain, and food consumption.  These findings were 
observed in the high-Atrigel control group and the 900 mg/kg buprenorphine 
administered group indicating maternal toxicity was not confined to exposure to 
buprenorphine but also to high exposure levels of Atrigel.

 Following three dose cycles (one every 28 days), male toxicity was observed in all of 
the RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) and 
included morbundity/mortality at 900 mg/kg buprenorphine and lower body weight, 
body weight gain, and food consumption at 300, 600, and 900 mg/kg buprenorphine.  
Treatment-related reductions in testes and epididymis weights (absolute and relative 
to body weight) were noted in the high-Atrigel control group and at 900 mg/kg 
buprenorphine. 

  Male fertility and reproduction indices were lower as evidenced by abnormal sperm 
parameters (low motility, low mean number of sperm, and higher percentage of 
abnormal sperm in mid- and high-ATRIGEL® control groups and at 600 and 900 
mg/kg buprenorphine.
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 In untreated females (mated to treated males), higher mean post-implantation loss, 
higher mean number of resorptions, lower mean number of viable fetuses/litter size, 
lower mean gravid uterine weight, lower fetal body weights were observed in the 
high-Atrigel control group and at 900 mg/kg buprenorphine.  However, no similar 
effects were observed in the low and mid-ATRIGEL® control groups and at 300 and 
600 mg/kg buprenorphine.

 The results of this study indicate that toxicity can be induced by high doses of both 
the ATRIGEL Delivery System as well as RBP-6000, and it therefore are not likely 
be solely due to buprenorphine exposure.  Because the ATRIGEL Delivery System 
is comprised of only NMP and PLGH, and the latter has a benign and extensively 
characterized safety profile, it is presumed that much of the toxicity observed is due 
to exposure to NMP.  However, buprenorphine treatment does appear to have an 
increase in head malformations over and above that of Atrigel

 Based on these results, the no-observed-adverse-effect level (NOAEL) for maternal 
and developmental toxicity was 300 mg/kg buprenorphine for RBP-6000 and the 
low-Atrigel control group.  The NOAEL for female fertility and reproductive 
parameters was 600 mg/kg buprenorphine for RBP-6000 the mid-ATRIGEL® control 
group.  The NOAEL for induced fetal malformations was 300 mg/kg buprenorphine 
for RBP-6000 and the low-Atrigel control group.  A NOAEL for male general toxicity 
could not be determined for RBP-6000 as effects were observed in all dose groups, 
however the NOAEL for the ATRIGEL® Delivery System control groups was the 
mid-ATRIGEL® control group.  The NOAEL for male reproductive and fertility 
parameters was 300 mg/kg buprenorphine for RBP-6000 and the mid-ATRIGEL® 
control group, however the NOAEL for sperm parameters (percent abnormal sperm) 
was the low-ATRIGEL® control group.  In all, the overall NOAEL for fertility and 
embryo-fetal toxicity is 300 mg/kg buprenorphine for RBP-6000 (1.5 mL/kg) and the 
low-Atrigel control group (1.23 mL/kg).

 Toxicokinetic values in males for the low dose RBP-6000 group were Cmaxs of 310 
ng/mL (Day 1) and 475 ng/mL (Day 56), AUCs0-24h of 3,420 ng*h/mL (Day 1) and 
5,690 ng*h/mL (Day 56), and AUCs0-168h of 9,150 ng*h/mL and 23,000 ng*h/mL (Day 
56).  Toxicokinetic values in females for the low dose RBP-6000 group were Cmaxs of 
266 ng/mL (Day 1) and 217 ng/mL (GD 7)), AUCs0-24h of 2,660 ng*h/mL (Day 1) and 
2,720 ng*h/mL (GD 7), and AUCs0-168h of 7,050 ng*h/mL and 11,300 ng*h/mL (GD 
7).             
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Methods
Doses: 0 (saline), 0 (Atrigel), 300, 600, and 900 mg 

buprenorphine in Atrigel. The dose levels were 
selected based on data from previously 
conducted toxicological studies with RBP-6000 
in rats including dose range finding study INLS-
R102-60-15.

Frequency of dosing: Dosing of the treated females occurred on Day 1 
and Gestation Day (GD) 7 (approximately 22 to 
38 days apart) and dosing of the treated males 
occurred on Days 1, 28, and 56.  All rats wore 
Elizabethan head collars for 72 hours following 
each dose administration.

Dose volume: See study design
Route of administration: Subcutaneous 

Formulation/Vehicle: Atrigel
Species/Strain: CD® [Crl:CD®(SD)] rats

Number/Sex/Group: 23
Satellite groups: Toxicokinetics

Study design: See below 
Deviation from study protocol: Nothing significant

Study Design
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Injection sites were rotated to minimize irritation.  Prior to administration (within 3 days), 
the hair was clipped from the dorsal surface of each animal in order to mark, number 
and assess the placement sites for the SC dose according to the following:

Observations and Results

TREATED FEMALES

Mortality

All animals were observed for mortality twice daily. 

All treated females in the ATRIGEL® control (low, mid, and high) and RBP-6000 groups 
(300, 600 and 900 mg/kg buprenorphine) survived to the scheduled necropsy

Clinical Signs – Treated Females

All animals were observed for morbidity and injury twice daily.  Additionally, collar 
checks were performed every 12 hours from collar application until removal.  Once daily 
for 3 days after each dose administration (75 minutes ±15 minutes post-dose on dosing 
days) and once weekly thereafter, each animal was removed from the cage and given a 
detailed clinical examination.  Animals were also given a detailed clinical examination 
prior to necropsy.  The observations included, but were not limited to, evaluation of the 
skin, fur, eyes, ears, nose, oral cavity, thorax, abdomen, external genitalia, limbs and 
feet, as well as evaluation of respiration.  

General - Swelling of the face, salivation, lacrimation, and material around the eyes 
and/or nose (black and/or red) in a few female animals (up to 7) and was observed at all 
dose levels during the treatment period (premating/mating and gestation periods).  
These findings generally occurred following the dose and application of the collar and 
were considered in the report to be related to improperly fitted collars.

Detailed – Reduced activity during the premating/mating period was observed at a 
higher incidence at 600 and 900 mg/kg buprenorphine (18-20 animals) and was 
considered a known pharmacologic effect of buprenorphine.

The majority of clinical signs in the study were related to the injection site(s).  Swelling 
at the injection site(s) was the most prevalent observation during the study period and 
was seen in all animals in the ATRIGEL® control (low, mid, and high) and RBP-6000 
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administered groups (300, 600 and 900 mg/kg buprenorphine).  This observation was 
not considered adverse according to the report because this was an expected finding 
associated with the subcutaneous delivery of the formulation and formation of the drug 
depot.  Additional clinical signs related to the injection site(s), seen in the ATRIGEL® 
control (low, mid, and high) and RBP-6000 administered groups (300, 600 and 900 
mg/kg buprenorphine), were considered likely related to the unique properties, such as 
the formation of palpable drug depot and delivery system associated with the 
subcutaneous dose route of administration.  The most prevalent of these findings was 
scabbing at the injection site(s) which occurred in all Atrigel control (low, mid, and high) 
and RBP-6000 administered groups at a much higher incidence than the saline control 
as there was little to no local effect from saline injection. Other findings at the injection 
site(s) were observed on occasion in one of more of these groups, including skin 
discoloration, sparse hair, and abrasion(s).  

Increased incidence of reduced activity during the treatment period the
premating/mating period was observed in treated females at a higher incidence at 600 
and 900 mg/kg buprenorphine (18-20 animals) and is considered to be a known 
pharmacologic effect of buprenorphine.  A few other clinical findings in the Atrigel 
control (low, mid, and high) and RBP-6000 administered groups (300, 600, and 900 
mg/kg buprenorphine) were observed infrequently and were considered incidental and 
unrelated to treatment.  

Body Weight – Treated Females

Body weights of treated females were recorded at the initiation of dose administration 
on Day 1 and twice weekly at 3- and 4-day intervals prior to and during cohabitation.  
Mated treated females with a confirmed GD 0 were weighed on GD 0, 4, 7, 10, 13, and 
20.  After cohabitation, treated females with no evidence of mating were weighed at 3- 
and 4-day intervals until euthanasia.  Body weight changes were calculated for treated 
females between each weighing interval and over the entire premating period and on 
GD 0-4, 4-7, 7-10, 10-13, 13-20, 0-7, 7-20, and 0-20.  Adjusted body weight (GD 20 
body weight minus gravid uterine weight) and adjusted body weight change (GD 0 to 
20) were also calculated.

Premating – Premating mean body weights in the ATRIGEL® control (low, mid, and 
high) and RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) 
were generally comparable to the saline control group. 
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Mean premating body weight gains exhibited some ups and downs over the different 
time periods with usually next interval recovery and comparable Day 1-15 gains for all 
groups.  Possibly notable is the high-ATRIGEL® control group (highest volume of 
Atrigel) where mean body weight on Day 4 was statistically lower (-7%) and correlated 
with a statistically lower mean body weight gain from Day 1-4 in comparison to the 
saline control (-18.0 g vs. -2.0 g).
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Gestation - Statistically lower mean gestation body weights and body weight gain were 
observed in the high-ATRIGEL® control group and at 900 mg/kg buprenorphine in 
comparison to the saline control group and were considered treatment-related and 
adverse.  Mean gestation body weights in the high-ATRIGEL® control group and at 900 
mg/kg buprenorphine were statistically lower on GD 10 (-10% and -8%, respectively), 
GD 13 (-6% and -9%, respectively), and GD 20 (-13% and -18%, respectively) in 
comparison to the saline control group.  These differences in mean gestation body 
weight in the high-ATRIGEL® control group correlated with statistically lower mean 
body weight gain from GD 7-10 (-28.6 g vs. +0.1 g), GD 13-20 (+46.2 g vs. +80.2 g), GD 
7-20 (+52.2 g vs. +105.9 g), and GD 0-20 (+88.7 g vs. +139.2 g) in comparison to the 
saline control group.  Likewise, at 900 mg/kg buprenorphine the lower mean gestation 
body weights correlated with statistically lower mean gestation body weight gain from 
GD 7-10 (-12.6 g vs. +0.1 g), GD 13-20 (+37.0 g vs. +80.2 g), GD 7-20 (+46.7 g vs. 
+105.9 g), and GD 0-20 (+75.0 g vs. +139.2 g) in comparison to the saline control 
group.  These two (2) groups have a similar dose volume of Atrigel at 3 times their 
respective low-dose group and 1/3 more than their respective mid-dose group.

Mean gestation body weight and body weight gain at low- and mid-ATRIGEL® control 
and at 300 and 600 mg/kg buprenorphine were generally comparable to the saline 
control group and unaffected by treatment.  Mean gestation body weight and body 
weight gain in the RBP-6000 administered groups (300, 600, and 900 mg/kg 
buprenorphine) were generally comparable to their respective ATRIGEL® control group 
(low, mid, or high) which were comparable to the saline control for the low- and mid-
dose groups.
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Food and Water Consumption – Treated Females

All animals were observed for the availability of food and water twice daily.  Food 
consumption was recorded weekly for all animals prior to pairing for mating.  During the 
pairing period, food consumption was not recorded for any animals. Any males that 
completed mating were placed back on measured food consumption weekly until 
euthanasia.  Food consumption was recorded on the corresponding gestation body 
weight days for mated females (treated and untreated).

Female - Mean premating food consumption in the Atrigel control groups (low, mid, and 
high) and the RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) 
were generally comparable to the saline control group and the respective Atrigel control 
groups.  At 900 mg/kg buprenorphine, mean food consumption was statistically lower 
during Week 1 (-8%) and Week 2 (-10%) in comparison to the saline control group and 
the high-Atrigel control group, respectively.  While likely treatment related, these 
differences in mean food consumption were slight in magnitude and were not 
considered of toxicological concern.
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Gestation – Treated Females

Mean gestation food consumption in the low- and mid-ATRIGEL® control groups and at
300 and 600 mg/kg buprenorphine were comparable to the saline control group.  At
900 mg/kg buprenorphine, mean gestation food consumption was statistically lower 
during GD 0-4 (-10%), GD 4-7 (-10%), GD 13-20 (-11%), GD 0-7 (-10%), GD 7-20 (-
19%), and GD 0-20 (-16%) in comparison to the saline control group.  Similarly, when 
the 900 mg/kg buprenorphine administered group was compared to the high-ATRIGEL® 
control group, statistically lower mean food consumption was observed during GD 0-4 (-
14%), GD 4-7 (-13%), and GD 0-7 (-13%).  These differences in mean food 
consumption at 900 mg/kg buprenorphine when compared to the saline and the high-
ATRIGEL® control groups were considered treatment-related and adverse.  

A trend in lower mean gestation food consumption was also noted in the high-
ATRIGEL® control group when compared to the saline control group beginning at 
approximately GD 7.  Mean gestation food consumption in the high-ATRIGEL® control 
group was 45%, 12%, 11%, 22% (statistically significant), and 13% lower during GD 7-
10, 10-13, 13-20, 7-20, and 0-20, respectively, in comparison to the saline control 
group.  These differences in mean gestation food consumption were considered 
treatment-related and adverse.
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Mean gestation food consumption in the untreated females was generally comparable 
across the groups.

Estrous Cycle Determination – Treated Females

At the initiation of dose administration and until evidence of copulation was observed or 
the cohabitation period ended, treated females were examined daily by vaginal lavage 
to establish estrous cyclicity.  Untreated females were examined daily during the mating 
period until evidence of copulations was observed (no cyclicity reported).

Mean estrous cycle length (days) was statistically longer (7.9 days versus 4.6 days) with 
a correlating statistically reduced mean number of cycles (1.4 cycles versus 2.3 cycles) 
in the high-ATRIGEL® control group and outside recent historical control data 
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were comparable to the saline control group (95.7% to 100%) and each of the 
respective Atrigel control groups.  In addition, the mean copulatory interval (days to 
mating) was comparable and within statistical margins across all groups (Atrigel control 
groups and RBP-6000 administered groups) and ranged from 2.0 to 4.4 in comparison 
to the saline control group at 3.8 days.

Disposition of Females with No Evidence of Mating and Males
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Females - All females with no confirmed mating date that appeared to be non-pregnant 
on the basis of body weight and shape were euthanized 13 days after the last 
scheduled pairing day and examined as described in Postmortem Study Evaluations.  
Females that appeared to be pregnant on the basis of body weight and shape were 
euthanized as identified to prevent delivery in the cage and loss of the litter. Uterine and 
ovarian examinations were conducted as described and reported in Postmortem Study 
Evaluations section.

Males - Upon completion of most of the GD 13 uterine examinations after the second 
cohabitation with the untreated females, all surviving treated males were observed 
externally, euthanized, and subjected to a necropsy and sperm analysis as described 
and reported in Postmortem Study Evaluations section.

Toxicokinetics

Blood samples were collected from the last three surviving treated animals per group for 
determination of the plasma concentrations of buprenorphine and norbuprenorphine.  
Samples were collected from treated females pre-dose and at 2, 12, 24, 72, 168, and 
336 (Day 1 only) hours post-dose on Day 1 and GD 7, and prior to euthanasia on GD 
20.  Samples were collected from treated males pre-dose and at 2, 12, 24, 72, 168, 336, 
and 504 hours post-dose on Days 1 and 56, pre-dose on Day 28, and prior to 
euthanasia on Day 106.  The animals were not fasted prior to blood collection.

Treated females

Exposure, as assessed by buprenorphine mean Cmax, AUC0-24h (1 day), and AUC0-168h (7 
days) values for females, increased with the increase in dose level from 300 to 900 
mg/kg (see table).  The increases in mean Cmax and AUC0-24h for Days 1 versus 7 were 
generally dose proportional (AR).  The increases in mean AUC0-168h values were greater 
than dose proportional suggesting possible accumulation of buprenorphine.
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Treated Males

Exposure, as assessed by buprenorphine mean Cmax, AUC0-24h (1 day), and AUC0-168h 
(7 days), increased with the increase in dose level from 300 to 900 mg/kg.  The 
increases in mean Cmax was generally dose proportional (AR).  The AUC0-24h, and AUC0-

168 values were greater than dose proportional (AR), more so for AUC0-168h.  
Accumulation of buprenorphine was observed after three doses regarding the AUCs but 
not Cmax.

Dosing Solution Analysis

Fresh control articles, 0.9% Sodium Chloride for Injection, USP and Atrigel placebo, 
were dispensed for use on study prior to each dose and were stored refrigerated at 2 to 
8°C.  The test article, RBP-6000 (18% buprenorphine base in ATRIGEL® Delivery 
System), was used as received from the Applicant.  The test article was administered 
neat (undiluted).  Formulations were dispensed prior to each dose and were stored 
refrigerated at 2 to 8°C.  

Post Mortem Study Evaluations/Necropsy – Treated Females

Macroscopic

Necropsy examinations were performed under procedures approved by a veterinary 
pathologist on all animals.  Collection of gross lesions from treated animals necessitated 
collection of sufficient corresponding tissues from control animals for comparison 
purposes.

Maternal necropsy findings appeared to correlate with the clinical observations related 
to the injection site(s).  These findings in the ATRIGEL® control groups (low, mid, and 
high) and the RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) 
included abrasions/scabs, skin discoloration, and foreign material (test material 
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implant).  The few other macroscopic findings observed were infrequent and considered 
unrelated to treatment.

Organ Weights

Protocol-specified tissues and organs from all animals were removed, examined, 
weighed, and fixed for possible histopathological examination.  For males, body, testes, 
epididymides, seminal vesicles with coagulating glands, and prostate weights for males 
were recorded and organ/body weight ratios were calculated.  The left and right testes 
and epididymides were weighed separately, and a combined weight was analyzed.  The 
right testis and epididymis were utilized for sperm analysis, while the left testis and 
epididymis were fixed for possible histopathological examination.  For females, body, 
gravid uterus, and ovary (combined) weights (treated and untreated) were recorded.

Mean terminal body weight and mean uterus w/cervix weight were statistically lower in 
the high-ATRIGEL® control group (-14% and -62%, respectively) and at 900 mg/kg 
buprenorphine (-18% and -68%, respectively) in comparison to the saline control and 
considered treatment related and toxicologically relevant (see Tables).  Mean terminal 
body weight and mean uterus w/cervix weight in the low- and mid- ATRIGEL® control 
groups and at 300 and 600 mg/kg buprenorphine were comparable to the saline control 
group and unaffected by treatment.  Mean ovary weights were generally comparable 
across the groups and unaffected by treatment.  A slight yet statistically significant 
decrease (-13%) in mean ovary weight was observed at 900 mg/kg buprenorphine in 
comparison to the saline control group and may have been attributed to the lower body 
weights observed in this group according to the report.
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N - Number of measures used to calculate mean a - Significantly different from 0 mg/kg (Saline); (p<0.05)
SD - Standard Deviation b - Significantly different from 0 mg/kg (Saline); (p<0.01)

Uterine and Ovarian Examinations – Treated Females

Dams - On GD 20, each treated female was euthanized.  The skin was reflected from a 
ventral midline incision to examine mammary tissue and locate any subcutaneous 
masses.  The uterus was excised, and the gravid uterine weight was recorded.  The 
location of viable and nonviable fetuses, early and late resorptions for each uterine 
horn, and the total number of implantations were recorded.  The number of corpora 
lutea on each ovary was also recorded.  Uteri from females that appeared nongravid 
were opened examined for detection of implantation sites.  The foci, if detected, were 
considered early resorptions, and data from this female were included in mean 
calculations.  If no foci were detected, the female was considered to be nonpregnant.

Fetuses - Each implant was categorized according to the following criteria.  Viable 
fetuses responded to touch.  Nonviable fetuses did not respond to touch and had no 
signs of autolysis.  Late resorptions were characterized by recognizable fetal form, but 
undergoing autolysis.  Early resorptions were characterized as implantation sites that 
had no recognizable fetal characteristics.  The fetuses were removed by making a 
dorsal incision longitudinally along both uterine horns.  The embryonic membrane of 
each fetus was gently removed, and each fetus was pulled away from the placenta, fully 
extending the umbilical cord.  The placentae were examined grossly.
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There were a number of adverse effects observed in the uterine examination that were 
mostly observed in the high-dose Atrigel group and high-dose RBP-6000 group.  In 
summary, these included higher incidence of females with all resorptions and lower 
number of females with viable fetuses at Day 20, a lower number of viable fetuses per 
animal, lower litter size per animal, and higher post-implantation loss.

