
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

022200Orig1s000 
 
 

PHARMACOLOGY REVIEW(S) 



 

 

 
 

 
 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

 
                 

 
PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 

 
 

NDA NUMBER:    022-200 

SUPPORTING DOCUMENT NUMBER: 043 

DATE RECEIVED BY CENTER:  28 July 2011 

PRODUCT:     Exenatide extended-release (BYDUREON) 
INTENDED CLINICAL POPULATION: Type 2 Diabetes 
SPONSOR:     Amylin Pharmaceuticals, Inc. 
DOCUMENTS REVIEWED:   Complete Response: resubmission 
REVIEW DIVISION: Division of Metabolism and Endocrinology 

Drug Products (HFD-510) 
PHARM/TOX REVIEWER:   B. Timothy Hummer, Ph.D., DABT 

PHARM/TOX SUPERVISOR:   Karen Davis-Bruno, Ph.D. 
DIVISION DIRECTOR:   Mary Parks, M.D. 
PROJECT MANAGER:   Pooja Dharia, Pharm.D. 
 
Date of review submission to Document  
Archiving, Reporting, & Regulatory  
Tracking System (DARRTS):    14 December 2011 

 
 
 

Data reliance :  Except as specifically identified below, all data and information 
discussed below and necessary for approval of NDA 22-200 are owned by Amylin 
Pharmaceuticals, Inc. or are data for which Amylin has obtained a written right of 
reference.  Any information or data necessary for approval of NDA 22-200 that Amylin 
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 described in the drug’s approved labeling.  Any data or information described or 
referenced below from a previously approved application that Amylin does not own (or 
from FDA reviews or summaries of a previously approved application) is for descriptive 
purposes only and is not relied upon for approval of NDA 22-200. 

Reference ID: 3058637



 
 
 

2  

TABLE OF CONTENTS 
 

EXECUTIVE SUMMARY ................................................................................................ 3 

I. RECOMMENDATIONS................................................................................................... 3 
A.  Recommendation on approvability ................................................................................................. 3 
B.  Recommendation for nonclinical studies ....................................................................................... 4 
C.  Recommendations on labeling ....................................................................................................... 5 

II. SUMMARY OF NONCLINICAL FINDINGS .............................................................. 10 
A.  Brief overview of nonclinical findings ........................................................................................... 10 
B.  Pharmacologic activity.................................................................................................................... 14 
C.  Nonclinical safety issues relevant to clinical use........................................................................ 15 

2.6  PHARMACOLOGY/TOXICOLOGY REVIEW ................................................... 17 

2.6.1 INTRODUCTION AND DRUG HISTORY .................................................................. 17 

2.6.2 PHARMACOLOGY........................................................................................................ 19 

2.6.4 PHARMACOKINETICS/TOXICOKINETICS ............................................................. 19 

2.6.6 TOXICOLOGY ................................................................................................................ 19 
2.6.6.1 Overall toxicology summary ............................................................................................. 19 
2.6.6.6 Developmental and Reproductive Toxicology ............................................................... 21 

INTEGRATED SUMMARY....................................................................................................... 37 
 

Reference ID: 3058637



Reviewer:  B. Timothy Hummer, Ph.D., DABT    NDA #22-200 
 
 

 3 
 

EXECUTIVE SUMMARY 
 

I. RECOMMENDATIONS 
 
A.  Recommendation on approvability 
 

The initial marketing application for Bydureon was received by the Agency 
on 05 May 2009 (Supporting Document #001).  The application was not 
approved and a complete response letter was sent to the sponsor on 12 
March 2010.  The primary deficiencies noted in the complete response 
letter included product quality issues and the requirement for a Risk 
Evaluation and Mitigation Strategy (REMS).  There were no nonclinical 
deficiencies noted in the complete response letter.  The sponsor then 
resubmitted the marketing application for Bydureon as a complete 
response on 22 April 2010.  On 18 October 2010, the sponsor was issued 
a second complete response decision due to concerns for the potential of 
QT prolongation in humans based on clinical data.  The sponsor 
resubmitted their marketing application on 28 July 2011 to address the QT 
prolongation concerns.  In this submission, the sponsor has also included 
a nonclinical rat embryo-fetal development study that was conducted at 
the request of the European Medicines Agency (EMA).  This study was 
not required for the complete response and the data in the study do not 
raise new safety concerns for embryo-fetal development.  However, 
because the information from the rat study will be included in the label, the 
study data are discussed in this review. 

 
After review of the initial NDA submission, Pharmacology/Toxicology 
recommended that Bydureon not be approved based on the finding of 
drug-related thyroid C-cell tumors in rats after treatment for 2 years at 
clinically relevant exposures.  New information regarding C-cell effects 
was not included in this submission currently under review or the previous 
complete response.  In the absence of data to determine the human 
relevance of the rodent tumor signal, the Pharmacology/Toxicology 
recommendation continues to be a complete response.  However, this 
recommendation is based on the nonclinical data that indentifies potential 
clinical risk in the absence of considering clinical benefit.  It is recognized 
that when clinical benefit is considered, Bydureon may be found to have a 
clinical benefit that outweighs the potential risk of C-cell proliferation in 
humans.  In this case it is recommended that the sponsor further evaluate 
the potential risk of C-cell proliferation to humans in nonclinical post-
marketing requirement (PMR) studies. 

 
Please refer to the initial pharmacology/toxicology review dated 22 
February 2010 for a detailed review of the nonclinical data submitted for 
this marketing application. 
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B.  Recommendation for nonclinical studies 
The following nonclinical studies are recommended as post-marketing 
requirements. 
 
1.  Cellular hyperplasia is a physiological process in which cells proliferate in 
response to a specific stimulus.  Because the cells in hyperplastic tissue are 
typically normal in both appearance and organization, hyperplasia is generally 
thought to be reversible once the stimulus is removed.  However, continued 
proliferation increases the chance of DNA mutations that can allow for the 
progression of hyperplasia to neoplasia.  Although it is assumed that GLP-1 
agonist-induced C-cell proliferation is reversible once treatment is discontinued, it 
is uncertain whether short-term exposure to exenatide extended-release 
increases the lifetime risk of C-cell tumors even after treatment is discontinued. 
 
To address the question of reversibility of C-cell hyperplasia, the sponsor should 
conduct a 2-year mouse study consisting of a 6-month treatment period with 3 
doses of exenatide extended-release yielding multiples of human exposures of 
10-, 30-, and 100X, followed by a 1.5 year recovery period.  Animals should be 
assessed for C-cell hyperplasia/neoplasia at 6-months and 2 years.  Additionally, 
thyroids collected at the 6 month time point should be evaluated for GLP-1 
receptor expression using a quantitative technique to determine whether there is 
a correlation between the level of GLP-1 receptor expression and the degree of 
C-cell proliferation. 
 
 
2.  It has been speculated that the sensitivity of GLP-1-induced C-cell 
hyperplasia is dependent on GLP-1 receptor density, with C-cells having higher 
expression levels of GLP-1 receptor being more susceptible to the proliferative 
effects of GLP-1 agonists.  Limited published reports indicate that human C-cells 
have a lower expression of GLP-1 receptor than rodents, thereby making 
humans less susceptible to GLP-1 agonist-induced C-cell proliferation.  However, 
this hypothesis is based on a limited number of human thyroid samples.  To 
compliment the available information on human expression, C-cells from 
additional human thyroid samples should be assessed for GLP-1 receptor 
expression.  These data should also be compared with the expression levels of 
GLP-1 receptor in mice after 6 months of treatment, which will be measured in 
the study for PMR #1. 
 
GLP-1 receptor expression levels should be measured on C-cells from human 
thyroid biopsy samples with the following histopathology findings: 
 
 
1.  Normal tissue 
2.  Non-neoplastic C-cell hyperplasia 
3.  Neoplastic C-Cell hyperplasia (microcarcinoma) 
4.  C-cell carcinoma 
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BYDUREON.  Such monitoring may increase the risk of unnecessary 
procedures, due to the low specificity of serum calcitonin testing for MTC and a 
high background incidence of thyroid disease.  If serum calcitonin is measured 
and found to be elevated, the patient should be referred to an endocrinologist for 
further evaluation [see Patient Counseling Information (17)]. 
 
8.1 Pregnancy  
Pregnancy Category C 
There are no adequate and well-controlled studies of BYDUREON use in 
pregnant women.  In rats, exenatide extended-release administered during the 
major period of organogenesis reduced fetal growth and produced skeletal 
ossification deficits in association with maternal effects; exenatide extended-
release was not teratogenic in rats.  In animal developmental studies, exenatide, 
the active ingredient of BYDUREON, caused cleft palate, irregular skeletal 
ossification and an increased number of neonatal deaths.  BYDUREON should 
be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus.   
 
Fetuses from pregnant rats given SC doses of exenatide extended-release at 
0.3, 1 or 3 mg/kg on gestation days 6, 9, 12 and 15 demonstrated reduced fetal 
growth at all doses and produced skeletal ossification deficits at 1 and 3 mg/kg in 
association with maternal effects (decreased food intake and decreased body 
weight gain). There was no evidence of malformations.  Doses of 0.3, 1 and 3 
mg/kg correspond to systemic exposures of 3, 7 and 17-times, respectively, the 
human exposure resulting from the recommended dose of 2 mg/week, based on 
AUC [see Nonclinical Toxicology (13.3)]. 
 
Female mice given SC doses of exenatide, the active ingredient of BYDUREON, 
at 6, 68, or 760 mcg/kg/day beginning 2 weeks prior to and throughout mating 
until gestation day 7, had no adverse fetal effects. At the maximal dose, 
760 mcg/kg/day, systemic exposures were up to 148 times the human exposure 
resulting from the recommended dose of 2 mg/week, based on AUC [see 
Nonclinical Toxicology (13.3)]. 
 
In developmental toxicity studies, pregnant animals received exenatide, the 
active ingredient of BYDUREON, subcutaneously during organogenesis.  
Specifically, fetuses from pregnant rabbits given SC doses of exenatide at 0.2, 2, 
22, 156, or 260 mcg/kg/day from gestation day 6 through 18 experienced 
irregular skeletal ossifications from exposures 4 times the human exposure 
resulting from the recommended dose of 2 mg/week, based on AUC.  Fetuses 
from pregnant mice given SC doses of exenatide at 6, 68, 460, or 
760 mcg/kg/day from gestation day 6 through 15 demonstrated reduced fetal and 
neonatal growth, cleft palate and skeletal effects at systemic exposure that is 
equivalent to the human exposure resulting from the recommended dose of 
2 mg/week, based on AUC [see Nonclinical Toxicology (13.3)]. 
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Lactating mice given SC doses of exenatide, the active ingredient of 
BYDUREON, at 6, 68, or 760 mcg/kg/day from gestation day 6 through lactation 
day 20 (weaning), experienced an increased number of neonatal deaths.  Deaths 
were observed on postpartum days 2-4 in dams given 6 mcg/kg/day, a systemic 
exposure that is equivalent to the human exposure resulting from the 
recommended dose of 2 mg/week, based on AUC [see Nonclinical Toxicology 
(13.3)]. 
 
Pregnancy Registry 
Amylin Pharmaceuticals, Inc. maintains a Pregnancy Registry to monitor 
pregnancy outcomes of women exposed to exenatide during pregnancy.  
Physicians are encouraged to register patients by calling (800) 633-9081. 
 
8.3 Nursing Mothers  
Exenatide is present in the milk of lactating mice at concentrations less than or 
equal to 2.5% of the concentration in maternal plasma following subcutaneous 
dosing.  It is not known whether exenatide is excreted in human milk.  Because 
many drugs are excreted in human milk and because of the potential for 
tumorigenicity shown for exenatide extended-release in animal studies, a 
decision should be made whether to discontinue nursing or to discontinue 
BYDUREON, taking into account the importance of the drug to the mother. 
 
13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility  
A 104-week carcinogenicity study was conducted with exenatide extended-
release in male and female rats at doses of 0.3, 1.0 and 3.0 mg/kg (2, 9, and 26-
times human systemic exposure based on AUC, respectively) administered by 
SC injection every other week.  A statistically significant increase in thyroid C-cell 
tumor incidence was observed in both males and females.  The incidence of 
C-cell adenomas was statistically significantly increased at all doses (27% to 
31%) in females and at 1.0 and 3.0 mg/kg (46% and 47%, respectively) in males 
compared with the control group (13% for males and 7% for females).  A 
statistically significantly higher incidence of C-cell carcinomas occurred in the 
high dose group females (6%), while numerically higher incidences of 3%, 7%, 
and 4% (non-statistically significant versus controls) were noted in the low, mid, 
and high dose group males compared with the control group (0% for both males 
and females).  An increase in benign fibromas was seen in the skin subcutis at 
injection sites of males given 3 mg/kg.  No treatment-related injection site 
fibrosarcomas were observed at any dose.  The human relevance of these 
findings is currently unknown. 
 
A 104-week carcinogenicity study was conducted with exenatide, the active 
ingredient in BYDUREON, in male and female rats at doses of 18, 70, or 
250 mcg/kg/day (3, 6, and 27 times human systemic exposure based on AUC, 
respectively) administered by once daily bolus SC injection.  Benign thyroid 
C-cell adenomas were observed in female rats at all exenatide doses.  The 
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incidences in female rats were 8% and 5% in the two control groups and 14%, 
11%, and 23% in the low, medium, and high dose groups. 
 
In a 104-week carcinogenicity study with exenatide, the active ingredient in 
BYDUREON, in male and female mice at doses of 18, 70, or 250 mcg/kg/day 
administered by once daily bolus SC injection, no evidence of tumors was 
observed at doses up to 250 mcg/kg/day, a systemic exposure up to 16 times the 
human exposure resulting from the recommended dose of 2 mg/week, based on 
AUC. The carcinogenicity of exenatide extended-release has not been evaluated 
in mice. 
 
BYDUREON and exenatide, the active ingredient in BYDUREON, were not 
mutagenic or clastogenic, with or without metabolic activation, in the Ames 
bacterial mutagenicity assay or chromosomal aberration assay in Chinese 
hamster ovary cells.  Exenatide was negative in the in vivo mouse micronucleus 
assay. 
 
In mouse fertility studies with exenatide, the active ingredient in BYDUREON, at 
twice-daily SC doses of 6, 68 or 760 mcg/kg/day, males were treated for 4 weeks 
prior to and throughout mating, and females were treated 2 weeks prior to mating 
and throughout mating until gestation day 7.  No adverse effect on fertility was 
observed at 760 mcg/kg/day, a systemic exposure 148 times the human 
exposure resulting from the recommended dose of 2 mg/week, based on AUC.  
 
13.3 Reproductive and Developmental Toxicology 
A rat embryo-fetal developmental toxicity study was conducted with exenatide 
extended-release.  A complete reproductive and developmental toxicity program 
was conducted with exenatide, the active ingredient in BYDUREON. 
 
Fetuses from pregnant rats given SC doses of exenatide extended-release at 
0.3, 1 or 3 mg/kg on gestation days 6, 9, 12 and 15 demonstrated reduced fetal 
growth at all doses and produced skeletal ossification deficits at 1 and 3 mg/kg in 
association with maternal effects (decreased food intake and decreased body 
weight gain). There was no evidence of malformations.  Doses of 0.3, 1 and 3 
mg/kg correspond to systemic exposures of 3, 7 and 17-times, respectively, the 
human exposure resulting from the recommended dose of 2 mg/week, based on 
AUC. 
 
In female mice given twice-daily SC doses of 6, 68, or 760 mcg/kg/day 
exenatide, the active ingredient in BYDUREON, beginning 2 weeks prior to and 
throughout mating until gestation day 7, there were no adverse fetal effects at 
doses up to 760 mcg/kg/day, systemic exposures up to 148 times the human 
exposure resulting from the maximum recommended dose of 2 mg/day, based 
on AUC. 
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In pregnant mice given twice-daily SC doses of 6, 68, 460, or 760 mcg/kg/day 
exenatide, the active ingredient in BYDUREON, from gestation day 6 through 15 
(organogenesis), cleft palate (some with holes) and irregular fetal skeletal 
ossification of rib and skull bones were observed at 6 mcg/kg/day, a systemic 
exposure equal to the human exposure resulting from the maximum 
recommended dose of 2 mg/day, based on AUC. 
 
In pregnant rabbits given twice-daily SC doses of 0.2, 2, 22, 156, or 
260 mcg/kg/day exenatide, the active ingredient in BYDUREON, from gestation 
day 6 through 18 (organogenesis), irregular fetal skeletal ossifications were 
observed at 2 mcg/kg/day, a systemic exposure 4 times the human exposure 
resulting from the maximum recommended dose of 2 mg/day, based on AUC. 
 
In pregnant mice given twice-daily SC doses of 6, 68, or 760 mcg/kg/day 
exenatide, the active ingredient in BYDUREON, from gestation day 6 through 
lactation day 20 (weaning), an increased number of neonatal deaths was 
observed on postpartum days 2-4 in dams given 6 mcg/kg/day, a systemic 
exposure equal to the human exposure resulting from the maximum 
recommended dose of 2 mg/day, based on AUC. 
 

II. SUMMARY OF NONCLINICAL FINDINGS 
 
A.  Brief overview of nonclinical findings 
The following summary is taken from the first pharmacology/toxicology review for 
this NDA, with some modification to the summary for developmental and 
reproductive toxicity. 
 
Repeat-dose studies were conducted with exenatide extended-release, a 
sustained release formulation of exenatide, to compliment the existing toxicology 
program that had been conducted with immediate-release exenatide in support of 
the marketing approval of Byetta (NDA 21-773).  These additional studies include 
repeat-dose studies in rats (1 and 4 months) and monkeys (3 and 9 months), a 
rat carcinogenicity study, and several in vitro genetic toxicology studies to qualify 
manufacturing changes.  Subsequent to the first review, a rat embryo-fetal 
developmental toxicity study was conducted with exenatide extended-release. 
 
Mice treated with immediate-release exenatide twice daily at doses up to 380 
µg/kg/dose for 6 months had microscopic findings in the eye (retinal atrophy, 
corneal mineralization, cataract), parotid salivary gland (basophilia), bone 
marrow hyperplasia, and injection site reactions (inflammation, hemorrhage, 
fibrosis, epithelial hyperplasia) [NDA 21-773].  A NOAEL could not be determined 
because parotid gland hyperplasia and pthisis bulbi (shrinkage and wasting of 
the eyeball) were observed at the low dose (9 µg/kg BID; ~2X the maximum 
recommended human dose [MRHD] based on exposure [AUC]). 
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Sprague-Dawley rats receiving exenatide extended-release every other week by 
subcutaneous injection at doses up to 9 mg/kg for 4 months resulted in slight 
decreases in body weight gain at all doses that generally correlated with 
decreased food consumption, especially for males receiving 3 and 9 mg/kg.  
Injection-site reactions were the primary treatment-related effect for all groups 
receiving microspheres.  Injection-site findings consisted of swelling/palpable 
lumps, with severity increasing as the dose of microspheres increased.  
Histopathology revealed foamy macrophages/fibroblasts, lymphocytic infiltrate, 
and granulomas of minimal to slight severity at all injection sites.  Injection site 
findings reversed or showed a trend for recovery by the end of the 3-month 
recovery period.  One MD and one HD female had renal tubular adenomas 
(approximately 10X and 27X MRHD, respectively, Ab negative AUC); the 
relationship to treatment was uncertain.  The NOAEL for this study was 9 mg/kg 
(~27X MRHD, Ab negative AUC) based on a lack of target organ toxicity. 
 
The subcutaneous injection of exenatide extended-release once weekly to 
cynomolgus monkeys at doses up to 1.1 mg/kg for 3 and 9 months primarily 
resulted in injection site reactions.  Macroscopic lesions at the injection sites 
were characterized by red or white discoloration, nodules, edema, abscesses, 
thickened tissue, and injection site enlargement.  Some occurrences of 
abscesses with drainage were noted for all exenatide-treated groups in the 
9-month study.  Nodules appeared to increase in severity with increase in 
exenatide dose (3-month study) or microsphere dose (9-month study).  
Microscopically, the injection sites for all groups were characterized as having 
chronic inflammation, abscesses, epidermal hyperplasia, fibrosis, and/or 
hemorrhage, although these occurred at a lower incidence for the diluent control 
group.  Granulomatous inflammation (minimal to severe), granulomas, and 
foreign material were noted at the injection site of animals receiving 
microspheres with or without exenatide.  Granulomas were well-circumscribed 
with minimal fibrosis and consisted of foamy macrophages and multinucleated 
giant cells that often containing microspheres.  The incidence of macroscopic 
and microscopic lesions was drastically reduced at the end of a 3-month 
recovery period, suggestive of reversibility.  The NOAEL for both studies was 1.1 
mg/kg (14-19X MRHD, AUC) on the basis of a lack of target organ toxicity. 
 
Rat and monkey TK data showed that steady-state concentrations were achieved 
within a month of treatment and clearance of the drug after the final dose 
occurred within 2 months.  Anti-exenatide antibodies were detected in both rats 
and monkeys after repeated dosing with exenatide extended-release.  The 
presence of antibodies did not appear to have neutralizing activity, although it did 
have an effect on TK results.  In rats, AUC values tended to increase in the 
presence of antibodies and in monkeys, AUC values tended to increase in the 
presence of low antibody titers but decreased with higher antibody titers.  
Because of these effects, mean AUC values for antibody negative animals and 
humans were used for exposure comparisons when available. 
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A carcinogenicity study in which Sprague-Dawley rats received exenatide 
extended-release by subcutaneous injection once every other week showed an 
increase in thyroid C-cell tumors (adenomas plus carcinomas) at all doses (≥0.3 
mg/kg; 1X MRHD, Ab negative AUC) for both males and females (statistically 
significant for all groups except LD males).  The incidence of C-cell adenomas 
was greater in this study than observed with immediate-release exenatide, which 
is believed to be due to the difference in PK profiles between the two exenatide 
formulations.  A statistically significant increase in fibromas of the skin was also 
observed in males treated with the high dose (3 mg/kg; 26X MRHD, Ab negative 
AUC).  Fibromas were relatively acellular and were comprised primarily of 
bundles of collagen.  The fibromas were not specifically noted as being at 
injection sites, but this was implied in the pathologists report.  A non-statistically 
significant slight increase in renal tubular cell tumors (adenomas plus 
carcinomas) was observed in HD females (25X MRHD, Ab negative AUC); two 
tubular cell adenomas were also observed in a 4-month rat study; a relationship 
to test article remains uncertain.  Other expected findings for exenatide (reduced 
body weight) and PLG microspheres (foreign body granulomas at the injection 
site) were also observed.   
 
The carcinogenicity of exenatide extended-release was not evaluated in mice.  
Immediate-release exenatide did not induce tumors in a mouse carcinogenicity 
study.  However, based on mouse carcinogenicity results with other long-acting 
GLP-1 receptor agonists, this class of compounds also induces C-cell tumors in 
mice, although generally at higher clinical exposure margins than observed for 
rats.  Therefore, based on the available data, it is assumed that if exenatide 
extended-release were to be tested in a mouse carcinogenicity study, thyroid 
C-cell adenomas would be observed; however it would also be expected that 
there would be a greater clinical exposure margin than observed for rats.  
 
Exenatide and exenatide extended-release were not mutagenic or clastogenic in 
a battery of genetic toxicology studies.  
 
The effect of immediate-release exenatide on reproduction and embryonic 
development was previously investigated in support of the marketing application 
for Byetta (NDA 21-773).  Results of a fertility and early embryonic development 
study in mice showed no exenatide-related adverse effects on estrus cycling, 
mating and fertility indices, numbers of corpora lutea, implantation, viable 
embryos, non-viable embryos, pre- or post-implantation viability, or cauda 
epididymal sperm motility, count, or density.  Accordingly, the NOAEL for effects 
on male and female reproduction was the high dose of 380 µg/kd BID (148X 
MRHD).  Note that all exposure margins presented for the developmental and 
reproductive toxicity are in relation to clinical exposures (AUC) for Bydureon.   
 
Pregnant rats treated with exenatide extended-release on gestation days (GD) 6, 
9, 12, and 15 showed an initial body weight loss between GD 6 and 9 and 
decreased body weight gain from GD 6 until the end of the study.  There was a 
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slight, non-statistically significant increase in early resorptions at all dose levels 
compared with the control value.  A statistically significant decrease in fetal body 
weight was observed at all dose levels.  There were no definitive treatment-
related fetal malformations observed.  Irregular skeletal ossification, particularly 
for cervical centrum #1 and 27 presacral vertebrae, was observed at ≥1.0 mg/kg 
(≥7X MRHD).  The NOAEL values for maternal toxicity and for delayed 
embryonic development was less than 0.3 mg/kg (<3X clinical exposure).  There 
were no definitive treatment-related developmental malformations; accordingly, 
the NOAEL for teratogenicity was 3.0 mg/kg (17X MRHD).  Doses of 0.3, 1, and 
3 mg/kg correspond to systemic exposures of 3, 7 and 17-times, respectively, the 
clinical exposure at the MRHD of 2 mg/week. 
 
In a mouse embryonic development study, maternal body weight gain and food 
consumption were slightly decreased at ≥230 µg/kg/dose, particularly at the 
beginning of the dosing period.  Some abortions and premature deliveries were 
observed at ≥34 µg/kg/dose.  The number of implantations, litter sizes, and live 
fetuses were significantly decreased for dams receiving ≥230 μg/kg/dose relative 
to control.  Fetal body weights were decreased at ≥230 µg/kg/dose for males and 
≥68 µg/kg/dose for females.  Skeletal variations associated with delayed fetal 
growth included changes in the number of rib pairs or vertebral ossification sites 
and wavy ribs at ≥230 µg/kg/dose.  Rare occurrences of fetuses with multiple 
abnormalities including cleft palate with or without hole were observed for most 
dose groups, including control.  The maternal NOAEL was 3 µg/kg BID (1X 
MRHD) based on the observed abortions and the developmental NOAEL was 3 
µg/kg BID on the basis of decreased fetal body weights, cleft palate, and wavy 
ribs.   
 
Two rabbit embryonic development studies were conducted with immediate-
release exenatide doses ranging from 0.1 to 130 µg/kg twice daily.  Apparent 
maternal toxicity characterized by profound weight loss and reduced food and 
water consumption was observed at doses ≥11 µg/kg/dose.  Clinical indicators of 
starvation (β-hydroxybuterate and potassium) were also noted.  Morphological 
markers of fetal growth retardation were observed that included umbilical hernias 
and skeletal variations of angulated hyoid, altered number of rib pair or vertebral 
bodies, and fused sternabrae at ≥11 µg/kg/dose.  Fetal incidence of small gall 
bladder was significantly increased at 11, 78, and 130 μg/kg/dose.  In the second 
study, skeletal variations were observed at ≥1 µg/kg/dose, but were also present 
at a similar incidence in an untreated, pair-fed group, suggesting these effects 
were a consequence of compromised maternal health.  However, an increase in 
umbilical hernias was not observed in the pair-fed groups.   
 
For the first rabbit study, the maternal NOAEL was determined to be the low 
dose of 0.1 μg/kg BID (0.1X MRHD) based on dose-related decrease in weight 
gain during the treatment period.  The developmental NOAEL was also 0.1 μg/kg 
BID (0.1X MRHD) based on the developmental retardation.  For the second 
study, which was conducted to better define the NOAEL, the NOAEL for 
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developmental toxicity was the low dose of 1 μg/kg BID (4.5X MRHD).  TK data 
showed that the potential for exenatide to cross the placental barrier is very low 
in both mice and rabbits.  Therefore the fetal findings observed in both species 
may have been a consequence of a reduction in the maternal nutritional state 
during gestation or maternal toxicity. 
 
The effects of exenatide on gestation, parturition, lactation, and maternal 
behavior were evaluated in mice from implantation through lactation and 
weaning.  The effects on development and fertility of the offspring were also 
evaluated.  The F0 maternal NOAEL was less than 3 μg/kg BID (<1X MRHD) due 
to mortality at ≥3 μg/kg/dose.  The NOAEL for F1 fetal viability and growth was 3 
μg/kg BID (1X MRHD) because of reduced preweaning pup body weights at 34 
μg/kg BID (19X MRHD) and 380 μg/kg BID (198X MRHD) and increased 
perinatal mortality and reduced body weight gains postweaning at 380 μg/kg BID.  
F0 maternal administration of exenatide at doses as high as 380 μg/kg BID did 
not affect, learning, memory, day of preputial separation or day of vaginal 
patency, mating or fertility, or cesarean-sectioning parameters of the F1 
generation mice.  There were no treatment-related effects on corpora lutea, 
implantations, litter sizes, or resorptions in cesarean-sectioned pregnant F1 
females or on the incidence of fetal alterations in F2 generation mice.   
 
An assessment of the local tolerance of exenatide extended-release at the 
injection sites was integrated into the repeat-dose toxicology studies.  Injection 
site reactions were generally characterized by swelling, inflammation, and other 
findings typical of foreign body reactions in both rats and monkeys, with 
increased incidence and severity with increasing dose of microspheres.  In 
monkeys administered exenatide extended-release for 9 months, swelling with 
open drainage and/or abscesses was observed in all groups receiving exenatide 
extended-release.  Microscopically, granulomatous inflammation with foreign 
body giant cells and fibrosis were observed in rats and monkeys receiving 
microspheres, with or without exenatide.   
 
B.  Pharmacologic activity 
Exenatide binds to and activates the GLP-1 receptor, a G protein-coupled 
receptor.  Through its activation of the GLP-1 receptor, exenatide mimics many 
of the glucoregulatory activities of endogenous GLP-1 including stimulation of 
glucose-mediated insulin secretion and synthesis of pro-insulin, increased insulin 
sensitivity, suppression of glucagon release, increased pancreatic β-cell mass, 
slowing of nutrient absorption via inhibition of gastric emptying, and suppression 
of food intake.  Pharmacology studies in rodent models of diabetes and obesity 
demonstrated that the administration of exenatide resulted in the lowering of 
serum glucose and HbA1c values in conjunction with decreased food intake and 
body weight.  Like GLP-1, the glucose lowering effect of exenatide has been 
shown to be dependent on glucose concentrations in the plasma. 
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C.  Nonclinical safety issues relevant to clinical use 
In a rat carcinogenicity study conducted with exenatide extended-release, a 
statistically significant increase in thyroid C-cell tumors (adenomas plus 
carcinomas) relative to control groups was observed at clinically relevant 
exposures.  Similar findings have been observed for other compounds in this 
therapeutic class.  Currently it is not known whether thyroid C-cell tumors 
induced by GLP-1 receptor agonists are relevant to human risk.  Therefore, until 
data to the contrary are available, it should be assumed that exenatide extended-
release has the potential to induce thyroid C-cell hyperplasia and tumors in 
humans.  Fibromas of the skin were observed in male rats at exposures that are 
approximately 26-fold higher than at the maximum clinical dose of 2 mg/week.   
 
Injection site findings typical of foreign body reactions were observed in rats and 
monkeys receiving PLG microspheres, with or without exenatide.  Effects at the 
injection sites were generally mild to moderate and were found to be reversible 
as the microspheres degraded.  Based on these findings, patients could 
experience some discomfort at the injection sites (e.g., inflammation and 
granulomas). 
 
Byetta, which contains the same active ingredient as Bydureon, has been placed 
in the pregnancy category C category based on findings of fetal cleft palate, 
irregular fetal skeletal ossification of rib and skull bones, and increased neonatal 
deaths in mice at clinically relevant exposures.  Irregular fetal skeletal 
ossifications were also observed in rabbits at exposures that are approximately 
4.5 times the human exposure at the maximum recommended dose.  Fetal 
umbilical hernias were observed at 79-times clinical exposure.  Fetal effects 
generally occurred at doses that caused meaningful decreases in maternal body 
weight gain compared with controls.  As with Byetta, exenatide extended-release 
should only be used during pregnancy if the potential benefit justifies the 
potential risk to the fetus. 
 
Through post-marketing adverse event reporting, a possible signal for drug-
induced pancreatitis, including life-threatening necrotizing/hemorrhagic 
pancreatitis, has been rarely observed in patients taking Byetta.  A possible 
increase in the incidence of pancreatitis has also been noted in patients taking 
other drugs working through the GLP-1 pathway, including other GLP-1 receptor 
agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors.  To further investigate the 
potential role of diabetes in the development of drug-induced pancreatitis, 
sponsors of approved GLP-1 receptor agonists, including Amylin, have been 
asked to conduct toxicology studies in rodent models of diabetes and pancreatitis 
to assess for drug-induced acinar cell proliferation and pancreatic toxicity.  Based 
on the totality of the data, nonclinical toxicology studies conducted with drugs 
from these therapeutic classes have failed to induce drug-related pancreatic 
toxicity or pancreatitis in normal animals or in disease models of diabetes or 
pancreatitis.  If this class of drugs does increase a patient’s risk for pancreatitis, it 
may be human specific or involve other risk factors that have not been studied in 
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nonclinical studies, such as concomitant medications.  Currently, it is not felt that 
additional nonclinical studies will enhance our understanding of the potential risk 
of pancreatitis for patients taking a drug in this therapeutic class. 
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Route of administration: Subcutaneous injection, once weekly 
  
Disclaimer:  Some tables, figures, and/or text were taken from the Sponsor’s 
submission, where indicated.  Also, some text, tables, and/or figures were taken 
or modified from Dr. John Colerangle’s pharmacology/toxicology review of NDA 
21-773 (Byetta), where indicated. 
 
Studies reviewed within this submission:   
- An Embryo-Fetal Development and Toxicokinetic Study of Subcutaneously 
Administered Exenatide (LY2148568) LAR in Sprague-Dawley Rats (REST110051) 
 
Studies not reviewed within this submission:  None 

2.6.2 PHARMACOLOGY 
The reader is referred to Dr. John Colerangle’s review of NDA 21-773 for 
summaries of the primary, secondary, and safety pharmacology studies 
conducted with immediate-release exenatide.  The reader is also referred to the 
initial pharmacology/toxicology review for NDA 22-200 dated 22 February 2010. 

2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
The reader is referred to Dr. John Colerangle’s review of NDA 21-773 for 
summaries of ADME studies conducted with immediate-release exenatide.  The 
reader is also referred to the initial pharmacology/toxicology review for NDA 
22-200, dated 22 February 2010, for a review of ADME studies conducted with 
exenatide extended-release. 

2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
A complete toxicology program was conducted to support the marketing approval 
of immediate-release exenatide (Byetta).  Summaries of these studies can be 
found in the pharmacology/toxicology review for NDA 21-773.  The sponsor 
conducted additional toxicology studies with exenatide extended-release to 
supplement the Byetta toxicology program.  These include repeat-dose 
toxicology studies up to 4 months in rats, a 3-month and 9-month toxicology 
study in monkeys, a carcinogenicity study in rats, a rat teratology study, and 
several in vitro genetic toxicology studies to qualify manufacturing changes for 
the drug substance.  All nonclinical studies conducted with exenatide extended-
release were previously reviewed, except for the rat teratology study reviewed 
here.  Please refer to the initial pharmacology/toxicology review dated 22 
February 2010 for a review of these studies.   
 
A list of toxicology studies conducted with immediate-release exenatide and 
exenatide extended-release is shown in the sponsor-generated table below. 
 

Reference ID: 3058637



Reviewer:  B. Timothy Hummer, Ph.D., DABT    NDA #22-200 
 
 

 20 
 

 

Reference ID: 3058637

        

           
  

  
        

        
      

       
    
    

     

    
    

     
    
    
    

       
  

      
 

  

       

      

     
       

        
  

       
  

      
          

  
  

 

   
       

 

      
 

     
 

     
 

     
    

       
  

      
 

  

       
 

           
 

               
              

                 
     



Reviewer:  B. Timothy Hummer, Ph.D., DABT    NDA #22-200 
 
 

 21 
 

2.6.6.6 Developmental and Reproductive Toxicology 
 
Embryo-Fetal Development 
 
Study title:  An Embryo-Fetal Development and Toxicokinetic Study of 
Subcutaneously Administered Exenatide (LY2148568) LAR in Sprague-Dawley 
Rats 
 
Key study findings:   
• There were no mortalities or adverse clinical signs. 
• Mean maternal body weights decreased during the first two days after the first 

dose on GD 6, after which time body weights slowly increased, although, initial 
body weight loss after dosing was observed at the low dose after each dose 
administration.  Mean final gross maternal body weight, net maternal weight 
(minus gravid uterus), and body weight gain from Gestational Day (GD) 6 
through 20 were statistically significantly lower than control at all dose levels.  
Effects on maternal body weight occurred in a dose-related manner and 
correlated with decreased food consumption, especially between GD 6 and GD 
9.  Decreases in food consumption partially recovered after GD 9. 

• A slight non-statistically significant increase in early resorptions was observed, 
resulting in a slightly lower percentage of viable fetuses for treated dams.   

• A statistically significant decrease in fetal body weight was observed at all dose 
levels. 

• There was a trend for a greater male (55%) to female (45%) ratio at the high 
dose, although the gender ratio was within the historical control data. 

• No definitive treatment-related fetal malformations were observed.  Although 
one HD fetus had cleft palate, it is difficult to assign a treatment relationship 
based on a single occurrence and the incidence falls within the lab’s historical 
range.  Situs inversus occurred in two HD fetuses, which is an incidence that is 
slightly higher than the historical control range (0.5% vs. 0.4%).  This finding 
may have been treatment related, although it is the most common visceral 
malformation for control animals observed in this lab.  There were no 
treatment-related external or visceral fetal variations.  The external and visceral 
variations noted are common background findings in this laboratory. 

• There was a slight imbalance in the number of treated fetuses that had 
variations in ossification of vertebrae, sternebrae, pubis, and/or sternum 
compared with control; however the number of fetuses was rather low and did 
not always occur in a dose-related manner.  The most probable treatment-
related skeletal variations included a decrease in the number of fetuses with 
ossified cervical centrum #1 (statistically significant at high dose) and a small 
increase in fetuses with 27 presacral vertebrae in the mid- and high-dose 
groups.   

• The NOAEL for maternal toxicity was considered to be less than 0.3 mg/kg 
because of the effects on maternal body weight at all dose levels.  The NOAEL 
for effects on embryonic development was also considered to be less than 0.3 
mg/kg because of statistically significant decreases in fetal body weight at all 
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Macroscopic findings (maternal):  No treatment-related maternal macroscopic 
findings were noted. 
 
 
 
Toxicokinetics:  (sponsor-generated table) 
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Terminal and necroscopic evaluations:C-section data:   
 
Summary of Fetal Data at Scheduled Necropsy 

 
 
sponsor-generated table modified by reviewer 
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Summary of Fetal Data at Scheduled Necropsy [% per Litter] 

 
 
sponsor-generated table modified by reviewer 
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Summary of Fetal Data at Scheduled Necropsy [% per Litter] 

 

 
 
sponsor-generated table modified by reviewer 
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Offspring Evaluations:   
Summary of Fetuses and Litters with Malformations [absolute number] 

 
sponsor-generated table modified by reviewer 
 
 
 
Summary of Litter Proportions of Malformations % per Litter 

 
sponsor-generated table modified by reviewer 
 
 
Summary of Fetuses and Litters with Variations [absolute number] 

 
sponsor-generated table modified by reviewer 
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Summary of Litter Proportions of Variations % per Litter 

 

 
sponsor-generated table modified by reviewer 
 
 
Summary of Litter Proportions of Variations % per Litter 

 
sponsor-generated table modified by reviewer 
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Historical Control Data ( : 4/21/1998 - 8/27/2010) 
 

Mean of Study Means 

 

 
 
 
 
sponsor-generated table modified by reviewer 
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      VISCERAL 

 
 

 
 

 

 
 
sponsor-generated table modified by reviewer 
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sponsor-generated table modified by reviewer 
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INTEGRATED SUMMARY 
Embryo-Fetal Toxicity 
The effect of exenatide on embryonic development was evaluated in mice and 
rabbits during the nonclinical program for immediate-release exenatide (Byetta; 
NDA 21-773).  The results of these studies led to Byetta being labeled as 
Pregnancy Category C.  Additionally, at the request of the EMA, Amylin 
conducted a Segment II teratology study in rats with exenatide extended-release 
to determine whether continuous steady-state exposure of exenatide results in a 
similar developmental safety profile compared with immediate-release exenatide.  
Although inclusion of this study report in the submission was not considered 
essential for the sponsor’s complete response, the sponsor plans on including 
the information in the label.  A comparison of noteworthy teratology study 
findings is summarized in the table below. 
 
In pregnant mice treated with immediate-release exenatide, maternal body 
weight gain was statistically significantly decreased at ≥460 µg/kg/day between 
GD 6 and 9; no noteworthy decrease in body weight gain was noted for any 
exenatide-treated group by the end of the study.  A slight increase in abortions 
and/or early deliveries was observed at ≥68 µg/kg/day.  An increase in post-
implantation loss was observed at 6, 460, and 760 µg/kg/day but not at 68 
µg/kg/day.  Considering a lack of dose response and a lack of a statistically 
significant increase from control, it is uncertain whether this effect was truly 
treatment related.   
 
Fetal body weights were statistically significantly decreased for both genders at 
≥460 µg/kg/day and for females at 68 µg/kg/day (≥19X clinical exposure).  Effects 
on vertebrae and rib ossification were observed in exenatide-treated groups, but 
these effects did not occur in a dose-related manner.  A statistically significant 
increase in wavy ribs was observed at 760 µg/kg/day (~200X clinical exposure).  
Additionally, a slight increase in cleft palate was observed at 760 µg/kg/day 
compared with control animals (7 for HD vs. 4 for control).  The percentage of 
fetuses with cleft palate at the high-dose was 3.4%, which exceeds the historical 
control range for the laboratory that conducted the study (0%-1.2%); however, 
the control and low-dose groups also slightly exceeded the historical control 
range, with percentages of 1.3% and 2.1%, respectively, while the cleft palate 
incidence for the two mid-dose groups were within the historical control values.  
Overall, because the incidence of cleft palate was high for the control group, it is 
difficult to determine a treatment relationship for this finding.  However, because 
the incidence of cleft palate at 760 µg/kg/day was greater than the concurrent 
control and the historical control range, an increase in the incidence of cleft 
palate may have been treatment related at the high dose.  Therefore, from a 
conservative standpoint, the NOAEL for cleft palate is considered to be 460 
µg/kg/day (~100X clinical exposure).  However, I do not agree that there is a 
potential treatment-related increase in fetuses with multiple malformations as 
noted in the review for NDA 21-773.  The NOAEL for maternal toxicity is less 
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than 6 µg/kg/day because of treatment-related decreases in food consumption 
and possible treatment-induced abortions/early deliveries.  The NOAEL for fetal 
toxicity is considered to be 6 µg/kg/day (1.3X clinical exposure) due to effects on 
fetal body weight at ≥68 µg/kg/day.  The NOAEL for wavy ribs (developmental 
delay) and possibly treatment-related cleft palate is 460 µg/kg/day (~100X clinical 
exposure). 
 
Two rabbit teratology studies were conducted.  The second study was conducted 
to better define the NOAEL for maternal and fetal effects and to help determine 
the contribution of decreased food consumption on post-implantation loss and 
fetal growth retardation.  In pregnant rabbits treated with immediate-release 
exenatide, maternal body weight loss was observed at ≥2 µg/kg/day between 
GD6 and 9, and a meaningful decrease in body weight gain from GD6 to the end 
of the study was observed at ≥0.2 µg/kg/day.  A statistically significant increase 
in post-implantation loss was observed at exposures ≥156 µg/kg/day (≥544X 
clinical exposure); a numerical increase in post-implantation loss was also 
observed at 22 µg/kg/d (79X clinical exposure).  In fetuses, a statistically 
significant increase in umbilical hernias was observed at ≥156 µg/kg/day and 
slight numerical increase was also observed at 22 µg/kg/day.  Statistically 
significant irregular skeletal ossifications occurred at ≥2 µg/kg/day (≥4.5X clinical 
exposure).  A slight decrease in fetal body weight was also observed at ≥22 
µg/kg/day.   
 
When pair-fed controls were assessed, skeletal ossification irregularities were 
also observed for all groups indicating that the skeletal effects were due to 
decreased maternal nutrition.  Fetal body weights were also decreased for the 
group that was feed matched with the 260 µg/kg/day group, but not the 22 
µg/kg/day group.  The treatment related effects on post-implantation loss and 
fetal umbilical hernias did not appear to be affected by a decrease in maternal 
food consumption suggesting a direct exenatide effect on these parameters.  The 
NOAEL for developmental effects not associated with diminished maternal 
nutrition was determined to be 2 µg/kg/day (~4.5X clinical exposure). 
 
Pregnant rats treated with exenatide extended-release showed an initial body 
weight loss between GD 6 and 9.  After GD 9, mean maternal body weights 
rebounded slightly, but mean body weight gain from GD 6 until the end of the 
study was still statistically significantly lower than the control group.  There was a 
slight, non-statistically significant increase in early resorptions at all dose levels 
compared with the control value.  A statistically significant decrease in fetal body 
weight was observed at all dose levels.  There were no definitive treatment-
related fetal malformations observed; the single incidence of cleft palate fell 
within the lab’s historical control range and situs inversus occurred in two high-
dose fetuses, which is an incidence that is only slightly higher than the historical 
control range (0.5% vs. 0.4%).  There was a slight imbalance in the number of 
treated fetuses that had variations in ossification of vertebrae, sternebrae, pubis, 
and/or sternum compared with control; however the number of fetuses was 
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rather low and did not always occur in a dose-related manner.  The most 
probable treatment-related skeletal variations included a decrease in the number 
of fetuses with ossified cervical centrum #1 (statistically significant at high dose) 
and a small increase in fetuses with 27 presacral vertebrae at ≥1.0 mg/kg (≥7X 
clinical exposure).   
 
The NOAEL for maternal toxicity was considered to be less than 0.3 mg/kg 
because of the effects on maternal body weight at all dose levels.  The NOAEL 
for effects on embryonic development was also considered to be less than 0.3 
mg/kg (<3X clinical exposure) because of statistically significant decreases in 
fetal body weight at all doses, as well as a potential increase in early resorptions 
and skeletal development delays at 1.0 and 3.0 mg/kg.  The effects on fetal body 
weight and skeletal development were likely secondary to maternal toxicity.  
There were no definitive treatment-related developmental malformations; 
accordingly, the NOAEL for teratogenicity was 3.0 mg/kg (17X clinical exposure). 
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Conclusions:   
 
Treatment-related fetal effects in mice, rats, and rabbits included decreased fetal 
body weight, irregularities in skeletal ossification, and an increase in post-
implantation loss (especially in rabbits).  These effects generally occurred in the 
presence of maternal toxicity (decreased body weight gain and decreased food 
consumption), with effects on maternal body weight being greatest in rats and 
rabbits.  Additionally, TK data showed that the potential for exenatide to cross the 
placental barrier was low in mice and rabbits and therefore, the observed 
developmental findings were likely the consequence of reduced maternal 
nutrition due to decreased food consumption and decreased weight gain.  The 
only developmental structural malformations that were attributed to or possibly 
attributed to exenatide were umbilical hernias in rabbits (statistically significantly 
increased at 544X clinical exposure) and a slight numerical increase in the 
incidence of cleft palate at the highest dose tested in the mouse teratogenicity 
study (~200X clinical exposure). 
 
It is difficult to determine whether the difference in exposure profiles between 
exenatide extended-release and immediate-release exenatide (i.e., steady state 
vs. pulsatile) has a meaningful effect on maternal toxicity and fetal development 
because studies were not conducted in the same species with both exenatide 
formulations.  Rats are more sensitive to exenatide-induced body weight and 
food consumption effects than mice, so it would not be unexpected that maternal 
toxicity and delayed fetal growth would occur at lower exposures in rats than in 
mice, regardless of the formulation.  Therefore, it cannot be determined whether 
the effects observed in rats at lower clinical exposure margins are due to a 
difference in exposure profile between the two exenatide formulations or a 
difference in sensitivity to exenatide between these two rodent species.  Overall, 
the continuous exposure of exenatide in rats did not result in malformations or a 
fetal toxicity profile that is significantly different from the immediate-release 
formulation when tested in mice and rabbits.  Therefore, the overall embryo-fetal 
toxicity profile appears similar between exenatide extended-release (Bydureon) 
and immediate-release exenatide (Byetta). 
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EXECUTIVE SUMMARY 
 
I. Recommendations 
 

A. Recommendation on approvability 
 
The initial marketing application for Bydureon was received by the Agency on 
05 May 2009 (Supporting Document #001).  The application was not approved 
and a complete response letter was sent to the sponsor on 12 March 2010.  The 
primary deficiencies noted in the complete response letter included product 
quality issues and the requirement for a Risk Evaluation and Mitigation Strategy 
(REMS).  There were no nonclinical deficiencies noted in the complete response 
letter.  The sponsor has resubmitted the marketing application for Bydureon as a 
complete response.  This review addresses the nonclinical aspect of the 
resubmission of the marketing application for Bydureon. 
 