The pregnancy index was 100% in the low-ATRIGEL® control group, 95.7% in the mid- 
and high-Atrigel control groups and at 600 and 900 mg/kg buprenorphine, 91.3% at 300 
mg/kg buprenorphine and comparable to the saline control group at 95.7% (see Table 
below).  There was one non-pregnant animal in the saline control, mid- and high-Atrigel 
control, 600 mg/kg, and 900 mg/kg buprenorphine groups and two non-pregnant in the 
300 mg/kg buprenorphine group.  There were two females in the mid-Atrigel control 
group and one female in saline control group, low-Atrigel control group, high-ATRIGEL® 
control group, 300 mg/kg, and 900 mg/kg buprenorphine groups with undetected 
matings (pregnant with no confirmed mating date).  The saline control group and the 
low-Atrigel control group had one female each with all resorbed fetuses.  

A higher incidence of females with all resorbed fetuses was observed in the high-Atrigel 
control group (5 females) and at 900 mg/kg buprenorphine (7 females with all 
resorptions.  These pregnancy outcomes in the high-Atrigel control group and at 900 
mg/kg buprenorphine were considered treatment-related and adverse.  The number of 
females for evaluation (viable fetuses on Day 20 gestation), were comparable for all 
groups except the high-Atrigel control group and the 900 mg/kg buprenorphine group 
which were reduced.
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Mean number of corpora lutea, mean number of implantation sites, and preimplantation 
loss in the high-Atrigel control group and at 900 mg/kg buprenorphine were unaffected 
and comparable to the saline control group.  Uterine parameters (mean number of 
corpora lutea, mean number of implantation sites, preimplantation loss, mean number of 
viable fetuses/litter size, and fetal sex ratios) in the low and mid-Atrigel control groups 
and at 300 and 600 mg/kg buprenorphine were unaffected and comparable to the saline 
control group.   All uterine parameters in the RBP-6000 administered groups were 
comparable to their respective ATRIGEL® control group.  The number viable fetuses on 
Day 20 gestation, were comparable for all groups except the high-Atrigel control group 
and the 900 mg/kg buprenorphine group which were reduced by ~2/3 and considered 
Atrigel-related as the values in those two (2) groups were comparable.
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b – Significantly different from 0 mg/kg (Saline); (p<0.01)

Mean post-implantation loss was statistically higher (67.65% and 66.35%) in the high-
Atrigel control group and at 900 mg/kg buprenorphine, respectively, and correlated with 
statistically higher mean number of resorptions (early plus late) of 11.4 per litter in the 
high-Atrigel control group and 9.8 per litter at 900 mg/kg buprenorphine.  As a result, 
mean number of viable fetuses/litter size was statistically lower (5.4 per litter and 4.5 per 
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litter) in the high-ATRIGEL® control group and at 900 mg/kg buprenorphine, 
respectively.  The adverse effects on these uterine parameters in the high-Atrigel 
control group and at 900 mg/kg buprenorphine were considered treatment-related.

b – Significantly different from 0 mg/kg (Saline); (p<0.01)

The increased resorptions were clearly early resorptions in the high-Atrigel control 
group and at 900 mg/kg buprenorphine,
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b – Significantly different from 0 mg/kg (Saline); (p<0.01)

Mean gravid uterine weight and mean final body weight were statistically significantly 
lower in the high-Atrigel control group (-54% and -12%, respectively) and at 900 mg/kg 
buprenorphine (-54% and -13%, respectively) in comparison to the saline control group. 
These lower weights correlated with the higher mean number of resorptions reported 
previously and the lower mean fetal body weights, which will be reported later, observed 
in the high-Atrigel control group and at 900 mg/kg buprenorphine.  Mean adjusted final 
body weight (body weight minus gravid uterine weight) and mean adjusted weight 
change (GD 0-20) in the high-Atrigel control group and at 900 mg/kg buprenorphine 
were comparable to the saline control group.  Mean gravid uterine weight, mean final 
body weight, mean adjusted final body weight, and mean adjusted body weight change 
(GD 0-20) in the low and mid-Atrigel control groups and at 300 and 600 mg/kg 
buprenorphine were comparable to the saline control group and unaffected by 
treatment.  Mean gravid uterine weight, mean final body weight, mean adjusted final 
body weight, and mean adjusted body weight change (GD 0-20) in the RBP-6000 
administered groups were comparable to their respective Atrigel control group 
suggesting that any adverse effects were primarily Atrigel-related.
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b – Significantly different from 0 mg/kg (Saline); (p<0.01)

Fetal Examinations – Treated Females

Each fetus was individually weighed, sexed, tagged, and examined for external 
malformations and variations.  Fetuses were then euthanized and approximately one-
half of the fetuses in each litter were fixed for soft tissue defects using the Wilson razor-
blade sectioning technique or fixed by a method similar to that described by Dawson for 
subsequent skeletal examination.  Fetal findings were classified as malformations or 
developmental variations. 

Fetal Sex Ratio

There were no vehicle- or RBP-6000-related effects on fetal sex ratio.  As reported 
previously and contained in previous tables, mean fetal sex ratio (% males per litter) 
ranged from 43.5% to 55.9% in the Atrigel control groups (low, mid, and high) and the 
RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) and were 
comparable to 48.7% in the saline control group and the respective Atrigel control 
group.

Fetal Body Weights
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There were vehicle- and RBP-6000-related effects on fetal body weights.
Mean fetal body weights (male, female, and sexes combined) were statistically 
significantly lower in the high-Atrigel control group and at 900 mg/kg buprenorphine in 
comparison to the saline control group.  Mean fetal body weights (sexes combined) 
were 16% and 13% statistically significantly lower in the high-Atrigel control group and 
at 900 mg/kg buprenorphine, respectively, and these differences were considered 
treatment related and likely related to the larger volume dose of Atrigel.  Mean fetal 
body weights (male, female, and sexes combined) in the low and mid-Atrigel control 
groups and at 300 and 600 mg/kg buprenorphine were comparable to the saline control 
group and unaffected by treatment.

b – Significantly different from 0 mg/kg (Saline); (p<0.01)

External Fetal Examinations

A statistically higher litter incidence of total external malformations was observed in the 
high, 900 mg/kg buprenorphine group (64.3% of litters observed with a malformation) in 
comparison to 5% of litters in the saline control group.  While not statistically significant, 
a dose-responsive increase in the incidence of total malformations was observed in low 
Atrigel control group (4.8%), the mid-Atrigel control group (20.0%), and high-Atrigel 
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control group (31.3%).  A dose-response effect was also observed for the 
buprenorphine groups at 5.0, 18.2, and 64.3%, respectively.  There appears that 
buprenorphine may be and additive component in the high-dose buprenorphine group to 
the Atrigel alone.  

1 - Not statistically analyzed
b - Significantly different from 0 mg/kg (Saline); (p<0.01)

It was reported that the individual external malformations observed were either seen at 
a higher incidence or have not been observed in historical control data (contained in 
report).  Malformations of the head were predominately observed at 900 mg/kg 
buprenorphine, however a higher litter incidence for a few of the same malformations 
was observed in the mid-and high-Atrigel control groups and at 600 mg/kg 
buprenorphine.  Entire edema in 1 fetus in 2 litters of high dose Atrigel and high dose 
buprenorphine is of unknown toxicological significance.  Some of these external 
malformations were dose-responsive and were considered treatment related and 
toxicologically relevant (Table) as they were not observed in saline controls.  No 
significant differences in incidence of external malformations or variations were 
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observed when comparing the RBP-6000 administered groups to their respective Atrigel 
control group which have the same Atrigel vehicle. 

Observations not included in the table were external malformations observed in the low-
Atrigel control group and at 300 mg/kg buprenorphine that were either in a single fetus 
or were not dose-responsive and considered unrelated to treatment.  The few external 
variations observed in the Atrigel control groups and/or the RBP-6000 administered 
groups were seen at a low incidence, comparable to the saline control group, or 
generally within historical control data (contained in report) and were considered 
spontaneous and unrelated to treatment.  

Fetal Visceral Examinations

Overall, there appears to be dose-responsive increases in total malformations and total 
variations for both Atrigel and buprenorphine dose groups with the mid-doses being the 
LOAELS. 

Reference ID: 4184340



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 183 of 288

1 – not statistically analyzed

Specifically, at 900 mg/kg buprenorphine, a higher litter incidence of the visceral 
malformation complete situs inversus of the thoracic cavity (38.5%) was observed in 
comparison to the saline control group (0.0%).  While not statistically significant, a 
higher litter incidence of the visceral malformations complete situs inversus of the 
abdomen (30.8%), persistent truncus arteriosus (15.4%), and discontinuous 
interventricular septum (15.4%) were observed at 900 mg/kg buprenorphine in 
comparison to the saline control group (0.0%).  Similarly, in the high-Atrigel control 
group a higher litter incidence of complete situs inversus of the thoracic cavity (13.3%) 
and complete situs inversus of the abdomen (13.3%) was observed in comparison to 
the saline control group (0.0%).  These visceral malformations in the high-Atrigel control 
group and at 900 mg/kg buprenorphine were observed at a higher litter incidence in 
comparison to the saline control group and were either seen at a higher incidence or 
have not been observed in historical control data (contained in report) and were 
considered treatment related and toxicologically relevant.
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No. - Number 1 - Not statistically analyzed
M - Malformation
P - Pathological
V - Variation

A few other visceral malformations were observed in either the Atrigel control groups 
(low and mid) or the RBP-6000 administered groups (300 and 600 mg/kg 
buprenorphine), but were seen at a low incidence or within historical control data and 
considered spontaneous and unrelated to treatment.  A few dissimilar visceral variations 
were observed in either the Atrigel control groups or the RBP-6000 administered 
groups, but were seen at a low incidence, were not dose responsive, or were observed 
at a similar incidence to historical control data and considered spontaneous and 
unrelated to treatment.  

No significant differences in incidence of visceral malformations or variations were 
observed when comparing the RBP-6000 administered groups to their respective Atrigel 
control group.
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Fetal Skeletal Examinations

A statistically significant (SS) higher litter incidence of total skeletal malformations was 
observed in the high-Atrigel (57.1%) control group and the 900 mg/kg buprenorphine 
(84.6%) group.  Dose response effects were observed as the mid-Atrigel (25%) control 
groups and 600 mg/kg buprenorphine (36.4%) group incidences were greater than the 
saline control value of 10%.  The higher incidence of these skeletal malformations in the 
mid- and high-Atrigel control groups and the 600 and 900 mg/kg buprenorphine treated 
groups was considered treatment related and toxicologically relevant.  

No significant differences in incidence of skeletal malformations or variations were 
observed when comparing the RBP-6000 administered groups to their respective Atrigel 
control group although the incidence was 11.4% and ~27.6% higher in the mid- and 
high-dose buprenorphine compare their Atrigel counterparts suggesting a possible 
contribution of buprenorphine to the increased incidence.

No. - Number a -  Significantly different from 0 mg/kg (Saline); (p<0.05)
1 - Not statistically analyzed
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No. - Number b -  Significantly different from 0 mg/kg (Saline); (p<0.01)
1 - Not statistically analyzed

The higher incidence of total skeletal malformations was consistent with several 
individual skeletal malformations (predominately skull malformations) observed in these 
groups and were either seen at a higher incidence, occasionally SS higher or have not 
been observed in historical control data (contained in report).  No skeletal malformations 
were observed in the low-Atrigel control group.  

A SS higher litter incidence of rudimentary ribs (skeletal variation – not shown in a table) 
was observed in the high-Atrigel control group (71.4%), 600 mg/kg buprenorphine 
(68.2%), and 900 mg/kg buprenorphine (76.9%) in comparison to the saline control 
group (25%) and was slightly outside the historical control data of 60% (contained in 
report for 601 fetuses, 379 litters, 21% of fetuses, and 60% of litters).  While considered 
treatment related, the magnitude of change was slight in comparison to historical control 
data, there was no impact on total variations observed, and this skeletal variation 
(rudimentary ribs) was considered not toxicologically relevant.  The few other skeletal 
variations observed in the Atrigel control groups and/or RBP-6000 administered groups 
were seen at a low incidence, comparable to the saline control or generally within 
historical control data and were no considered toxicologically relevant.  
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=====================================================

In-life Examinations – Treated Males and Untreated Females

[refer to duplicate methods in the previous sections for those same sections
that follow as appropriate]

Mortality

All treated males in the ATRIGEL® control (low, mid, and high) survived to the 
scheduled necropsy.  All untreated females survived to scheduled necropsy.

In treated males, treatment-related mortality/moribundity was observed at 900 mg/kg 
buprenorphine.  A total of 7 of 23 treated males were either euthanized due to 
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moribundity (2) or were found dead (5) during the study between Days 40 and 60.  
Several of these animals exhibited one or more of the following clinical signs: reduced 
activity, dehydration, hunched posture, cold to the touch, thin body condition, red 
material around the eyes, nose, and/or mouth, salivation, difficult breathing, red urine, 
tremors, and vocalization.  At necropsy, a definitive cause of moribundity/mortality could 
not be determined, however, five of the seven animals (4 found dead and 1 euthanized) 
were noted with macroscopic findings of black foci on the stomach.  Other animals were 
noted with either a small thymus (2 found dead and 1 euthanized) or red foci on the 
thymus (2 found dead).  One animal (euthanized) had bilateral dilation and enlargement 
of the kidneys, tan foci on the kidneys, red discolored spleen and thymus, swollen 
ureters and bladder (red fluid in the bladder and red/black foci on the bladder).  
Depletion of body fat was also noted in two animals (1 found dead and 1 euthanized) 
and correlated with the lower food consumption observed in this group.

Two animals, one low dose and one high dose buprenorphine were euthanized on Day 
81 and 52, respectively, either due to complications at the dosing site (purulent 
discharge or loss of the drug depot respectively. The mortality of these animals was not 
considered treatment-related.  One mid-dose animal was euthanized due to morbundity 
on Day 33.   Clinical observations for this animal included difficult breathing, red 
material around the eyes and nose, hypersensitive to touch, hunched posture, cold to 
touch, and thin body condition.  Macroscopic findings at necropsy included body fat 
depletion and swollen urinary bladder with calculi present.  Furthermore, two low dose 
buprenorphine animals were found dead on Days 11 and 18, respectively.  Macroscopic 
findings for one of the animals included enlarged kidneys and swollen bladder and 
calculi present in the ureters, kidneys and bladder.  Macroscopic findings for the other 
animal included red foci on the stomach, swollen ureters, and red fluid in the bladder 
and ureters. 

The moribundity/mortality observed at 300 and 600 mg/kg buprenorphine did not appear 
dose-responsive and the macroscopic findings may suggest possible urinary tract 
obstruction or hemorrhage of the urinary tract and were therefore not considered 
treatment-related by the report.

Detailed clinical signs

General - Swelling of the face, salivation, lacrimation, and material around the eyes 
and/or nose (black and/or red) in treated males (up to 22 animals) was observed at all 
dose levels during the treatment period for males).  These findings generally occurred 
following the dose and application of the collar and were considered in the report to be 
related to improperly fitted collars.

Detailed – Reduced activity during the treatment period was observed at a higher 
incidence at 600 and 900 mg/kg buprenorphine (6 animals) and was considered a 
known pharmacologic effect of buprenorphine.
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The majority of clinical signs in the study were related to the injection site(s).  Swelling 
at the injection site(s) was the most prevalent observation during the study period and 
was seen in all animals in the ATRIGEL® control (low, mid, and high) and RBP-6000 
administered groups (300, 600 and 900 mg/kg buprenorphine).  This observation was 
not considered adverse according to the report because this was an expected finding 
associated with the subcutaneous delivery of the formulation and formation of the drug 
depot.  Additional clinical signs related to the injection site(s), seen in the ATRIGEL® 
control (low, mid, and high) and RBP-6000 administered groups (300, 600 and 900 
mg/kg buprenorphine), were considered likely related to the unique properties, such as 
the formation of palpable drug depot and delivery system associated with the 
subcutaneous dose route of administration.  The most prevalent of these findings was 
scabbing at the injection site(s) which occurred in all Atrigel control (low, mid, and high) 
and RBP-6000 administered groups at a much higher incidence than the saline control 
as there was little to no local effect from saline injection. Other findings at the injection 
site(s) were observed on occasion in one of more of these groups, including skin 
discoloration, sparse hair and abrasion(s).  

Increased incidence of reduced activity during the treatment period the
premating/mating period was observed 900 mg/kg buprenorphine treated males (6 
animals) and is considered to be a known pharmacologic effect of buprenorphine.  A 
few other clinical findings in the Atrigel control (low, mid, and high) and RBP-6000 
administered groups (300, 600, and 900 mg/kg buprenorphine) were observed 
infrequently and were considered incidental and unrelated to treatment.  

The clinical findings observed in the untreated females were similar across the groups 
and are considered common for this species of rat used in this study.

Body Weight

Untreated females were weighed weekly prior to and during cohabitation.  Mated 
untreated females with a confirmed GD 0 were weighed on GD 0, 4, 7, 10, and 13.  
After cohabitation, untreated females with no evidence of mating were weighed twice 
weekly at 3- and 4-day intervals until euthanasia. Body weight changes were calculated 
for the untreated females between each weighing interval and on GD 0-4, 4-7, 7-10, 10-
13, 0-7, 7-13, and 0-13.

Premating and gestation – Mean premating body weights and gestation body weight 
and body weight change in the untreated females were comparable across the groups.

Males (premating and post mating)

Atrigel groups

Male premating mean body weights and body weight change in the Atrigel control 
groups (low, mid, and high) were generally comparable to the saline control group.   
Reduced mean body weights and/or body weight loss was observed in the saline 
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control and all Atrigel control groups (low, mid, and high) following each test article 
administration (Days 1, 28, and 56).  

Body weight changes were statistically lower in the Atrigel control groups (mid and high) 
during Days 1-4, 28-31, 56-59, and 1-70 (high Atrigel control group only) and this was 
similar with statistically significantly (SS) lower (≤ 8%) mean body weights on Days 4, 8, 
31, and 59.  These differences in mean body weight and body weight change in the 
mid- and high Atrigel control groups were considered treatment-related.   But, due to the 
slight magnitude of change and occurrences only after administration of the dose, these 
differences were not considered toxicologically relevant.  

Mean body weights and body weight change in the low Atrigel control group was 
comparable to the saline control group and unaffected by treatment. During the pairing 
and post-mating period male mean body weights and body weight change in the Atrigel 
control groups (low, mid, and high) were comparable to the saline control group.

Buprenorphine groups (see Tables)

Mean body weights in males were statistically significantly (SS) lower throughout the 
premating, pairing, and post-mating period in comparison to the saline control group in 
the low dose (5-7%), mid-dose (5-8%), and high dose (6-12%), around the time of test 
article administration.  Similarly, reduced body weight change was observed at dosing 
time.  All were considered treatment-related although.  The overall body weight change 
during the premating period (Days 1-70) was SS lower in comparison to the saline 
control and the low-Atrigel control group, respectively for the low dose (-44% and -41%), 
mid-dose (-48% and -43%), and high dose (-67% and -57%) groups.  These differences 
in mean body weights and body weight change correlated with lower mean food 
consumption and were considered treatment-related and toxicologically relevant. 

Mean male body weight change during the pairing and post-mating period at 300, 600, 
and 900 mg/kg buprenorphine was comparable to the saline control group and with 
each respective Atrigel control group.  

Mean premating body weights and gestation body weight and body weight change in 
the untreated females were comparable across the groups.

Food Consumption 

Atrigel groups (see Tables)

Male premating and post-mating mean food consumption in the Atrigel control groups 
(low, mid, and high) were comparable to the saline control group (see Tables).  Select 
lower food consumption values, while likely related to treatment, were slight in 
magnitude of change, sporadic in nature, and not considered toxicologically relevant as 
they were in the 10-20% range Weeks 1, 4 and 8 with a compensatory higher mean 
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food consumption in Week 2 for the high Atrigel group (see tables).  Mean food 
consumption was statistically significantly lower (-12% and -23%) in the mid- and high 
Atrigel control groups, respectively, during Week 1.  In addition, in the high-Atrigel 
control group, mean food consumption was statistically lower (-9% and -17%) during 
Weeks 4 and 8, respectively.  These lower food consumption values, while likely related 
to treatment, were slight in magnitude of change, sporadic in nature and not considered 
adverse.  A compensatory statistically higher mean food consumption value was 
observed during Week 2 in the high-Atrigel control group.

Buprenorphine groups (see Tables)

300 mg/kg Buprenorphine - Mean food consumption was statistically significantly (SS) 
lower for the 300 mg/kg buprenorphine group (pre-mating - Weeks 1-3, 5, 6, and 9; 
post-mating - Week 14), ranging from 11% to 18% lower in comparison to saline control 
values.  When compared to the low-Atrigel control group, mean food consumption was 
statistically lower during Week 5 (-13%), 6 (-17%), and 14 (-13%).  The lower mean 
food consumption at 300 mg/kg buprenorphine correlated with lower mean body 
weights and body weight change and were considered treatment-related and 
toxicologically relevant. 