After review of the initial NDA submission, it was the nonclinical reviewer’s 
recommendation that Bydureon not be approved based on the finding of drug-
related thyroid c-cell tumors in rats after treatment for 2 years at clinically 
relevant exposures.  New nonclinical data were not included in the complete 
response currently under review.  The deficiencies noted in the complete response 
letter for the original application noted clinical safety issues and not nonclinical 
issues per se.  There continues to be insufficient data to determine the human 
relevance of drug induced thyroid c-cell tumors in rats.  Therefore because new 
information has not been provided in this application, the Pharmacology/ 
Toxicology recommendation continues to be a complete response.  Nonclinical 
post-marketing requirements (PMRs) aimed at providing additional information to 
address species specificity of the thyroid c-cell tumors were included in the 
pharmacology/toxicology reviews of the original submission.   
 
Please refer to the initial pharmacology/toxicology review dated 22 February 
2010 and supervisor's memo dated 01 March 2010 for detailed recommendations, 
nonclinical PMRs, and labeling. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES   
Food and Drug Administration  
 

Memorandum 
 
Date: February 22, 2010   
From:  Karen Davis-Bruno PhD; Pharmacology Supervisor; DMEP  
Subject:  Supervisory Memo  

  To:  NDA 22-200 Bydureon (exenatide QW)/Amylin 
  Re:  B.Timothy Hummer PhD. Pharmacology/Toxicology Review NDA 22-200 
 
 
Endogenous GLP-1 is degraded in minutes by dipeptidyl peptidase IV resulting in a half-life 
that limits clinical use.  GLP-1 analogues are modified or formulated to create a prolonged 
half-life and favorable clinical dosing interval. However data from GLP-1 analogues under 
review have demonstrated that those with longer half-lives as well as sustained-release of 
short-acting analogues (NDA 22-341 A. Parola review pg. 466) are associated with rodent 
pre-neoplastic lesions and neoplasia.  These rodent findings may be related to persistent 
GLP-1 receptor activation.   
 
Bydureon is a synthetic peptide,  GLP-1 receptor agonist with an extended duration of action; 
given once weekly compared to exenatide.  Exenatide is  GLP-1(7-36)amide (Byetta NDA 
21-773) which is administered BID. Exenatide mimics several glucoregulatory actions of the 
endogenous incretin; GLP-1 including:   glucose-dependent enhancement of insulin 
synthesis and secretion, inhibition of glucagon secretion and slowing of gastric emptying.  
Bydureon is a sustained release formulation of exenatide developed using PLG 
microspheres (50:50 poly (D,L)-lactide-co-glycolide).  The PLG microspheres are likely 
contributors to the injection site findings in the toxicology studies noted in Dr. Hummer’s 
review. Generally speaking injection site findings in animals are not necessarily of clinical 
significance because in humans injection site irritation becomes limiting to product use well 
before any tissue damage is seen. 
 
The nonclinical development program for Bydureon (exenatide QW) is based on bridging 
new information with this once weekly formulation to the safety profile of exenatide 
immediate release characterized for Byetta (NDA 21-773).  The bridging studies provided in 
NDA 22-200 include repeat dose studies with exenatide QW in rats (4-month duration) and 
monkeys (3, 9 months), a rat 2-year carcinogenicity and in vitro genotoxicity studies to 
qualify manufacturing changes and to establish the similarity in toxicity profiles of exenatide 
QW and immediate release exenatide (Byetta) formulations. Amylin previously conducted a 
rat and mouse carcinogenicity study with immediate release exenatide to support the market 
approval of Byetta.  The primary concern is that Bydureon was associated with increased 
thyroid C-cell tumors in rats compared to Byetta.   
 
Pharmacokinetics & Thyroid C-cell Tumors  
Recent data from other GLP-1 receptor agonists with longer half-lives than endogenous 
GLP-1 as well as sustained release formulations of short acting GLP-1 analogues (SC 
infusion of exenatide immediate release in mice NDA 22-341 pg 466) suggest that persistent 
receptor activation may be associated with thyroid C-cell hyperproliferation in rodents. 
 
Thyroid C-cell hyperproliferative changes (hyperplasia, adenoma, carcinoma) are rare 
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Previous experience with GLP-1 agonists also includes the recent market approval of 
Victoza (NDA 22-341) where 2-year rat and mouse carcinogenicity studies were performed.  
Dose and treatment duration dependent, statistically significant  thyroid C-cell tumors (benign 
+ malignant) were observed in rats treated at exposures less than clinical exposure based on 
AUC (0.075 mg/kg).  As with Bydureon the total tumor incidence appears to be driven 
primarily by the adenoma (benign) incidence.  Trend analysis in contrast to pairwise 
statistical signficance, reveals an increase in tumorigenicity  in both male and female rats 
given at less than clinical exposure to Victoza.  Thyroid C-cell carcinomas were statistically 
significantly increased in high dose male rats at 8-times clinical exposure based on AUC 
comparisons.  Statistically significant increases in adenomas occurred at ≥1 mg/kg Victoza in 
mice at exposures 10-times clinical exposure.  C-cell tumors (benign or malignant) are rarely 
seen in mice in contrast to rats and therefore their appearance is noteworthy.  Overall the 
tumor findings with Victoza are remarkably similar to those seen with Bydureon. 
 

 
 
In a similar manner to Victoza, the occurrence of thyroid C-cell tumors in both sexes with 
Bydureon treatment of the rat in 2-year carcinogenicity studies at or below relevant human 
therapeutic exposures raises the possibility that patients may be at increased risk for this 
tumor.  Studies submitted with the Victoza application explored the mechanism of tumor 
formation and its human relevance focused on Victoza binding to GLP-1 receptors on thyroid 
C-cells and increased synthesis and secretion of calcitonin from these cells.  As a result of 
this activation the applicant proposed that C-cells underwent proliferation and with persistent 
activation, progressed to adenomas and carcinomas in rodents but this was not operational 
in primates or in humans.  The review of this mechanistic data by the Agency as well as 
outside experts in an Advisory Committee disagreed with the sponsor, concluding that the 
mechanism of tumor formation was not established nor did they convincingly demonstrate 
that the tumor findings were irrelevant to humans.  Since at least some humans express 
GLP-1 receptors in the thyroid, while it is unclear if primates do, there is a concern for human 
relevance of the demonstrated rodent thyroid C-cell tumors.  
 
Important distinctions occur with veterinary histopathology relative to clinical pathology.  A 
major difference is that for clinical pathology the biopsied tissues are extensively sectioned in 
order to determine a definitive diagnosis.  This is not the case in the histopathology of a 

Table 1. C-cell tumors in the 2-year rodent carcinogenicity studies with Victoza 
RATS Males Females 
Dose (mg/kg/day) 0 0.075 0.25 0.75 0 0.075 0.25 0.75 
Human exposure multiplea - 0.5 2.2 7.6 - 0.5 2.2 7.6 
N 50 49 50 50 50 49 49 50 
C-cell adenoma (common)b 6 (12%) 8 (16%) 21 (42%) 23 (46%) 5 (10%) 13 (27%) 16 (33%) 28 (56%) 
C-cell carcinoma (rare)b 1 (2%) 4 (8%) 3 (6%) 7 (14%) 0 0 2 (4%) 3 (6%) 
 
MICE Males Females 
Dose (mg/kg/day) 0 0.03 0.2 1 3 0 0.03 0.2 1 3 
Human exposure multiplea - 0.2 1.8 10.0 45.0 - 0.2 1.8 10.0 45.0 
N 79 66 65 67 79 75 66 67 66 76 

C-cell adenoma (rare)b 0 0 0 9 (13%) 15 (19%) 0 0 0 4 (6%) 15 
(20%) 

C-cell carcinoma (rare)b 0 0 0 0 0 0 0 0 0 2 
(3%) 

Bolded data reflect treatment-related increases 
a=based on area under the time-concentration curve relative to the 1.8 mg dose 
b=tumor considered common or rare based on incidence in historical control groups of >1% or <1%, respectively  
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standard tissue battery during nonclinical drug development where minimal numbers of 
tissue sections are typically taken from a tissue of interest or identified rodent tumor.  
Furthermore, the criteria for differentiating benign from malignant are far from clear.  The 
morphology is quite similar.  The distinction relates to a judgment by the reviewing 
pathologist on the aggressive/invasive behavior of the carcinomas.  C-cell adenomas are 
usually well circumscribed, nodular proliferations that do not penetrate the capsule 
surrounding the thyroid.  Carcinomas do penetrate the capsule and may require evaluation of 
multiple sections to see it and they metastasize. Often necrosis or an increased mitotic rate 
and/or fibrodysplasia occurs with carcinomas.  While malignant carcinomas might be of 
greater clinical concern than benign adenomas, the distinction between these tumor types in 
animal thyroid histopathology from carcinogenicity studies is not as decisive. 
 
An association between C-cell focal hyperplasia/neoplasias and persistent GLP-1 receptor 
activation can be inferred based on the increased incidence of these findings with 
administration of long-acting GLP-1 agonists, or shorter-acting analogues when administered 
continuously compared to GLP-1.  In rat carcinogenicity studies there is an increased tumor 
signal for Bydureon (exenatide QW) compared to Byetta.  However the plasma exposures 
(AUC) suggest reduced exposure with Bydureon compared to Byetta (see sponsor Table 6 
below). This indirectly supports the importance of exposure pattern (pulsatile vs. continuous) 
rather than absolute exposure as being important in comparing the tumorigenicity signals 
across products. This effect might be of greater magnitude given that anti-Bydureon 
antibodies in rat tended to increase exposure (AUC) to drug.    
 
 

 
Rat and monkey toxicokinetic data showed that steady-state concentrations were achieved 
within a month of Bydureon treatment and clearance of the drug post-dose occurred within 2 
months.  Anti-drug antibodies (ADA) were observed in both rat and monkeys without a 
neutralizing effect, although there was an affect on drug exposure.  In rats, exposure (AUC) 
increased in the presence of ADA and in monkeys AUC increased in the presence of low 
antibody titers but decreased with higher antibody titers.  This was the rationale for using 
ADA negative exposure values for the calculation of exposure margins in the toxicity studies 
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in Dr. Hummer’s review. This may reflect the perturbation of the renal clearance of exenatide 
in the presence of ADA.  Mechanistic studies performed with Byetta under NDA 21-773 
suggest that reabsorption and proteolytic degradation of exenatide occurs in the renal tubule 
after filtration. This process might be influenced by the presence of large molecular weight 
antibodies.  A 4.3% increase (4/70 vs. 0/70 controls) in renal tubular cell tumors (adenomas 
+ carcinomas) was observed in high dose females (25-times higher than human exposure) 
from the 2-year Bydureon carcinogenicity study which were not statistically significant.  Renal 
tubular cell adenomas were observed in a 4-month rat toxicity study.   
 
Victoza and Bydureon are non-genotoxic carcinogens and therefore it is possible that early 
preneoplastic events induced by these agents could be reversible.  Further studies may 
address this (see PMR #3).  Studies up to 26 weeks in rats given Victoza did not show 
preneoplastic (thyroid C-cell focal hyperplasia; FCCH) effects.   However, thyroid C-cell 
hyperplasia was noted in mouse studies of 4-13-weeks duration.  The reversibility of the 
hyperplasia was partially reversed after a 15-week recovery period.  Whether any residual 
thyroid effects would have progressed to adenoma or carcinoma are unknown.  Bydureon 2-
year rat carcinogenicity study results indicate the presence of treatment related C-cell 
hyperplasia.  However studies of shorter duration treatment did not demonstrate a thyroid 
preneoplastic response.  Six-month treatment of mice with exenatide BID doesn’t result in 
FCCH and we have rat data with exenatide QW every other week at up to 9 mg/kg/dose 
without FCCH. New data that can be obtained as a PMR may provide some mouse 
preneoplastic data with exenatide QW and confirm the mechanistic data provided in Victoza 
NDA 22-341 where SC infused exenatide (NovoNordisk Byetta) resulted in focal C-cell 
hyperplasia in mice.  In contrast, thyroid C-cell hyperplasia was not noted with Byetta. 
Minimal information is available regarding GLP-1 receptor expression and tissue localization 
in humans.  There is a publication1 that assesses binding affinity and density in thyroid 
across species: 
 GLP-1 R Rat Mouse Human 

Incidence 12/12(100%) 3/5 (60%) 1/18 (6%) Thyroid  
Density 
(dpm/mg) 

2289 ± 282 1982 ± 470 1193 

Incidence 3/3 (100%) 6/6 (100%) 11/28 (39%) Lung 
Density 
(dpm/mg) 

3477 ± 1539 1677 ± 439 636 ± 164 

 
This same publication states that the highest GLP-1 receptor expression is present in 
insulinomas, gastrinomas and pheochromocytomas.  Human carcinomas were found to 
express virtually no GLP-1 receptors, although studies by others indicate functional GLP-1 
receptors in human pancreatic adenocarcinoma cell lines.  The down-regulation of GLP-1 
receptors in islets in chronic pancreatitis suggests that the impaired glucose tolerance in 
these patients may be due not only to a loss of islets but also to a reduced responsivenes of 
β-cells to GLP-1.  There is a remarkable difference between human and rodents in GLP-1 
receptor expression in thyroid tissue based on this limited data.  This suggests that not all 
human thyroids have detectable GLP-1 receptors.  The authors note that receptors could not 
be assigned with certainty to either the follicular epithelium or the medullary C-cells in the 
rodent or human tissues used.   
 
Recommendation:   
Dr. Hummer’s Pharmacology/Toxicology review of the available nonclinical data 
recommends not approving this marketing application.  I agree with his recommendation 

                     
1 J Nuclear Med 48(5):736-743; 2007 Korner, Stockli, Waser, Reubi; GLP-1 Receptor 
Expression in Tumors and Human Normal Tissues:  Potential for in vivo Targeting 
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based on the drug-related carcinogenicity signal observed in the rat life-time bioassay at 
relevant therapeutic exposures.  By inference these rodent tumorigenic findings are 
potentially clinically relevant as there is an absence of mechanistic data to suggest 
otherwise.  Suggestions for further studies have been offered in Dr. Hummer’s review 
and are discussed as potential PMRs in this memo.  This recommendation is based on 
the nonclinical data which is useful in identifying risk without assessing clinical benefit, 
both of which are important in the regulatory decision making process.   
 
The rodent carcinogenicity data raise concern for long-term human safety rather than 
providing reassurance that no clinical risk exists.  Nonclinical post-marketing studies (PMR) 
may provide some additional background to inform prescribing physicians in labeling, 
although they may not provide any true assessment of long-term human outcome.  These 
recommended studies include: 
 
1. A  2-year mouse study with 3 doses of exenatide QW to yield multiple of human exposure 
of 10-, 30-, 100X and assess thyroid C-cell focal hyperplasia; a preneoplastic lesion in mice.  
Interim assessments after 13-weeks, and 26-weeks treatment with termination of treatment 
after 26 weeks and a follow-up of a subgroup after 1.5 years treatment free for focal thyroid 
C-cell hyperplasia and tumors at the end of the study. 
 
The first PMR study recommended is designed to determine if Bydureon increases C-cell 
tumor incidence in mice treated long enough (based on the composite liraglutide data) to 
induce focal C-cell hyperplasia, but terminating treatment before tumors would be anticipated 
to develop.  This proposal would inform us if limited exposure to Bydureon increases the 
lifetime risk of C-cell tumor induction even after treatment has been discontinued as well as 
informing us about whether another rodent species shows a demonstration of preneoplastic 
thyroid signals with Bydureon.  The duration of treatment in this study is based on 
established C-cell hyperplasia (considered pre-neoplastic) after 9-weeks of liraglutide 
treatment and with continued lifetime exposure in the two year mouse carcinogenicity study, 
malignant tumors were not detected until lifetime exposure to drug.   
 
 
2.  A nonclinical study to determine whether thyroid C-cell hyperplasia is dependent on cell 
signaling mediated through GLP-1 receptor activation and/or RET oncogene signaling 
activation.  The study should be conducted under steady state exenatide concentrations to 
determine whether the incidence of thyroid C-cell hyperplasia is a result of continuous cell 
signaling.  Autoradiographic/immunohistochemical staining in thyroid tissue sections can be 
used to determine GLP-1 receptor localization in mice with and without focal C-cell 
hyperplasia.  RET activation and downstream signaling assessments in normal C-cells and 
focal hyperplastic C-cells from mouse thyroid tissue sections are recommended.   
 
The second PMR study recommended is intended to explore potential mechanisms of 
receptor mediated thyroid carcinoma formation across species.  Activating mutations in 
rearranged during transfection (RET) proto-oncogene is responsible for most familial forms 
of medullary thyroid carcinoma (MTC)in humans.  Somatic RET mutations have been 
observed as well in many sporadic MTC cases when thyroid tissue samples are examined.  
Results from this study might impact recommendations for further clinical monitoring. Limited 
published literature indicates that only 60% of mice thyroids express GLP-1 receptors.  This 
proposed study will determine if GLP-1 receptor expression occurs in normal, preneoplastic 
(focal C-cell hyeprplastic) or neoplastic C-cells.  If the C-cell tumors are linked to GLP-1 
receptors, then GLP-1 knockout mice would not be anticipated to develop focal C-cell 
hyperplasia. 
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EXECUTIVE SUMMARY 
 
I. Recommendations 
 
A. Recommendation on approvability: Not approvable (CR) 
 
On the basis of the nonclinical data, it is recommended that this application not be 
approved.  In a 2-year carcinogenicity study, rats developed thyroid c-cell tumors at 
clinically relevant exposures.  There is currently insufficient information to conclude that 
GLP-1 receptor agonist-induced c-cell tumors are not relevant to human risk.  Due to a 
lack of data, human risk cannot be dismissed or quantified, and therefore, additional 
nonclinical data are required to adequately assess the human relevance of this nonclinical 
finding. 
 
Although a tumorigenicity signal exists in rodents for this product, as well as for other 
compounds in this therapeutic class, the ultimate decision for marketing approval will be 
at the discretion of the medical review team, as the risk to benefit ratio for this 
therapeutic product will be considered to a greater extent than for the nonclinical review.  
It is recognized that there may be mitigating factors that could allow this product to be 
approved when considering the information from all review disciplines.  Some of these 
factors include: 
 
• Clinical benefit:  Once weekly administration compared with once or twice daily 

administration of currently approved GLP-1 receptor agonists should enhance patient 
compliance, thereby increasing the likelihood of adequate, long-term glucose control. 

• Labeling:  A boxed warning on the product label would provide a strong message to 
health care providers and consumers about the potential risk for thyroid c-cell tumors. 

• Post-marketing requirements:  Information from nonclinical studies investigating the 
mechanism of c-cell tumor formation in rodents and the relevance to humans could 
alleviate concerns about the risk for drug-induced c-cell tumors in humans within a few 
years.  Additionally, a human cancer registry for patients taking Bydureon would allow 
the Agency to further assess human risk by collecting additional clinical data. 

• Regulatory precedence:  Another GLP-1 receptor agonist that shows a similar risk for 
thyroid c-cell tumors as Bydureon was recently granted marketing approval. 

 
 
B. Recommendation for nonclinical studies 
The primary concern regarding the rodent carcinogenicity data is our current lack of 
understanding regarding human relevance.  Therefore, nonclinical studies with an 
objective to determine a mechanism of action for the development of thyroid c-cell 
tumors would be most beneficial.  By understanding the mechanism(s) for c-cell 
hyperplasia and progression to adenomas and carcinomas in rats and mice, one would 
then be able to apply that knowledge to determine whether human c-cells respond in a 
similar manner.  Although it would be ideal to receive this information before marketing 
approval, a clinical risk to benefit evaluation of this product may warrant such studies to 
be conducted as a post-marketing requirement.   
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Specific study recommendations will be communicated to the sponsor through a letter 
describing the need for a complete response or a letter listing specific nonclinical post 
marketing requirements.  However such studies could include, but are not limited to, 
those that investigate: 
 a.  Whether the development of c-cell hyperplasia is dependent on thyroid GLP-1 

receptor activation?  This question could be investigated through the use of a 
GLP-1 receptor knockout mouse model.   

 b.  If hyperplasia and tumor development is dependent on the GLP-1 receptor on 
c-cells, how does the presence of GLP-1 receptors on c-cells compare across 
species?  Does receptor density or extent of receptor activation play a role in the 
degree of the hyperplastic response?  Is the hyperplastic response dependent on 
exenatide-induced alterations of growth regulatory gene expression and do those 
alterations also occur in human c-cells?    

 
 
C. Recommendations on labeling 
Because c-cell tumors occurred in rats at clinically relevant exposures and the relevance 
to human risk is currently unknown, if Bydureon is granted marketing approval, a boxed 
warning is being recommended.  Inclusion of a boxed warning is consistent with how the 
c-cell tumor risk for Victoza is being communicated to physicians and patients. 
 

WARNING: RISK OF THYROID C-CELL TUMORS 
See full prescribing information for complete boxed warning. 

• Exenatide QW causes thyroid C-cell tumors at clinically relevant exposures in 
rats.  It is unknown whether BYDUREON causes thyroid C-cell tumors, 
including medullary thyroid carcinoma (MTC), in humans, as human relevance 
has not been determined by clinical or nonclinical studies (5.1). 

• BYDUREON is contraindicated in patients with a personal or family history of 
MTC or in patients with Multiple Endocrine Neoplasia syndrome type 2 
(MEN 2) (5.1). 

 

--------------------------WARNINGS AND PRECAUTIONS-------------------- 
• Thyroid C-cell tumors in animals: Human relevance unknown. Counsel patients 

regarding the risk of medullary thyroid carcinoma and the symptoms of thyroid tumors 
(5.1). 

 

------------------------USE IN SPECIFIC POPULATIONS----------------------- 

• Pregnancy: Based on animal data, BYDUREON may cause fetal harm.  BYDUREON 
should be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus.  To report drug exposure during pregnancy call 1-800-XXX-XXXX (8.1). 

• Nursing Mothers: Caution should be exercised when BYDUREON is administered to a 
nursing woman (8.3). 
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bones were observed at 6 mcg/kg/day, a systemic exposure equal to the human exposure 
resulting from the maximum recommended dose of 2 mg/day, based on AUC. 
 
In pregnant rabbits given twice-daily SC doses of 0.2, 2, 22, 156, or 260 mcg/kg/day 
exenatide, the active ingredient in BYDUREON, from gestation day 6 through 18 
(organogenesis), irregular fetal skeletal ossifications were observed at 2 mcg/kg/day, a 
systemic exposure times the human exposure resulting from the maximum 
recommended dose of 2 mg/day, based on AUC. 
 
In pregnant mice given twice-daily SC doses of 6, 68, or 760 mcg/kg/day exenatide, the 
active ingredient in BYDUREON, from gestation day 6 through lactation day 20 
(weaning), an increased number of neonatal deaths was observed on postpartum days 2-4 
in dams given 6 mcg/kg/day, a systemic exposure equal to the human exposure resulting 
from the maximum recommended dose of 2 mg/day, based on AUC. 
 
II. Summary of nonclinical findings 
A. Brief overview of nonclinical findings 
Repeat-dose studies were conducted with exenatide QW, a sustained release formulation 
of exenatide, to compliment the existing toxicology program that had been conducted 
with immediate release exenatide in support of the marketing approval of Byetta (NDA 
21-773).  These additional studies include repeat-dose studies in rats (1 and 4 months) 
and monkeys (3 and 9 months), a rat carcinogenicity study, and several in vitro genetic 
toxicology studies to qualify manufacturing changes.  
 
Based on the review of NDA 21-773, mice treated with immediate release exenatide 
twice daily at doses up to 380 µg/kg/dose for 6 months had microscopic findings in the 
eye (retinal atrophy, corneal mineralization, cataract), parotid salivary gland (basophilia), 
bone marrow hyperplasia, and injection site reactions (inflammation, hemorrhage, 
fibrosis, epithelial hyperplasia).  A NOAEL could not be determined because parotid 
gland hyperplasia and pthisis bulbi (shrinkage and wasting of the eyeball) were observed 
at the low dose (9 µg/kg BID; ~2X the maximum recommended human dose [MRHD] 
based on exposure [AUC]). 
 
Sprague-Dawley rats receiving exenatide QW every other week by subcutaneous 
injection at doses up to 9 mg/kg for 4 months resulted in slight decreases in body weight 
gain that generally correlated with decreased food consumption were observed at all 
doses, but particularly for males receiving 3 and 9 mg/kg.  Injection-site reactions were 
the primary treatment-related effect for all groups receiving microspheres.  Injection-site 
findings consisted of swelling/palpable lumps, with severity increasing as the dose of 
microspheres increased.  Histopathology revealed foamy macrophages/fibroblasts, 
lymphocytic infiltrate, and granulomas of minimal to slight severity at all injection sites.  
Injection site findings reversed or showed a trend for recovery by the end of the 3-month 
recovery period.  One MD and one HD female had renal tubular adenomas 
(approximately 10X and 27X MRHD, respectively, Ab negative AUC); the relationship 
to treatment was uncertain.  The NOAEL for this study was placed at 9 mg/kg 
(~27X MRHD, Ab negative AUC) based on a lack of target organ toxicity. 

(b) 
(4)
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The subcutaneous injection of exenatide QW once weekly to cynomolgus monkeys at 
doses up to 1.1 mg/kg for 3 and 9 months primarily resulted in injection site reactions.  
Macroscopic lesions at the injection sites were characterized by red or white 
discoloration, nodules, edema, abscesses, thickened tissue, and injection site enlargement.  
Some occurrences of abscesses with drainage were noted for all exenatide-treated groups 
in the 9-month study.  Nodules appeared to increase in severity with increase in exenatide 
dose (3-month study) or microsphere dose (9-month study).  Microscopically, the 
injection sites for all groups were characterized as having chronic inflammation, 
abscesses, epidermal hyperplasia, fibrosis, and/or hemorrhage, although these occurred at 
a lower incidence for the diluent control group.  Granulomatous inflammation (minimal 
to severe), granulomas, and foreign material were noted at the injection site of animals 
receiving microspheres with or without exenatide.  Granulomas were well-circumscribed 
with minimal fibrosis and consisted of foamy macrophages and multinucleated giant cells 
that often containing microspheres.  The incidence of macroscopic and microscopic 
lesions was drastically reduced at the end of a 3-month recovery period, suggestive of 
reversibility.  The NOAEL for both studies was 1.1 mg/kg (14-19X MRHD, AUC) on the 
basis of a lack of target organ toxicity. 
 
Rat and monkey TK data showed that steady-state concentrations were achieved within a 
month of treatment and clearance of the drug after the final dose occurred within 2 
months.  Anti-exenatide antibodies were detected in both rats and monkeys after repeated 
dosing with exenatide QW.  The presence of antibodies did not appear to have 
neutralizing activity, although it did have an effect on TK results.  In rats, AUC values 
tended to increase in the presence of antibodies and in monkeys, AUC values tended to 
increase in the presence of low antibody titers but decreased with higher antibody titers.  
Because of these effects, mean AUC values for antibody negative animals and humans 
were used for exposure comparisons when available. 
 
A carcinogenicity study in which Sprague-Dawley rats received exenatide QW by 
subcutaneous injection once every other week showed an increase in thyroid c-cell 
tumors (adenomas plus carcinomas) at all doses (≥0.3 mg/kg; 1X MRHD, Ab negative 
AUC) for both males and females (statistically significant for all groups except LD 
males).  The incidence of c-cell adenomas was greater in this study than observed with 
immediate release exenatide, which is believed to be due to the difference in PK profiles 
between the two exenatide formulations.  A statistical significant increase in fibromas of 
the skin was also observed in males treated with the high dose (3 mg/kg; 26X MRHD, Ab 
negative AUC).  Fibromas were relatively acellular and were comprised primarily of 
bundles of collagen.  The fibromas were not specifically noted as being at injection sites, 
but this was implied in the pathologists report.  A non-statistically significant slight 
increase in renal tubular cell tumors (adenomas plus carcinomas) was observed in HD 
females (25X MRHD, Ab negative AUC); two tubular cell adenomas were also observed 
in a 4-month rat study; a relationship to test article remains uncertain.  Other expected 
findings for exenatide (reduced body weight) and PLG microspheres (foreign body 
granulomas at the injection site) were also observed.   
 



Reviewer:  B. Timothy Hummer, Ph.D.       NDA #22-200 
 
 

 10 
 

The carcinogenicity of exenatide QW was not evaluated in mice.  Immediate release 
exenatide did not induce tumors in a mouse carcinogenicity study.  However, based on 
mouse carcinogenicity results with other long-acting GLP-1 receptor agonists, this class 
of compounds also induces c-cell tumors in mice, although generally at higher clinical 
exposure margins than observed for rats.  Therefore, based on the available data, it is 
assumed that if exenatide QW were to be tested in a mouse carcinogenicity study, thyroid 
c-cell adenomas would be observed; however it would also be expected that there would 
be a greater clinical exposure margin than observed for rats.  
 
Exenatide and exenatide QW was not mutagenic or clastogenic in a battery of genetic 
toxicology studies.  
 
The effect of immediate release exenatide on reproduction and embryonic development 
was previously investigated in support of the marketing application for Byetta (NDA 
21-773).  Results of a fertility and early embryonic development study in mice showed no 
exenatide-related adverse effects on estrus cycling, mating and fertility indices, numbers 
of corpora lutea, implantation, viable embryos, non-viable embryos, pre- or post-
implantation viability, or cauda epididymal sperm motility, count, or density.  
Accordingly, the NOAEL for effects on male and female reproduction was the high dose 
of 380 µg/kd BID (148X MRHD).  Note that all exposure margins presented for the 
developmental and reproductive toxicity are in relation to clinical exposures (AUC) for 
Bydureon.   
 
In a mouse embryonic development study, maternal body weight gain and food 
consumption were slightly decreased at ≥230 µg/kg/dose, which is consistent with the 
pharmacodynamic activity of exenatide.  Some abortions and premature deliveries were 
observed at ≥34 µg/kg/dose.  The number of implantations, litter sizes, and live fetuses 
were significantly decreased for dams receiving ≥230 µg/kg/dose relative to control.  
Fetal body weights were decreased at ≥230 µg/kg/dose for males and ≥68 µg/kg/dose for 
females.  Skeletal variations associated with delayed fetal growth included changes in the 
number of rib pairs or vertebral ossification sites and wavy ribs at ≥230 µg/kg/dose.  Rare 
occurrences of fetuses with multiple abnormalities including cleft palate with or without 
hole were observed for most dose groups, including control.  The maternal NOAEL was 
3 µg/kg BID (1X MRHD) based on the observed abortions and the developmental 
NOAEL was 3 µg/kg BID on the basis of decreased fetal body weights, cleft palate, and 
wavy ribs.   
 
Two rabbit embryonic development studies were conducted with immediate release 
exenatide doses ranging from 0.1 to 130 µg/kg twice daily.  Apparent maternal toxicity 
characterized by profound weight loss and reduced food and water consumption was 
observed at doses ≥11 µg/kg/dose.  Clinical indicators of starvation (β-hydroxybuterate 
and potassium) were also noted.  Morphological markers of fetal growth retardation were 
observed that included umbilical hernias and skeletal variations of angulated hyoid, 
altered number of rib pair or vertebral bodies, and fused sternabrae at ≥11 µg/kg/dose.  
Fetal incidence of small gall bladder was significantly increased at 11, 78, and 
130 µg/kg/dose.  In the second study, skeletal variations were observed at ≥1 µg/kg/dose, 
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but were also present at a similar incidence in an untreated, pair-fed group, suggesting 
these effects were a consequence of compromised maternal health.  For the first study, 
the maternal NOAEL was determined to be the low dose of 0.1 µg/kg BID (0.1X MRHD) 
based on dose-related decrease in weight gain during the treatment period.  The 
developmental NOAEL was also 0.1 µg/kg BID (0.1X MRHD) based on the 
developmental retardation.  For the second study, which was conducted to better define 
the NOAEL, the NOAEL for developmental toxicity was the low dose of 1 µg/kg BID 
(4X MRHD).  TK data showed that the potential for exenatide to cross the placental 
barrier is very low in both mice and rabbits.  Therefore the fetal findings observed in both 
species may have been a consequence of a reduction in the maternal nutritional state 
during gestation or maternal toxicity. 
 
The effects of exenatide on gestation, parturition, lactation, and maternal behavior were 
evaluated in mice from implantation through lactation and weaning.  The effects on 
development and fertility of the offspring were also evaluated.  The F0 maternal NOAEL 
was less than 3 µg/kg BID (<1X MRHD) due to mortality at ≥3 µg/kg/dose.  The 
NOAEL for F1 fetal viability and growth was 3 µg/kg BID (1X MRHD) because of 
reduced preweaning pup body weights at 34 µg/kg BID (9X MRHD) and 380 µg/kg BID 
(148X MRHD) and increased perinatal mortality and reduced body weight gains 
postweaning at 380 µg/kg BID.  F0 maternal administration of exenatide at doses as high 
as 380 µg/kg BID did not affect, learning, memory, day of preputial separation or day of 
vaginal patency, mating or fertility, or cesarean-sectioning parameters of the F1 
generation mice.  There were no treatment-related effects on corpora lutea, implantations, 
litter sizes, or resorptions in cesarean-sectioned pregnant F1 females or on the incidence 
of fetal alterations in F2 generation mice.   
 
An assessment of the local tolerance of exenatide QW at the injection sites was integrated 
into the repeat-dose toxicology studies.  Injection site reactions were generally 
characterized by swelling, inflammation, and other findings typical of foreign body 
reactions in both rats and monkeys, with increased incidence and severity with increasing 
dose of microspheres.  In monkeys administered exenatide QW for 9 months, swelling 
with open drainage and/or abscesses were observed in all groups receiving exenatide 
QW.  Microscopically, granulomatous inflammation with foreign body giant cells and 
fibrosis were observed in rats and monkeys receiving microspheres, with or without 
exenatide.   
 
B. Pharmacologic activity 
Exenatide binds to and activates the GLP-1 receptor, a G protein-coupled receptor.  
Through its activation of the GLP-1 receptor, exenatide mimics many of the 
glucoregulatory activities of endogenous GLP-1 including stimulation of glucose-
mediated insulin secretion and synthesis of pro-insulin, increased insulin sensitivity, 
suppression of glucagon release, increased pancreatic β-cell mass, slowing of nutrient 
absorption via inhibition of gastric emptying, and suppression of food intake.  
Pharmacology studies in rodent models of diabetes and obesity demonstrated that the 
administration of exenatide resulted in the lowering of serum glucose and HbA1c values 
in conjunction with decreased food intake and body weight.  Like GLP-1, the glucose 
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lowering effect of exenatide has been shown to be dependent on glucose concentrations 
in the plasma. 
 
C. Nonclinical safety issues relevant to clinical use: 
In a rat carcinogenicity study conducted with exenatide QW, a statistically significant 
increase in thyroid c-cell tumors (adenomas plus carcinomas) relative to control groups 
was observed at clinically relevant exposures.  Similar findings have been observed for 
other compounds in this therapeutic class.  Currently it is not known whether thyroid 
c-cell tumors induced by GLP-1 receptor agonists are relevant to human risk.  Therefore, 
until data to the contrary are available, it should be assumed that exenatide QW has the 
potential to induce thyroid c-cell hyperplasia and tumors in humans.  Fibromas of the 
skin were observed in male rats at exposures that are approximately 26-fold higher than 
achieved at the maximum clinical dose of 2 mg/week.   
 
Injection site findings typical of foreign body reactions were observed in rats and 
monkeys receiving PLG microspheres, with or without exenatide.  Effects at the injection 
sites were generally mild to moderate and were found to be reversible as the 
microspheres degraded.  Based on these findings, patients could experience some 
discomfort at the injection sites (e.g., inflammation and granulomas).   
 
Byetta, which contains the same active ingredient as Bydureon, has been placed in the 
pregnancy category C category based on findings of fetal cleft palate, irregular fetal 
skeletal ossification of rib and skull bones, and increased neonatal deaths in mice at 
clinically relevant exposures.  Irregular fetal skeletal ossifications were also observed in 
rabbits at exposures that are approximately 4.5 times the human exposure at the 
maximum recommended dose.  Fetal effects generally occurred at doses that caused 
meaningful decreases in maternal body weight gain compared with controls.  As with 
Byetta, exenatide QW should only be used during pregnancy if the potential benefit 
justifies the potential risk to the fetus. 
 
Through post-marketing adverse event reporting, a signal for drug-induced pancreatitis, 
including life-threatening necrotizing/hemorrhagic pancreatitis, has been observed in 
patients taking Byetta.  Pancreatitis signals have also been noted in patients taking other 
drugs working through the GLP-1 pathway, including other GLP-1 receptor agonists and 
dipeptidyl peptidase-4 (DPP-4) inhibitors.  However, nonclinical toxicology studies 
conducted with drugs from these therapeutic classes failed to induce drug-related 
pancreatic toxicity or pancreatitis in animals.  It is possible that other factors in addition 
to drug exposure are required for pancreatitis to develop, such as diabetes or concomitant 
medications.  To further investigate the potential role of diabetes in the development of 
drug-induced pancreatitis, sponsors of approved GLP-1 receptor agonists have been 
asked to conduct toxicology studies in a rodent model for diabetes and thoroughly 
evaluate for acinar cell proliferation and toxicity in the pancreas.  Because the sponsor 
has already been asked to conduct a study in a diabetic rodent model with immediate 
release exenatide, additional studies with exenatide QW are not warranted at this time. 
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 
 

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
NDA number:  022-200 
Review number:  1 
Supporting document number: 001 
Submit date: 04 May 2009 
Type of submission:  505(b)(2) NDA referencing NDA 21-773 (Byetta) 
Information to sponsor: Yes (X) No ( ) 
Sponsor and/or agent: Amylin Pharmaceuticals 
Manufacturer for drug substance: exenatide QW  different 
suppliers: 

 
2.  Mallinckrodt Inc., St. Louis, MO 
3.  Lonza, SA, Braine-l’Alleud, Belgium 
 

Reviewer name:  B. Timothy Hummer, Ph.D., DABT 
Division name:  Division of Metabolism and Endocrinology Products 
HFD #:  510 
Review completion date:  22 February 2010 
 
 
Drug: 
 Trade name:  BYDUREON 
 Generic names:  exenatide QW, exenatide once weekly, exenatide LAR, exendin-4 
 Code names:  AC2993-F17 
 Chemical name:  L-histidylglycyl-L-glutamylglycyl-L-threonyl-L-phenylalanyl-

L-threonyl-L-seryl-L-aspartyl-L-leucyl-L-seryl-L-lysyl-L-glutaminyl-L-
methionyl-L-glutamyl-L-glutamyl-L-glutamyl-Lalanyl-L-valyl-L-arginyl-L-
leucyl-L-phenylalanyl-L-isoleucyl-L-glutamyl-L-tryptophanyl-Lleucyl-L-lysyl-L-
asparaginylglycylglycyl-L-prolyl-L-seryl-L-serylglycyl-L-alanyl-L-prolyl-L-
prolyl-L-prolyl-L-serinamide 

 CAS registry number:  141732-76-5 
 Molecular formula:  C184H282N50O60S 
 Molecular weight:  4186.6 Daltons 

(b) (4)

(b) (4)
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- Exenatide LAR (F-17): 18-Week Biweekly Subcutaneous Injection [9 Doses] Toxicity 
and Toxicokinetic Study in Rats with a 3-Month Recovery (Report #REST050369) 

 
- A 3-Month Toxicity Study of Exenatide LAR (AC2993-F17) Following Weekly 

Subcutaneous Administration in the Cynomolgus Monkey (Report #REST04289R2) 
 
- Exenatide LAR: 39-Week (One Injection/Week) Subcutaneous Injection Toxicity and 

Toxicokinetic Study in Cynomolgus Monkeys with a 3-Month Recovery (Report 
#REST050370) 

 
- Exenatide LAR: 104-Week Carcinogenicity Study Following Every Other Week 

Subcutaneous Administration in Rats (Report #REST060229R1) 
 
Genetic Toxicology 
- AC2993 (  Salmonella-Escherichia coli/Mammalian-Microsome 

Reverse Mutation Assay with a Confirmatory Assay Treat and Plate Method (Report 
#REST04571) 

 
- AC2993 (  Chromosomal Aberrations in Chinese Hamster Ovary 

(CHO) Cells (Report #REST04569) 
 
- Bacterial Reverse Mutation Assay Using the Treat and Plate Method (Report 

#REST060302) 
 
- Bacterial Reverse Mutation Assay (Report #REST080228) 
 
- In Vitro Mammalian Chromosome Aberration Test (Report #REST060306) 
 
- In Vitro Mammalian Chromosome Aberration Test (Report #REST080139) 
 
 
 
Studies not reviewed within this submission: None 
 
 

(b) (4)

(b) (4)
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2.6.2 PHARMACOLOGY 
  
2.6.2.1 Brief summary   
 
Exenatide, also known as exendin-4, is a 39 amino acid peptide originally isolated from 
the salivary secretions of Heloderma suspectum (Gila monster).  Exenatide has 
approximately 50% sequence similarity to the endogenously occurring mammalian 
incretin hormone, glucagon like peptide-1 (7-36) amide (GLP-1).  The pharmacodynamic 
activity of exenatide was investigated during the nonclinical development program for 
BYETTA (NDA 21-773).  The activity of exenatide was examined in vitro and in animal 
models for short-term and long-term glucoregulatory and anti-diabetic activity.  
Exenatide binds to and activates the GLP-1 receptor, a G protein-coupled receptor, and 
mimics many of the glucoregulatory activities of endogenous GLP-1 including 
stimulation of glucose-mediated insulin secretion and synthesis of pro-insulin, increased 
insulin sensitivity, suppression of glucagon release, increased pancreatic beta-cell mass, 
slowing of nutrient absorption via inhibition of gastric emptying, and suppression of food 
intake.  In subchronic dosing studies in rodent models of diabetes and obesity, 
administration of exenatide resulted in the lowering of serum glucose and HbA1c values 
in conjunction with decreased food intake and body weight.  To establish that the altered 
PK profile of exenatide QW compared with Byetta retains adequate pharmacodynamic 
activity, the anti-diabetic activity of exenatide QW was studied in a rodent model of type 
2 diabetes (summarized below).  Other than the one pharmacology study conducted with 
exenatide QW, the sponsor is relying upon the pharmacology information submitted for 
the NDA approval of Byetta.  The reader is referred to Dr. John Colerangle’s review of 
NDA 21-773 for summaries of the primary, secondary, and safety pharmacology studies 
conducted with exenatide.   
 
2.6.2.2 Primary pharmacodynamics   
Mechanism of action: Exenatide has been demonstrated to mimic several glucoregulatory 
actions of the endogenous incretin, GLP-1 both in vitro and in vivo.  The actions of 
exenatide are partially mediated through binding to the human pancreatic GLP-1 
receptor, a G protein-coupled receptor, leading to the glucose-dependent enhancement of 
both synthesis and secretion of insulin from pancreatic beta cells via a cyclic AMP-
dependent mechanism.  In addition to enhanced insulin secretion, glucose control is also 
improved through a sustained improvement in pancreatic beta-cell function, suppression 
of inappropriately elevated glucagon secretion, slowing of gastric emptying, and 
reduction in food intake with accompanying weight loss.   
 
Drug activity related to proposed indication: The sponsor previously received marketing 
approval for an immediate release formulation of exenatide (Byetta, NDA 21-773) for the 
treatment of type 2 diabetes mellitus.  Exenatide QW contains the same active ingredient 
as Byetta, but has been combined with polymer microspheres, thereby creating a 
sustained release formulation.  For the Byetta application, the sponsor submitted several 
pharmacology studies that demonstrated the relevance of the drug activity for the 
proposed indication.  The following summary is adapted from Dr. Colerangle’s review of 
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NDA 21-773.  In normal and diabetic rats and mice, tissue binding distribution is 
identical to GLP-1 (including brain lateral septum and basal forebrain, area postrema and 
medulla oblongata).  Significant binding was observed in pancreas and outer cortex of 
the kidney.  There was wide distribution throughout the pancreas, but focal distribution 
within the Islets of Langerhans.  Potency for stimulating cAMP production in human and 
rat based receptor systems was similar for exenatide and GLP-1.  The EC50 values in 
RINm5f cells (rat insulinoma pancreatic cell line) were 0.31 nM for exenatide and 
0.23 nM for GLP-1.  The duration of effect on cAMP production was similar (~30 
minutes) for both compounds.  Exenatide was approximately 1,000 times more potent 
than GLP-1 in reducing plasma glucose concentration after a single subcutaneous dose to 
hyperglycemic db/db mice.  Both compounds induced approximately 30% maximum 
decrease in glucose in monkeys or mice but the ED50 for GLP-1 was approximately 
10,000-fold greater than exenatide.  The magnitude of glucose lowering effect was 
related to the pre-existing plasma glucose concentration.  This effect has also been well 
characterized for GLP-1.  It is suggested that the glucose lowering ability of GLP-1 is 
dependent on glucose concentrations in the plasma and thus hypoglycemic effects are not 
expected to be common events, which has been verified clinically.   
 
 
 
Pharmacology studies conducted with exenatide QW 
“Effect of Single Injection of Long-Acting Release Exenatide (Synthetic Exendin-4) in 
Diabetic Fatty Zucker (ZDF) Rats” (Report REST04093).  A primary pharmacology 
study was conducted to evaluate the effects of exenatide-LAR on the progression of 
glycemic and lipidemic parameters in male prediabetic Zucker diabetic fatty rats.  Rats 
were administered a single subcutaneous injection of long-acting exenatide (0.001, 0.01, 
0.1, 1, 3, or 9 mg) or placebo control.  Treatment with 1 mg and greater resulted in a 
dose-dependent reduction in the glycemic indices of HbA1c (≥0.1 mg), fasting glucose, 
and fasting fructosamine and lipidemic indices of fasting cholesterol and fasting 
triglyceride for up to 28 days after administration when compared with placebo controls.  
Mean daily food intake was also significantly decreased with exenatide-LAR doses of 
1 mg and higher compared with placebo controls but had no significant effect on body 
weight gain. 
 
Hyperinsulinemic euglycemic clamp procedures incorporating an intraclamp glucose 
challenge showed increased β-cell response to the glucose challenge with low doses of 
exenatide.  Dose response analysis of glucose infusion rate showed an increase in insulin 
sensitivity of up to 2.0-fold versus control.  Insulin sensitization was apparent and 
significant with exenatide LAR doses of 1 mg and higher.  Exposure data demonstrated 
that plasma exenatide was sustained for at least 28 days (sponsor-generated Figure 10). 
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2.6.2.3 Secondary pharmacodynamics   
No secondary pharmacodynamic studies were conducted with exenatide QW. 
 
2.6.2.4 Safety pharmacology   
Cardiovascular and neurobehavioral safety pharmacology studies were conducted with 
exenatide in support of NDA 21-773.  Safety pharmacology studies were not conducted 
with exenatide QW.  A summary of safety pharmacology studies conducted with 
immediate release exenatide is shown in the sponsor-generated table below (from NDA 
21-773). 
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Antigenicity after a Single Subcutaneous Injection with Various Exenatide QW 
Formulations or Immediate Release Exenatide 
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Pharmacokinetic Study of Exenatide (AC2993) LAR Formulations in Sprague-
Dawley Rats after a Single Subcutaneous Injection (REST070881) 
 
The pharmacokinetic profiles of two exenatide (AC2993) LAR F17 batches were 
investigated in male rats following subcutaneous administration.  Two treatment groups 
of 15 Sprague-Dawley rats were administered a single subcutaneous injection of 
exenatide LAR from either Lot S426-3206AA or 07-017-112 at a dose level of 2.4 mg/kg 
and a dose volume of 1.6 mL/kg.  The LAR F17 formulations differed in scale and site of 
manufacture.  Lot S426-3206AA was manufactured as a  scale at Alkermes and Lot 
07-017-112 was made as a  scale at Amylin. 
 