600 mg/kg Buprenorphine - Mean food consumption was SS lower for the 600 mg/kg 
buprenorphine group (pre-mating - Weeks 1-3) ranging from 9% to 24% lower in 
comparison to saline control values.  When compared to the mid-ATRIGEL® control 
group, mean food consumption was statistically lower during Weeks 1 (-14%) and 2 (-
10%).  The lower mean food consumption at 600 mg/kg buprenorphine correlated with 
lower mean body weights and body weight change and were considered treatment-
related and toxicologically relevant. 

900 mg/kg Buprenorphine - Mean food consumption was SS lower for the 900 mg/kg 
buprenorphine group (pre-mating period - Weeks 1-8) ranging from 13% to 31% lower 
in comparison to saline control values. When compared to the high-ATRIGEL® control 
group, mean food consumption was statistically lower during Weeks 2 (-21%), 3 (-12%), 
5 (-26%), 6 (-25%), and 7 (-23%).  The decreases in mean food consumption at 900 
mg/kg buprenorphine correlated with lower mean body weights and body weight change 
and were considered treatment-related and toxicologically relevant.

Mean gestational food consumption in the untreated females were comparable across 
the groups.
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Estrous Cyclicity – Untreated females
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Estrous cyclicity in the untreated females was comparable across the groups.  

Reproductive and Fertility Indices – Treated males and untreated females

No buprenorphine-related effects were seen in male reproductive and fertility indices in 
the low- and mid-Atrigel control groups and at 300 and 600 mg/kg buprenorphine. The 
male mating, fertility, and fecundity indices in these groups ranged from 90.5% to 100% 
and were comparable to the saline control values (91.3% to 100%) (see Tables).

In the high-Atrigel control group and at 900 mg/kg buprenorphine, while the mating 
index (males with evidence of mating) was 100% and comparable to the saline controls 
at 100%, the male fertility and fecundity indices were 65.2% and 35.7% in the high-
Atrigel control group and at 900 mg/kg buprenorphine, respectively.  The saline control 
was at 91.3% and outside recent historical control data for this laboratory (76% to 
100%; contained in report).  These lower fertility and fecundity indices at the high-Atrigel 
control group and at 900 mg/kg buprenorphine were considered treatment-related and 
toxicologically relevant.  

The mean copulatory interval (days to mating) ranged from 2.6 to 4.2 days in the Atrigel 
control groups (low, mid, and high) and at 300 and 600 mg/kg buprenorphine and was 
comparable to the saline controls at 2.3 days and within the recent historical control 
range of 2.2 to 4.5 days.  The mean copulatory interval for the 600 mg/kg 
buprenorphine group was 4.8 days and while not statistically significant was outside the 
historical control range and considered to be uncharacteristic and a delay of time to 
mating. This difference in the copulatory interval was considered treatment-related and 
toxicologically relevant.

Reference ID: 4184340



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 194 of 288

Reference ID: 4184340

 

    

   

   

     

   

   

   

     

   
 
 
 

 

    

   

   

     

   

   

   

     

   

      
           

   

   

   

   

   

   

   

   

   
   

   

      

 
 
 

    

  

  

  

  

  

  

  

  

  
  
  

    

 

 

 

 

 

 

 

 

 
 
 

  

 

 

 

 

 

 

 

 

 
 

 

        
   

       

  



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 195 of 288

Sperm Analysis – Treated males only (see Tables)

A section of the right or left vas deferens was utilized for automated evaluation of sperm 
motility (viability).  The right cauda epididymis was weighed and used for manual 
(visual) assessment of sperm concentration.  Slides were prepared for assessment of 
sperm morphology from the motility preparations.  The right testis was frozen (at 
approximately -10 to -30°C), to be used if necessary, to prepare samples for possible 
analysis of spermatid head count.  Sperm evaluations were performed for all males in 
each group euthanized at study termination.

High dose groups - All sperm parameters for the high-Atrigel control group were 
statistically significant (SS) affected in comparison to the saline control group.  Sperm 
motility (53.9% vs. 96.7% in the saline control group), total sperm count per cauda 
epididymis, and sperm concentration per gram cauda epididymis were lower (53% 
vs.34%).  In addition, abnormal sperm were observed in the high-Atrigel control group at 
55.67% in comparison to the saline control group at 3.45%.  As with the high dose 
Atrigel group, the 900 mg/kg buprenorphine group had all sperm parameters SS 
different in comparison to the saline control group with low sperm motility (43.6% vs. 
96.7% in the saline control group), lower total sperm count per cauda epididymis, and 
lower sperm concentration per gram cauda epididymis (64% and 49%), respectively.  In 
addition, at 900 mg/kg buprenorphine, 62.91% abnormal sperm was observed in 
comparison to the saline control group at 3.45%.  These differences in sperm 
parameters in the high-Atrigel control group and at 900 mg/kg buprenorphine were 
considered treatment-related and toxicologically relevant.

Mid-dose groups - In the mid-Atrigel control group and at 600 mg/kg buprenorphine 
(mid-dose), percent abnormal sperm was SS higher at 9.33% and 11.61%, respectively, 
compared to saline control of 3.45%.  This SS increase in percent abnormal sperm in 
the mid-Atrigel control group and 600 mg/kg buprenorphine were outside the historical 
control data range for this laboratory (2.4% to 8.2%; contained in report).  These 
differences were considered treatment related and toxicologically relevant.  Other sperm 
parameters (percent motility, total sperm count per cauda epididymis, sperm 
concentration per gram cauda epididymis) in the mid-Atrigel control group and at 600 
mg/kg buprenorphine were comparable to the saline control group and/or the respective 
Atrigel control group.  

Low dose groups - Sperm parameters (percent motility, total sperm count per cauda 
epididymis, sperm concentration per gram cauda epididymis, and percent abnormal) in 
the low-Atrigel control group and at 300 mg/kg buprenorphine were comparable to the 
saline control group and/or the respective Atrigel control group.
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Uterine and Ovarian Examinations – Untreated Females (see Tables)

On GD 13, each untreated female was euthanized, and the uterus and ovaries were 
examined for the number of normally developing embryos, resorptions, and the total 
number of implantations.  The number of corpora lutea on each ovary was also 
recorded.  Uteri from females that appeared non-gravid were opened fixed for detection 
of implantation sites.  If no foci were seen, the female was considered non-pregnant.

The number of untreated females (mated with treated males) with viable embryos 
available for evaluation on GD 13 was 21, 21, 21, 15, 21, 23 and 8 in the saline control, 
low-Atrigel control, mid-Atrigel control, high-Atrigel control, 300, 600, and 900 mg/kg 
buprenorphine, respectively.  There were 2, 1, 2, 8, 5, 1, and 18 non-pregnant females 
in these same groups, respectively.

The pregnancy outcome (8 and 18 non-pregnant females) in the high-Atrigel control 
group and at 900 mg/kg buprenorphine, respectively, could be correlated with the 
abnormal sperm evaluations (low motility, low mean number of sperm, and higher 
percentage of abnormal sperm) and was considered treatment-related and 
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toxicologically relevant.  Also related to the abnormal sperm evaluations and considered 
treatment related and toxicologically relevant were the mean number of implantation 
sites (11.9 per animal vs. 15.4 per animal in saline controls), mean number of viable 
embryos (11.3 per animal vs. 14.7 per animal in saline controls), and preimplantation 
loss (28.82% vs. 6.98% in saline controls) in the high-Atrigel control group (untreated 
females).  These values were not statistically lower, but were reported outside recent 
historical control data and considered related to the abnormal sperm.

Also related to the abnormal sperm evaluations and considered treatment related and 
toxicologically relevant in the 900 mg/kg buprenorphine (untreated females) group were 
mean number of implantation sites (7.8 per animal vs. 15.4 per animal in saline 
controls), mean number of viable embryos (7.0 per animal vs. 14.7 per animal in saline 
controls), and preimplantation loss (49.04%).  These indices were SS lower and outside 
recent historical control data for the testing laboratory.

Untreated females in the high-Atrigel control group and at 900 mg/kg buprenorphine 
groups had corpora lutea, mean number of resorptions, and post-implantation loss that 
were comparable to the saline control group and/or the respective Atrigel control group.  
In the untreated females, ovarian and uterine parameters (corpora lutea count, number 
of implantation sites, viable embryos, and resorptions, and pre-and post-implantation 
loss) in the low and mid-Atrigel control groups and respective buprenorphine groups 
(low and mid) were comparable to both the saline control group and/or the respective 
Atrigel control group.
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Postmortem Study Evaluations – Treated Males and Untreated Females
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Macroscopic

A treatment-related higher incidence of small testes (left and right; up to 6 animals 
affected) and small epididymides (left, right, and right cauda; up to 10 animals affected) 
was observed in the high-Atrigel control group and at 900 mg/kg buprenorphine group in 
comparison to the saline control group.  These macroscopic findings correlated with 
reduced organ weights and reduced sperm observed in these groups and was 
considered toxicologically relevant.  In addition, a higher incidence of small thymus (up 
to 9 animals affected) was observed in the high-Atrigel control group and at 900 mg/kg 
buprenorphine in comparison to the saline control group and was considered treatment-
related.  These findings were considered related to NMP toxicity by the report (DEI 
Malek et al. 1997 – to be reviewed in the safety assessment of NMP in this NDA 
review).  

Macroscopic findings at the injection site(s) tended to correlate with the clinical 
observations.  Findings related to the injection site(s) in the Atrigel control groups (low, 
mid, and high) and the RBP-6000 administered groups (300, 600, and 900 mg/kg 
buprenorphine) included abrasions/scabs, skin discoloration, and foreign material (test 
material implant).  The few other macroscopic findings observed were seen infrequently 
and considered unrelated to treatment.

Macroscopic findings in the untreated females were infrequent and comparable across 
the groups.

Organ Weights (see Tables)

Treatment-related organ weight reductions were present in the testes and epididymides 
in the high-Atrigel control group and at 900 mg/kg buprenorphine in comparison to the 
saline control group.  In the high-Atrigel control group, statistically significant (SS) 
decreases in testis and epididymis weight (absolute and relative to body weight) of 16% 
and 24%, respectively, was observed in comparison to the saline control group.  
Similarly, at 900 mg/kg buprenorphine, a statistically significant lower absolute testis 
weight (-22%), absolute epididymis weight (-26%), and epididymis weight relative to 
body weight (-19%) was observed in comparison to the saline control group.  These 
differences in testis and epididymis weights (absolute and relative to body weight) were 
reported to correlate with reduced sperm in these groups and were considered 
toxicologically relevant.  

Mean terminal body weights at 300, 600, and 900 mg/kg buprenorphine were SS lower 
(9%, 7%, and 8%, respectively) in comparison to the saline controls.  At 300 and 900 
mg/kg buprenorphine, mean terminal body weights were also SS lower (9% and 8%, 
respectively) in comparison to their respective Atrigel control group.  These differences 
in mean terminal body weights correlated with the lower body weights observed in the 
RBP-6000 administered groups (300, 600, and 900 mg/kg buprenorphine) throughout 
the treatment and posttreatment period.  A non-dose responsive statistically significant 
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increase in testes weight relative to body weight was observed at 600 mg/kg 
buprenorphine, but was considered incidental and unrelated to treatment.

Mean organ weights in the untreated females (ovaries and uterus with cervix at GD 13) 
were comparable across the groups.
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9.2 Embryonic Fetal Development
Study title: RBP-6000: A Study for Effects on Embryo Fetal Development in 
Rabbits with Toxicokinetic Evaluation 

Study no.: INLS-L105-60-16
Study report location: eCTD 4.2.3.5.2; SDN 2

Conducting laboratory and location:

Date of study initiation: July 5, 2016
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/Atrigel - 18% 

buprenorphine base in % 50/50 PLGH 
and % NMP), 100 mg, Lot 206. 300 
mg, Lot 205, Purity NR
- RBP-6000 Control Article: 100 mg 
placebo, Lot 206. 300 mg placebo, Lot 
205 - 50:50 Poly(DL-lactide-co-glycolide) 
(PLGH) and N-methyl-2-pyrrolidone 
(NMP), Purity NR 
-  0.9% Sodium Chloride USP, Lot 52-
071-JT, Purity NR 

Key Study Findings

 This study was conducted in 23 time-mated female New Zealand White rabbits/ 
group to determine the potential developmental toxicity, including the teratogenic 
potential, of 78, 155, and 390 mg/kg RBP-6000 (18% buprenorphine base in the 
ATRIGEL® Delivery System) and respective equivalent amounts of ATRIGEL® 
(Atrigel control groups) administered by a single subcutaneous injection on 
Gestation Day 7 (GD 7).  A 0.9% saline control group was included.  All animals 
were sacrificed for full examination on GD 29 in this complete GLP protocol study.

 Maternal toxicity was observed at the high-Atrigel control group and at the mid (155 
mg/kg) and high (390 mg/kg) RBP-6000 groups.  Toxicity included abortions (high-
Atrigel control group and high buprenorphine groups), decreased body weight gain 
and reduced food consumption during the gestation period.  Maternal survival and 
macroscopic findings were unaffected at all ATRIGEL® control and RBP-6000 dose 
levels.  

 The majority of clinical signs in the study were related to the local toxicity of injection 
site(s) plus sporadic occurrences of scabbed areas, abrasions, and discolored skin.   
Swelling at the injection site(s) was the most prevalent observation during the study 
period and was seen in all animals (low, mid, and high) in the ATRIGEL® control 
and buprenorphine groups.  These observations were not considered adverse 
because this was an expected finding associated with the delivery of the formulation 
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and formation of the drug depot.  Decreased activity was also observed in the RBP-
6000-administered groups and considered to be a known buprenorphine 
pharmacologic effect.

 Developmental toxicity including total litter resorption, increase in mean post-
implantation loss, increased mean number of resorptions and decreased mean 
number of viable fetuses were observed in the high Atrigel and RBP-6000 groups 
and not considered buprenorphine related.

 Decreased mean fetal body weights were observed in the high Atrigel and RBP-
6000 groups.  The differences in fetal body weight appear to correlate with reduced 
maternal food consumption observed in these groups.  An increased litter incidence 
of external malformations, visceral and skeletal malformations and variations were 
observed in the high-Atrigel and RBP-6000 groups.  In addition, at the mid-dose 
RBP-6000, animals had an increased litter incidence of skeletal malformations.  
These effects on fetal development were considered test article related and 
toxicologically relevant.  

 A few skeletal malformations were either seen in the Atrigel control groups (low [total 
skeletal malformations statistically higher or the low RBP-6000 group, but were seen 
at a low incidence, comparable to the saline control, not dose-responsive or within 
historical control data and considered spontaneous and unrelated to treatment.   

 The NOAEL for embryofetal development effects is the low-dose of RBP-6000 and 
the mid-dose may be an acceptable LOAEL.  However, note that the observed 
effects appear to be attributable to the Atrigel vehicle as the adverse changes 
observed in the RBP-6000 groups were never greater than the corresponding Atrigel 
control groups.  

 The NOAEL for maternal toxicity is the low-dose of RBP-6000 which consisted of 78 
mg/kg buprenorphine (also containing  mg/kg of NMP)

 The NOAEL for developmental effects for the ATRIGEL® control groups is the mid-
dose, which contained  mg/kg of NMP.

 At the low buprenorphine dose, the Cmax was 26.1 ng/mL and the AUC0-336h (14 days 
– major organogenesis period) was 3,010 ng*h/mL. 
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Methods
Doses:

The dose levels were selected based on data 
from previously conducted toxicological studies 
with this test article (buprenorphine base in 
ATRIGEL® Delivery System or RBP-6000) in 
rabbits including DRF study INRS-L146-60-15.

Frequency of dosing: Single dose on Day 7 of gestation
Dose volume: See Study Design

Route of administration: Subcutaneous
Formulation/Vehicle: Atrigel Delivery System

Species/Strain: New Zealand White Hra:(NZW)SPF rabbits
Number/Sex/Group: 23 time-mated females/group

Satellite groups: No – same animals used for toxicokinetics
Study design: See study design below – Respective Atrigel 

control groups received equal volume of Atrigel 
as RBP-6000 group

Deviation from study protocol: Nothing significant 

Study Design
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Mortality

All animals were observed for mortality twice daily.

None of the treated dams died prematurely during the study.  Three pregnant dams 
from the Atrigel high-dose group appeared to have abortions on GDs 22, 19, and 19 
and three from the RBP-6000 high-dose (390 mg/kg buprenorphine) group aborted on 
GDs 23, 24, and 21.  These abortions were considered treatment-related and 
toxicologically relevant.  All other animals survived to the scheduled necropsy on GD 
29.

Clinical Signs

All animals were observed for morbidity and injury twice daily.  Daily from GD 7 through 
29 (75 minutes ±15 minutes on Day 7), each animal was removed from the cage and 
given a detailed clinical examination.  The observations included, but were not limited 
to, evaluation of the skin, fur, eyes, ears, nose, oral cavity, thorax, abdomen, external 
genitalia, limbs and feet, as well as evaluation of respiration and any atypical behavior, 
such as tremors, convulsions, and reactivity to handling.

The majority of clinical signs in the study were related to the injection site(s).  Swelling 
at the injection site(s) was the most prevalent observation during the study period and 
was seen in all animals in the Atrigel control (low, mid, and high) and RBP-6000-
administered groups (78, 155, and 390 mg/kg buprenorphine) (see Tables).  This 
observation was not considered adverse because this was an expected finding 
associated with the SC delivery of the formulation and formation of the drug depot.  
Additional clinical signs related to the injection site(s), seen in the ATRIGEL® control 
(low, mid, and high) and RBP-6000-administered groups (78, 155, and 390 mg/kg 
buprenorphine), were considered likely related to the unique properties, such as the 
formation of palpable drug depot from the delivery system associated with the SC dose 
route of administration.  The most prevalent of these findings was scabbing at the 
injection site(s) which occurred in all Atrigel control (low, mid, and high) and RBP-6000-
administered groups (78, 155, and 390 mg/kg buprenorphine), but was observed at a 
higher incidence in the high-Atrigel control group (18 animals) and in the 390 mg/kg 
buprenorphine group (16 animals) in comparison to 6 animals in the saline control 
group.  Other findings at the injection site(s) observed in all groups to some extent 
included skin discoloration and abrasion(s).  These injection site(s) findings were 
considered not adverse.  Reduced activity was observed at a higher incidence in the 
RBP-6000-administered groups (78 [6 animals], 155 [3 animals], and 390 mg/kg 
buprenorphine [2 animals]) and was considered a known pharmacologic effect of 
buprenorphine.

A limited incidence of a clinical sign, including feces few/absent, was likely related to 
treatment (pharmacologic action), because of the onset and duration (GD 8-13 
predominately) and coincided with reduced food consumption.  These findings were 
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seen at a higher frequency in the high-Atrigel control group and the RBP-6000 groups 
(78, 155, and 390 mg/kg buprenorphine).

Findings of red material in the cage pan were associated with females that either 
aborted or had total litter resorption at uterine examination in the high-Atrigel control 
group and the 390 mg/kg buprenorphine group.
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Other – Skin discoloration (white, yellow, red, purple, black, brown) at injection site only 
in high-dose Atrigel and RBP-6000 groups.

Body Weight

Body weights for all animals were measured and recorded on GD 0, 7, 10, 13, 16, 19, 
21, 25, and 29.  Individual body weight change was calculated for the following GD 
intervals: 0-7, 7-10, 10-13, 13-16, 16-19, 19-21, 21-25, 25-29, 7-29, and 0-29.  Adjusted 
body weight (GD 29 body weight minus gravid uterine weight) and adjusted body weight 
change (GD 0 to 29) were also calculated.

Mean gestation body weights in the high-Atrigel control group were statistically 
significantly (SS) lower on GD 19 and 21 (-5% and -6%, respectively) (see Tables).  
These slight body weight decreases were considered transient in nature, slight in 
magnitude, and not of significant toxicological relevance.  Mean body weights were 
unremarkable in all of the other groups and for RBP-6000-administered groups when 
compared to the corresponding values in the saline control group or their respective 
Atrigel control groups.

Notable mean SS body weight loss occurred in the high-Atrigel control group (-0.105 kg) 
and in the RBP-6000-administered groups (-0.099, -0.096, and -0.141 kg for the 78, 
155, and 390 mg/kg buprenorphine groups, respectively) from GD 7-10 (GD 7 1st day of 
dosing), compared to a slight gain in the saline control group (+0.003).  These body 
weight losses were considered primarily related to administration of the vehicle 
formulation (Atrigel Delivery System) although there was some dose-responsiveness 
between the mid- and high-dose RBP-6000 groups.  As the overall body weight 
changes (GD 7-29 and 0-29) at the low-dose RBP-6000 (78 mg/kg buprenorphine) was 
comparable to saline control, this dose was considered unaffected by treatment as were 
the low- and mid-dose Atrigel groups.

The high-Atrigel control group, as well as in the mid- and high-dose RBP-6000-
administered groups (155 and 390 mg/kg buprenorphine) lower mean gestation body 
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weight change of -41%, -43%, and -60%, respectively, was observed from GD 7-29 and 
in the 390 mg/kg buprenorphine group mean gestation body weight change was -40% 
lower from GD 0-29 in comparison to the saline control group.  These differences in 
mean gestation body weight change at the high-Atrigel control group and the 155 and 
390 mg/kg buprenorphine groups were considered treatment-related and toxicologically 
relevant.  The SS differences in body weight gain correlate with reduced maternal food 
consumption observed in these groups.  

Mean gestation body weight change in the RBP-6000 groups (78, 155, and 390 mg/kg 
buprenorphine) were generally comparable to their respective Atrigel control groups 
(low, mid, and high).  The exception to this was during GD 7-10 at 78 and 155 mg/kg 
buprenorphine in which SS lower mean gestation body weight gains were observed in 
comparison to their respective Atrigel control groups (-0.099 kg vs. -0.006 kg and -0.096 
kg vs. 0.019 kg, respectively). 

Food Consumption

All animals were observed for the availability of food and water twice daily.  Food 
consumption was recorded daily and reported on the corresponding body weight days. 
Daily food consumption values are presented individually but not statistically analyzed.

Generally, mean gestation food consumption in the Atrigel control groups (low, mid, and 
high) were comparable to the saline control group except on GD 7-10 (day 7 1st day of 
dosing) when the mean food consumption was statistically significantly (SS) lower (-
54%) in the high Atrigel control group in comparison to the saline control group (see 
Tables). The lower food consumption value correlated with lower gestation body 
weights and was considered treatment-related and toxicologically relevant.  The SS 
higher mean food consumption value (+59%) during Gestation Days 25-29 in the high-
Atrigel control group which was considered to be a compensatory effect.  

On GD 7-10 (GD 7 1st day of dosing), mean gestation food consumption was SS lower 
at 78, 155, and 390 mg/kg buprenorphine at -78%, -83%, and -89% in comparison to 
the saline control group, respectively, and -76%, -83%, and -76% in comparison to their 
respective Atrigel control groups  Similarly, mean gestation food consumption at 78, 
155, and 390 mg/kg buprenorphine during GD 10-13 was -51%, -56%, and -44% in 
comparison to the saline control group, respectively, and -47%, -55%, and -40% lower 
in comparison to their respective Atrigel control groups.  While not dose responsive, 
these changes were considered buprenorphine related as the Atrigel groups were not 
similarly affected.  

Mean gestation food consumption did return to normal values or slightly higher in all 
RBP-6000-administered groups for the remainder of the gestation period.  However, at 
the two lower buprenorphine dose groups (78 and 155 mg/kg buprenorphine), mean 
food consumption was statistically lower during GD 7-29 (-21% and -28%, respectively) 
and during GD 0-29 (-16% and -22%, respectively) in comparison to the saline control 
group.  
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The lower food consumption values at 155 and 390 mg/kg buprenorphine had a 
significant impact on mean gestation body weight gain early in gestation (GD 7-10) and 
later in gestation (GD 7-29 and/or GD 0-29) and were considered treatment-related and 
toxicologically relevant.   Mean food consumption was statistically lower in the 78 and 
155 mg/kg buprenorphine groups during GD 7-29 (-16% and -26%, respectively) and 
20% lower at 155 mg/kg buprenorphine during GD 0-29 in comparison to their 
respective Atrigel control groups.  Mean gestation food consumption at 390 mg/kg 
buprenorphine was comparable to the high-Atrigel control group during GD 7-29 and 0-
29.

At 78 mg/kg buprenorphine the lower food consumption values during early gestation 
(GD 7-10) and late gestation (GD 7-29 and GD 0-29) had little impact on mean 
gestation body weights or body weight gain and was therefore considered treatment-
related.
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Toxicokinetics

Blood samples were collected from the last three animals per group via the jugular vein 
for determination of the plasma concentrations of buprenorphine and norbuprenorphine.  
Samples were collected at 1, 2, 4, 6, 8, 12, 24, 48, 72, 168, 240, and 336 hours post-
dose on GD 7 and once on GD 29.  The animals were not fasted prior to blood 
collection. 

All concentration values of buprenorphine in the control groups were below the lower 
limit of quantitation (< 0.200 ng/mL).  Exposure, as assessed by buprenorphine mean 
Cmax and AUC0-336h (14 days) values, increased with the increase in RBP-6000 dose 
level from 78 to 390 mg/kg. The increases in mean Cmax and AUC0-336h values were 
generally dose proportional.  Norbuprenorphine levels were not listed by this reviewer 
as values ~15-20 fold (Cmax) and ~75-100 (AUC) lower than buprenorphine with much 
less biological activity.

Dosing Solution Analysis

Documentation of the strength, purity, composition, stability, and other pertinent 
information for the lot of control article (0.9% Sodium Chloride for Injection, USP) used 
on study was limited to that information listed on the label and accompanying 
documentation of this commercially available product.

The Sponsor provided documentation of the strength (for test article only), purity, 
composition, stability, and other pertinent information for each batch of control
(ATRIGEL® Delivery System) and test article used on study.

Necropsy
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Females showing signs of premature delivery earlier than 24 hours of scheduled 
euthanasia were subjected to a necropsy and uterine examinations. In the event that a 
female delivered, the aborted material (embryos, fetuses, resorptions, placentae) were 
randomly assigned a uterine position for identification purposes.

On GD 29, each surviving female was euthanized and immediately subjected to a 
laparohysterectomy.  The uterus was excised, and the gravid uterine weight was 
recorded.  Beginning at the distal end of the left uterine horn, the location of viable and 
nonviable fetuses, early and late resorptions for each uterine horn, and the total number 
of implantations were recorded.  The number of corpora lutea on each ovary was also 
recorded.  Uteri from females that appeared nongravid were stained for detection of 
implantation sites and if no foci were detected, the female was considered to be 
nonpregnant.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)

Maternal Necropsy

A complete necropsy was performed on all surviving does with emphasis on structural 
abnormalities or pathologic changes that may have influenced the pregnancy.  The 
presence of lesions or other abnormal conditions in the doe were noted and described.

The pregnancy index was 100% in the saline control group, low- and high-Atrigel control 
groups, 78 and 390 mg/kg buprenorphine groups; it was 95.7% in the mid-Atrigel control 
group and 155 mg/kg buprenorphine group.  

Three females aborted and ten females had total litter resorption (100% post-
implantation loss) in the high-Atrigel control group.  Three females aborted and eight 
females had total litter resorption (100% postimplantation loss) in the high-dose RBP-
6000 group (390 mg/kg buprenorphine) (see Tables).  These events were considered 
treatment-related and toxicologically relevant.  The higher rate of abortions correlates 
with reduced maternal food consumption observed in these groups noted previously.  
As a result, the numbers of pregnant females with viable fetuses for evaluation at 
uterine examination were 23, 23, 22, 10, 23, 22, and 12 in the saline control group, the 
low-, mid- and high-Atrigel control groups, and the 78, 155, and 390 mg/kg 
buprenorphine groups, respectively.
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Mean post-implantation loss was statistically significantly (SS) increased (75.7% and 
77.3%) in the high-dose Atrigel control group and the high-dose RBP-6000 group (390 
mg/kg buprenorphine), respectively (see Tables).  This increased loss correlated with 
SS increased mean number of resorptions of 6.6 per litter (early and early plus late) in 
the high-Atrigel control group and 7.0 per litter (early and early plus late) at 390 mg/kg 
buprenorphine.  As a result, mean number of viable fetuses/litter size was SS reduced 
(2.2 per litter) in the high-Atrigel control group and at 390 mg/kg buprenorphine.  The 
adverse effects on these uterine parameters in the high-Atrigel control group and at 390 
mg/kg buprenorphine were considered treatment-related and toxicologically relevant.
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Mean number of corpora lutea, mean number of implantation sites, and preimplantation 
loss in all Atrigel control groups and all buprenorphine were unaffected and comparable 
to the saline control group.   All uterine parameters in the RBP-6000-administered 
groups were comparable to their respective Atrigel control group.

The mean number of viable fetuses/animal was statistically significantly (SS) reduced in 
the high-dose Atrigel and RBP-6000 groups by 73% (2.2 versus 8.2) (see Tables).  
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Mean gravid uterine weight was statistically significantly (SS) lower in the high-Atrigel 
control group and at 390 mg/kg buprenorphine (-46% and -51%, respectively) in 
comparison to the saline control group (see Tables).  These lower weights correlated 
with the increase in mean number of resorptions and the lower mean fetal body weights 
observed in these groups.  Mean gravid uterine weight was unaffected in the low- and 
mid- ATRIGEL® control groups and at 78 and 155 mg/kg buprenorphine.  Mean final 
body weight, mean adjusted final body weight, and mean adjusted weight change (GD 
0-29) were unaffected in all groups compared to saline control and RBP-6000-
administered groups were comparable to their respective Atrigel control group. 

Offspring (Malformations, Variations, etc.)

Fetal Examinations

Each fetus was individually examined for external malformations and variations. 
Following the external examination, each fetus was euthanized, weighed, and subjected 
to a fresh fetal soft tissue dissection.  Any visceral abnormalities were recorded. The 
sex of each fetus was documented.  After dissection and examination of internal organs 
was complete, each fetus was eviscerated and skinned and processed for subsequent 
skeletal examination.  Fetal findings were classified as malformations or developmental 
variations under procedures approved by a developmental toxicologist.
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Fetal Sex Ratio

Fetal sex ratios (% males) was increased by 37% in the high RBP-6000 group but 
without statistical significance.  However, it was considered unusually high in 
comparison to the saline control, respective Atrigel control group, and historical control 
data for the conducting laboratory (contained in report).  Considering the low number of 
viable fetuses in this group, the toxicologically relevance cannot be determined.

Fetal Body Weights

Mean fetal body weights (male, female, and sexes combined) were statistically 
significantly (SS) lower in the high-Atrigel control group and the 390 mg/kg 
buprenorphine group in comparison to the saline control group (see Tables).  Mean fetal 
body weights (sexes combined) were SS lower at 11% and 4% in the high-Atrigel 
control group and at 390 mg/kg buprenorphine, respectively.  The significantly lower 
fetal body weights correlate with reduced maternal food consumption observed in these 
groups.  The report considered these differences treatment related and toxicologically 
relevant but this reviewer considers them of unknown toxicological relevance.

Mean fetal body weights (male, female, and sexes combined) in the low and mid-Atrigel 
control groups and at 78 and 155 mg/kg buprenorphine were comparable to the saline 
control group.  The 78 and 155 mg/kg buprenorphine groups were comparable to their 
respective Atrigel control group.
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Fetal External Examinations

A statistically increased litter incidence of total external malformations was observed at
390 mg/kg buprenorphine (33.3% of litters observed with a malformation) and in the 
high- Atrigel control group (80.0% of litters observed with a malformation) in comparison 
to 0% of litters in the saline control group.  The individual external malformations 
observed were either seen at an increased incidence or have not been observed in 
historical control data (contained in report).  These external malformations were 
considered treatment related and toxicologically relevant.

External malformations observed in the low and mid-Atrigel control groups and in the 
78 and 155 mg/kg buprenorphine groups were seen either in a single fetus or were not 
dose-responsive and considered unrelated to treatment.  The few external variations 
observed in the Atrigel control groups (low, mid, and high) and/or the RBP-6000-
administered groups (78, 155, and 390 mg/kg buprenorphine) were seen at a low 
incidence, comparable to the saline control group, or generally within historical control 
data and were considered spontaneous and unrelated to treatment. 
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No significant differences in the litter incidence of external malformations or variations 
were observed when comparing the RBP-6000-administered groups to their respective 
Atrigel control group.

Fetal Visceral Examinations

A statistically significant (SS) increased litter incidence of total visceral malformations 
was observed at 390 mg/kg buprenorphine (66.7% of litters observed with a 
malformation) and in the high-Atrigel control group (90.0% of litters observed with a 
malformation) in comparison to 4.3% of litters in the saline control group (see Table).  
The individual visceral malformations observed were either seen at an increased 
incidence or have not been observed in historical control data (contained in report).  
These visceral malformations were considered treatment related and toxicologically 
relevant.  

Similarly, a SS increased litter incidence of total visceral variations was observed at 390 
mg/kg buprenorphine (83.3% of litters observed with a variation) and in the high-Atrigel 
control group (80.0% of litters observed with a variation) in comparison to 26.1% of 
litters in the saline control group (no Table).  These included a smaller than normal 
ductus arteriosus at a SS higher litter incidence (40%) in the high-Atrigel control group 
and while not statistically significant, at 390 mg/kg buprenorphine was observed at a 
litter incidence of 16.7% and has not been observed in recent historical control data.  
The visceral variation, azygous lobe absent (right lung) was also SS higher in the high-
Atrigel control group and the 390 mg/kg buprenorphine group at incidences of 60% and 
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58.3%, respectively).  These visceral variations were considered treatment related and 
toxicologically relevant by the report.

The few other visceral malformations and variations observed in the Atrigel control 
groups (low, mid, and high) and/or the RBP-6000-administered groups (78, 155, and 
390 mg/kg buprenorphine) were seen at a low incidence, comparable to the saline 
control group, or generally within historical control data and were considered 
spontaneous and unrelated to treatment.

No significant differences in the litter incidence of visceral malformations or variations 
were observed when comparing the RBP-6000-administered groups to their respective 
Atrigel control group.

Fetal Skeletal Examination

A statistically significant (SS) increase in litter incidence of total skeletal malformations 
was observed at 155 and 390 mg/kg buprenorphine (31.8% and 91.7% of litters 
observed with a malformation, respectively) and in the high-Atrigel control group (100% 
of litters observed with a malformation) in comparison to 4.3% of litters in the saline 
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control group (see Tables for effects in litter and fetuses).  While not always SS, all 
other treatment group litters (Atrigel and buprenorphine had increase in incidence of 
total skeletal malformations per litter compared to saline control.  For skeletal variations, 
from 91.3-100% of litters were affected across all groups including saline control but the 
percent of fetuses affected was higher in the high dose Atrigel (97.7%) and high dose 
buprenorphine (90.9%) groups compare to the other groups which were comparative at 
a range of 49.2-55.7% including the saline control.  In addition, at 155 mg/kg 
buprenorphine, an increased litter incidence of skeletal malformations was observed.  
The majority of skeletal malformations observed at 155 mg/kg buprenorphine were also 
observed in the high-Atrigel control and at 390 mg/kg buprenorphine group and were 
either not seen or were observed at a higher litter incidence that recent historical control 
data.  These effects on fetal development were considered test article-related and 
toxicologically relevant.  

Overall, skeletal malformations (% of litters) were: saline control (4.3%); low (34.8%), 
mid (22.7%), and high (100%) dose Atrigel; and low (21.7%), mid (31.8%0) and high 
(91.7%) dose buprenorphine.  These skeletal malformations were considered seen at a 
low incidence, comparable to the saline control, not dose-responsive or within historical 
control data and considered spontaneous and unrelated to treatment.
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Individual fetal skeletal malformations based on the percent of litters affected are 
contained in the following tables.  Other than some increases in the high dose 
buprenorphine groups but never greater than the high dosed Atrigel group, no 
buprenorphine-specific effects were observed with the NOAEL being the low dose 
burpehorphine groups and the LOAEL being the mid-dose buprenorphine group.
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Individual skeletal variations were observed on a per litter basis (see Table) in the high-
Atrigel control group and the 390 mg/kg buprenorphine group that were either 
statistically significant in comparison to the saline control group, seen at an increased 
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litter incidence to historical control data, or have not been observed in historical control 
data and are summarized in the following Table.  The increased incidence of these 
skeletal variations in the high-Atrigel control group and the 390 mg/kg buprenorphine-
administered group were considered treatment related and toxicologically relevant.

Maternal Macroscopic Observations

Maternal necropsy findings tended to correlate with the clinical observations resulting in 
descriptions related to the injection site(s). Findings related to the injection site(s) in the
Atrigel control groups (low, mid, and high) and the RBP-6000-administered groups
(78, 155, and 390 mg/kg buprenorphine) included abrasions/scabs, skin discoloration, 
and foreign material (test material implant). The few other macroscopic findings 
observed were seen infrequently and considered unrelated to treatment.
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====================

9.3 Prenatal and Postnatal Development
Study title:  A Pre- and Post- Natal Development Study including Maternal 
function of RBP-6000 (Buprenorphine in the Atrigel® Delivery System) 
Administered by Subcutaneous injection in the Sprague-Dawley Rat

Study no.: INLS-R104-60-16
Study report location: eCTD 4.2.3.5.3; SDN 2

Conducting laboratory and location:

Date of study initiation: June 27, 2016
GLP compliance: Yes

QA statement: Yes 
Drug, lot #, and % purity: - RBP-6000 (Buprenorphine/ATRIGEL - 

18% buprenorphine base in % 50/50 
Poly(DL-lactide-co-glycolide) (PLGH) and 

% N-methyl-2-pyrrolidone (NMP))
- 100 mg, Lot 207, % of 
buprenorphine content
- % NMP

- ATRIGEL® vehicle % 50/50 PLGH 
and % NMP)

- 100 mg placebo, Lot 157, % 
NMP

- 0.9% Sodium chloride, Lots 52-071-JT, 
53-027-JT, 54-017-JT, 56-025-JT

Key Study Findings

 Twenty-five (25) timed pregnant female Sprague Dawley rats/group were tested to 
evaluate the possible adverse effects of 0 (saline), 50, 150, and 300 mg/kg of 
buprenorphine in RBP-6000 (18% buprenorphine base in the ATRIGEL® Delivery 
System) on the pregnant/lactating female and on the development of the conceptus 
and the offspring following exposure of the female during implantation (Gestation 
Day 7) during weaning (Lactation Day 7).  Developmental evaluation of the offspring 
included evaluations of behavior and fertility.  In addition, the developmental toxicity 
profile (including the above-mentioned endpoints) of the Atrigel Delivery System was 
also evaluated at equivalent amounts of Atrigel as delivered to the RBP-6000-
administered groups.

 For this complete GLP study, all appropriate indices of a pre/post-natal study were 
evaluated except no toxicokinetic (TK) information was obtained.  TK information for 
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the female rat was obtained at 300 mg/kg buprenorphine in RBP-6000 in a previous 
study on Day 1 and Gestation Day 7, approximately 22-38 days apart.     

 No adverse effects from administration of RBP-6000 (50, 150, and 300 mg/kg 
buprenorphine) or the Atrigel Delivery System control (low, mid, and high) in P 
females were observed on survival, clinical observations, gestation and lactation 
body weights, body weight change, food consumption, parturition, weaning of the F1 
offspring, or macroscopic observations.  

 No effects were observed on F1 survival, clinical observations, sexual maturation, 
behavioral assessments (passive avoidance and motor activity), reproductive 
parameters (mating, fertility, and fecundity indices), macroscopic findings or GD 13 
Cesarean section data. 

 A transient reduction in male F1 body weights at 150 and 300 mg/kg buprenorphine 
(8% to 13% lower than saline controls and 8% to 16% lower than each respective 
Atrigel control group) was observed throughout the lactation and early post-weaning 
periods (PND 21 through PND 28), but body weights returned to saline control levels 
during the F1 growth phase.  F1 body weights in the 50 mg/kg buprenorphine group 
and the Atrigel control groups (low, mid, and high) were unaffected.  No other 
adverse effects were observed.

 On the basis of the transient F1 male body weight effects, the NOAEL/LOAEL is 300 
mg/kg. 
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Methods
Doses:

The dose levels were selected based on 
available data from previous studies including 
dose range finding study INRS-R148-60-16.

Frequency of dosing: Twice (GD 7 and LD 7)
Dose volume: See study design (Atrigel controls received same 

volume of Atrigel as received by respective RBP-
6000 group

Route of administration: Subcutaneous to the shaved back.  Neck collars 
were used for approximately 48-hours post dose 
to prevent access to the dosing site.

Formulation/Vehicle: Atrigel
Species/Strain: CD® [Crl:CD® Sprague Dawley rats

Number/Sex/Group: 25 time-mated females
Satellite groups: No.  No toxicokinetic evaluation. 

Study design: See below
Deviation from study protocol: Nothing remarkable.

Study Design
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Mortality

All animals were observed for mortality twice daily.  