Observations for morbidity, mortality, and injury were conducted twice daily for all 
animals.  Observations for clinical signs were conducted weekly.  Body weights were 
measured and recorded on Day 1 prior to dosing.  Blood samples for determination of 
exenatide plasma concentrations were collected from the animals at 0.25, 1, 4, 8, and 24 
hours after injection on Day 1 and at a single time point every 2 to 4 days thereafter up to 
Day 53.  Blood samples for anti-exenatide antibody analysis were collected from the 
animals on Day -7, Day 24, and Day 53.  At the end of the study, animals were discarded 
without further evaluation, although a necropsy examination was performed for one 
animal that was found dead on Day 24 (treated with Lot 07-017-112).  On Day 14 and 
Day 21, this animal was noted as having brown discolored skin on both forefeet, black 
material around its nose, and brown material around its mouth.  This animal was also 
noted as having decreased activity and being thin.  The cause of death could not be 
determined.  No treatment-related adverse clinical findings were observed in any of the 
other animals.   
 
A summary of the antigenicity and PK data is shown below in the sponsor-generated 
tables and figures.  Anti-exenatide antibodies were detected in approximately 37% of the 
animals (11 out of 30).  Titers ranged from 25 to 625 with a longer duration of treatment 
resulting in a higher number of antibody positive animals.  PK data from antibody 
positive animals were excluded from the PK analysis.  The plasma concentration versus 
time profile for exenatide LAR is characterized by an initial peak during the first few 
hours after injection, a second peak during the first few days after injection, and a third 
peak occurring after approximately 3 to 5 weeks.  The initial peak is thought to occur 
through the release of exenatide loosely bound to the PLG microspheres.  Both lots had 
measurable plasma concentrations for approximately 5 weeks.  Exposure values (Cmax 
and AUC0-t) were slightly higher for Lot S426-3206AA compared with Lot 07-017-112.  
Overall, the plasma concentration versus time profiles for both exenatide LAR F17 lots 
had a similar pattern (Figure 1). 
 

(b) (4)

(b) (4)
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Exenatide LAR (AC2993-F17): Pharmacokinetics and Immunogenicity following 
Single-Dose Subcutaneous Administration in the Cynomolgus Monkey (Report 
REST04182R1) 
 
The local tolerance, pharmacokinetics, and potential immunogenicity of exenatide LAR 
(AC2993-F17; Lot 278-0763) was investigated following a single subcutaneous dose.  
Three treatment groups of 3 (low and high doses) or 6 (mid-dose) male cynomolgus 
monkeys were administered 0.11, 0.44, or 1.10 mg/kg exenatide LAR via subcutaneous 
injection at dose volumes of 0.095, 0.109, and 0.136 mL/kg.  Monkeys were observed for 
morbidity, mortality, and injury at least twice daily.  Detailed clinical observations and 
injection site assessments were conducted twice on Day 1 and then weekly thereafter.  
Blood samples for plasma exenatide analysis were collected from all animals at various 
designated time points on Day 1 (predose and 0.5, 1, 2, 4, 8, 12, 16, and 24 hours 
postdose), and at a single time point on Days 3, 4, 8, 11, 15, 18, 22, 25, 29, 32, 36, 39, 43, 
46, 50, 53, 57, 64, and 71 at approximately the same time each day.  Blood samples for 
serum antibody analysis were collected on Day -5 and on Days 29, 43, 57, 64, and 71.  
After Day 71, no further assessments were conducted and the animals were returned to 
the laboratory’s stock colony. 
 
No treatment-related effects on survival, clinical signs, physical examinations, or body 
weights were noted during the study period.  Occasional treatment-related injection site 
irritation was noted at a low incidence and findings of very slight erythema were noted at 
≥0.44 mg/kg exenatide during Weeks 4, 5, and/or 6.  Treatment-related local injection 
site enlargement was noted at 0.44 mg/kg (2/6 animals) and 1.10 mg/kg (3/3 animals), 
with incidence and severity diminishing in the latter part of the study.  The size of 
enlargement ranged from small (1 to 5 mm) to medium (6 to 20 mm).   
 
Anti-exenatide antibodies were noted as early as Day 29 at all doses and most animals 
had anti-exenatide antibodies by the end of the study, with titers ranging from 5 to 78,125 
(sponsor-generated Table D below).  Titers were not dose related, although the higher 
titers occurred at ≥0.44 mg/kg.   
 
The PK data show that after a single subcutaneous injection of exenatide LAR, Cmax and 
combined AUC0-1704 h increased proportionally with dose (sponsor-generated Table A 
below).  When comparing all animals versus the antibody negative subgroup for the mid-
dose animals, mean AUC values were similar suggesting that the development of 
antibodies after a single administration did not have a significant impact on total 
exposure (sponsor-generated Table A and A1 below).  However, TK data from repeat-
dose toxicology studies indicate that the presence of antibodies during repeated dosing 
has more of an impact on exenatide exposure.   
 
The results of this study show that a single subcutaneous (bolus) injection of exenatide 
LAR to male cynomolgus monkeys at doses up to 1.10 mg/kg were well tolerated, with 
minimal local irritation/enlargement at the injection site.  Most animals developed anti-
exenatide antibodies at all doses.  Plasma exenatide concentrations increased with 
increasing doses of exenatide LAR. 
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2.6.4.4 Distribution   
Exenatide is a 39 amino acid peptide that, like other peptides, is believed to be 
metabolized throughout the body into peptide fragments or individual amino acids, 
thereby becoming available for incorporation into newly synthesized peptides and 
proteins.  Because the incorporation of labeled amino acids into newly synthesized 
proteins would confound the interpretation of a tissue distribution study, the sponsor felt 
that whole body distribution studies were not technically feasible.  Therefore whole body 
distribution studies were not conducted with immediate release exenatide or exenatide 
QW. 
 
A human erythrocyte binding study conducted with immediate release exenatide 
demonstrated that approximately 82% of exenatide was associated with the plasma 



Reviewer:  B. Timothy Hummer, Ph.D.       NDA #22-200 
 
 

 35 
 

fraction and 18% was associated with erythrocytes.  Binding of exenatide to serum 
albumin and other plasma components was not assessed. 
 
2.6.4.5 Metabolism   
Studies investigating exenatide degradation were submitted and reviewed under 
NDA 21-773.  When incubated with purified DPP-IV, exenatide was shown to be 
resistant to the proteolytic cleavage by DDP-IV, an enzyme involved in the degradation 
of several endogenous peptides including GLP-1.  Studies using in vitro kidney 
membrane preparations from mouse, rat, rabbit, monkey, and human tissues showed the 
potential for metabolism of intact exenatide within renal tubules (Copley et al., 2006).  In 
general, no significant fragments of exenatide were found in plasma following 
intravenous or subcutaneous injection of high doses (10 mg IV and 20 mg SC) of 
exenatide to rats.  In renally ligated rats, three metabolites were identified in plasma at 
trace concentrations: exenatide 1-22, exenatide 23-39, and exenatide 1-20.  Two of these 
metabolites, exenatide 1-22 and exenatide 23-39, were tested in an in vitro activity assay 
and found to have no biological activity.  Characterization of exenatide metabolites from 
monkey and human plasma or urine was not conducted. 
 
2.6.4.6 Excretion   
Excretion studies were not conducted with exenatide QW but were conducted with 
exenatide in support of NDA 21-773.  Exenatide clearance was studied in rat models of 
liver and kidney impairment to help determine the primary route of excretion.  These 
studies showed that there was no significant difference in PK parameters in rat models of 
either acute or chronic liver injury versus controls indicating that hepatic excretion is not 
a major route of elimination.  However, in rats with renal ligation, AUC, Cmax and 
terminal t½ were significantly increased and clearance was decreased.  These data 
suggest that exenatide is cleared predominantly by the kidneys.  The relative absence of 
immunoreactive (full-length) exenatide in the urine of rats suggests that proteolytic 
degradation likely occurs in the renal tubule after filtration.  As mentioned in Section 
2.6.4.5, degradation studies performed using membrane preparations from rat, mouse, 
rabbit, monkey, and human kidneys support this hypothesis. 
 
2.6.4.7 Pharmacokinetic drug interactions   
Nonclinical PK interaction studies have not been conducted. 
 
2.6.4.8 Other Pharmacokinetic Studies 
No other pharmacokinetic studies were conducted with exenatide QW. 
 
2.6.4.9 Discussion and Conclusions  
Three single-dose PK studies were conducted in rats and monkeys to evaluate the delayed 
absorption properties due to the sustained release formulation of exenatide QW.  The 
PK/TK characteristics of exenatide QW were also evaluated in repeat-dose toxicology 
studies (see individual study summaries in Section 2.6.6 for TK data).  The 
bioavailability of exenatide QW was approximately 63% and 23% of immediate release 
exenatide in rats and monkeys, respectively.  There were no consistent gender differences 
in exposure in rats or monkeys.  On Day 1 of repeat-dose studies, rats demonstrated less 
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than dose proportional increases in exposure.  Monkeys showed an increase in exposure 
that was proportional to dose level after a single subcutaneous dose.  Based on TK data, 
repeated dosing resulted in accumulation relative to Day 1 in both rats (1.4 to 6.5 fold) 
and monkeys (8.8 to 28 fold) in animals that remained negative for anti-exenatide 
antibodies, with steady state concentrations achieved in approximately 1 to 2 months.  In 
monkeys, plasma concentrations returned to undetectable concentrations within 2 months 
after the final dose administration.  Once the exenatide peptide is absorbed from an 
injection of exenatide QW, the distribution, metabolism, and excretion of exenatide is not 
believed to be any different than it is for the immediate release formulation.  Exenatide is 
resistant to the enzymatic cleavage by DPP-IV.  No major metabolites have been 
observed in rat plasma.  Renal filtration and subsequent proteolytic degradation within 
the renal tubules is believed to play a major role in the metabolism and excretion of 
exenatide. 
 
 
2.6.4.10 Tables and Figures 
(sponsor-generated tables) 
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Summary of Derived Daily AUC Data from Key BYETTA Nonclinical Safety Studies 
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Summary of Derived Daily AUC Data from Key Exenatide QW Nonclinical Safety 
Studies 
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2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
A complete toxicology program was conducted to support the marketing approval of 
immediate release exenatide (Byetta).  Summaries of these studies can be found in the 
pharmacology/toxicology review for NDA 21-773.  The sponsor conducted additional 
toxicology studies with exenatide QW to supplement the Byetta toxicology program.  
These include repeat-dose toxicology studies up to 4 months in rats, a 3-month and 
9-month toxicology study in monkeys, a carcinogenicity study in rats, and several in vitro 
genetic toxicology studies to qualify manufacturing changes for the drug substance.  A 
list of toxicology studies conducted with immediate release exenatide and exenatide QW 
is shown in the sponsor-generated table below. 
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2.6.6.2 Single-dose toxicity   
Single-dose toxicity studies were not conducted with exenatide QW.  However, single-
dose studies were conducted with exenatide in support of NDA 21-773.  In mice, single 
intravenous doses up to 1,500 µg/kg did not cause mortality.  Decreased grip strength 
was observed at ≥300 µg/kg and transient, dose-related reductions in spontaneous motor 
activity were observed at doses ≥30 µg/mL.  In rats, a single subcutaneous injection at 
doses up to 30,000 µg/kg did not cause mortality or serious toxicity.  Clinical signs 
included hunched posture and/or yellow staining of fur at doses ≥10,000 µg/kg and 
slightly lower body weights at 30,000 µg/kg.  In monkeys a single subcutaneous dose did 
not induce mortality or serious toxicity at doses up to 5,000 µg/kg.  Decreased food 
consumption was noted at doses ≥3,000 µg/kg. 
 
2.6.6.3 Repeat-dose toxicity 
Non-pivotal repeat-dose toxicology studies conducted with exenatide QW are 
summarized in the table below.  One study was also conducted with immediate release 
exenatide to compare the toxicity profile of exenatide produced through two different 
synthetic methods.  Summaries of repeat-dose toxicology studies conducted with 
immediate release exenatide can be found in the pharmacology/toxicology review for 
NDA 21-773. 
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Study Type 
Report No.  
GLP Status Test Article 

Species/strain 
Number/group 

Dose Levels 
Regimen 

Route Endpoints Findings 
• No toxicologically meaningful treatment-related 

effects were noted on survival, clinical observations, 
ophthalmoscopy, physical exams, hematology, serum 
chemistry, organ weights, or macroscopic or 
microscopic pathology. 

• Decreases in body weight gain (up to 37% and 43% 
less than diluent controls for males and females, 
respectively) and food consumption were observed.  
Compensatory increases in food consumption and 
body weight gain occurred during the recovery period. 

• Microsphere-related microscopic observations 
(including control group) included granulomatous 
inflammation characterized by focally dense 
aggregates of macrophages and/or multinucleated giant 
cells, typical of a foreign-body reaction. 

• 19% to 36% of treated animals developed anti-
exenatide abs with titers ranging from 25 to 15,625. 

• Based on the absence of systemic toxicity or severe 
local injection site injury, the NOAEL was considered 
to be the high dose of 9 mg/kg. 

• TK results at Week 6 are shown in the sponsor-
generated tables below. 

8-week repeat-
dose toxicity 
study with 12-
week recovery 
 
REST060307 
 
GLP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exenatide QW 
(AC2993-F17) 
(  scale) 

Rat/Sprague-
Dawley 
 
Main: 10M/10F 
Recovery: 5M/5F 
TK: 10M/10F or 
3M/3F (controls) 

0 (diluent), 0 
(microspheres), 

0.3, 3, and 9 
mg/kg/dose 

 
Once every 2 

weeks by 
subcutaneous 

injection  
(4 doses) 

Mortality 
Clinical signs 
Injection site rxn. 
Body weight 
Food consumption 
Ophthalmoscopy 
Clinical pathology 
Toxicokinetics 
Ab assessment 
Organ weights 
Gross pathology 
Histopathology 

 

(b) (4)
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Study Type 
Report No.  
GLP Status Test Article 

Species/strain 
Number/group 

Dose Levels 
Regimen 

Route Endpoints Findings 
 
REST060307, 
continued 

Antibody negative animals 

 
8-week repeat-
dose toxicity 
study with 12-
week recovery 
 
REST080043 
 
GLP 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exenatide QW 
(AC2993-F17) 
(  scale) 

Rat/Sprague-
Dawley 
 
Main: 10M/10F 
Recovery: 5M/5F 
TK: 10M/10F or 
3M/3F (controls) 

0 (diluent), 0 
(microspheres), 

0.3, 3, and 9 
mg/kg/dose 

 
Once every 2 

weeks by 
subcutaneous 

injection  
(4 doses) 

Mortality 
Clinical signs 
Injection site rxn. 
Body weight 
Food consumption 
Ophthalmoscopy 
Clinical pathology 
Toxicokinetics 
Ab assessment 
Organ weights 
Gross pathology 
Histopathology 
 

• No toxicologically meaningful treatment-related 
effects were noted on survival, clinical signs, 
ophthalmoscopy, clinical pathology, organ weights, or 
macroscopic pathology. 

• Decreases in body weight gain (up to 20% for males 
and 17% for females) and food consumption were 
observed at all doses.  Compensatory increases in food 
consumption and body weight gain occurred during the 
recovery period. 

• Increased incidence and/or severity of foreign body 
granulomas and chronic inflammation was seen at 9 
mg/kg with an increased incidence of fibroplasia and 
foamy pigmented macrophage accumulation at the end 
of recovery.   

• 17% to 48% of treated animals developed anti-
exenatide abs with titers ranging from 25 to 15,625. 

• Based on the absence of systemic toxicity or severe 
local injection site injury, the NOAEL was considered 
to be the high dose of 9 mg/kg. 

• TK results for Day 1 and Day 43 are shown in the 
sponsor-generated table below. 

(b) (4)
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Study Type 
Report No.  
GLP Status Test Article 

Species/strain 
Number/group 

Dose Levels 
Regimen 

Route Endpoints Findings 
 
REST080043, 
continued 

Ab = antibody; AUC = area under the plasma concentration versus time curve; BLQ = below the limit of quantitation; Cmax = maximum achieved plasma 
concentration; GLP = Good Laboratory Practices; F = female; M = male; NOAEL = no observed adverse effect level; QW = once weekly; rxn = reaction; TK = 
toxicokinetics. 
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Pivotal Studies 
 
Study title: Exenatide LAR (F-17): 18-Week Biweekly Subcutaneous Injection 
[9 Doses] Toxicity and Toxicokinetic Study in Rats with a 3-Month Recovery 
 
Note: An interim study report that did not include recovery animal data was previously 
reviewed by Dr. John Colerangle under IND 67,092, the review for which is presented 
below with some modification.  This reviewer is in agreement with Dr. Colerangle’s 
assessments and conclusions.  Recovery animal data and final anti-exenatide antibody 
data were added to this final review. 
 
Key study findings: 
• A diluent control male rat was sacrificed in a moribund condition on Day 57 following 

blood collection.  The cause of moribundity was not determined.  A female rat given 
3 mg/kg/dose was found dead on Day 55.  Necropsy revealed a large, fluid-filled 
kidney, thickened urinary bladder, and large ureter.  A toxicokinetic male given 
1 mg/kg/dose and a female given 3 mg/kg/dose, died on Days 28 and 13, respectively, 
and were discarded without necropsy. 

• Injection site swelling/palpable lumps (slight to moderate severity) were more 
noteworthy for animals given the control microspheres or the test article at 9 mg/kg 
and noted at a lesser severity (very slight to slight) for animals given 3 mg/kg.  The 
swelling/palpable lumps were attributed to the physical presence of the microspheres.  
Very slight to slight redness was noted at a low incidence in the control microsphere 
and test article-treated groups and was attributed to the injection trauma.  By the end of 
the recovery period, partial to complete reversibility was observed. 

• A dose-related decrease in mean body weight was noted in males treated with the drug.  
While similar body weight decrements were noted in drug treated females, they were 
not dose related. 

• Food consumption was minimally to slightly decreased in all drug-treated animals 
especially at Week 17 in males given 1 and 3 mg/kg. 

• Decreased mean absolute organ weight was observed for liver and thymus from 
animals treated with ≥3 mg/kg, with no correlative histopathology; the effect on 
absolute organ weight was likely a secondary effect of the decreased mean body 
weights observed for exenatide-treated animals. 

• Histopathology revealed foamy macrophages/fibroblasts, lymphocytic infiltrate and 
granuloma of minimal to slight severity at all injection sites.  Lesions observed in the 
parotid salivary gland (atrophy), heart (hemorrhage), lung (mixed cell inflammation), 
mammary gland (corpora amylacea), stomach (erosion, lymphocytic infiltrate, 
hyperplasia) and uterus (dilatation) were of very low incidence (1/10) and minimal to 
slight in severity.  These lesions were noted in the 9 mg/kg dose group. 

• One HD female had renal tubular adenomas unilaterally with a focus of slight tubular 
hyperplasia in the contralateral kidney.  One MD female had a renal tubular adenoma.  
One LD female and one female given the microsphere control had slight and minimal 
renal tubular hyperplasia, respectively.  The sponsor stated that these tumors are 
incidental findings and not drug related because the study duration was short 
(18 weeks) and secondly, tumors of the renal tubules are typically slow growing with a 
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Study Design 

 
 
Injection sites were rotated among four distinct sites close to the middle of the back: left 
dorsal thorax (Site A; Days 1, 57, and 113), right dorsal thorax (Site B; Days 15 and 71), 
left dorsal lumbar (Site C; Days 29 and 85), and right dorsal lumbar (Site D; Days 43 and 
99). Each site was marked to permit injection site observations and collection at 
termination. 
 
Observations and times: 
Clinical signs:  Daily 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Conducted once predose and during the final week of dosing 
EKG:    Not conducted 
Hematology:  Blood samples for hematology evaluation were collected at 

terminal sacrifice 
Clinical chemistry:  Blood samples for clinical chemistry evaluation were collected at 

terminal sacrifice 
Urinalysis:   Not conducted 
Gross pathology:  Organs/tissues collected for gross examination are indicated in the 

histopathology table at the end of the repeat-dose toxicity section 
Organs weighed:  Organs weighed are indicated in the histopathology table 
Histopathology:  All tissues from toxicity animals in Groups 1 and 5 (diluent control 

and HD groups) and from the toxicity animals that died or were 
sacrificed at an unscheduled interval were processed for 
microscopic evaluation.  In addition, the injection sites, pancreas, 
kidneys, adrenal gland, thyroid with parathyroid, thymus, parotid 
salivary gland, spleen, heart, liver, and macroscopic lesions from 
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each toxicity animal in Groups 2 through 4 were processed for 
microscopic evaluation. 

Toxicokinetics:  Blood samples for TK were collected on Days 1, 29, 57, 85, and 
113 of the dosing phase.   

 
On Days 1 and 113 (first and last dose-days) cohorts of 3 animals/sex/group from Groups 
8 through 10 were bled predose and approximately 0.5, 2, 4, 10, 24, 48, 96, 168, 216, 
288, and 336 hours postdose (336 hours postdose is predose for the following dose-day). 
 
Three sets of animals were bled according to the following schedule: 
 
Set 1: Predose and approximately 4, 48, and 216 hours postdose. 
Set 2: Approximately 0.5, 10, 96, and 288 hours postdose. 
Set 3: Approximately 2, 24, 168, and 336 hours postdose. 
 
On Days 29, 57, and 85 cohorts of sets 1 and 2 (3 animals/sex/group) from Groups 8 
through 10 were bled predose and 0.5 hours postdose. 
 
On Days 1, 57, and 113 Group 6 and 7 animals (TK control groups) were bled predose 
and approximately 0.5 hours postdose. 
 
Injection Site Observations: Injection sites were observed once daily for all toxicity 
animals (starting prior to dosing on Day 1 of the dosing phase) through Day 15 of the 
dosing phase for local tolerance including, but not necessarily limited to, swelling and 
redness.  Beginning on Day 15 and for all remaining dosing days, the injection site to be 
dosed that day was scored predose and daily for 3 days following that dose.  Scoring was 
discontinued if no indication of irritation was noted during those 3 days. 
Antibody Determinations: Samples were taken predose on Days 1 and 57 of the dosing 
phase from all surviving animals, predose on Day 113 for all surviving toxicokinetic 
animals in Groups 6 through 10, and at the scheduled dosing phase sacrifice for all 
surviving animals in Groups 1 through 5 for anti-Exenatide antibody formation 
determinations. 
 
Results: 
Mortality:  A diluent control male was sacrificed in a moribund condition on Day 57 
following blood collection.  The cause of moribundity was not determined.  A female 
given 3 mg/kg/dose was found dead on Day 55.  Necropsy findings included large, fluid-
filled kidney, thickened urinary bladder, and large ureter.  Two toxicokinetic animals, a 
male given 1 mg/kg/dose and a female given 3 mg/kg/dose, died on Days 28 and 13, 
respectively, and were discarded without necropsy.  One microsphere control male was 
found dead on Day 87 of the recovery period; the cause of death was not determined.  
The deaths or moribund condition of these animals, although unclear, were not attributed 
to effects of the test article. 
 
Clinical signs:  There were no clinical signs of toxicity noted. 
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Injection site reactions:  Injection site edema/swelling (slight to moderate severity) were 
most noteworthy for animals given the control microspheres or the test article at 9 mg/kg 
and noted at a lesser severity (very slight to slight) for animals given 3 mg/kg.  The 
edema/swelling was attributed to the physical presence of the microspheres.  
Observations of very slight to slight redness/erythema were noted at a low incidence in 
the control microsphere and test article-treated groups and were attributed to the injection 
trauma.  During the recovery phase, palpable lumps typically resolved within 4 weeks of 
the last dose in the control microsphere, 3 mg/kg, and 9 mg/kg groups.  
 
 

Palpable lumps at injection sites A, B, C and D 
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Body Weights (g):  Final body weights were lower for exenatide-treated animals 
compared with controls.  The effects on body weight correlated with decreased food 
consumption and are attributed to the pharmacodynamic activity of the test article.  At the 
end of recovery, body weights and food consumption were similar to control values. 

 
* p<0.05 (relative to diluent control) 
 
 
Food consumption: (g/animal/day) 

 
* p<0.05 (relative to diluent control); + p<0.05 (relative to control microsphere) 
 
 
Ophthalmoscopy: No treatment-related ophthalmoscopic findings were observed. 
 