Clinical Signs

All animals were observed for morbidity and injury twice daily.  Additionally, collar 
checks were performed every 12 hours from collar application until removal.  Once daily 
for 3 days after each dose administration (75 minutes ±15 minutes postdose on dosing 
days) and once weekly thereafter, each animal was removed from the cage and given a 
detailed clinical examination.  Animals were also given a detailed clinical examination 
prior to necropsy.  On occasion, clinical observations were recorded at unscheduled 
intervals.  The observations included, but were not limited to, evaluation of the skin, fur, 
eyes, ears, nose, oral cavity, thorax, abdomen, external genitalia, limbs and feet, as well 
as evaluation of respiration.

F1 animals that continued on study were given a similar detailed examination weekly. 
These examinations began after all animals were selected.

Food and Water Consumption

All animals were observed for the availability of food and water twice daily.  Individual 
food consumption for the P females was recorded on the corresponding body weight 
days and calculated for the same intervals.  

Food consumption was not recorded for the F1 animals.

Body Weights and Body Weight Changes

Individual body weights were recorded for all P (parental) females on GD 7, 10, 13, 18, 
and 20, and on LD 0, 4, 7, 10, 14, 17, and 21.  Body weight change was calculated for 
the following intervals: GD 7-10, 10-13, 13-18, 18-20, and 7-20, and LD 0-4, 4-7, 7-10, 
10-14, 14-17, 17-21, and 0-21.

Body weight measurements for the F1 animals began after all the animals were 
selected.  Individual body weights were recorded weekly for the F1 males until 
termination.  The F1 females were weighed weekly until positive evidence of copulation 
was observed.  During gestation, F1 female body weights were recorded on GD 0, 7, 
10, and 13, and body weight change was calculated for the following GD intervals: 0-7, 
7-10, 10-13, and 0-13.

P Parturition and F1 Litter Observations

Toward the end of the gestation period, P females were examined twice daily for signs 
of parturition.  The mated females were allowed to give birth (F1).  The duration of 
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gestation was calculated, and any difficulties occurring at parturition were recorded.  
The day on which all pups were delivered was designated as LD 0.  The litters were 
examined as soon as possible after delivery.  Litter size, number of stillborn and 
liveborn pups, number of males and females, individual body weights, and gross 
abnormalities of the pups were recorded for each litter.

On LD 0, all live pups from each litter were tattooed to maintain individual identity, and 
eight pups of equal sex distribution (four males and four females), when possible, were 
randomly selected.  These eight pups from each litter were evaluated for various 
behavioral and developmental indices.  Litters were housed with the dams for 3 weeks 
after birth (LD 0 to 21).  The dams and litters were observed daily for survival and 
behavioral alterations in nesting and nursing, and the presence of dead pups was 
recorded.  

Pups were individually weighed and examined externally on LD 0, 4, 7, 14, and 21.  

F1 Behavioral and Developmental Indices
Static Righting Reflex - On LD 2, each pup was tested for a complete righting response 
within a 15-second time period.  Pups that did not exhibit the response initially were 
retested daily until the response was observed.

Pinna Detachment - On LD 2, each pup was observed for unfolding of the pinna. Pups 
that did not have both pinnae detached on LD 2 were observed daily until detachment 
was complete.

Cliff Aversion - On LD 11, prior to eye opening, each pup was tested for cliff aversion.  
Pups not perceiving depth by moving away from the edge on LD 11 were retested daily 
until a response was observed.

Eye Opening - On LD 13, each pup was observed for eye opening.  The development 
was considered complete when both eyes were fully open.  Pups not achieving this 
landmark on LD 13 were observed daily until both eyes were opened.

Air Drop Righting Reflex - On LD 16, each pup was tested for air drop righting reflex.  A 
righting reflex was recorded as present for those pups that were able to turn over in the 
air and land upright on all four legs when dropped from a height of approximately 30 cm.  
Any pup that did not respond on LD 16 was tested on a daily basis until the response 
was observed.

Neuropharmacological Evaluation - On LD 21, after weaning was complete, each pup 
was given a neuropharmacological evaluation

Auditory Response - Each pup was evaluated at PND 22 for auditory response.  Each 
pup was observed for movement of the ears in response to a sound emitted from a 
Galton whistle at a distance of 25 cm. Three trials were performed.
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Vaginal Opening - Beginning on PND 28, F1 female pups selected to continue on study 
for behavioral and reproductive assessment were examined for the presence of vaginal 
opening.  Pups that did not demonstrate vaginal opening were examined daily until this 
landmark was observed.  A body weight was measured and recorded on the day each 
animal achieved this landmark.

Preputial Separation - Beginning on PND 35, F1 male pups selected to continue on 
study for behavioral and reproductive assessment were examined for preputial 
separation.  Pups that did not show complete retraction of the penile prepuce were 
examined daily until this landmark was observed.  A body weight was measured and 
recorded on the day each animal achieved this landmark.

Measurement of Motor Activity - Motor activity was evaluated on pups selected to 
continue on study.  The activity of each pup was assessed at 37 days of age using a 
Hamilton Kinder Motor Monitor System equipped with an electronic analyzer-recorder. 
The test period was 20 minutes (four 5 minute intervals per animal).  Movement was 
recorded by 16 photocell sensors.   A sensor check was conducted daily during the 
testing period.  Basic movements, fine movements, rearing counts, and total distance 
were recorded.

Step-through Passive Avoidance Test - Learning and memory were evaluated on pups 
selected to continue on study using the step-through passive avoidance test.  Testing 
initiated between 70 and 85 days of age for each selected rat.  The test was conducted 
in a fully automated, computerized system consisting of light and dark components 
separated by a mechanical door.  In each trial, animals moving to the dark compartment 
were shocked.  Animals were considered to have learned the appropriate response (i.e., 
not to leave the light compartment) if they did not pass into the dark compartment for 
two consecutive 3 minute trials.  Animals were evaluated for a maximum of five trials on 
the day of testing.

Selection of F1 Rats - The pups were weighed individually and observed on PND 28.  A 
minimum of one male and one female pup from each litter in each group was randomly 
selected to continue on study for assessment of sexual maturation, and behavioral and 
reproductive performance.  A maximum of 25 males and 25 females per group were 
selected.  If there were less than 25 litters in a group, additional pups were chosen from 
randomly selected litters.  At PND 28, the remaining offspring from each litter were 
euthanized and subjected to a necropsy.

F1 Breeding Procedures (Reproductive/Fertility Assessment) - When the selected F1 
animals were at least 80 days of age and the step-through passive avoidance testing 
was complete, males and females of the same treatment group were placed together in 
the cage of the male at a ratio of 1:1 for mating.  Care was taken to avoid pairing 
siblings.  Daily inspection for a copulatory plug in situ or vaginal lavage for sperm was 
performed by 10:00 a.m. daily on the females during the cohabitation period.  The day 
on which positive evidence of copulation was observed was considered GD 0.  After 
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evidence of mating was observed, the female was returned to an individual cage for the 
remainder of the study.  

The maximum pairing period was 20 days, at the end of which any females with no 
confirmed evidence of mating were returned to individual cages until scheduled 
euthanasia.  All females with no confirmed mating date that appeared to be 
nonpregnant on the basis of body weight and shape were euthanized 13 days after the 
last scheduled pairing day and examined.  Females with unconfirmed mating dates that 
appeared to be pregnant on the basis of body weight and shape were euthanized as 
identified to prevent delivery in the cage and loss of the litter as described in the Uterine 
and Ovarian Examinations Section. These data are reported individually, but not 
statistically analyzed.

Termination of F1 Males - After the cohabitation period, the F1 males were individually 
housed until completion of the uterine examinations.  After determination that there was 
no evidence of impaired fertility, the males were euthanized and subjected to a 
necropsy with emphasis placed on congenital anomalies.

Necropsy and Histopathology

After weighing on LD 4, each litter was reduced to the eight randomly selected pups 
from LD 0.  The culled pups were euthanized and examined for external abnormalities.  
Pups with abnormalities were fixed and saved for possible future examination, and the 
remaining carcasses were discarded.  Any intact, dead pups or pups euthanized in 
extremis were necropsied to the fullest possible extent, examined for anomalies, and 
pups with abnormalities were fixed and saved for possible future examination.  In 
addition, the hearts of these pups were dissected.  Pups found dead on LD 0 had their 
lungs removed and placed in tap water to determine if they floated (i.e., liveborn) or 
sank (i.e., stillborn). In the event stillborn status could not be determined, the pup was 
considered liveborn for reporting purposes.

Any females with total litter loss were euthanized and subjected to a necropsy and the 
number of uterine implantation scars was recorded.  On LD 21, the P females were 
euthanized and subjected to a necropsy and the number of uterine implantation scars 
was recorded.

Necropsy examinations were performed on all animals (P and selected F1) found dead, 
euthanized in extremis, or at scheduled termination, and F1 pups not selected to 
continue on study.  Gross lesions from all animals were saved in 10% neutral buffered 
formalin. Collection of gross lesions from treated animals necessitated collection of 
sufficient corresponding tissues from control animals for comparison purposes. The 
carcasses were then discarded.

Observations and Results 
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F0 Dams
Survival: All females in the ATRIGEL® control (low, mid, and high) and RBP-6000 

administered groups (50, 150 and 300 mg/kg buprenorphine) survived to 
the scheduled necropsy.

Cl nical 
signs:

General - Swelling of the face, lacrimation, and material around the eyes 
and/or nose (black and/or red) in a few animals (up to 8) was observed 
during the gestation and lactation periods in either the saline control, 
Atrigel, and/or the RBP-6000 administered groups.  These findings 
generally occurred following the dose and application of the collar and 
were considered related to improperly fitted collars.

Detailed - The majority of clinical signs in the study were related to the 
injection site(s).  Swelling at the injection site(s) was the most prevalent 
observation during the study period and was seen in all animals in the 
ATRIGEL® control (low, mid, and high) and RBP-6000 administered 
groups (50, 150 and 300 mg/kg buprenorphine).  This observation was 
not considered adverse by the report because this was an expected 
finding associated with the subcutaneous delivery of the formulation and 
formation of the drug depot.  Other findings at the injection site(s) 
included scabbing, which occurred at a higher incidence than the treated 
groups versus the saline control (up to 22 animals vs. 8), skin 
discoloration and abrasion(s). 

Body weight: Gestation Body Weight and Body Weight Change – Mean gestation 
body weight and body weight change in the RBP-6000 administered 
groups (50, 150, and 300 mg/kg buprenorphine) and Atrigel control (low, 
mid, and high) groups were generally comparable to the saline control 
group (see Tables).   Mean gestation body weight and body weight 
change in the RBP-6000 administered groups (50, 150, and 300 mg/kg 
buprenorphine) were generally comparable to their respective 
ATRIGEL® control group (low, mid, or high).  There were some 
differences which were not dose responsive, sporadic, and not of 
notable difference.  

Lactation Body Weights and Lactation Body Weight Changes – Mean 
lactation body weights and body weight changes for the buprenorphine 
groups were generally comparable to the saline control group (see 
Tables).  The differences were slight in magnitude (<10%), not dose-
responsive, and while potentially treatment-related, as they were 
decreases, are not considered adverse.  Mean lactation body weight and 
body weight change in the Atrigel control (low, mid, and high) groups 
were also comparable to the saline control group and unaffected by 
treatment.  All changes were considered incidental and not 
toxicologically relevant.
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Food 
consumption: Gestation - Mean gestation food consumption in the RBP-6000 

administered groups (50, 150, and 300 mg/kg buprenorphine) were 
generally comparable to the saline control group.  A statistically lower (-
8% and -9%) mean food consumption was observed from GD 13 to
GD 18 at 50 and 300 mg/kg buprenorphine, respectively, and 11% 
lower from GD 7 to GD 20 at 300 mg/kg buprenorphine in comparison to 
the saline control group.  These differences in mean food consumption 
were not dose-responsive, did not impact mean gestation body weight 
adversely, and were not considered toxicologically meaningful.  Mean 
gestation food consumption in the ATRIGEL® control groups (low, mid, 
or high) were comparable to the saline control group and unaffected by 
treatment.  

Mean gestation food consumption in the 150 mg/kg buprenorphine was 
statistically lower (-10%, -18%, and -13%) from GD 10 to GD 13, GD 13 
to GD 18, and GD 7 to GD 20, respectively, in comparison to the mid-
Atrigel control group.  At 300 mg/kg buprenorphine, mean food 
consumption was statistically lower (-42%, -12%, and -14%) from GD 7 
to GD 10, GD 13 to GD 18, and GD 7 to GD 20, respectively, in 
comparison to the high-Atrigel control group.  These differences at 150 
and 300 mg/kg buprenorphine in comparison to each respective Atrigel 
control group were considered related to buprenorphine administration.

Lactation - Mean lactation food consumption in the RBP-6000 
administered groups (50, 150, and 300 mg/kg buprenorphine) were 
generally comparable to the saline control group.  The exception to this 
was at 150 mg/kg buprenorphine, in which mean food consumption 
values from LD 17 to LD 21 and LD 0 to LD 21 were statistically lower (-
12% and -9%, respectively), in comparison to the saline control group. 
These differences were slight in magnitude, did not impact lactation 
body weights adversely, were not dose-responsive, and therefore not 
considered treatment-related or toxicologically relevant.  Mean lactation 
food consumption in the Atrigel control groups (low, mid, or high) were 
comparable to the saline control group and unaffected by treatment.  

Mean lactation food consumption at 150 mg/kg buprenorphine was 
statistically lower during all intervals of the lactation period (LD 0 to LD 
4, LD 4 to LD 7, LD 7 to LD 10, LD 10 to LD 14, LD 14 to LD 17, LD 17 
to LD 21, and LD 0 to LD 21) and ranged from 11% to 18% lower in 
comparison to the mid-Atrigel control group.  At 300 mg/kg 
buprenorphine, mean food consumption was statistically lower (-12%, 
and -9%) from LD 17 to LD 21 and LD 0 to LD 21, respectively, in 
comparison to the high-Atrigel control group.  These differences in 
mean food consumption at 150 and 300 mg/kg buprenorphine in 
comparison to each respective Atrigel control group were not dose-
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Necropsy 
observation:

Toxico-
kinetics:

Dosing 
Solution 

Analysis:

Other:

responsive and considered unrelated to treatment.  Mean lactation food 
consumption at 50 mg/kg buprenorphine was comparable to the low-
Atrigel control group. 

Macroscopic – Maternal necropsy findings tended to correlate with the 
clinical observations resulting in descriptions related to the injection 
site(s).  Findings related to the injection site(s) in the Atrigel control 
groups (low, mid, and high) and the RBP-6000 administered groups (50, 
150, and 300 mg/kg buprenorphine) included abrasions/scabs, skin 
discoloration, and foreign material (test material implant).  The few other 
macroscopic findings observed were seen infrequently and considered 
unrelated to treatment.

Not evaluated

Fresh control articles, 0.9% Sodium Chloride for Injection, USP and 
ATRIGEL® placebo, were dispensed for use on study prior to each 
dose and were stored refrigerated at 2 to 8°C.  The test article, RBP-
6000 (18% buprenorphine base in ATRIGEL® Delivery System), was 
used as received from the Sponsor.  The test article was administered 
neat (undiluted).  Formulations were dispensed prior to each dose and 
were stored refrigerated at 2 to 8°C.

None

================================

F1 Pup 
Survival:

Mean litter sizes were unaffected by treatment as there were no 
treatment effects in the RBP-6000 groups (50, 150, and 300 mg/kg 
buprenorphine), the Atrigel control groups, and saline controls on LD 4 
post-cull and for the remainder of lactation to weaning and on PND 28.   
The buprenorphine groups were also comparable to each respective 
Atrigel group.   

While the pup lactation index was unaffected by treatment, the pup 
viability index (mean percent per litter) was decreased in the saline 
control and buprenorphine groups with large standard deviations 
compared to the Atrigel control groups (see Tables).  The toxicological 
relevance is unknown as the decrease was not dose related and only 
the mid-dose RBP-6000 groups showed a statistical difference 
compared to saline control.
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F1 Clinical 
signs:

 

No effect of RBP-6000 or Atrigel control was observed from the pre-
weaning (PND 0 to PND 21) and post-weaning (PND 28) for F1 pup 
detailed clinical examinations. The few findings observed among the 
F1 pups occurred at low incidence and were considered unrelated to 
treatment, one such being increased activity in 14 preweaning high-
dose RBP-6000 pups but no others in the other groups.  The overall 
number of observations are contained in the Tables for pre- and post-
weaning.

Reference ID: 4184340



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 239 of 288

F1 Pup Body 
Weights: 

At birth, mean pup body weights were statistically lower in males, 
females, and sexes combined at 150 mg/kg buprenorphine and in 
females at 300 mg/kg buprenorphine in comparison to each respective 
Atrigel control group.  Beginning on PND 4 (pre-culling) through 
weaning (PND 21) and PND 28, statistically lower mean pup body 
weights (male, females, and sexes combined) were observed at 150 
and 300 mg/kg buprenorphine in comparison to saline controls and 
each respective Atrigel control group (see Table – data only for sexes 
combined).  These differences at 150 and 300 mg/kg buprenorphine 
were generally statistically significant relative to saline controls and 
each respective Atrigel control group in both sexes and were 
considered consistent with a delay in development and related to 
buprenorphine administration in the P females.  Mean F1 pup body 
weights in the 50 mg/kg buprenorphine group and in the Atrigel control 
groups (low, mid, and high) were comparable to the saline control and 
unaffected by maternal treatment.  At 50 mg/kg, mean F1 pup body 
weights were generally comparable to the low Atrigel control group.

Pup 
Macroscopic 
Examination:

No effect was observed from the macroscopic examination of stillborn 
pups, LD 4 culled pups (examined externally), pups found dead 
during lactation and PND 28 unselected pups in the RBP-6000 groups 
(50, 150, and 300 mg/kg buprenorphine) or the ATRIGEL® control 
groups (low, mid, and high).  The few findings observed among pups 
occurred at low incidence or had a presence in control pups and were 
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Lactation 
Period:

F1 Sexual 
Maturation:

considered unrelated to the treatment.

F1 Behavioral, Sensory, and Developmental Indices

No effect from administration of Atrigel control (low, mid, and high) 
and RBP-6000 (50, 150, and 300 mg/kg buprenorphine) was 
observed from the F1 pup preweaning assessments for physical 
development, sensory response and reflex performance.  A few
statistical differences (lower or higher) were observed in the RBP-
6000 administered groups in comparison to the saline control in the 
cliff aversion, eye opening, and air drop righting reflex evaluations, but 
were slight in magnitude, generally within or near historical control 
ranges (contained in report) and therefore not considered treatment 
related or adverse.  Auditory response of the F1 pups was 100% in all 
groups.

No effect from administration of Atrigel and RBP-6000 was observed 
on F1 sexual maturation endpoints.  The mean age for vaginal 
opening in the Atrigel control groups and the RBP-6000 groups 
ranged from 31.3 to 32.1 days and was comparable to the saline 
controls at 31.8 days.  Mean body weights, in the RBP-6000 groups, 
when attaining vaginal opening were statistically lower (-8%, -7%, and 
-9%, respectively) at 50, 150, and 300 mg/kg buprenorphine in 
comparison to each respective Atrigel control group and was 
statistically lower (-9%) at 300 mg/kg buprenorphine in comparison to 
the saline control group.  While these differences were consistent with 
the lower body weights observed in the RBP-6000 F1 pups 
throughout the lactation period and there was no impact on attainment 
of vaginal opening, these differences were not considered 
toxicologically relevant.   

The mean age for preputial separation in the Atrigel control groups 
and the RBP-6000 groups ranged from 40.4 to 44.0 days and was 
comparable to the saline controls at 41.5 days.   Mean body weights 
at attainment of preputial separation in the Atrigel control groups and 
the RBP-6000 groups were comparable to the saline controls and 
each respective Atrigel control group and unaffected by treatment.
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F1 Motor 
Activity:

F1 Learning 
and Memory 
Evaluations:

F1 Motor Activity and Learning and Memory Assessments – 
Postweaning

No effect was observed on motor activity (e.g., basic movement, fine 
movement, rearing, total distance) in all RBP-6000 groups or all 
Atrigel control groups when compared to the saline control group.  No 
effect was observed in the RBP-6000 groups when compared to each 
respective Atrigel control group. 

No effect was observed on learning and memory from the passive 
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F1 Mortality:

F1 Detailed 
Clinical 

Observations:

F1 Body 
Weights and 
Body Weight 

Changes:

avoidance testing in all RBP-6000 groups or all Atrigel control groups 
(low, mid, and high).  In both male and female F1 animals, the 
incidence of passive animals (i.e., number of animals successfully 
passing the test) and the incidence of animals passing the test after 
the minimum of three trials were comparable to saline controls and 
each respective Atrigel control group.