Electrocardiography: No data. 
 
Hematology: There was no significant difference between hematology parameters of 
controls and drug treated animals. 
 
Clinical chemistry: There were no treatment-related clinical chemistry changes. 
 
Urinalysis: No data. 
 
Organ weights: Terminal sacrifice.  Some differences in organ weights were noted when 
compared with control values, however these effects were likely due to decreased body 
weights for exenatide-treated animals. 
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Gross pathology: Terminal sacrifice (also see injection site observations above) 

 
 
Histopathology:  
Tissues from terminal sacrifice toxicity animals from Groups 1 and 5 (diluent control and 
HD groups) and from the toxicity animals that died or were sacrificed at an unscheduled 
interval were processed for microscopic evaluation.  In addition, the injection sites, 
pancreas, kidneys, adrenal gland, thyroid with parathyroid, thymus, parotid salivary 
gland, spleen, heart, liver, and macroscopic lesions from each toxicity animal in Groups 2 
through 4 were processed for microscopic evaluation. 
 
Histopathology revealed foamy macrophages/ fibroblasts and lymphocytic infiltrate at the 
injection sites of animals in all study groups; these effects are believed to have been due 
to injection trauma.  Granulomas of minimal to slight severity were observed at injection 
sites for animals receiving microspheres, either with or without exenatide.  This finding is 
thought to be the result of a foreign body response to the microspheres.  After recovery, 
foamy macrophages and fibroblasts at injection sites were still observed, but were less 
prominent and a higher percentage of animals did not have this finding compared with 
the main group animals suggesting a trend toward recovery.  A notable decrease in the 
number of granulomas, as well as the absence of microspheres, also indicated 
reversibility.   
 
One HD female had renal tubular adenomas unilaterally with a focus of slight tubular 
hyperplasia in the contralateral kidney.  One MD female had a renal tubular adenoma.  
One LD female and one microsphere control female had slight and minimal renal tubular 
hyperplasia, respectively.  After recovery, one LD female had a renal tubular adenoma 
and one microsphere control female had atypical renal tubular hyperplasia.  The sponsor 
contended that the tumors and hyperplasia were not drug-related because carcinogen-
induced tumors of the renal tubules are typically slow growing with a long latency for 
development and the relatively short study duration (18-months) suggests that the 
adenomas were spontaneous occurrences.  The sponsor added that even some of the most 
potent renal carcinogens have a latency period of 6 to 12 months before tumors develop 
(Hard, 1990; Hard et al., 1970).  Additionally, there was no evidence of nephrotoxicity, 
which often precedes atypical tubular hyperplasia and renal tumorigenesis.   
 
Lesions observed in the parotid salivary gland (atrophy), heart (hemorrhage), lung (mixed 
cell inflammation), mammary gland (corpora amylacea), stomach (erosion, lymphocytic 
infiltrate, hyperplasia) and uterus (dilatation) were of very low incidence (1/10) and 
minimal to slight in severity.  A summary of histopathology findings is shown in the 
table below. 
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1 = minimal; 2 = slight; 3 = moderate 
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Toxicokinetics: (sponsor-generated table) 
TK data indicate that steady-state concentrations are achieved by approximately 2 months 
of dosing.  The presence of anti-exenatide antibodies correlated with higher plasma 
concentrations such that a dose-exposure relationship was not observed.  However, when 
considering the data from antibody negative animals only, exposure did increase with 
increasing dose level.  Because of the effects of antibodies on the exposure data, values 
from antibody-negative animals and humans were used to calculate exposure safety 
margins. 
 
 
Mean Toxicokinetic Parameters of Exenatide following Single or Multiple Bi-weekly 

Subcutaneous Administration in Sprague-Dawley Rats (REST050369) 
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Antibody assessment: (sponsor-generated tables) 
Anti-exenatide antibodies were observed at ≥1 mg/kg/dose with no apparent dose-
response relationship for incidence.  The higher titers occurred on Day 57 and generally 
decreased towards the end of treatment (Month 4, with positive titers remaining 
following the recovery period.  On Day 57, titers ranged from 25 to 390,625 at 1 mg/kg, 
25 to 15,625 at 3 mg/kg, and 25 to 625 at 9 mg/kg.  The antibody titer for the combined 
main and toxicokinetic exenatide LAR-treated groups tended to show an inverse 
relationship to dose. 
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Toxicology conclusions: 
Exenatide LAR was well tolerated following 18 weeks of bi-weekly (9 doses) 
subcutaneous administration.  The primary findings were decreased body weights and 
food consumption, expected pharmacodynamic effects of exenatide, and microscopic 
findings at the injection sites, which were related to the physical trauma of the injections 
and foreign body reactions to the microspheres.  There were no drug-related deaths or 
significant target organ toxicities.  Hence, the MTD is 9 mg/kg (27X MRHD, AUC for 
Ab negative animals). 
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Study title: A 3-Month Toxicity Study of Exenatide LAR (AC2993-F17) Following 
Weekly Subcutaneous Administration in the Cynomolgus Monkey With a 13-Week 
Recovery Period 
 
Note: this study was previously reviewed by Dr. John Colerangle under IND 67,092, the 
review for which is presented below with minor modifications.  This reviewer is in 
agreement with Dr. Colerangle’s assessments and conclusions.  The study report was 
amended two times since the initial review; the TK report was amended to provide TK 
values for antibody negative animals.  Overall, the changes did not affect the previous 
study conclusions. 
 
Key study findings: 
• Reversible decreases in body weight gain was observed in all treated animals relative 

to controls. 
• Increases in AST (2-3X, not dose dependent) and ALT (1-4X, dose dependent in 

females) were observed in treated monkeys at the end of the recovery period.  It is not 
clear if this is treatment-related or not.  A slight but reversible increase in potassium 
was noted in females at 0.44 mg/kg. 

• Mean absolute thymus weights were decreased by 45-50% in microsphere control 
males and males dosed at 0.44 and 1.10 mg/kg with no correlative histopathology.  
These decreases showed full to no recovery. 

• Macroscopic lesions confined mainly to the injection sites were characterized by red or 
white discoloration, nodules, abscesses, and thickened tissue due to needle trauma.  
The nodules appear to increase in severity with increase in dose.  Lobulation of the 
liver and red discoloration of the lung were noted with no dose-related pattern.  At the 
end of the recovery period, the incidence of macroscopic lesions was drastically 
reduced suggestive of reversibility. 

• Microscopic lesions confined mainly to the injection sites for all groups were 
characterized by chronic inflammation, abscesses, epidermal hyperplasia (correlates 
with the thickened sites), fibrosis, and hemorrhage.  Granulomatous inflammation 
(minimal to severe) and foreign material were noted at the injection site of animals 
receiving microspheres with or without exenatide.  At the end of the recovery period, 
the incidence of microscopic lesions was drastically reduced suggestive of reversibility.  
No microscopic lesions were observed in other tissues. 

• Treatment-related injection site enlargement was noted during the treatment period for 
animals receiving microspheres.  Most of the injection site enlargements were reversed 
early on in the recovery period while the few remaining were reversed towards the end 
of the recovery period.  No evidence of sensitization was noted following a challenge 
dose of control microspheres (microspheres in diluent without exenatide) administered 
to a previously undosed site (Site 14) on all recovery animals. 

• Anti-exenatide antibodies were evident as early as Day 29 at ≥0.44 mg/kg, and were 
evident in all exenatide LAR-treated groups by Day 92 with most animals positive at 
≥0.44 mg/kg.  On Day 29, positive results were observed in 3/8 animals with titers 
5-625 and 1/8 animals with a titer of 3,125 at 0.44 and 1.10 mg/kg, respectively.  On 
Day 92, positive results were observed in 2/8 animals with titers of 125-3,125; 7/8 
animals with titers of 25-78,125; and 5/8 with titers of 25-3,125 at 0.11, 0.44, and 
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1.10 mg/kg, respectively.  Following the recovery period, most exenatide LAR treated 
animals were still positive, though titers tended to reduce to a range of 25-625. 

• The NOAEL was considered to be 1.10 mg/kg (19X the highest anticipated clinical 
dose, based on AUC values for Ab negative animals) due to lack of drug related 
microscopic lesions in any tissue. 

 
Study no: REST04289R2 
Volume # and page #: Electronic submission 
Conducting laboratory and location:  

 
Date of study initiation: July 8, 2004 
GLP compliance: Yes 
QA report: yes (X) no ( ) 
Drug, lot #, radiolabel, and % purity: AC2993-F17; Lot # 278-1414A; purity not provided 
Formulation/vehicle: AC2993-F17 resuspended in microsphere diluent 
 
Methods (unique aspects): 
Dosing: 

Species/strain: Monkey/Cynomolgus 
Number/sex/group (main study): 4/sex/group 
Number/sex/group (recovery groups): 1/sex/group 
Number/sex/group (TK): 4/sex/group (main animals used for TK) 
Age: 1 year 11 months – 2 years 8 months 
Weight: 1.8-2.0 kg (M); 1.7-2.8 kg (F) 
Doses in administered units: 0.11, 0.44, 1.10 mg/kg 
Route and volume: Subcutaneous injection; 0.088, 0.105 and 0.138 mL/kg for the 
LD, MD, and HD respectively 
 

Study Design 

 
 
Observations and times: 
Clinical signs:  Daily 
Body weights:  Measured pretest and weekly during the study 
Food consumption:  Quantitatively estimated daily during the study by offering 6 

biscuits twice daily and recording the number of remaining biscuits 
at each feeding interval.  Any remaining biscuits were removed 
prior to the next feeding interval 

(b) (4)
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Ophthalmoscopy:  Conducted pretest and prior to terminal and recovery necropsies 
EKG:    Not conducted 
Hematology:  Blood samples for hematology evaluation were collected from 

overnight fasted (had access to drinking water) animals pretest, 
Weeks 5, 9, 13, and 26 (recovery) 

Clinical chemistry:  Blood samples for clinical chemistry evaluation were collected 
from overnight fasted (had access to drinking water) animals 
pretest, Weeks 5, 9, 13, and 26 (recovery) 

Urinalysis:   Not conducted 
Gross pathology:  Organs/tissues collected for gross examination are indicated in the 

histopathology inventory table at the end of the toxicology section 
Organs weighed:  Organs weighed are indicated in the histopathology table 
Histopathology:  Standard tissues from all dose groups including injection sites were 

processed for microscopic examination - see histopathology table 
Toxicokinetics:  Blood samples for TK were collected predose, 0.5, 1, 2, 4, 8, 12, 

24, 48, 96, 144, and 168 hours postdose beginning on Days 1 and 
85.  In addition, samples were collected predose on Days 15, 29, 
43, 57, and 71 on all study animals, and in the AM on Days 120, 
150, and 180 on all recovery animals (35, 65, and 95 days after the 
last dose) 

Injection Site Irritation and Enlargement: The injection sites were graded for local 
irritation and each site was gently palpated to determine the 
presence and size of any local enlargement or swelling.  These 
observations were conducted prior to injection, and then at 
approximately 1 and 24 hours postdose on dosing days (including 
the challenge dose), and weekly otherwise.  The injection sites 
were scored using the Draize scale below: 

   Erythema and Eschar 
    0 - No erythema 
    1 - Very slight erythema (barely perceptible) 
    2 - Well-defined erythema 
    3 - Moderate to severe erythema 

4 - Severe erythema (beet redness) to slight eschar formation 
(injuries in depth).  Maximum possible = 4. 

 
Serum Antibody Studies: Blood samples for serum antibody evaluation were collected at 

pretest, and on Days 29, 92, and 180 (recovery).  Additional 
samples were collected from all animals at scheduled necropsy for 
possible future studies. 

Dose Formulation Analysis:  The exenatide concentration of dosing suspensions prepared 
for Weeks 1, 2, 3, 6, and 12 were found to be within the acceptance 
criteria, ranging from 98.8% to 110% of the nominal 
concentration. 

 
Results: 
Mortality:  There were no mortalities. 
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Clinical signs:  No treatment-related clinical findings occurred during either the dosing or 
recovery periods of the study.  A single male (animal number 117) from the 1.10 mg/kg 
group exhibited a white discharge and/or ulceration at a few injection sites over the 
course of observations conducted on Days 34, 36, 43, 50, and 57.  Since these findings 
were noted only in this particular animal, these findings were considered a likely artifact 
of a sensitivity of this particular animal to the injection procedures or to contamination of 
injection site, and not related to exenatide LAR (AC2993-F17). 
 
Body weights (kg):  There was no significant difference between controls and treated 
groups at the end of the treatment period. 

 
 
Food consumption:  No treatment-related effects on food consumption were observed. 
 
Ophthalmoscopy:  No treatment-related ophthalmoscopic findings were noted. 
 
Electrocardiography:  Not conducted 
 
Hematology:  (Week 13 Data) 

 
 
Clinical chemistry:  (Week 13 Data) 

 

 



Reviewer:  B. Timothy Hummer, Ph.D.       NDA #22-200 
 
 

 61 
 

Urinalysis:  Not conducted. 
 
Organ weights: 

 
 
Gross pathology 
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Histopathology: Standard tissues from all dose groups including injection sites were 
processed for microscopic examination. 
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Injection Site Irritation and Enlargement: With the exception of slight erythema at 
injection Site 3 on Day 29 and injection Site 5 on Day 43 in a single 0.44 mg/kg animal, 
all injection site irritation noted during the dosing period was limited to animal number 
117 from the 1.10 mg/kg group.  This animal, as discussed in the clinical findings 
section, exhibited the following incidences of injection site irritation during the dosing 
period (none of which persisted into recovery) as presented in the sponsor-generated table 
below. 
 

 
 
According to the sponsor, treatment-related injection site enlargement noted during the 
dosing period of the study, is an expected finding following subcutaneous injection of 
microspheres, and was also present in a fairly comparable manner in the group receiving 
control microspheres without exenatide.  Of the groups receiving exenatide, the 
0.11 mg/kg group was least affected in incidence, indicating a correlation to dose volume 
administered.  Most of the enlargements noted were of the small variety (1-5 mm), with a 
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small number reaching medium size (6-20 mm).  Animal number 117 exhibited a few 
enlargements of comparatively large size (>20 mm) in conjunction with the other 
findings noted above.  The persistence of the enlargements generally varied during the 
dosing period for the earlier sites, but in some cases was as much as 4 to 6 weeks from 
onset in microsphere groups receiving the highest volumes (microsphere control and 
1.10 mg/kg).  Most of the injection-site enlargements were reversed early on in the 
recovery period (by Days 99, 106, 120, or 127), while the few remaining injection site 
enlargements were reversed towards the end of the recovery period (by Day 148). 
 
Following a challenge dose of control microspheres (microspheres in vehicle without 
exenatide) administered to a previously undosed site (Site 14) on all recovery animals 
approximately 4 weeks into the recovery period (Day 120), no evidence of sensitization 
was noted.  Injection-site irritation findings noted after this challenge dose were sporadic 
and limited to slight erythema (noted on Days 127 and 134 for the 1.10 mg/kg male and 
on Day 121 for the 0.44 mg/kg female).  The sponsor stated that the course of injection-
site enlargement following the Day 120 challenge was typical and expected, and 
exhibited a trend toward reversibility over the course of the remainder of the recovery 
period after the challenge dose. 
 
Anti-exenatide antibodies: Anti-exenatide antibodies were evident as early as Day 29 at 
≥0.44 mg/kg, and were evident in all exenatide LAR-treated groups by Day 92 with most 
animals positive at ≥0.44 mg/kg.  On Day 29, positive results were observed in 3/8 
animals with titers ranging from 5 to 625 and 1/8 animals with a titer of 3,125 at 0.44 and 
1.10 mg/kg, respectively.  On Day 92, positive results were observed in 2/8 animals with 
titers ranging from 125 to 3,125; 7/8 animals with titers ranging from 25 to 78,125; and 
5/8 with titers ranging from 25 to 3,125 at 0.11, 0.44, and 1.10 mg/kg, respectively.  
Following the recovery period, most exenatide LAR treated animals were still positive, 
though titers tended to reduce to a range of 25 to 625.  A summary of antibody results is 
shown the in sponsor-generated table below. 
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included four monkeys per sex receiving the microsphere diluent vehicle or the diluent 
plus microspheres (without exenatide).  Following 13-weeks of administration, one 
animal/sex/group was maintained for a 13-week recovery period.  During Week 18 of the 
recovery period a challenge dose of control microspheres was administered at a 
previously untreated site to all recovery animals.   
 
A reversible decrease in body weight gain was observed in all treated animals relative to 
controls.  Increases in AST (2-3X, not dose dependent in males) and ALT (1-4X, dose 
dependent in females) were observed in treated monkeys at the end of the recovery period 
without a microscopic correlate.  It is not clear if this was treatment-related.  Absolute 
thymus weights were decreased by 45-50% in microsphere control males and males 
dosed at 0.44 and 1.10 mg/kg with no correlative histopathology.  These decreases 
showed full to no recovery.  Macroscopic lesions, confined mainly to the injection sites, 
were characterized by red or white discoloration, nodules, abscesses, and thickened tissue 
due to needle trauma.  The nodules appeared to increase in severity with increasing dose.  
Lobulation of the liver and red discoloration of the lung were noted at low incidence with 
no dose-related pattern.  At the end of the recovery period, the incidence of macroscopic 
lesions was drastically reduced suggestive of reversibility.   
 
Microscopic lesions confined mainly to the injection sites of animals from all groups 
were characterized by chronic inflammation, abscesses, epidermal hyperplasia (correlates 
with the thickened sites), fibrosis, and hemorrhage.  Animals receiving microspheres, 
either with or without exenatide, also showed granulomatous inflammation (minimal to 
severe, not dose dependent) and foreign material at the injection site.  At the end of the 
recovery period, the incidence of microscopic lesions was drastically reduced suggestive 
of reversibility.  Microscopic lesions were not observed in other tissues.  Treatment-
related injection-site enlargement was noted during the treatment period.  Most of the 
injection-site enlargements were reversed early on in the recovery period while the few 
remaining were reversed toward the end of the recovery period.  No evidence of 
sensitization was noted following a challenge dose of control microspheres (microspheres 
in diluent without exenatide) to all recovery animals.  Anti-exenatide antibodies were 
evident as early as Day 29 at ≥0.44 mg/kg and were evident in all exenatide LAR-treated 
groups by Day 92 with most animals positive at ≥0.44 mg/kg.  On Day 92, positive 
results were observed in 2/8 animals with titers ranging from 125 to 3,125; 7/8 animals 
with titers ranging from 25 to 78,125; and 5/8 with titers ranging from 25 to 3,125 at 
0.11, 0.44, and 1.10 mg/kg, respectively.  Following the recovery period, most exenatide 
LAR-treated animals were still positive, although titers tended to have decreased to a 
range of 25 to 625.   
 
Toxicology conclusions:  Once weekly administration of exenatide LAR (AC2993-F17) 
to cynomolgus monkeys for 13 consecutive weeks at doses up to 1.10 mg/kg/week was 
well tolerated, with no systemic toxicity observed.  According to the sponsor, the 
injection site findings (in-life and postmortem) observed was typical for administration of 
microspheres.  The NOAEL was considered to be 1.10 mg/kg/week (19X the highest 
anticipated clinical dose, AUC of Ab negative animals) based on a lack of toxicologically 
meaningful drug-related microscopic lesions. 
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Study title:  Exenatide LAR: 39-Week (One Injection/Week) Subcutaneous Injection 
Toxicity and Toxicokinetic Study in Cynomolgus Monkeys with a 3-Month Recovery 
  
Key study findings:   
• There were no mortalities or treatment-related effects on clinical observations, body 

weight, or clinical pathology parameters. 
• Local reactions at the injection sites (erythema and edema) were noted in all groups 

and tended to increase in incidence and severity with increasing doses of microspheres.  
There appeared to be a slight increase in severity in the high-dose exenatide LAR 
group (very slight to severe).  Some occurrences of open drainage were noted at all 
exenatide-treated groups.   

• Macroscopic observations of subcutis thickening were observed at the injection site of 
animals receiving microspheres.   

• Microscopically, minimal to moderate granulomas were noted in all groups receiving 
microspheres.  Granulomas were well-circumscribed with minimal fibrosis and 
consisted of macrophages and multinucleated giant cells, often containing 
microspheres.  Minimal to moderate foamy macrophages and fibroblasts in the subcutis 
were also observed.  A few animals receiving microspheres also showed mononuclear 
cell inflammation, suppurative inflammation, fibrosis, hemorrhage, and/or draining 
tracts, which did not appear to be related to exenatide dose.  Injection site effects had 
mostly resolved by the end of the 3-month recovery period. 

• There were no microscopic findings considered to be related to the systemic exposure 
of exenatide LAR. 

• Anti-exenatide Ab development was evident in most animals as early as Week 8, with 
a maximal response occurring between Weeks 20 and 24 in all exenatide treatment 
groups (~75% of all exenatide-treated animals).  There were no apparent differences in 
antibody response between genders or between exenatide treatment groups.  Ab titers 
tended to decrease throughout the recovery period, although approximately 66% of the 
exenatide treated animals still had titers ranging from 25 to 3,125 at the end of the 
3-month recovery period.   

• Steady-state plasma exenatide concentrations occurred after approximately four 
injections (i.e., 1 month).  In a subset of antibody negative animals, plasma exposure 
generally increased with increasing dose.  There were no apparent gender differences.  
Mean AUC accumulation for Ab negative animals ranged from approximately 9 to 28 
fold.  Once dosing ended, exenatide concentrations were below the LLOQ by Recovery 
Day 63, indicating that exenatide plasma exposure was cleared over the 2 month 
recovery period, and this was independent of antibody status.  Plasma exenatide 
exposure was affected by the degree of anti-exenatide antibodies, resulting in either 
marked exposure increases (titer range of 125 to 625) or decreases (at titers ≥3,125).   

• The NOAEL was considered to be 1.1 mg/kg/week (14X the highest anticipated 
clinical dose, AUC comparison for Ab negative animals and humans) based on a lack 
of target organ toxicity. 
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Study no.:   Study #6870-113; Amylin Report # REST050370 
Volume # and page #:   NA, electronic submission 
Conducting laboratory and location:   

  
Date of study initiation:  14 November 2005 
GLP compliance:  Yes 
QA statement:  yes ( X ) no (  ) 
Drug, lot #, and % purity:  (sponsor-generated table) 
 

 

 
 
Vehicle/formulation:   AC2993-F17 resuspended in microsphere diluent. 
 
 
Methods 
 Doses:  (sponsor-generated table) 

 
 
 

(b) (4)

(b) (4)
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 Species/strain:  Monkey/cynomolgus  
 Route and regimen:  Subcutaneous injection once per week for 39 weeks at 12 

separate sites on the back 
 Age:  Approximately 2 to 4 years 
 Weight:  2.2 to 3.3 kg (males) and 2.0 to 2.6 kg (females) 

Analysis of dosing preparations:  Content uniformity was verified by the 
manufacturer at the batch fill level for the vials filled for each lot of material used 
in this study and the results are included in the Certificate of Analysis for each lot.  
Homogeneity assessment of the reconstituted formulations could not be assessed 
as the final volume present in each vial was not sufficient for such analysis.  
Dosing formulations were collected immediately following preparations for 
Weeks 1, 17, 26, and 39 of the dosing phase to assess test article concentration. 

 Unique study design or methodology:  None 
 
Mortality:   Twice daily 
Clinical signs:   One hour post-dose on dosing days and once daily on non-dosing 

days.  Detailed observations were conducted at least once weekly 
Detailed exams: Conducted on anesthetized animals during the pre-dose phase, 

Weeks 13 and 26 of the dosing phase, and on the day of scheduled 
sacrifice and included measurements of heart rate, respiration rate, 
and body temperature. 

Injection site:  Injection sites were observed for local tolerance pre-dose and 
approximately 4 and 48 hours following each dose administration 
and once weekly during the recovery phase.  Observations 
included, but were not necessarily limited to, swelling and redness: 

 
Redness: 
0  No redness 
1  Very slight redness (barely visible) 
2  Slight redness (edges well defined by distinct redness) 
3  Moderate redness (> slight, < severe) 
4  Severe redness (beet redness) 
 
Swelling: 
0  No swelling 
1  Very slight swelling (barely visible) 
2  Slight swelling (edges well defined by raising) 
3  Moderate swelling (raised up to approx 2 mm) 
4  Severe swelling (raise greater than approx 2 mm) 
5  Swelling with open drainage 
 

Body weights:   Once weekly 
Food consumption:   Once daily (qualitative)  
Ophthalmoscopy:   Once during the predose phase, Week 39 of the dosing phase, and 

Week 13 of the recovery phase 
EKG:     Not conducted 
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Hematology:    Predose phase; Weeks 4, 13, 26, and 39 of the dosing phase; and 
Weeks 4 and 13 of the recovery phase (fasted).  Standard 
hematology and coagulation parameters measured. 

Clinical chemistry:   Predose phase; Weeks 4, 13, 26, and 39 of the dosing phase; and 
Weeks 4 and 13 of the recovery phase (fasted).  Standard clinical 
chemistry parameters measured. 

Urinalysis:    Predose phase; Weeks 4, 13, 26, and 39 of the dosing phase; and 
Weeks 4 and 13 of the recovery phase (fasted, overnight collection).  
Parameters included volume, pH, specific volume, 
appearance/color, protein, glucose, ketones, bilirubin, blood, 
urobilogen and microscopic examination of sediment. 

Gross pathology:   All animals 
Organ weights: All animals; weighed organs are shown in the histopathology 

inventory table at end of section 
Histopathology:   All animals; examined organs/tissues are shown in the 

histopathology inventory table at end of section 
   Adequate Battery:   yes ( X ),  no (  ) 
   Peer review:   yes (  ),  no ( X ) 
 
TK sampling times: (all main group monkeys [non-fasted] were included for TK 

sampling at each time point)  
 Control - predose and 1 hour postdose on Days 1, 85, and 267 of the dosing phase 

and predose on Day 176 and 309. 
 Treated- predose and approximately 1, 3, 6, 12, 24, 48, 96, and 168 hours 

postdose on Dosing Days 1, 85, and 267 of the dosing phase and 
predose on Dosing Days 29, 120, 148, 176, 211, and 239 of the dosing 
phase and in the morning on Days 309, 337, and 365 (recovery phase). 

 
Ab sampling times:  Samples were taken 1 week prior to initiation of dosing; during 

Weeks 4, 8, 12, 16, 20, 24, 28, and 32 of the dosing phase; during 
Weeks 4 and 8 of the recovery phase; and at scheduled sacrifice.  
Animals were not fasted unless the blood collection was 
concurrent with clinical pathology or necropsy. 

Results: 
 
Mortality:  No mortality or unscheduled sacrifice occurred during the study. 
 
Clinical observations:  No noteworthy clinical observations were observed during the 
treatment period. 
 
Physical examination findings:  Firm masses were noted in most animals receiving 
microspheres with or without the test article.  These masses were not observed after the 
recovery period.  There were not noteworthy differences between control and treated 
animals for heart rate, respiration rate, or body temperature. 
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Histopathology:  (sponsor-generated tables) 
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RECOVERY (sponsor-generated tables) 
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Toxicokinetics:  TK results indicate that steady-state plasma concentrations occurred after 
approximately four injections (i.e., 1 month).  In a subset of antibody (Ab) negative 
animals, plasma exposure generally increased with increasing dose.  There were no 
apparent gender differences.  Mean AUC accumulation for Ab negative animals ranged 
from approximately 9 to 28 fold on Day 267 compared with Day 1.  After the final dose, 
plasma concentrations remained elevated in 1/3 of recovery animals (which included both 
Ab negative and positive animals) for at least 35 days.  After 63 days of recovery, 
concentrations were below the LLOQ (10 pg/mL), indicating exenatide plasma exposure 
was cleared over the 2 month recovery period, independent of Ab status.  Plasma 
exenatide exposure was affected by anti-exenatide antibodies, resulting in either marked 
increases (at titers between 125 and 625) or decreases (at titers ≥3,125) in exenatide 
exposure.  The apparent decrease in exenatide exposure in animals with titers >3,125 
suggests that the decrease may have been due to the presence of anti-exenatide antibodies. 
 

 
(sponsor-generated table) 

Antigenicity:   
During the study treatment phase, high titers (>3,125) of anti-exenatide Ab was evident in 
most animals as early as Week 8 and the maximal Ab response was observed between 
Weeks 20 and 24 in all exenatide treatment groups.  Approximately 75% of exenatide-
treated animals were Ab positive.  There were no apparent differences in Ab response 
between genders or between exenatide treatment groups.  Ab titers tended to decrease 
throughout recovery, although approximately 66% of the exenatide treated animals still 
had titers ranging from 25 to 3,125 at the end of the 3-month recovery period.   
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   (sponsor-generated table) 
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     (sponsor-generated table) 
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Histopathology Inventory for NDA #22-200 
Study  18 Week (#050369) 3 Month (#04289) 39 Week (#050370) 
Species RAT MONKEY MONKEY 
Adrenals X* X* X* 
Aorta X X X 
Brain X* X* X* 
Cecum X X X 
Colon X X X 
Duodenum X X X 
Epididymides X X* X* 
Esophagus X X X 
Eyes with optic nerves X X X 
Femur with bone marrow X X X 
Gall bladder  X X 
Gross lesions X X X 
Harderian gland    
Heart X* X* X* 
Ileum X X X 
Injection site X X X 
Jejunum X X X 
Kidneys X* X* X* 
Lachrymal gland   X 
Larynx    
Liver X* X* X* 
Lungs X* X* X* 
Lymph node, mandibular X X X 
Lymph node, mesenteric X X X 
Lymph node, axillary   X 
Lymph node, inguinal   X 
Mammary gland (females only) X X X 
Ovaries X* X* X* 
Pancreas X X X 
Peyer’s patch X X  
Pharynx    
Pituitary X* X* X* 
Prostate X X X 
Rectum X X X 
Salivary glands, mandibular and parotid X X X 
Sciatic nerve X X X 
Seminal vesicles X X X 
Skeletal muscle X X X 
Skin X X X 
Spinal cord (rat - thoracic and lumbar) 
(monkey - cervical, thoracic, and lumbar) X X X 

Spleen X* X* X* 
Sternum with bone marrow X X X 
Stomach X X X 
Testes X* X* X* 
Thymus X* X* X* 
Thyroid + parathyroid X* X* X* 
Tongue X X X 
Trachea X X X 
Urinary bladder X X X 
Uterus + cervix X X X 
Vagina X X X 
Zymbal gland    

X, histopathology performed; *, organ weight obtained 
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2.6.6.4 Genetic toxicology   
Exenatide was previously found to be devoid of mutagenic or clastogenic activity in 
studies conducted to support NDA 21-773.  The sponsor conducted additional in vitro 
genetic toxicology studies with both exenatide and exenatide QW to qualify the test 
article from various manufacturing sources.  Under the conditions of these studies, 
exenatide and exenatide QW were devoid of mutagenic or clastogenic activity in vitro.  
These studies are briefly described below and sponsor-generated tabular summaries are 
presented in Section 2.6.7.   
 
AC2993 (  Salmonella-Escherichia coli/Mammalian-Microsome 
Reverse Mutation Assay with a Confirmatory Assay Treat and Plate Method 
(Report REST04571) 
Exenatide that was manufactured at a  scale by Lonza by using a  
method was evaluated for mutagenicity in a bacterial reverse mutation assay.  Salmonella 
typhimurium strains TA98, TA100, TA1535, and TA1537 plus the Escherichia coli strain 
WP2uvrA(pKM101) were exposed to exenatide (5000, 2000, 1000, 333, 100, and 33.3 
µg/plate; 3 plates per dose) with and without metabolic activation with Aroclor-induced 
rat liver S9 mix.  All assays used the pre-incubation method.  Concurrent vehicle and 
positive controls were also tested.  Initial results were confirmed in an independent 
experiment.   
 
Under the conditions of this study, exenatide did not cause an increase in the mean 
number of revertants per plate with any of the tester strains in either the presence or 
absence of metabolic activation. 
 
Bacterial Reverse Mutation Assay Using the Treat and Plate Method (Report 
REST060302) 
Exenatide QW that was manufactured at a  scale by Alkermes was evaluated for 
mutagenicity in a bacterial reverse mutation assay.  Salmonella typhimurium strains 
TA98, TA100, TA1535, and TA1537 plus the Escherichia coli strain 
WP2uvrA(pKM101) were exposed to exenatide QW with and without metabolic 
activation with Aroclor-induced rat liver S9 mix.  Two independent mutation tests were 
conducted by using the pre-incubation method, with the exception of the positive control 
with E. coli plus S9, which was tested by the plate incorporation method.  In the initial 
assay exenatide QW concentrations ranged from 0.050 to 150 µg/plate.  As no precipitate 
or appreciable toxicity was observed, concentrations of 5000, 1500, 500, 150, 50, and 
15 µg/plate were used in the confirmatory assay.  Vehicle and positive controls were also 
included.   
 
Under the conditions of this study, exenatide QW manufactured at a  scale by 
Alkermes did not cause an increase in the mean number of revertants per plate with any 
of the tester strains in either the presence or absence of metabolic activation. 
 
Bacterial Reverse Mutation Assay (Report REST080228) 
Exenatide QW that was manufactured at a  scale by Amylin OH was evaluated for 
mutagenicity in a bacterial reverse mutation assay.  Salmonella typhimurium strains 
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TA98, TA100, TA1535, and TA1537 plus the Escherichia coli strain 
WP2uvrA(pKM101) were exposed to exenatide QW with and without metabolic 
activation with Aroclor-induced rat liver S9 mix.  Two independent mutation tests were 
conducted by using the pre-incubation method, with the exception of the positive control 
with E. coli plus S9, which was tested by the plate incorporation method.  In the initial 
assay exenatide QW concentrations ranged from 0.75 to 2500 µg/plate.  Concentrations 
of 2500, 750, 250, 75, and 25 µg/plate were used in the confirmatory assay.  Concurrent 
vehicle and positive controls were also tested.  No precipitate or appreciable toxicity was 
observed.   
 
Under the conditions of this study, exenatide QW manufactured at a  scale by 
Amylin OH did not cause an increase in the mean number of revertants per plate with any 
of the tester strains in either the presence or absence of metabolic activation. 
 
AC2993 (  Chromosomal Aberrations in Chinese Hamster Ovary 
(CHO) Cells (Report REST04569) 
Exenatide that was manufactured at a  scale by Lonza by using a  
method was evaluated for its ability to induce chromosomal aberrations in cultured 
Chinese hamster ovary (CHO) cells.  The initial assay utilized a 3-hour treatment period 
with the cultures harvested 20 hours after initiation of treatment.  Concentrations of 9.77, 
19.5, 39.1, 78.1, 156, 313, 625, 1250, 2500, and 5000 µg/mL were tested with and 
without metabolic activation (rat liver S9) and the 625, 1250, 2500, and 5000 µg/mL 
concentrations were analyzed for chromosomal aberrations.  In a confirmatory assay, the 
treatment period was 20 hours without metabolic activation and 3 hours with metabolic 
activation with culture harvest occurring at 20 hours after the initiation of treatment.  
Concentrations of 156, 313, 625, 938, 1250, 1880, 2500, 3750, and 5000 µg/mL were 
tested without metabolic activation and 625, 1250, 2500, 3750, and 5000 µg/mL were 
tested with metabolic activation.  Cultures treated with concentrations of 1880, 2500, 
3750, and 5000 µg/mL without metabolic activation and 1250, 2500, 3750, and 5000 
µg/mL with metabolic activation were analyzed for chromosomal aberrations. 
 
No significant increase in cells with chromosomal aberrations, polyploidy, or 
endoreduplication was observed in the cultures analyzed.  Under the conditions of this 
study, exenatide produced by Lonza using the  method was considered 
negative for inducing structural chromosomal aberrations in CHO cells with and without 
metabolic activation. 
 
In Vitro Mammalian Chromosome Aberration Test (Report REST060306) 
Exenatide LAR (AC2993-F17) that was manufactured at a  scale by Alkermes was 
evaluated for its ability to induce chromosomal aberrations in cultured Chinese hamster 
ovary (CHO) cells.  In a range-finding study, precipitate was noted at the highest 
concentration tested (66 µg/mL) initially after adding the test article to the culture media.  
At the end of the treatment period, all concentrations were found to be soluble.  No 
substantial toxicity (i.e., at least 50% cell growth inhibition, relative to the solvent 
control) was observed at any dose level in all three exposure groups.  Based on these 
findings, the doses chosen for the chromosome aberration assay ranged from 6.25 to 
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100 µg/mL.  In the chromosome aberration assay, cells were treated for 4 and 20 hours 
without metabolic activation and for 4 hours in the S9-activated test system.  Cells were 
harvested 20 hours after treatment initiation.  Visible precipitate was observed in 
treatment medium at 100 µg/mL and dose levels ≤ 75 µg/mL were soluble in treatment 
medium at the beginning and conclusion of the treatment period.  The results showed that 
the percentage of cells with structural or numerical aberrations in the exenatide LAR-
treated groups was not significantly increased above that of the solvent control at any 
dose level.  Treatment with the positive controls resulted in a statistically significant 
number of cells with chromosomal aberrations. 
 
Under the conditions of this study, exenatide LAR was concluded to be negative for the 
induction of structural and numerical chromosome aberrations in CHO cells in both the 
absence and presence of metabolic activation. 
 
In Vitro Mammalian Chromosome Aberration Test (Report REST080139) 
Exenatide LAR (AC2993-F17) that was manufactured at a  scale by Amylin OH 
was evaluated for its ability to induce chromosomal aberrations in cultured Chinese 
hamster ovary (CHO) cells.  In the preliminary toxicity assay, the maximum dose tested 
was 5000 µg/mL.  Visible precipitate was observed in treatment medium at dose levels 
≥500 µg/mL; dose levels ≤150 µg/mL were soluble in treatment medium at the beginning 
and end of the treatment period.  Substantial toxicity (69% cell growth inhibition relative 
to the solvent control) was observed at 1500 µg/mL in 4-hour exposure group without 
metabolic activation but not in the 20-hour exposure group (23% inhibition).  Growth 
inhibition at 5000 µg/mL for the 4-hour and 20-hour treatment groups was 48% and 3%, 
respectively.  Substantial toxicity was not observed at any dose level in the S9-activated 
4-hour groups.  Based on these findings, the dose levels chosen for the chromosome 
aberration assay were 313, 625, 1250, 2500, and 5000 µg/mL for all three treatment 
groups. 
 
The results of the dose formulation analysis from the initial chromosome aberration assay 
(B1) yielded very low recovery.  Therefore, the chromosome aberration assay was 
repeated at dose levels of 25, 50, 100, 250, and 500 µg/mL.  In the repeat chromosome 
aberration assay (B2), the cells were treated for 4 and 20 hours without metabolic 
activation and for 4 hours plus metabolic activation (rat liver S9).  All cells were 
harvested 20 hours after treatment initiation.  Visible precipitate was observed in 
treatment medium at dose levels ≥250 µg/mL.  Dose levels ≤100 µg/mL were soluble in 
treatment medium at the beginning and conclusion of the treatment period.  Based on the 
presence of precipitation, cultures treated with 50, 100, and 250 µg/mL were selected for 
microscopic analysis for each of the treatment conditions.  Results showed that the 
percentage of cells with structural or numerical aberrations in the exenatide LAR-treated 
groups was not significantly increased relative to solvent control at any concentration.  
The positive and solvent control groups fulfilled the requirements for a valid test. 
 
Under the conditions of this study, exenatide LAR was considered to be negative for the 
induction of structural and numerical chromosome aberrations in CHO cells in either the 
presence or absence of metabolic activation. 
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2.6.6.5 Carcinogenicity   
 
Study title:  Exenatide LAR: 104-Week Carcinogenicity Study Following Every 
Other Week Subcutaneous Administration in Rats 
 
Key study findings:   
• The overall mortality for exenatide QW-treated groups was similar to controls.  There 

were no meaningful differences in the number of deaths due to tumors between treated 
and control groups. 

• Treated groups weighed less than both diluent and microsphere control groups at the 
end of the treatment period, with the difference being greater for females.  For the 0.3, 
1, and 3 mg/kg dose groups, males weighed 8%, 13%, and 11% less and females 
weighed 17%, 21%, and 21% less than diluent controls, respectively.  The effects on 
body weight correlated with decreased food consumption, a known pharmacological 
effect of GLP-1 receptor agonists. 

• There were no hematology or gross pathology findings attributed to the test article. 
• Non-neoplastic microscopic findings included an increase in foreign body 

granulomas at the injection sites in all male and female groups receiving PLG 
microsphere; a slight increase in acinar cell atrophy of the pancreas (minimal to 
moderate) for high-dose males and low-dose and high-dose females; a slight increase 
in adipose tissue depletion (mild to severe) in all exenatide-treated males, especially 
those that were found dead or sacrificed moribund; and an increase in pelvic 
mineralization of the kidney (minimal to moderate) for all exenatide-treated males. 

• Neoplastic findings 
o The key neoplastic finding was thyroid c-cell adenomas, which was statistically 

significant for males for dose response and for pair-wise comparison vs. Control 1 
and Control 2 at the MD and HD.  For females the number c-cell adenomas were 
statistically significant for all dose groups for pair-wise comparison vs. Control 1 
but not Control 2.  Also, there was not a statistically significant increase when 
assessed for dose response vs. Control 1 or Control 2.  The mean number of 
animals with c-cell adenomas for all exenatide-treated groups exceeded the high 
end of the historical control range (15.4% for males and 11.4% for females). 

o The number of thyroid c-cell carcinomas was only statistically significant for 
MD males when compared with Control 1, although the number of tumors was 
outside the background control range (0% to 1.7%) for that laboratory for the LD 
(2.9%), MD (7.1%), and HD (4.3%).  For females, the number of c-cell 
carcinomas was statistically significant for dose response when compared with 
Control 1; only the HD group had a value (5.7%) that was outside the historical 
control range (0% to 4.0%), but was not statistically significantly different from 
either control group. 

o The number of total thyroid c-cell tumors (adenomas plus carcinomas) was 
statistically significantly increased for males for dose response and at MD and HD 
for pair-wise comparison versus Control 1 and Control 2.  The p value for LD 
males was just slightly higher than the 0.01 threshold for significance.  For 
females c-cell tumors were increased for dose response versus Control 1 only and 
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at all doses versus Control 1 and at HD versus Control 2 for pair-wise 
comparison. 

o In early decedent animals, thyroid c-cell adenomas were first detected at Day 530, 
484, 525, 441, and 306 in males and at Day 548, 553, 467, 440, and 499 in 
females receiving diluent control, microsphere control, 0.3 mg/kg, 1 mg/kg, and 
3 mg/kg, respectively.  Thyroid c-cell carcinomas were first detected at Day 691, 
412, 574, and 630 in males and at Day 685, 729, 733, and 699 in females 
receiving microsphere control, 0.3 mg/kg, 1 mg/kg, and 3 mg/kg, respectively 
(c-cell carcinomas were not found in diluent control animals).  None of the early 
deaths were attributed to the presence of thyroid c-cell tumors. 

o Fibromas of the skin, subcutis, were found to be statistically significantly 
increased for males when assessed for dose response vs. Control 1 and increased 
in HD males when analyzed for pair-wise comparison vs. Control 1.  The LD and 
HD groups (but not MD) had values (5.7% and 11%, respectively) greater than 
the historical control range (0% to 5%).  Because the PLG microspheres probably 
contributed to the increase in fibromas due to foreign body response, a 
comparison to Control 2 does not seem as relevant as Control 1 for this particular 
tumor type. 

o A potential increase in schwannomas (all tissues combined) was observed in 
males and an increase in kidney tubular cell carcinomas was observed in females.  
However, these tumors were likely not related to exenatide because of a lack of 
statistical significance at any dose level when compared to either control by pair-
wise comparison. 

o A potential increase in parathyroid benign adenomas and pancreatic islet cell 
adenomas were noted in males and females, respectively; however, these findings 
were not shown to be statistically significantly different from either control group 
when using trend analysis or pair-wise comparison. 

• Approximately one third of exenatide-treated males had anti-exenatide antibodies at the 
6-, 12-, and 18-month time points.  The number of anti-exenatide antibody positive 
females ranged from 41% (low dose at 6 months) to 24% (high dose at 18 months).  
The number of females testing positive for antibodies tended to be inversely related to 
dose level.  Generally, the percentage of animals with anti-exenatide antibodies was 
lower at 24 months, which could have been due to a smaller sample size because of 
decreased survival at two years.  

• TK data show that exposure was slightly less than dose proportional between 0.3 and 
1.0 mg/kg and 0.3 and 3.0 mg/kg; exposure was approximately dose proportional 
between 1.0 and 3.0 mg/kg.  Cmax increased in a less than dose proportional manner.  
Both Cmax and AUC were increased by the presence of anti-exenatide antibodies. 

• In conclusion, an increase in thyroid c-cell tumors (adenomas plus carcinomas) was 
observed at all doses for males and females, although the increase for low-dose males 
was not statistically significant.  Based on TK data in antibody negative animals on 
Day 183, the mean exposure at the low dose is approximately 1.3 fold the maximum 
anticipated clinical exposure.  An increase in skin fibromas was observed in males 
treated with 3 mg/kg, which is approximately 20-fold higher than the maximum 
clinical dose based on exposure. 
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Adequacy of the carcinogenicity study and appropriateness of the test model:  The design 
and conduct of the carcinogenicity study was found to be adequate.  (note:  see ECAC 
meeting minutes for protocol dose selection and final data review in Appendices 1 and 2) 
 
 
• Evaluation of tumor findings:   

o There was not a definitive tumorigenic effect elicited by the microspheres when 
comparing Control 1 vs. Control 2; however the Control 2 group males had 
slightly more fibromas of the skin than Control 1 males (3 vs. 0, respectively).   

 
Males 
o Thyroid c-cell adenoma (common tumor) - statistically significant (p<0.005) for 

dose response vs. Control 1 and Control 2; statistically significant at MD and HD 
for pair-wise comparison (p<0.01) vs. Control 1 and Control 2. 

o Thyroid c-cell carcinoma (rare tumor) - statistically significant at only MD for 
pair-wise comparison vs. Control 1 only (p<0.05). 

o Thyroid c-cell adenoma plus carcinoma - statistically significant (p<0.005) for 
dose response vs. Control 1 and Control 2; statistically significant at MD and HD 
for pair-wise comparison (p<0.005) vs. Control 1 and Control 2. 

o Fibroma of skin, subcutis, benign (common tumor) - statistically significant 
(p<0.005) for dose response vs. Control 1 only; statistically significant at HD for 
pair-wise comparison (p<0.01) vs. Control 1 only. 

o Schwannoma, malignant, all tissues combined (rare tumor) - statistically 
significant for dose response vs. Control 1 only (p<0.025). 

o Parathyroid, adenoma (common tumor) - not statistically significant for dose 
response (p>0.005) or pair-wise comparison (p>0.01). 

 
 

Females 
o Thyroid c-cell adenoma (common tumor) - statistically significant at all doses 

for pair-wise comparison vs. Control 1 (p<0.01) but not vs. Control 2 (p>0.01).  
Also, not statistically significant for dose response (p>0.005) vs. Control 1 or 
Control 2. 

o Thyroid c-cell carcinoma (rare tumor) - statistically significant for dose response 
vs. Control 1 only (p<0.025), but not statistically significant for pair-wise 
comparison vs. Control 1 or Control 2 (p>0.05). 

o Thyroid c-cell adenoma plus carcinoma - statistically significant (p<0.005) for 
dose response vs. Control 1 only; statistically significant at all doses for pair-wise 
comparison (p<0.01) vs. Control 1 and at HD only vs. Control 2. 

o Kidney, tubular cell carcinoma (rare tumor) - statistically significant for dose 
response vs. Control 1 (p<0.025) but not statistically significant for pair-wise 
comparison at any dose level (p>0.05). 

o Pancreas, islet cell adenoma (common tumor) - not statistically significant for 
dose response (p>0.005) or pair-wise comparison (p>0.01). 