F1 In-life Examinations

All F1 pups selected to continue on study in all RBP-6000 groups and 
all Atrigel control groups survived to scheduled termination except for 
1 low-dose RBP-6000 male (sacrificed in extremis with cervical mass 
on Day 38) and one mid-dose Atrigel male (found dead Day 49, no 
clinical findings, red foci on thymus).  No treatment-related findings 
were observed and because there was no mortality observed in the 
higher RBP-6000 groups and the high Atrigel control group, this 
mortality/morbundity was not considered treatment related.

No apparent clinical effects were observed from the detailed clinical 
evaluations of the F1 pups in all the RBP-6000 groups or all the 
Atrigel control groups during the premating, mating, and gestation 
(females only) periods.  Most findings observed in F1 animals 
occurred at low incidence or with comparable frequency as saline 
controls and each respective Atrigel control group.  Apparent dose-
response was observed in the RBP-6000 groups for sparse hair in 
males in the face and limbs which were also increased in the mid-and 
high-dose Atrigel groups.  Clinical observations were considered 
incidental and unrelated to treatment.

No adverse effects on the growth of the F1 pups over the premating 
period (after PND 28) and over the pairing and postmating period 
were observed in all RBP-6000 groups or all Atrigel control groups.  
Mean F1 body weights for both males and females were generally 
comparable to the saline controls and each respective Atrigel control 
group throughout the study.  

For F1 premating males, there were a few intervals when mean body 
weights in the 150 or 300 mg/kg buprenorphine groups were 
statistically significantly (SS) lower compared to mean saline control 
values.  Premating male body weights were SS reduced at 150 mg/kg 
buprenorphine (-10% and -8% during premating Weeks 1 and 2, 
respectively), and at 300 mg/kg buprenorphine (-6% and -7%, during 
premating Weeks 7 and 8, and -7% on postmating Week 12).  In 
addition, at 150 mg/kg buprenorphine, mean body weights were SS 
lower (-13%, -11%, and -8%) during Week 1, 2, and 3, respectively, in 
comparison to the mid-Atrigel control group.  As these differences 
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F1 
Reproductive 
Performance:

occurred sporadically, the amount of change was slight, and were not 
clearly dose-responsive, they were considered incidental and 
unrelated to treatment.  For F1 premating females, body weights were 
generally comparable to the saline controls and each respective 
Atrigel control group.    

For F1 females, mean gestation body weight and body weight change 
in all RBP-6000 groups or all Atrigel control groups were generally 
comparable to the saline control group and RBP-6000 groups were 
comparable to each respective Atrigel control group.  Mean body 
weights were up to 5% lower in the high buprenorphine group and up 
to 3% lower in the high-dose Atrigel groups compared to saline 
control and not considered toxicologically relevant.  A SS higher mean 
body weight change (+55%) was observed during GD 10 to GD 13 
(55%) and GD 0 to GD 13 (28%) in the low-dose, 50 mg/kg 
buprenorphine group in comparison to the low-Atrigel control group.  
Based on the direction of change (higher), these differences were 
considered incidental and not toxicologically meaningful.  No 
differences were observed in other F1 female groups during 
gestation.

No effect was observed on reproductive performance of the F1 
animals in all RBP-6000 groups or all Atrigel control groups.  Male 
and female mating indices in the RBP-6000 groups and the Atrigel 
control groups ranged from 96% to 100% and were comparable to the 
saline control group (100%).  

Male and female fecundity indices (ratio of pregnant to number 
mated) in the RBP-6000 groups and the Atrigel control groups ranged 
from 84% to 100% and were comparable to the saline control group 
(92%) (see Tables).  Fertility indices (ratio of pregnant to number 
paired) in the RBP-6000 groups and the Atrigel control groups ranged 
from 84% to 100% and were comparable to the saline control (92%).  
In addition, mating, fertility and fecundity indices were within recent 
historical control data (92% to 100% [mating index] and 84% to 100% 
[fertility and fecundity indices]) in both the RBP-6000 groups and the 
Atrigel control groups.  

Reference ID: 4184340



NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 244 of 288

F1 Uterine 
Examination:

The mean Copulatory Interval (i.e., mean number-of-days to mating) 
in the RBP-6000 groups ranged from 2.9 to 4.2 days and in the Atrigel 
control groups ranged from 2.9 to 4.1 days and were comparable to 
the 3.0 days in the saline controls (see Tables).
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No effect was observed on GD 13 uterine and ovarian parameters in 
the F1 animals in all RBP-6000 groups or all Atrigel control groups 
(see Tables).  The mean number of corpora lutea, uterine 
implantation sites, viable embryos and resorption sites per animal and 
mean pre- and post-implantation loss indices were comparable to the 
saline controls and each respective Atrigel control group.  
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F1 
Macroscopic 

Examinations:

No effect was observed from the macroscopic examinations of the F1 
animals in the RBP-6000 groups or all Atrigel control groups at 
scheduled termination of the reproductive phase (see Tables for 
overall summary).  The few findings observed among the F1 animals 
occurred at low incidence or with similar frequency as saline controls 
and were considered unrelated to treatment.
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10 Special Toxicology Studies
None
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degrades to lactic acid and glycolic acid, which are then shunted through the Kreb cycle 
and used by the body.  Because the breakdown products are ultimately used by the 
body, the radiolabeled distribution studies do not clearly characterize the half-life of the 
polymer.  The injection site is rotated, and therefore, the local tissue effects are not 
likely to overlap between injections.  The risk for potential local tissue reactions in 
humans, however, cannot be eliminated.  The reader is referred to the clinical safety 
data for further details.  

During the course of the review, the Division specifically noted that the existing repeat-
dose toxicology studies demonstrated two findings that required justification for their 
potential clinical relevance, specifically, pancreatic acinar cell degeneration/apoptosis 
and alveolar macrophage infiltrates in the repeat-dose toxicology studies.  The 
Applicant considered these findings to be secondary to the local inflammatory response 
and stress.  They did note that pancreatic acinar cells did have an apparent treatment-
related increase in acinar cell apoptosis and degeneration; however, they noted that this 
could be related to the decreased food consumption and weight loss noted in treated 
animals and therefore part of the an opioid-mediated stress response.  As these 
findings are not expected to occur either from PLG depot injections and were not 
reported in the published studies with NMP, the most likely explanation is that they were 
due to the prolonged exposure to buprenorphine.  Following discussions at the EOP2 
meeting on these topics, pancreatic function was specifically monitored in the Phase 3 
clinical studies and no adverse effects were noted (see clinical review).  In addition, the 
lung infiltrates observed with RBP-6000 and Atrigel vehicle appeared to be incidental 
since additional studies that included a saline arm showed either comparable incidence 
in the vehicle arm as saline, or the findings were not observed in either groups.

Reproductive and developmental toxicity studies for buprenorphine have been 
completed via a variety of routes of administration leading to lengthy summary of 
adverse effects in the drug product labeling.  Many of these findings are difficult to 
interpret clinically given the different routes of administration, none of which were the SL 
route as indicated for Subutex and Suboxone.  The studies completed with Sublocade, 
however, are more relevant as the Sublocade drug product produces a consistent level 
of buprenorphine and avoids the repeated Cmax values of an immediate-release 
formulation, which can confound study clinical relevance of the study results.  The 
results of the studies with RBP-6000 suggest a relatively large safety margin with 
respect to buprenorphine.  However, the studies with Sublocade cannot be used to 
characterize the risk of NMP, which shows very different kinetics than the 
buprenorphine and potentially greater risk to the developing fetus and subsequent 
offspring.  Hence we recommend that the data with NMP be included in the labeling, as 
these data are probably more relevant to the risk of Sublocade than buprenorphine 
alone.  

Based on the proposed Sublocade doses of 100 mg and 300 mg buprenorphine 
monthly by subcutaneous injection, nonclinical testing identified dose ratios/safety 
margins based on the nonclinical studies blood level-based nonclinical TK versus 
clinical PK values.  In addition, Human Equivalent Dose (HED) safety margins were 
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calculated for the Atrigel Delivery System, N-methyl-2-pyrrolidone (NMP) and 
Poly(lactide-co-glycolide) (PLGH).

Safety Margins - Exposure Multiples are generally considered acceptable at >= 1.  Note 
that NOAEL/LOAEL for acute rat study was a conservative interpretation of pancreatic 
effects that could be considered background, but were not in this case because of dose 
responsive incidence and severity.  However the occurrence could have be spurious 
and occurred for unknown reasons/conditions. 

Acute and Chronic Toxicity (TK-PK based)

Safety Margins for RBP-6000 Based on Maximum Buprenorphine and 24-hour
Exposure (AUC0-24h)

Animals
Exposure Multiple Based on 

Human Exposure from 
Study RB-US-12-0005

Study Species
BUP 

NOAEL/
LOAEL
(mg/kg)

Sex
Cmax 

(ng/mL)
AUC0-24h

(ng·h/mL)
Based on SD 

Cmax of
4.817 ng/mLa

Based on SD 
AUC0-24h of

85.09 ng·h/mLa

Rat 10
10

M
 

4.32
2.53

32.9
13.0

0.9
0.5

0.4
0.15

Single-dose 
Toxicology

Dog 20
20

M
 

F

16
16

214 c

180 c
3.3
3.3

2.5c

2.1 c

Study Species
BUP 

NOAEL
(mg/kg)

Sex Cmax 
(ng/mL)

AUC0-24h
(ng·h/mL)

Based on MD 
Cmax of

9.637 ng/mLd

Based on MD 
AUC0-24h of

178.109 ng·h/mLd

Rat 10
10

M
 

F

68
142

653
590

7
15

4
3

Repeat-dose 
Toxicology

Dog 40
40

M
 

F

123
80

1150
1071

13
8

6
6

BUP: Buprenorphine; Cmax: Maximum plasma buprenorphine concentration; DART: Developmental and reproductive 
toxicity; F: Female; M: Male; MD: Multiple-dose; NOAEL: No observed adverse effect level; SD:Single-dose
a Overall PK parameter observed after 1st injection of RBP-6000 (single 300 mg buprenorphine dose) in multicenter, 
multiple-dose study of RBP-6000 in treatment-seeking opioid-dependent subjects, Study RB-US-12-0005. Patients 
were inducted and stabilized over a 13-day period on doses of Subutex at 8 to 24 mg prior to receiving their 1st 
injection.
b Average Cmax calculated from 3M and 3F satellite animals (average of maximum from sampling at 1, 2 and 4 hours 
post--dose)
c Nonclinical AUC0-24h were calculated for this study so safety margins could be converted from AUC0-last (dog) or 
AUC0-336h.
d Overall PK parameter observed after 4th injection (Day 85) of RBP-6000 (300 mg buprenorphine) in multicenter, 
multiple-dose study of RBP-6000 in treatment-seeking opioid-dependent subjects, Study RB-US-12-0005.
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Animals Exposure 
Multiple Based 

on Human 
Exposure from 
Study RB-US-

12-0005

Exposure Multiple 
Based on Human 

Exposure from
Study RB-US-13-

0001

Study Species
BUP 

NOAEL
(mg/kg)

Sex
AUC0-672h
(ng·h/mL) 
for First 

Dose

AUC0-672h
(ng·h/mL) 
for Last 

Dose

Based on SD 
AUC0-672h of 

1268.012
ng·h/mLa

Based on 
MD 

AUC0-
672h of 

3230.873
ng·h/mLb

Based on 
MD AUC0-

672h of 
4370.848 
ng·h/mLc

Rat 10
10

M
 

5513
3109

5657
4607

4.3
2.5

1.8
1.4

1.3
1.1Repeat-

dose 
Toxicology

 Dog 40
40

M 
F

16646
14743

25285
20819

13
12

7.8
6.4

5.8
4.8

BUP: Buprenorphine; DART: Developmental and reproductive toxicity; F: Female; M: Male; MD: 
Multiple-dose; ND: Not determined; NOAEL: No
observed adverse effect level; SD: Single-dose

a  Overall AUC0-672h observed after 1st injection of RBP-6000 (single 300 mg buprenorphine dose) 
in multi-center, multiple-dose study of RBP-6000 in treatment-seeking opioid-dependent 
subjects, Study RB-US-12-0005. Patients were inducted and stabilized over a 13-day period on 
doses of Subutex at 8 to 24 mg prior to receiving their 1st injection.

b    Overall PK parameter observed after 4th injection (Day 85) of RBP-6000 (300 mg 
buprenorphine) in multi-center, multiple-dose study of RBP- 6000 in treatment-seeking 
opioid-dependent subjects, Study RB-US-12-0005.

      c   Overall AUC0-672h observed after 6th injection (Day 141) of RBP-6000 (300 mg 
  buprenorphine) in Phase 3 multiple-dose study of RBP-6000 in treatment-seeking

          opioid-dependent subjects, Study RB-US-13-0001.
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Reproductive Toxicity (TK-PK based)

Animal Doses of RBP-6000
(mg/kg)

Animal
AUC0-24h
(ng.h/mL)

Animal
AUC0-336h
(ng.h/mL)

MD Human 
AUC0-24h
(ng.h/mL) of 
178.1a

SD Human 
AUC0-672h
(ng.h/mL) 
of 1268 b

Human
Exposure
Margins c

Fertility and Early Embryonic 
Development – Rat
Females
300 2720 15.3
600 4430 24.9
900 6710 37.7
Males
300 5690 32
600 10100 56.7
900 14200 79.7
Embryofetal Development – Rat 
300 2720 15.3
600 4430 24.9
900 6710 37.7
Embryofetal Development – Rabbit d
78 N/A 3010 2.4
155 N/A 7880 6.2
390 N/A 18700 14.7

a. Human AUC0-24h observed after 4th injection (Day 85) of RBP-6000 (300 mg buprenorphine) in 
multicenter, multiple-dose Study RB-US-12-0005

b. Human AUC0-672h observed after 1st injection of RBP-6000 (single 300 mg buprenorphine dose) in 
multicenter, multiple-dose Study RB-US-12-0005

c. Exposure margins were calculated using AUC0-24h values when available.  In addition, AUC values 
from single-dose nonclinical studies were compared to single-dose human AUC, and AUC values 
from repeat-dose nonclinical studies were compared to multi-dose human AUC.

d. AUC0-336h is presented because AUC0-24h was not calculated for this study; Exposure margins were 
calculated using human AUC0-672h since AUC0-336h were not evaluated, and therefore represent more 
conservative margins.

Atrigel Toxicity (HED-based)

Safety Margins for ATRIGEL Delivery System and Individual Components based on Human 
Equivalent doses (HED)a

Highest Dose Qualified in 
Animal Studies (mg/kg)

Safety Factor Based on HEDStudy Species

ATRIGEL 
Delivery 
System

NMP PLGH ATRIGEL 
Delivery 
System

NMP PLGH

Rat 1205 723 482 8.5 8.3 8.7Single-dose 
Toxicology Dog 196 118 78 4.6 4.6 4.7
Repeat-dose Rat 1290 774 516 9.1 8.9 9.3
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Toxicology Dog 98 59 39 2.3 2.3 2.4
Rat (M) 1415c 863 552 10.0 10.0 10.0Fertility and 

embryo-fetal 
toxicityb Rat (F) 2829c 1726 1103 20.0 20.0 20.0

Rat (P) 1415 863 552 10.0 10.0 10.0Pre- and 
post-natal 

development Rat (F1) 1415 863 552 10.0 10.0 10.0
Embryo-fetal 
development

Rabbit 
(F)

713 435 278 10.0 10.0 10.0

F: Female; M: Male; NMP: N-methyl-2-pyrrolidone; PLGH: Poly(lactide-co-glycolide) with carboxylic acid 
endgroup
a Safety factor is calculated by dividing the human equivalent dose from toxicity studies by the human 
dose; human equivalent dose calculations based on FDA Guidance “Estimating the Maximum Safe 
Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers.” Human dose of 
ATRIGEL Delivery System in RBP-6000 is 1366 mg or 22.8 mg/kg. Human dose of NMP and PLGH in 
RBP-6000 is estimated to be 833 mg (13.9 mg/kg) and 533 mg (8.9 mg/kg), respectively.
b NOAEL is presented for each species tested.
c NOAEL for male reproductive and fertility indices was 2829 mg ATRIGEL/kg body weight and represent 
20-fold safety margins for both NMP and PLGH; however, the NOAEL of 1415 mg/kg was due to adverse 
effects on sperm function (percent abnormal sperm).
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At the preNDA meeting held in 2016, the Division again discussed NMP, specifically 
stating: 

Your proposed reproductive and developmental study program testing the final 
drug product formulation does not appear to be adequate to characterize the 
safety of NMP in ATRIGEL because, as designed, NMP exposures would not be 
adequate over the course of the standard dosing interval for these studies.  If you 
choose to conduct new reproductive and developmental toxicology studies with 
the ATRIGEL vehicle and/or with its individual components, we recommend that 
the studies be designed such that adequate systemic exposures to the individual 
components are achieved throughout the critical exposure periods as appropriate 
for the specific study protocols.  For example, embryofetal development studies 
with NMP should employ daily dosing by an appropriate route (e.g., 
subcutaneous) throughout the period of organogenesis.  High dose selection 
must be based on appropriate justification (e.g., maternal toxicity, maximum 
feasible dose, multiples of clinical exposure) per the ICH guidance for industry: 
S5A Detection of Toxicity to Reproduction for Medicinal Products, available at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation
/Guidances/UCM074950.pdf.

The Division noted that the reproductive and developmental studies conducted with 
RBP-6000 would not result in adequate exposure to NMP over the critical periods of 
vulnerability intended to be studies by these assays.  The Division also noted that a 
literature-based safety justification would permit filing of an NDA; however, the 
adequacy of the literature would be determined during the NDA review.  

The Applicant has conducted a toxicologic evaluation of NMP which includes study 
reports testing the drug product formulation and published literature.  A full battery of 
reproductive and developmental toxicology studies with saline, RBP-6000 and 
ATRIGEL alone (PLGH and NMP) has been conducted.  However, as noted above, the 
dosing regimens are not adequate to characterize the potential for reproductive and 
developmental toxicity in the studies.  Although these studies are adequate to address 
the safety of the buprenorphine and  PLGH polymer,  

, the 
systemic exposure of NMP over the course of the reproduction studies is inadequate.  

N-methyl-2-pyrrolidone (NMP)

N-methyl-2-pyrrolidone (CAS No. 872-50-4) is a water-miscible, polar aprotic organic 
solvent used in the manufacture of paint removers, pesticides, herbicides, fungicides, 
pigments, cosmetics and pharmaceuticals. In rats, it has shown to be absorbed rapidly 
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via inhalation, oral and dermal administration (World Health Organization, 2001).  The 
structure is depicted below.

Figure 5.  Structure of NMP (C5H9NO)

NMP is a commonly used solvent in pharmaceutical manufacturing.  In fact, ICH 
Q3C(R6) specifically discusses NMP as a residual solvent in Part III of the document.  
The Expert Working Group (EWG) revisited the PDE for NMP in 2000 based on new 
data (chronic oral carcinogenicity study conducted by the NMP Producers Group 
(unpublished data) and a reproductive and developmental toxicology study published in 
1994 (Hass et al., 1994).  As noted in the ICH Q3C document, Hass et al. exposed 
pregnant Wistar rats to 150 ppm NMP for 6 hours a day from Gestation Day 7-20.  The 
rats were allowed to deliver and offspring were evaluated.  There was no evidence of 
maternal toxicity or physical abnormalities noted.  However, there were reduced weight 
of the offspring, pre-weaning development was impaired, and the pups performed worst 
at higher cognitive function in solving a difficult task compared to control animals.  A 
NOAEL was not established in this study.  The EWG elected to keep NMP in Class 2 
residual solvent and set an PDE of not more than (NMT) 5.3 mg/day, as follows:  
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Figure 6.  PDE Calculation for NMP as per ICH Q3C(R6)

This PDE remains in the most current ICH Q3C document (Revision 6, Step 4, dated 
October 20, 2016).

ADME

NMP is readily absorbed across human skin, the gastrointestinal and respiratory tracts.   
It is rapidly distributed in the body to most organs including male sex organs.  Wells and 
Digenis reported that after IV administration of 45 mg/kg of radiolabeled NMP to male 
Sprague Dawley rats, the radiolabel had a plasma half-life of 7-10 hours.  Approximately 
70% of the label was excreted in urine within 12 hours and 80% by 24 hours.  At 6 
hours, the highest radioactivity was present in the liver and intestines (Wells and 
Digenis, 1988).

Sitarek and Kilanowicz also studied the tissue distribution of radiolabeled IP NMP in 
female and male rats and noted that the highest levels at 4 hours were in the adrenals, 
kidneys, seminal vesicles, testes, muscles, liver, brain and lungs, as depicted in the 
tables below (Sitarek and Kilanowicz, 2006).
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The Applicant also completed their own radiolabeled PK/distribution study with 3H-NMP 
delivered via the Atrigel delivery system (Study INLS-R101-60-15).  As noted in the 
table below reproduced from the report, radiolabeled material peaked in blood and 
plasma at about 8 hours post injection.  Using the blood values in the table below, 97% 
of the radiolabel is accounted for in blood following SC injection of RBP-6000.  
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The Quantitative Whole Body Autoradiography (QWBA) studies in rat show that the 
NMP delivered via the Atrigel system is also largely eliminated systemically within three 
days after a SC injection.  
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Thus, in contrast to buprenorphine and the PLGH vehicle, the NMP is released as a 
bolus from the injection site.  This is graphically represented in the figure below from the 
report, comparing the levels of radiolabeled NMP to the levels of buprenorphine and 
norbuprenorphine via this product. 

Further, the QWBA studies also demonstrates that after SC injection, NMP via Atrigel 
distributes to many different tissues.  The tissue distribution data are depicted in the 
Applicant’s tables below:
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Evaluation of the data in the table above suggest that NMP distributes widely in the body after 
SC injection via RBP-6000.  Although the highest level of radioactivity was obviously the 
injection site, other tissues with high levels of radioactivity included the preputial gland, urinary 
bladder, nasal turbinates, arterial wall, kidney (total, cortex and medulla), eye lens, cecum, and 
thyroid.  

ADME Conclusions

The above data support the Applicants statement that, in contrast to buprenorphine and 
PLGH, the NMP rapidly disperses from the injection site and distributes to tissues.  A 
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majority of the total 833 mg amount of NMP in the dosage form appears to be 
eliminated from the body within the first several days after injection with peak levels in 
urine occurring by ~24 hours.  This has significant implications for the toxicological risk 
assessment, particularly the studies evaluating the reproductive and developmental 
effects of the drug product, as noted by the Division in developmental discussions with 
the Applicant.  The studies with RBP-6000, which was dosed every 28 days in these 
studies, will result in most of the exposure to NMP only within the first few days after the 
injection.  The Applicant states that in the rat and rabbit embryofetal studies conducted 
with RBP-6000 this ~three-day exposure covers a critical period during organogenesis.  
They argue that the embryofetal findings in their studies are comparable to those 
observed in the literature reports (i.e., decreased body weight gain, increased resorption 
of fetuses, decreased fetal body weight, increased fetal skeletal abnormalities, testicular 
degeneration in males and thymic atrophy in females; see reviews below). Although 
perhaps qualitatively similar, the NOAEL for these studies may differ depending on the 
day the drug is administered with respect to the ongoing development of the fetus.  
Therefore, we do not believe that the studies with RBP-6000 alone fully characterize the 
effects of NMP over the full critical periods of development these studies are intended to 
characterize.  Therefore, the literature for NMP dosed daily will be necessary to support 
this drug product application and appropriately inform labeling.

For the purposes of this review, the worst-case MDD of NMP will be 833 mg/day, as 
injected via this product.  Although one could distribute this dose over the entire 28-day 
period, the PK data do not support this rationale if the toxicological effects are due to 
Cmax or the critical periods of exposure are not covered.  A dose of 833 mg/60 kg person 
= 513.7 mg/m2 on a body surface area basis.  This daily dose is greater than any of the 
other two FDA approved drug products making this use novel in terms of dose, duration, 
and risk-benefit.  Further, , this 
dose is also 157 times higher than the ICH Q3C(R6) PDE of 5.3 mg/day.  

TOXICOLOGICAL RISK ASSESSMENT

The Applicant has provided a review of the literature in support the safety of NMP.  
Although there are multiple toxicology studies in the literature with NMP, none of the 
studies use the subcutaneous route of administration.  Bridging studies with appropriate 
TK have not been provided.  Therefore exposure margins will be based on body surface 
area comparisons.

General Toxicology

General toxicology studies with RBP-6000 were conducted in support of this NDA.  
These studies provide an adequate safety assessment of the NMP in the drug product 
formulation.  The reader is referred to the body of this review for further details.

In addition, the Applicant summarized acute and repeat-dose general toxicology data 
from the published literature.  This appendix will focus only on the published subchronic 
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and toxicology studies submitted (Becci et al., 1983, Lee et al., 1987, Malek et al., 1997, 
Malley et al., 1999).  The primary literature references cited by the Applicant and the 
reported NOAELs are depicted in the Applicant’s table below, which also assumes 833 
mg of NMP per day:

Subchronic Toxicity

As noted in the table above, there are 90-day oral rat, mouse, and dog toxicology 
studies.  Based on the NOAEL reported, the NOAELs predict safety margins of between 
2 to 18x the maximum daily dose of NMP via RBP-6000.  

In the 90-day rat study, rats were administered 3000, 7500, or 18000 ppm NMP via the 
diet.  Based on food consumption, male doses were 169, 433, and 1057 mg/kg and 
female doses were 217, 565, and 1344 mg/kg at the low-, mid-, and high-dose groups 
(LD, MD, and HD), respectively (Malley et al., 1999).  The LD was considered the 
NOAEL for both sexes.  Exposure margins at the NOAEL were 2x and 2.5x in males 
and females respectively, based on body surface area comparisons.  There were no 
effects of NMP on mortality.  The HD group demonstrated reduced body weights (~25% 
decrease compared to controls).  The MD and HD male animals demonstrated 
increased foot splay values, low arousal, and palpebral closure in the neurological 
assessments, consistent with a general sedative effect of the compound.  HD animals 
demonstrated increased relative liver, kidney and lung weights and decreased relative 
brain and testes weights.   Microscopically, the high-dose group female demonstrated 
hepatocellular hypertrophy which was considered an adaptive response.  An increase in 
hemosiderin deposits in spleen was also noted in both HD males and females.  There 
was no adverse histopathology in the CNS.  The NOAEL was the low dose.  These 
doses provide a safety margin of 2x and 2.5x for males and females for the MDD via 
RBP-6000 based on body surface area.
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In the 90-day mouse study, mice were fed diets containing 1000, 2500, or 7500 ppm 
NMP which resulted in mean daily doses of 277, 619, and 1931 mg/kg for both sexes 
based on food consumption data (Malley et al., 1999).  There was no effect on mortality.  
There was a dose related increase in liver weights.  Evidence of centrilobular 
hepatocellular hypertrophy was found in the HD animals, which was attributed to an 
adaptive response.  The LD was considered the NOAEL/LOAEL based on liver weight 
increases.  This dose provides a safety margin of 1.6x for the MDD via RBP-6000 
based on body surface area.

In the 90-day dog study, beagles were administered NMP via the diet resulting in daily 
doses of 25, 79, and 250 mg/kg (Becci et al., 1983).  There was no impact on survival.  
HD animals demonstrated reduced body weight gain compared to controls (↓53% 
males, ↓37% females).   Decreased cholesterol, serum albumin, and total protein levels 
in MD and HD male dogs was noted; however, there were no histological correlates to 
explain these findings.  Platelet counts increased with dose at Week 8, but levels were 
subsequently decreasing by Week 12.   Based on these unexplained changes, the HD 
was deemed the NOAEL which provides a 10x safety margin for the proposed MDD of 
NMP via RBP-6000.  

Chronic Toxicity

In a 2-year inhalation toxicology study in male rats, Lee et al report that 0.04 or 0.4 mg/L 
for 6 hours a day NMP, 5 days a week did not result in any clear treatment related 
histopathology (Lee et al., 1987).  This concentration in air, assuming 290 L/day (12 L/h) 
and 0.5 kg body weight, as per the Applicant, would result in 58 mg/kg dose (0.7x the 
MDD).  

Malley et al. treated rats with oral 1600, 5000, or 15000 NMP via the diet for 2-years 
resulting in estimated daily intakes of 66.4, 207, and 678 mg/kg in males and 87.8, 283, 
and 939 mg/kg in females (Malley et al., 2001).  NMP reduced body weights in HD 
males and females by 25 and 35% relative to controls which corresponded to lower food 
consumption and food efficiency.  HD males demonstrated reduced survival which was 
associated with an increased incidence of chronic progressive nephropathy/uremia.  
Decreased survival in MD males was associated with an increase in pituitary and skin 
tumors which were not dose dependent and therefore, not likely treatment related.  As 
noted in the table below, NMP increased the incidence of chronic progressive 
nephropathy, increased pigment containing macrophages in the spleen, produced 
hepatocellular fat accumulation, and generated testicular, bone and kidney damage in 
males.  In females, the only findings were increased pigmented macrophages in the 
spleen and lymphoid depletion.  The NOAEL was 5000 ppm (207 and 283 mg/kg in 
males and females, respectively) which suggests a safety margin of 2.4x and 3.2x for 
males and females, respectively, for the MDD of NMP via Sublocade.
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Figure 7.  Non-neoplastic Lesions in 2-year Oral Rat Toxicology Study (Malley et 
al., 2001)

Malley et al. also treated mice for 18 months with oral NMP via the diet (600, 1200, or 
7200 ppm) resulting in daily doses of  89, 173, or 1089 mg/kg in males and 115, 221, or 
1399 mg/kg in females based on food consumption (Malley et al., 2001).  There were no 
clear effects of NMP on body weight or food consumption; however, the NMP appeared 
to stick to the food hopper, so the sporadic changes in BW are difficult to interpret.  
There was no increased mortality in males or females.  NMP significantly increased liver 
weights, likely the result of the increased incidence of liver tumors and hepatocellular 
hypertrophy in this study (see carcinogenicity section below).  In males, absolute kidney 
weights were decreased in all dose groups although there were no histopathological 
correlates to explain this finding and the effects were not clearly dose dependent.  
Absolute testes weight was increased in the HD males; relative weights were increased 
in all treatment groups without histopathological correlates.  The same can be said of 
the increased relative adrenal weight in HD males and lower ovarian weights in MD and 
HD females.  In females, absolute brain weight increases in all treatment group without 
histopathological changes noted.  
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Table 20.  Organ Weights 18-Month Oral Mouse Study (Malley et al., 2001)

Table 21.  Summary of Test Substance-related Non-neoplastic Lesions in 18-
month Oral Mouse Study (Malley et al., 2001)

As per the authors, the NOAEL was reported to be LD in males and the MD in females, 
the former apparently driven primarily by the liver effects in males at 1200 ppm.   These 
NOAELs suggest exposure margins of 0.5x and 1.3x for the MDD of NMP via 
Sublocade.
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Unlike the chronic rat repeat-dose toxicology study with RBP-6000, there was no 
mention in this study of pancreatic acinar cell apoptosis or alveolar macrophage 
infiltrates in the lung in any of these studies.

REPRODUCTION AND DEVELOPMENTAL TOXICITY

As noted above, the Applicant’s study testing RBP-6000 to characterize the potential for 
toxicity on fertility endpoints in males and females was considered inadequate for NMP 
because the dosing interval employed did not provide systemic exposure of NMP 
throughout the critical time periods.  In their literature review, the Applicant identified 
studies in male and female rats, as follows:

Table 22.  Published Two-generational Male Reproductive Toxicology Studies
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Table 23.  Published Developmental Toxicity Studies in Rats

Male and Female Fertility and Early Embryonic Development

As per ICH S5(R2), fertility and early embryonic development studies are intended to 
test for toxic effects of a compound resulting from treatment prior to mating (males and 
females) through mating and implantation.  For females, the studies should characterize 
effects on the estrus cycle, tubal transport, implantation, and development of 
preimplantation states of the embryo as well as mating behavior and fertility 
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assessments.  The acceptable dosing regimen for females is to dose them at least 2 
weeks prior to mating through implantation in females (for rats implantation is generally 
by Gestation Day 6-7 of pregnancy).  For males, the studies should evaluate the impact 
of a drug on functional effects (e.g., libido, epididymal sperm maturation) that may not 
be detected via histopathological examination of the male reproductive tissues.  
Although spermatogenesis in the rat lasts 63 days, acceptable dosing regiments require 
that the rats be tested for at least 28 days prior to mating.  

Male Fertility

Solomon et al. evaluated male fertility as part of a two-generation study in rat.  Males 
were exposed to whole body inhalation of 10, 51, or 116 ppm NMP (corresponding to 6, 
30, or 68 mg/kg) for 6 h/day 7 day/week from age 34 days to end of mating period (100 
days total) (Solomon et al., 1995).  No effects on male fertility were observed but limited 
endpoints were assessed.  Male mating and fertility indices were assessed and both 
were based only on reproductive performance (i.e., number of rats copulating or litters 
sired).  Testes were weighed and reproductive organs were examined for gross lesions.  
No evaluation of spermatogenesis or histopathology of reproductive organs was 
performed.  The NOEL for male reproductive performance is the highest dose tested, 68 
mg/kg, which is 0.8-fold the human dose of 833 mg based on BSA.  As this study does 
not test doses high enough to inform labeling, this publication has limited utility for the 
RBP-6000 safety assessment.

Sitarek and Stetkiewicz administered NMP to male rats orally at doses of 100, 300 and 
1000 mg/kg for 10 weeks prior to mating (Sitarek and Stetkiewicz, 2008).  Males were 
mated with untreated females then necropsied and epididymis and testis were fixed for 
histopathological evaluation.  The individual stages of spermatogenesis were assessed.  
Viability and development of offspring were observed up to 28 days. The doses of 100 
and 300 mg/kg did not significantly alter fertility or spermatogenesis.  However, 
significantly lower viability of the offspring in the first four days of life was seen at 300 
mg/kg and above.  Infertility and extensive damage to the seminiferous epithelium and 
the seminal tubule of the testis were observed at 1000 mg/kg (11.6x the MDD).  The 
NOEL for male fertility is 300 mg/kg (3.5-fold the human dose of 833 mg based on BSA) 
although the NOEL for paternal effects of prenatal development of the progeny is 100 
mg/kg which is approximately equal to the human dose of 833 mg based on BSA.  This 
study appears to contain all the primary endpoints of a male fertility study.  Exposure 
data are not available, and oral dosing may result in reduced bioavailability compared to 
SC administration.  The daily exposures to NMP in this study are far more than what 
would occur via RBP-6000, and therefore this study likely overestimates the potential 
toxicity of the drug product to males.  The male fertility data for RBP-6000, which dosed 
male rats once a month for three months prior to mating, is likely more predictive of the 
potential toxicity of the drug product on male reproductive capacity.  As noted in the 
primary review, the NOAEL for male fertility in that study suggested a safety margin of 
10x for NMP under the conditions of the study.  Although the findings in the Sitarek and 
Stetkiewicz study are still concerning, particularly the apparent male-mediated adverse 
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impact on subsequent offspring, as these endpoints are not tested in standard fertility or 
addressed via pre- and postnatal development studies due to lack of male dosing in the 
study designs.  In terms of labeling, given the small to non-existent safety margin, 
labeling (Section 13.1 and 8.1) could state:  

Section 13.1
Adverse effects on testes and male fertility were noted in published study in 
which rats were treated for 10 weeks with daily oral doses of NMP, an excipient 
in Sublocade at greater than 11.6 times the MDD and resulted in male-mediated 
adverse effects on offspring (decreased pup weight and survival) at daily doses 
3.5 times the MDD of NMP delivered by Sublocade.  No adverse effects were 
noted at oral doses equivalent to the dose of NMP delivered by Sublocade.

Section 8.1
Male-mediated adverse effects on offspring (decreased pup weight and survival) 
were noted in a published study in which male rats were treated orally for 10 
weeks with NMP, an excipient in Sublocade at daily doses 3.5 times the MDD of 
NMP delivered by Sublocade.  No adverse effects were noted at oral doses 
equivalent to the dose of NMP delivered by Sublocade.

Female Fertility and Early Embryonic Development

Solomon et al. evaluated female fertility as part of their two-generation study in rat 
(Solomon et al., 1995).  Females were exposed to whole body inhalation of 10, 51 or 
116 ppm NMP (corresponding to 6, 30, or 68 mg/kg) for 6 h/day 7 day/week from age 
34 days to weaning with interruption between GD 20 to Day 4 post-partum (134 days 
total).  Treated males were mated with treated females.  Female mating and fertility 
indices were assessed and both were based only on reproductive performance (i.e., 
number of rats copulating or bearing litters).  The uterus was weighed and reproductive 
organs were examined for gross lesions.  Live and dead fetuses, resorptions, corpora 
lutea, and fetal weights were evaluated.  The female fertility parameters that were 
evaluated appeared to be adequate in this study and no NMP-related effects were 
observed.  However, the highest dose of NMP tested does not provide coverage for the 
proposed human dose via Sublocade.  The NOEL for female fertility is the highest does 
tested, 68 mg/kg, which is 0.8-fold the human dose of 833 mg based on BSA.  As this 
study did not test doses high enough to inform labeling, the results of this publication 
have limited utility for the RBP-6000 safety assessment.

Sitarek et al. treated female rats with oral NMP 150, 450, or 1000 mg/kg for 5 
days/week two weeks before mating, during mating, and though gestation and lactation 
(Sitarek et al., 2012).  The fertility index was significantly lower at 450 and 1000 mg/kg 
(5.2 and 11.6 times the MDD).  No standard early embryonic endpoints were examined 
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(only fertility index = percentage of pregnant females in mating female group).  
However, examination of the HD females that did not get pregnant revealed evidence of 
early resorptions indicating intrauterine mortality of the embryos.  The NOEL for fertility 
in this study is 150 mg/kg and is 1.8-fold the human dose of 833 mg based on BSA.  
The authors note that the 150 mg/kg dose “slightly toxic” (body weight changes) to the 
dams.  It should be noted that although there was no effect on female fertility 
parameters at 150 mg/kg, pup survival was decreased at this dose.  Both the index of 
viability (% of pups born alive that survived to 4 days) and index of lactation (% of pups 
alive at 4 days that survived to 21 days) were significantly lower than control for all 
treated groups, as noted in the table below from the publication.

Table 24.  Effect of NMP on Reproductive Performance in Female Rats and their 
Progeny (Sitarek et al., 2012)

The NOEL for female fertility is 150 mg/kg which is 1.8-fold the human dose of 833 mg 
based on BSA.  No NOAEL for pup effects can be reported (<1.8x the MDD).  Given the 
limited endpoints, this study is technically not an adequate full assessment of early 
embryonic development.  Given the lack of exposure data, the lack of adequate early 
embryonic development endpoints in these studies, and the likelihood that oral 
bioavailability is not 100%, a definitive SC EFD study should be completed.

In terms of labeling, given the small to non-existent safety margin for an impact on 
offspring, labeling (Section 8.1) could state:  

Section 8.1
Adverse effects on offspring (decreased pup survival) was noted in a published 
study in which female rats were treated orally for 2 weeks prior to mating and 
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through gestation and lactation with NMP, an excipient in Sublocade, at doses 
1.8 times the MDD of NMP delivered by Sublocade.  A NOAEL was not 
demonstrated.

Taken together, the literature reports provide an adequate assessment of the effects on 
male fertility for NMP and limited date on female fertility and early embryonic 
development.  However, adverse effects in the offspring of both treated males and 
females are observed at doses of NMP that have no effect on fertility index.  The key 
results of these studies are summarized below.

Table 25.  Summary Table of Effects of NMP on Male and Female Fertility
Effect 

Reported
Species, 

Route
Treatment 

Period
Dose Estimated 

Exposure 
Margin 

Based on 
BSA

Citation Comment on 
Adequacy

Female Fertility

Fertility 
decreased at 

450 and 
1000 mg/kg

Rat, oral F: 5 days/wk 2 
wks prior to 
mating, during 
mating, 
gestation and 
lactation

NOEL F 
fert: 150 
mg/kg

1.8 X (Sitarek et 
al., 2012)

No early 
embryonic 
development 
endpoints, 
only a fertility 
index 
determined.

7% 
decrease in 
fetal weight 
in F1 fetal 
offspring

Rat, 
inhalation

6 h/day, 7 
d/wk 

M: 100 days 
total (from age 
34 days to end 
of mating 
period

F: 134 days 
total (from age 
34 d days to 
weaning with 
interruption 
between GD 
20- Day 4 
post-partum)

206 
mg/m3

(30 
mg/kg)

0.35 X (Solomon 
et al., 1995)

Inadequate 
doses to 
provide 
adequate 
coverage for 
NMP via 
Sublocade.

4-11 % 
transient 

>41 
mg/m3
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decrease 
pup weight

Male Fertility

Male 
infertility and 
damage to 
seminiferous 
epithelium 
and tubules 
(at 1000 
mg/kg)

NOEL 
for M 
fertility:

300 
mg/kg

3.5 X Endpoints are 
acceptable to 
assess male 
fertility

Survival rate 
of pups 
lower than 
controls at 
300 mg/kg 
treated M 
untreated F

Rat, oral Treated from 
age 7 weeks 5 
days/wk for 10 
weeks and for 
1 wk during 
mating, mated 
with untreated 
F

NOEL 
for 
effects 
on 
offspring 
of 
treated 
M: 100 
mg/kg

1.2 X

(Sitarek 
and 
Stetkiewicz, 
2008)

Endpoint not 
examined in 
typical 
studies, but 
suggests 
male 
mediated 
adverse 
effects on 
offspring.

Embryofetal Development (EFD)

Embryofetal Development in Rat
The Applicant’s study testing RBP-6000 to characterize the potential for embryofetal 
toxicity potentially attributable to NMP is considered inadequate because of the dosing 
interval employed does not provide adequate systemic levels of NMP throughout the 
relevant time period during gestation (organogenesis).  As per ICH S5(R2), embryo-fetal 
development studies are intended to detect adverse effects on the pregnant female and 
development of the embryo and fetus consequent to test article exposure of the female 
implantation to closure of the hard palate.  The studies should characterize the toxicity 
profile of the test article compared to nonpregnant females as well as assess 
embryofetal death, altered growth and structural changes (including soft tissue and 
skeletal examination).  The acceptable dosing regimen is to dose pregnant females 
from implantation to the closure of the hard palate (GD 6 to 18 for mice and rats; GD 6-
20 for rabbits) and then sacrifice females one day prior to parturition (GD 18 mice; GD 
20-21 rats; GD 29 rabbits).  Fetuses should be examined for soft tissue and skeletal 
changes.  At terminal examination, the following endpoints are recorded:  macroscopic 
examination of all adults (histological evaluation), corpora lutea number, number of live 
and dead implantations, individual fetal body weight, fetal abnormalities, and gross 
evaluation of placenta. 
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The Applicant provided a literature review to address the safety of NMP on embryofetal 
development.  Reports from the literature in rat are available for dermal, oral and 
inhalation routes of administration.  It has been shown that NMP causes embryo- and 
fetotoxicity as well as malformations.  NMP also causes maternal toxicity.  Based on 
body surface area comparisons, the data in the literature are inconsistent with regard to 
the dose at which various effects are observed.  These inconsistencies are most likely 
due to differential exposure via the routes of administration tested and the lack of 
toxicokinetic data needed to more accurately compare exposure.

Becci et al. examined the teratogenic potential of NMP in rats following dermal 
administration of 75, 237, or 750 mg/kg NMP from GD 6-15 (0.9, 2.8, or 8.7x the MDD) 
(Becci et al., 1982).  Maternal toxicity was noted at 750 mg/kg as decreased body 
weight gain.  Reduced number of viable fetuses, increased resorptions, and skeletal 
abnormalities (missing sternabrea extra or fused ribs, incomplete ossification of 
vertebra, incomplete closing of skull, fused atlas) were noted at 750 mg/kg group.  
There was no evidence of teratogenicity or maternal toxicity noted in the 75 or 237 
mg/kg groups.  The NOAEL for EFD provides a safety margin of 2.8x.

Lee et al. treated pregnant rats via inhalation with 0.1 or 0.36 mg/L (15 or 52 mg/kg) for 
6 hours per day from GD 6-15 (Lee et al., 1987).  Evidence of maternal toxicity was 
limited to sporadic lethargy and irregular respiration.  Evaluation of the fetuses at GD 15 
revealed no evidence of teratogenicity of other adverse fetal effects.  The HD was the 
NOAEL for EFD and predicts an exposure margin of 0.6x.  

Hass et al. treated rats 0 or 165 ppm NMP via whole body inhalation on GD 4-20 (Hass 
et al., 1995).  Increased pre-implantation loss, delayed ossification of the skeleton and 
decreased fetal body weight was observed in the absence of maternal toxicity.  No 
NOAEL can be established in this study.  The dose of 165 ppm (97 mg/kg) is 
approximately equal to the human dose of 833 mg based on BSA.  As this study did 
dose slightly earlier than a standard EFD study, implantation sites were assessed which 
could be used to inform embryonic development endpoints.

Solomon et al. evaluated embryofetal development as part of a two-generation study in 
rat (Solomon et al., 1995).  Females were exposed to whole body inhalation of 10, 51 or 
116 ppm NMP (corresponding to 6, 30, or 68 mg/kg) for 6 h/day 7 day/week from age 
34 days to weaning with interruption between GD 20 to Day 4 post-partum (134 days 
total).  Males were exposed to whole body inhalation of 10, 51 or 116 ppm NMP 
(corresponding to 6, 30, or 68 mg/kg) for 6 h/day 7 day/week from age 34 days to end of 
mating period (100 days total). Treated males were mated with treated females.  
Gestation and viability indices were similar between control and exposed groups.  No 
malformations or variations were attributed to exposure of NMP, although the doses 
used were relatively low and the highest dose provides an exposure margin of less than 
one for the proposed human dose.  The only finding was reduction of body weight of F1 
offspring when both parents were exposed to 116 ppm NMP.  Therefore, the NOEL for 
embryofetal development is the mid dose, 51 ppm (30 mg/kg), which is 0.4x the human 
dose of 833 mg based on BSA.  
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Saillenfait et al. orally administered 125, 250, 500, or 750 mg/kg NMP to pregnant rats 
from GD 6-20 (Saillenfait et al., 2002).  Maternal toxicity (decreased body weight gain 
and food consumption) was evident at 500 and 750 mg/kg. NMP increased resorptions 
at these same doses.  Fetal malformations (imperforate anus, absence of tail, anasarca, 
malformations of the great vessels and cervical arches) were noted at 500 and 750 as 
well and one fetus in the 250 mg/kg group showed similar evidence of teratogenicity.  
Decreased fetal weights were evident at 250 mg/kg and above.  The maternal NOAEL 
was 250 mg/kg (3x the MDD); however the developmental NOAEL was 125 mg/kg (1.5x 
the human dose of 833 mg based on BSA.  Given the presumed lack of 100% oral 
bioavailability, these margins may be lower following SC administration.

Saillenfait et al. exposed pregnant rats to NMP via whole body inhalation at 0, 30, 60 
and 120 ppm (18, 35, or 71 mg/kg) 6 h/day from GD 6-20  (Saillenfait et al., 2003).  
Maternal toxicity was evident as transient body weight gain decreases at 60 and 120 
ppm. Reduced fetal body weights were observed at 120 ppm.  No effects were noted on 
the number of corpora lutea, implantation sites, dead or live fetuses.  No NMP-related 
visceral or skeletal variations or malformations were observed. The NOEL for EFD 
effects is 60 ppm (35 mg/kg) is 0.4-fold the human dose of 833 mg based on BSA.  
Transient maternal toxicity was observed at this dose as a 17% decrease in body 
weight GD 6-13.  

Table 26.  NOAEL and Adverse Effects in Published Rat EFD Studies
Study Route NOAEL 

for EFD
Exposure 
Margin 
(BSA)

Dose 
for 
AEs

Adverse Fetal 
Effects

Exposure 
Margin

Comment 
on 
Adequacy

(Becci et 
al., 1982)

Dermal 237 
mg/kg

2.8 750 
mg/kg

Fetal lethality
Increased 
resorptions
Skeletal 
malformations

8.7x No exposure 
data
No maternal 
toxicity

(Lee et al., 
1987)

Inhalation 52 
mg/kg

0.6 None 0.6x No maternal 
toxicity
No exposure 
data

(Solomon 
et al., 
1995)

Inhalation 30 
mg/kg

0.4 None 0.4x In adequate 
dosing to 
provide 
coverage for 
clinical

(Hass et 
al., 1995)

Inhalation <97 
mg/kg

<1 97 
mg/kg

Preimplantation 
loss
Delayed 
ossification
Decreased fetal 
body weight

1x No exposure 
data
No NOAEL

(Saillenfait 
et al., 
2002)

Oral 125 
mg/kg

1.5 250 
mg/kg

Increased 
resorptions
Fetal 
malformations

3x No maternal 
toxicity.
No exposure 
data
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SM could be 
lower with 
SC

(Saillenfait 
et al., 
2003)

Inhalation 35 
mg/kg

0.4 None 0.4x Maternal 
toxicity noted 
at this dose, 
unclear 
significance

Collectively, the potential embryofetal effects in rat with NMP has been tested in rats via 
oral, dermal, and inhalation routes of administration.  No studies with the SC route have 
been completed and exposure data are not available.  The existing data suggest 
adverse effects on fetal development at exposures that 1 to 9 times the MDD of NMP 
via Sublocade.   As these adverse effects appear to result in exposure margins that are 
smaller than the exposure margins for buprenorphine-related adverse effects, the 
findings should be included in the product labeling.  Recommended language for the 
label follows:

Preimplantation losses, delayed ossification and reduced fetal body weights were 
reported in published studies following treatment of pregnant rats during 
organogenesis with NMP, an excipient in Sublocade, via inhalation at 
approximately equivalent doses of NMP delivered by Sublocade.  Fetal 
malformations and resorptions have also been reported following oral 
administration of 3 times the MDD of NMP delivered by Sublocade at the MDD 
based on a body surface area comparison.

It is not clear how the inhalation and oral routes of administration compare the proposed 
SC route of administration.  As oral delivery is not likely 100% bioavailable and 
malformations may have a smaller safety margin that predicted by these data, a 
definitive SC EFD study in the rat should be completed as a Postmarketing 
Requirement (PMR).  Given the indication and potential public health benefit of this drug 
product, the study can be completed as a Postmarketing Requirement (PMR) with the 
above labeling.

 
Embryofetal Development in Rabbit

Reference ID: 4184340

(b) (4)





NDA 209819    Reviewers: Gary P. Bond 
and Elizabeth Bolan

Page 280 of 288

gestation. No information on maternal toxicity is given in this study; thus, 
evaluation of the results is difficult (Schmidt, 1976).

The LOAEL dose of 74 mg/kg in the mouse is 0.4x the MDD in humans via Sublocade.  

Peri- and Post-Natal Development (PPND)

The Applicant’s study with RBP-6000 to characterize the potential for peri- and 
postnatal development toxicity of NMP is considered inadequate because the dosing 
interval employed does not provide adequate systemic exposure of NMP throughout the 
study.  As per ICH S5, PPND studies are intended to characterize the effects of a drug 
on the pregnant/lactating female and on development of the conceptus and the offspring 
after exposure of the female from implantation through weaning.  Endpoints in the 
maternal animals should include clinical signs and mortalities, food intake and body 
weight changes, duration of pregnancy, and partition.  Endpoints in the offspring include 
macroscopic examinations at necropsy, abnormalities, number of live/dead offspring, 
body weight at birth, pre- and post-weaning survival and growth, maturation and fertility 
of the offspring, physical development, sensory function and reflexes, and behavior.  
Specific functional testing methods is not outlined by ICH S5; however, studies that 
assess sensory function, motor activity, and learning and memory are recommended.  

Hass et al. treated pregnant rats via whole body inhalation to 0 or 150 ppm (88 mg/kg = 
1 x the MDD of NMP via Sublocade) NMP for 6 h/day on GD 7-20 (Hass et al., 1994).  
The authors state that this dose level was chosen so as not to cause maternal toxicity or 
decrease viability of the offspring.  Although the study did not include exposures during 
lactation, the offspring were allowed to be born and were evaluated via functional 
assessments, similar to a PPND study.  Exposed offspring showed decreases in body 
weight and had delayed physical development.  Performance in tasks including the 
reversal procedure (retesting with a new platform location) in the Morris Water Maze 
and operant delayed spatial alteration (Skinner boxes) was impaired in exposed 
offspring.  No differences between NMP-exposed animals and control animals were 
seen in motor function (rotarod), activity level (open field) and learning tasks of low 
complexity.  No NOAEL can be established for PPD parameters and the exposure at 
the dose employed (88 mg/kg) is approximately equal to exposure of 833 mg in human 
based on BSA).

Sitarek et al. treated female rats with oral NMP 150, 450, or 1000 mg/kg for 5 
days/week two weeks before mating, during mating, and through gestation and lactation 
(Sitarek et al., 2012).  The authors considered the 150 mg/kg dose “slightly toxic” (body 
weight changes) to the dams.  The incidence of stillbirths was increased at 1000 mg/kg.  
At 150 mg/kg there was no effect on fertility but pup survival was decreased.  As 
previously noted in the fertility section of this appendix, both the index of viability (% of 
pups born alive that survived to 4 days) and index of lactation (% of pups alive at 4 days 
that survived to 21 days) were significantly lower than control for all groups, as 
illustrated in the table below again reproduced from the publication.
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In terms of typical PPND endpoints the offspring were only evaluated for general 
appearance, litter weight, mean pup weight, and mortality from birth to PND 21.  As 
such, there are limited PPND endpoints in this report.  No NOAEL was established for 
this study for these PPD endpoints.  The low dose of 150 mg/kg is 1.8-fold the human 
dose of 833 mg based on BSA. 

In terms of labeling, based on these two published studies, the following can be 
included in Section 8.1:

Decreased pup survival was noted following oral treatment of pregnant rats prior 
to and during gestation and lactation with NMP, an excipient in Sublocade at 
doses 1.8 times the MDD.  Developmental delays and impaired cognitive function 
were reported in pups born to pregnant rats treated with NMP via inhalation 
during gestation at doses equivalent to the MDD of NMP via Sublocade based on 
a body surface area comparison.

The reports reviewed in the literature do not provide adequate exposure margins or 
complete methodology to accurately assess effects of NMP on PPD endpoints. 
Therefore a definitive PPND study the rat should be completed.  Given the indication 
and potential public health benefit of this drug product, the study can be completed as a 
Postmarketing Requirement (PMR) with the above labeling.

Overall Reproduction and Developmental Conclusions

The published literature on NMP clearly suggest the potential for adverse effects on 
development.  As these studies exposed the animals to NMP during the full critical 
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periods of development, they provide a more comprehensive assessment of the 
potential adverse effects of NMP exposure via RBP-6000 than the studies completed by 
the Applicant with RBP-6000.  However, they are limited as they employ different routes 
of administration which likely have different bioavailabilities.  Therefore, as the safety 
margins for the RBP-6000 studies suggest reduced risk and the toxicities noted appear 
to be largely driven by the vehicle rather than buprenorphine alone, the adverse findings 
and smaller exposure margins for NMP from the published studies should be included in 
labeling.  Finally, as the exposure data do not exist for these other routes of 
administration and SC could result in increased exposures compared to oral studies, 
definitive studies for NMP should be completed via the SC route as post marketing 
requirements. 

GENETIC TOXICOLOGY

The Applicant provided a literature review of published genetic toxicology studies, as 
summarized their table below.
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NMP was tested in the Ames Assay using strains TA1535, TA1537, TA1538, TA98, 
TA100, TA102, and TA104 in the presence and absence of metabolic activation 
(Mortelmans et al., 1986, Wells et al., 1988).  In strains TA102 and TA104, small 
increases in revertants above control were observed.  However, the increases were less 
than two-fold above control values and therefore do not meet the criteria for a positive 
response per the OECD protocol.  NMP was negative in the Ames Assay in all other 
strains tested.  

NMP was found to be negative in the mouse micronucleus assay and Chinese hamster 
bone marrow assay (Engelhardt and Fleig, 1993).  

NMP was found to be induce aneuploidy in yeast (Mayer et al., 1988, Zimmermann et 
al., 1988).  As discussed in Engelhardt and Fleig (1993), a cold shock treatment 
condition that destroys the spindles and has questionable relevance in intact mammals 
was used in these studies.  Further work by Basler showed that various organic 
solvents that were known to be potent inducers of aneuploidy in yeast did not increase 
the frequency of micronucleated polychromatic erythrocytes in bone marrow cells of 
hamsters (Basler, 1986). Further, the weight of evidence suggests that the genotoxic 
potential for NMP is minimal.  

CARCINOGENICITY

Two studies in rats and one in mice evaluating the carcinogenicity of NMP were 
identified in the literature.  

Lee and colleagues exposed rats to 0, 0.04 or 0.4 mg/L NMP for 6 h/day 5 days/week 
via whole body inhalation for two years (Lee et al., 1987).  No treatment-related tumors 
were identified in either males or females.  The NOEL for carcinogenic effects of NMP is 
the high dose, 0.4 mg/L (58 mg/kg/day) yields and exposure margin of 0.7-fold the 
human dose of 833 mg based on BSA.

Malley et al. assessed the carcinogenic effect of NMP in rats and mice (Malley et al., 
2001).  The administration of NMP was in the diet and food consumption was 
measured.  Although not a GLP study, an adequate assessment of organs and tissues 
were conducted and it appears that methods are acceptable.  In rats, NMP was 
administered in the diet at 0, 1600, 5000, or 15000 ppm for approximately two years.  
No carcinogenic effects of NMP were observed at any dose.  The mean daily 
consumption at 15000 ppm, the NOEL for oncogenic effects was 678 mg/kg in males 
and 939 mg/kg in females.  Therefore, the exposure margins at the NOEL for oncogenic 
effects is 8-fold and 11-fold in males and females, respectively, as compared to the 
human dose of 833 mg based on BSA.

In mice, NMP was administered in the diet at 0, 600, 1200, or 7500 ppm for 
approximately 18 months. Increases in hepatocellular adenoma and carcinoma were 
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observed in both males and females at the highest dose tested.  In females, the 
hepatocellular carcinoma was within the historical control range.  The mean daily 
consumption of NMP at 1200 ppm, the NOEL for oncogenic effects was 173 mg/kg in 
males and 221 mg/kg in females (Malley et al., 2001).  Therefore, the exposure margins 
at the NOEL for oncogenic effects is 1-fold and 1.3-fold in males and females, 
respectively.  The dose at which a statistically significant increase in hepatocellular 
adenomas and carcinomas were noted (7200 ppm) was estimated to result in daily 
exposures of 1089 mg/kg/day in male mice and 1399 mg/kg/day in female mice.  Based 
on a body surface area basis, these doses were ~6 and 8 times the maximum human 
daily dose via the drug product.

Table 27.  Summary of Neoplastic Lesions in Male and Female Mice
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Table 28.  Summary of NMP-related Non-neoplastic Lesions in Male and Female 
Mice

According to Malley et al., Van Esch and Kroes included an NMP solvent control arm in 
a toxicology studies in Swiss mice (Van Esch and Kroes, 1972).  Mice presumably 
received 25 mg (~25 g body weight = 1000 mg/kg or 3000 mg/m2) NMP a total of 9 
times over the 18-month assay (Day 14, Month 1.5, 3, 4.5, 6, 10, 14, and 17).  No 
increased tumors were noted; however, a saline/water control arm was also not 
included in this study.  One incidence of hepatocellular carcinoma was noted in the 
control group and one in one of the test arms.  Although of limited utility given the study 
limitations, the dose tested was approximately 6 times the MDD and the dosing interval 
was punctuated, similar to that which will occur via the proposed dosing regimen.

The Applicant did not provide a mode of action (MOA) assessment to address the 
hepatic tumors in the mice.  Although rodent liver tumors are frequently not believed to 
be relevant to humans, a MOA assessment is generally completed to put these findings 
into perspective (Holsapple et al., 2006).  For example, a MOA assessment for 
phenobarbital-induced liver tumors in mice and rats has been undertaken and the data 
suggest that the increased cellular proliferation, decreased apoptosis, formation of 
altered hepatic foci, and ultimate liver tumors in rodents did not appear to translate to 
human risk (Elcombe et al., 2014).  This conclusion was primarily driven by data that 
demonstrated that, unlike rodent hepatocytes, human hepatocytes did not proliferation 
in vitro in response to phenobarbital.  That coupled with a lack of an epidemiological 
signal for increased tumors following extensive human exposure to phenobarbital 
support the conclusion that the risk of liver tumors in humans appear to be low for 
phenobarbital.  
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Like phenobarbital, repeat-dose toxicology studies with NMP demonstrate increased 
hepatocellular hypertrophy, suggesting that these liver tumors in mice may not correlate 
with increased human risk.  However, as a similar MOA assessment has not be 
undertaken for NMP, we recommend that the product labeling include the following:

NMP, an excipient in Sublocade, produced an increase in hepatocellular 
adenomas and carcinomas in male and female mice at 6 and 8 times the 
maximum daily dose (MDD) of NMP via Sublocade.  No tumors were noted at 1 
and 1.3 times the MDD.  The clinical significance of these findings is unclear.  In 
2-year inhalation and dietary studies in rats, NMP did not result in evidence of 
carcinogenicity.

Further, as this risk may not be relevant and could impact prescription practices, we 
recommend that a post-marketing requirement be instituted to conduct a MOA for NMP 
induced liver tumors, which could support removal of the above labeling statement.
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