 
 



Reviewer:  B. Timothy Hummer, Ph.D.       NDA #22-200 
 
 

 91 
 

Study no.:  843-040, amendment 1 (Sponsor Report #REST060229R1) 
Volume # and page #:  NA/electronic submission 
Conducting laboratory and location:   

 
Date of study initiation:  18 July 2006 
GLP compliance:  Yes 
QA statement:  yes ( X )  no (  ) 
Drug, lot #, and % purity:   
(acceptance criteria range =  mg AC2993 total peptide/100 mg microspheres) 
AC2993-F17, Lot #05-016-051B, 4.9 mg/100 mg microspheres, impurities 
AC2993-F17, Lot #05-016-051, 4.9 mg/100 mg microspheres, impurities =
AC2993-F17, Lot #05-016-052, 5.1 mg/100 mg microspheres, impurities =
AC2993-F17, Lot #05-016-053, 5.0 mg/100 mg microspheres, impurities =
 
CAC concurrence:  Yes, sponsor used dose levels recommended by ECAC. 
 
Methods 
 Study design:   

 
 
 Basis of dose selection:  Decreased body weight gain observed in 4-month study 
 Species/strain:  Rat/Sprague-Dawley 
 Route:  Subcutaneous - injection sites were rotated between six distinct sites on 

the dorsum; left craniothorax, right craniothorax, left caudal thorax, and right 
caudal thorax, left lumbar, and right lumbar regions, close to the midline. 

 Dosing regimen:  Once every 2 weeks.   
 Formulation: Exenatide LAR powder was resuspended in diluent (purchased as 

premade solution) on each day of dosing. 
 Age:  approximately 6 weeks at arrival 
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 Weight: 226 to 303 g (males) and 176 to 216 g (females) 
 Animal housing:  Animals were individually housed in suspended, stainless steel, 

wire-mesh type cages in an environmentally controlled room (12-hour light/dark 
cycle, 64 to79°F, and 30% to 70% humidity) 

 Restriction paradigm for dietary restriction studies:  Dietary restriction was not 
implemented; animals were fed Meal Lab Diet (Certified Rodent Diet #5002) 
ad libitum. 

 Drug concentration analysis:  Samples were collected for analysis during Weeks 
1, 3, 5, 7, 13, 25, 37, 47, 49, 63, 75, 87, and 99.  Samples were stored at -70°C 
until analyzed.  The Week 1, 5, 7, 13, 75, 87, and 99 samples met the sample 
analysis criteria for average recovery (±15% of nominal) and precision (≤10% 
RSD) during the original sample analysis runs.  No test article was detected in the 
diluent or microsphere control samples for these analyses.  Samples from Week 3, 
25, 37, 47, 49, 63 failed one or more runs and were reanalyzed.  Upon 
reanalyzation, the 2.0 and 6.0 mg/mL concentrations passed acceptance criteria, 
whereas some of the 0.6 mg/mL samples did not pass.  Samples from Week 37 
were not reanalyzed so samples were collected on Week 47.  Overall, samples for 
the 2.0 and 6.0 mg/mL concentrations were generally shown to be at the target 
nominal concentration.  The 0.6 mg/mL samples had more variability, although 
over the course of the study, these samples were generally considered to be at the 
appropriate concentrations.  A summary of results are shown in the sponsor 
generated table below. 

 
 

 
   (note: error in sponsor table - the nominal concentration of 3.0 mg/mL should be 6.0 mg/mL) 

 
 
 Dual controls employed:  Yes (diluent control and microsphere control) 
 Interim sacrifices:  No 
 Deviations from original study protocol:  Several minor deviations were noted.  

Examples are listed below.  The fact that the microsphere control group received 
the high dose of exenatide is not ideal because exposure to the drug lasts for 
approximately 6 weeks; however this only occurred on a single occasion during 
the first half of the study and therefore, this error doubtfully had an impact on 
tumorigenicity for this group.  Overall, the deviations noted are not expected to 
affect the quality or integrity of the study. 
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• On Week 37, the microsphere control animals mistakenly received the high-
dose level of exenatide. 

• There were several notations of protocol deviations regarding TK sample 
collection or processing being outside of the specified time range. 

• There were some instances where some animals were found without food in 
their trays; food was immediately offered once discovered. 

• There were some instances when hematology and Ab samples were not 
handled/ processed per the protocol’s instructions.   

• Occasionally, PK, hematology, or Ab samples were not collected/ processed for 
some animals. 

 
 

Observation times 
Mortality:  Twice daily 
 
Cage-side observations: Twice daily 
 
Detailed observations: Weekly 
 
Body weights:   Weekly for first 16 weeks, then once every two weeks 
 
Food consumption:   Weekly 
 
Hematology:  At termination and before moribund sacrifice (when possible) 
 
Gross Pathology: All main study animals found dead, sacrificed moribund, and at 

scheduled sacrifice. 
 
Histopathology:   All main study animals found dead, sacrificed moribund, and at 

scheduled sacrifice. 
   Peer review:  yes ( X ),  no (  ); The peer review consisted 

of an examination of all tissues from 10% of the animals 
selected randomly from the control and high dose groups. 
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Organs and Tissues Collected for Microscopic Examination (sponsor table) 

 
 
 
 
Toxicokinetics:   
 Main study animals (all groups): Day 1 and 6, 12, and 18 months before dosing 

and 0.5 hours after dosing 
 TK animals (5/sex/group - exenatide treated only): 
  Day 1: 0, 0.5, 2, 4, 10, 24, 48, 96, 168, 216, 288, and 336 hours after dosing 
  Month 2 and 4: 0 (prior to dosing) and 0.5 hours after dosing 
  Month 6: 0, 0.5, 2, 4, 10, 24, 48, 96, 168, 216, 288, and 336 hours after dosing 
 
Antibody Assessment: All surviving animals - once pretest and prior to dosing at 6, 12, 
18, and 24 months and at termination of moribund animals (when possible).  TK animals 
had samples taken pretest and prior to dosing at 2, 4, and 6 months. 
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Results 
Mortality - Males 

Number of Deaths 

Dose (mg/kg) 
Diluent 
Control 

Microsphere 
Control 0.3 1.0 3.0 

Study Week      
1 - 13 0 0 1 2 0 
14 - 26 1 0 2 0 0 
27 - 39 0 2 1 0 1 
40 - 52 3 1 0 1 4 
53 - 65 3 5 2 4 2 
66 - 78 10 7 8 6 5 
79 - 91 15 14 16 13 14 
92 - 104 17 13 12 14 22 
105 0 0 0 0 1 
Total Early Deaths 49 42 42 40 49 
Number of surviving 
animals 

21 
(30%) 

28 
(40%) 

28 
(40%) 

30 
(43%) 

21 
(30%) 

Summary of Animal Disposition 
Euthanized in extremis 24 12 20 18 20 
Found dead 25 30 22 21 29 
Died prior to euthanasia 0 0 0 1 0 
Terminal necropsy 21 28 28 30 21 

Deaths Suspected as Being Related to Tumors 
Adrenal gland tumor 0 0 0 1 0 
Bone tumor 0 0 1 0 0 
Brain tumor 1 1 1 0 0 
Fibrosarcoma/fibroma 0 0 1 1 1 
Fibrous histiocytoma 0 0 0 1 0 
Gastrointestinal tumor 0 0 0 2 0 
Hibernoma 2 1 1 2 1 
Histiocytic sarcoma 1 1 0 2 2 
Kidney tumor 0 0 0 0 1 
Leukemia 0 1 0 0 0 
Lung tumor 0 0 0 0 0 
Lymphoid tumor 0 1 0 1 0 
Mammary tumor 0 0 0 1 0 
Mesothelioma 0 0 1 0 0 
Neuroendocrine tumor 0 1 0 0 0 
Nose/oral tumor 0 1 1 1 1 
Pancreas tumor 1 1 0 0 0 
Pituitary tumor 13 9 17 13 16 
Schwannoma 0 1 0 0 2 
Skin tumor 2 0 0 0 0 
Thyroid tumor 0 0 0 0 0 
Zymbals gland tumor 1 0 0 1 2 
Undetermined 15 15 13 8 16 
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Mortality - Females 
Number of Deaths 

Dose (mg/kg) 
Diluent 
Control 

Microsphere 
Control 0.3 1.0 3.0 

Study Week      
1 - 13 0 0 1 1 1 
14 - 26 0 0 0 0 0 
27 - 39 1 3 0 1 0 
40 - 52 1 4 1 3 4 
53 - 65 7 9 4 4 4 
66 - 78 11 6 9 9 12 
79 - 91 24 13 14 18 14 
92 - 104 11 16 18 15 20 
105 0 0 0 0 0 
Total Early Deaths 55 51 47 51 55 
Number of surviving 
animals 

15 
(21%) 

19 
(27%) 

23 
(33%) 

19 
(27%) 

15 
(21%) 

Summary of Animal Disposition 
Euthanized in extremis 43 34 41 39 40 
Found dead 12 16 6 12 15 
Died prior to euthanasia 0 1 0 0 0 
Terminal necropsy 15 19 23 19 15 

Deaths Suspected as Being Related to Tumors 
Adrenal gland tumor 1 1 0 0 0 
Bone tumor 0 0 0 0 1 
Brain tumor 0 1 1 0 0 
Fibrosarcoma/fibroma 0 0 0 0 0 
Fibrous histiocytoma 0 0 0 0 0 
Gastrointestinal tumor 1 0 0 0 0 
Hibernoma 1 1 1 0 1 
Histiocytic sarcoma 2 0 0 1 0 
Kidney tumor 0 1 0 1 0 
Leukemia 0 0 0 0 0 
Lung tumor 0 0 0 1 0 
Lymphoid tumor 0 0 0 0 2 
Mammary tumor 20 14 13 19 20 
Mesothelioma 0 0 0 0 0 
Neuroendocrine tumor 0 0 0 0 0 
Nose/oral tumor 0 0 0 0 0 
Pancreas tumor 0 0 0 0 0 
Pituitary tumor 27 25 24 25 28 
Schwannoma 0 0 0 1 0 
Skin tumor 0 0 1 0 0 
Thyroid tumor 0 0 0 0 0 
Uterus tumor 0 0 3 0 0 
Zymbals gland tumor 0 0 0 0 0 
Undetermined 2 3 2 1 2 
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Food consumption:  Treatment-related and dose-dependent decreases in mean food 
consumption were noted in both sexes in all exenatide LAR groups when compared with 
diluent controls and microsphere controls (no microsphere-related effects), which 
correlated with the body weight effects. 
 
 
Hematology:  (erythrocyte count and leukocyte count [total and differential]) 
One high-dose male had elevated values for neutrophils, lymphocytes, eosinophils, and 
other cells that caused the high-dose male mean values for eosinophils and other cells to 
be elevated compared with controls. 
 
 
Gross pathology:  There were no macroscopic findings that were attributed to the 
microspheres or exenatide. 
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The statistical analysis results for potentially drug-related tumors are shown in the tables 
below.  For trend analysis, a significance level of α = 0.005 was used for common tumors 
(≥1%) and α = 0.025 for rare tumors (<1%), and for pair-wise comparison, a significance 
level of α = 0.01 was used for common tumors and α = 0.05 for rare tumors. 
 
 
Statistical Analysis for Tumor Analysis - Males 

Significant for dose response Significant for pair-wise comparison 
Finding vs. Control 1 vs. Control 2 vs. Control 1 vs. Control 2 

Thyroid c-cell 
adenoma 

p < 0.001* p < 0.001* LD: p = 0.0380 
MD: p < 0.001* 
HD: p < 0.001* 

LD: p = 0.0221 
MD: p < 0.001* 
HD: p < 0.001* 

Thyroid c-cell 
carcinoma 

No 
(p = 0.1636) 

No 
(p = 0.2367) 

MD: p = 0.0363* 
(HD: p = 0.1329) 

No 
(p ≥ 0.1116) 

Thyroid c-cell 
adenoma plus 
carcinoma 

p < 0.001* p < 0.001* LD: p = 0.0185 
MD: p < 0.001* 
HD: p < 0.001* 

LD: p = 0.0186 
MD: p < 0.001* 
HD: p < 0.001* 

Skin, subcutis - 
fibroma, benign 

p = 0.0042* No 
(p = 0.0343) 

HD:  p = 0.0040* No 
(p ≥ 0.1063) 

Schwannoma, 
malignant - all tissues 

p = 0.0203* No 
(p = 0.0637) 

No 
(p ≥ 0.1369) 

No 
(p ≥ 0.2525) 

Parathyroid, benign 
adenoma 

No 
(p = 0.0410) 

No 
(p = 0.0837) 

No 
(p ≥ 0.1329) 

No 
(p ≥ 0.3087) 

*Statistically significant; Statistical analysis was conducted by Dr. Atiar Rahman from the Division 
of Biometrics-6.   
“No” indicates that p > 0.025 (rare tumors) or p >0.005 (common tumors) for dose-response and 
p > 0.05 (rare tumors) or p >0.01 (common tumors) for pair-wise comparisons. 
 
 
Statistical Analysis for Tumor Analysis - Females 

Significant for dose response Significant for pair-wise comparison 
Finding vs. Control 1 vs. Control 2 vs. Control 1 vs. Control 2 

Thyroid c-cell 
adenoma 

No 
 

(p = 0.0237) 

No 
 

(p = 0.0723) 

LD: p < 0.001* 
MD: p = 0.0028* 
HD: p < 0.001* 

LD: p = 0.0158 
MD: p = 0.0442 
HD: p = 0.0152 

Thyroid c-cell 
carcinoma 

p = 0.0139* No 
(p = 0.0415) 

No 
(HD: p = 0.0639) 

No 
HD: p = 0.1874) 

Thyroid c-cell 
adenoma plus 
carcinoma 

p = 0.0026* No 
(p = 0.0163) 

LD: p < 0.001* 
MD: p = 0.0015* 
HD: p < 0.001* 

LD: p = 0.0187 
MD: p = 0.0499 

HD: p = 0.0036* 
Kidneys, carcinoma, 
tubular 

p = 0.0156* No 
(p = 0.0496) 

No 
(p ≥ 0.1380) 

No 
(p ≥ 0.3250) 

Pancreas, adenoma, 
islet cell 

No 
(p = 0.2021) 

No 
(p = 0.0284) 

No 
(p ≥ 0.5114) 

No 
(p ≥ 0.5056) 

*Statistically significant; Statistical analysis was conducted by Dr. Atiar Rahman from the Division 
of Biometrics-6.   
“No” indicates that p > 0.025 (rare tumors) or p >0.005 (common tumors) for dose-response and 
p > 0.05 (rare tumors) or p >0.01 (common tumors) for pair-wise comparisons. 
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Toxicokinetics:  (sponsor-generated table) 
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Antibody Assessment:  (sponsor-generated tables) 
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2.6.6.6 Reproductive and developmental toxicology   
The effect of exenatide on reproduction and embryonic development was previously 
investigated by the sponsor in support of the marketing application for Byetta (NDA 
21-773).  Additional developmental and reproductive toxicology (DART) studies were 
not conducted with exenatide QW.  A brief summary of DART study results is presented 
below, which is based on the review of NDA 21-773 by Dr. John Colerangle.  Note that 
exposure margins between nonclinical NOAEL values and humans is based on exposures 
achieved with immediate release exenatide for all TK animals at Day 30 in a 3-month 
mouse study (REST99051) and during two teratology studies in rabbits (REST99061R2 
and REST02022) compared with the mean exposure of antibody negative humans 
receiving the maximum recommended human dose (MRHD) of exenatide QW (2 mg) 
across three clinical studies (AUC0-24 = 5,461 pg·h/mL). 
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Fertility and Early Embryonic Development:  
The effect of exenatide on fertility and early embryonic development was evaluated in 
mice.  Mice received exenatide by subcutaneous injection at doses of at 3, 34 and 
380 µg/kg twice daily (1X, 9X and 148X MRHD, AUC).  Males were treated for 28 days 
before cohabitation through mating, and females were treated for 15 days prior to 
cohabitation through gestation day (GD) 7.  Results showed that there were no exenatide-
related adverse effects on estrus cycling, mating and fertility indices, numbers of corpora 
lutea, implantation, viable embryos, non-viable embryos, pre- or post-implantation 
viability, or cauda epididymal sperm motility, count, or density.  Accordingly, the 
NOAEL for effects on male and female reproduction was the high dose of 
380 µg/kd/dose (760 µg/kg/day; 148X MRHD).   
 
Embryo-Fetal Toxicity 
Mice 
The potential of exenatide to cause reproductive or developmental toxicity was evaluated 
in mice and rabbits.  In a mouse teratology study, exenatide doses of 3, 34, 230, and 
380 µg/kg twice daily (1X, 9X, 92X, and 148X MRHD, AUC) were administered 
subcutaneously to pregnant mice (25/group) from GD 6 through 15.  Consistent with the 
pharmacodynamic activity of exenatide, maternal body weight and food consumption 
were decreased compared with controls.  One female in each of the 34 and 
380 µg/kg/dose groups aborted on GD 15 and 16, respectively.  One female in each of the 
34, 230, and 380 µg/kg/dose groups delivered prematurely. 
 
Developmental toxicity occurred in conjunction with maternal toxicity.  The number of 
implantations, litter sizes, and live fetuses were significantly decreased for dams 
receiving 230 µg/kg/dose relative to control.  Fetal body weights were decreased 
compared to controls at ≥230 µg/kg/dose for males and ≥68 µg/kg/dose for females.  
Skeletal variations associated with delayed fetal growth, including changes in the number 
of rib pairs or vertebral ossification sites, and wavy ribs were noted ≥230 µg/kg/dose.  
Five fetuses from the treated group and two from the control group had multiple findings.  
Cleft palate with or without hole was observed at 3 µg/kg/dose.  Because the incidence of 
the multiple findings was greater in the treated group, a relationship to exenatide could 
not be ruled out.  TK data showed that the potential of exenatide to cross the placental 
barrier is very low in mice.  Because embryonic exposure is expected to be low, the 
observed fetal findings may have been a consequence of the dose-related reduced 
nutritional state of the dams during gestation or direct maternal toxicity.  The maternal 
NOAEL was determined to be 3 µg/kg BID (1X MRHD) based on the observed 
abortions.  The developmental NOAEL was also determined to be 3 µg/kg BID on the 
basis of decreased fetal body weights, cleft palate, and wavy ribs.   
 
Rabbits 
In a rabbit teratology study, timed pregnant female rabbits (20/group) were dosed 
subcutaneously at 0.1, 11, 78 and 130 µg/kg twice daily resulting in total daily doses of 
0.2 (0.1X), 22 (79X), 156 (544X), or 260 µg/kg/day (1,322X MRHD, AUC).  One female 
each from the 0.2- and 22-µg/kg/day dose groups was found dead on GD 10 and GD 19, 
respectively.  The cause of deaths could not be determined at necropsy.  One female 



Reviewer:  B. Timothy Hummer, Ph.D.       NDA #22-200 
 
 

 112 
 

receiving 156 µg/kg/day aborted on GD 21 and one female receiving 22 µg/kg/day 
delivered prematurely on GD 29.  These events were considered unrelated to the test 
article because they were not dose-dependent, the death of one doe appeared to be related 
to an injury, and the abortion and delivery for a single doe in a study was within the 
historical control incidence for the testing facility.  Consistent with the pharmacological 
activity of exenatide, body weight gain that correlated to decreased food consumption 
was significantly decreased in all treated groups in a dose-dependent manner relative to 
control (GD 6 through 19).  Morphological markers of fetal growth retardation were 
observed.  These findings included umbilical hernias and skeletal variations of angulated 
hyoid, altered number of rib pair or vertebral bodies, and fused sternabrae at 
22 µg/kg/day or greater.  Fetal incidence of small gall bladder was significantly increased 
at 22, 156, and 260 µg/kg/day.  The maternal NOAEL was determined to be 
0.2 µg/kg/day (0.1X MRHD) based on dose-related decrease in weight gain during the 
treatment period.  The developmental NOAEL is also 0.2 µg/kg/day (0.1X MRHD) based 
on the developmental toxicity (higher incidence of umbilical hernia, small gall bladder, 
angulated hyoid, delayed ossifications and fused sternal centra).  TK data showed that the 
potential for exenatide to cross the placental barrier was also very low in rabbits.  
Therefore the fetal findings observed may be a consequence of the reduced nutritional 
state of the does during gestation or direct maternal toxicity.   
 
Another rabbit teratology study was performed to better define the NOAEL with regard 
to fetal effects and to clarify the role of exenatide-related decreases in food consumption 
and body weight on developmental effects.  In this study, pregnant rabbits were 
administered exenatide at twice daily doses of 1, 11, and 130 µg/kg, representing daily 
doses of 2 (4X MRHD) , 22 (79X MRHD), and 260 µg/kg/day (1,322X MRHD).  Three 
additional groups were pair-fed (fed the same average daily amount of food) to match the 
three respective exenatide-dosed groups.  Rabbits that were administered exenatide 
exhibited profound, dose-related decreases in food and water consumption and loss in 
body weight.  Clinical indicators of starvation (β-hydroxybuterate and potassium) and 
body weight loss were more pronounced in the exenatide-treated groups than in the pair-
fed groups.  Based on the severity of the body weight loss and anorexia, the MTD in 
pregnant rabbits was exceeded at doses ≥22 µg/kg/day exenatide.  As in the previous 
rabbit study, developmental toxicity occurred only at doses ≥22 µg/kg/day exenatide, 
doses that exceeded the MTD in pregnant rabbits.  None of the fetuses from pair-fed 
dams and from the dams administered 2 µg/kg/day exenatide had umbilical hernias.  
Skeletal variations were observed at ≥2 µg/kg/d, but were also present in similar 
incidences in both exenatide and pair-fed groups, suggesting these effects were a 
consequence of compromised maternal condition.  Thus, exenatide was not a 
developmental toxicant in rabbits; the NOEL for developmental toxicity was 2 µg/kg/day 
exenatide (4X MRHD). 
 
Perinatal and Postnatal Developmental Toxicity 
The effects of exenatide on gestation, parturition, lactation, and maternal behavior were 
evaluated in mice from implantation through lactation and weaning.  The effects on 
development and fertility of the offspring were also evaluated.  Pregnant mice (25/group) 
were administered exenatide at doses of 3, 34, and 380 µg/kg twice daily by 
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subcutaneous injection resulting in total daily doses of 6 (3X MRHD), 68 (50X MRHD), 
and 760 µg/kg/d (520X MRHD).  One dam in each dose group died before or during 
delivery.  The high-dose female died while delivering the pups and this death might have 
been drug-related because a delivery-related death only occurred in the high-dose group 
and the other high-dose mice had increased incidences of stillbirths and pup deaths on 
LD1 (Lactation Day 1).  Although the cause of deaths could not be determined, the 
sponsor indicated that the deaths in the 6 and 68 µg/kg/day dose groups were not 
considered drug-related because they did not occur in a dose-dependent manner.  The 
number of dams delivering stillborn pups was significantly increased in the 
760 µg/kg/day group (24%) relative to control (0%).  Dams (F0) with all pups dying 
during days 1-4 postpartum was also significantly increased in the 760 µg/kg/day group 
(12%) relative to control (0%).  The number of live births was significantly decreased in 
the 760 µg/kg/day group (92%) relative to control (100%).  Still birth was significantly 
increased in the high-dose group (6%) relative to control (0%).  The number of F1 pups 
found dead/presumed cannibalized was significantly increased in the 6 µg/kg/day (3.2%) 
and 760 µg/kg/day groups (5.5%) relative to control during days 1-4 postpartum, and in 
the 68 µg/kg/day group (4.5%) during days 8-14 postpartum.  All F1 pup tissues appeared 
normal at necropsy.  Viability index, surviving pups/litter, and pup weight/litter were 
significantly decreased in the 760 µg/kg/day group relative to control.   
 
Post-weaning body weight was also slightly but significantly decreased in the 
760 µg/kg/day F1 females during precohabitation for mating of the F1 generation on GD 0 
and on GD 18 relative to control.  There were no treatment-related effects on the number 
of corpora lutea, implantations, litter sizes and resorptions in cesarean-sectioned F1 
females.  One of 297 low-dose F2 fetuses had a cleft palate; one of 268 mid-dose F2 
fetuses had exencephaly, opened eyelids, and a cleft snout.  Litter and fetal incidences of 
forked tail tip and flexed (downward) hindlimb were slightly increased (not SS) in F2 
litters/fetuses of high-dose F1 parents.  Maternal administration of exenatide at doses as 
high as 760 µg/kg/d did not affect the day of preputial separation or day of vaginal 
patency in the F1 generation mice, learning or memory, mating or fertility, cesarean-
sectioning parameters or the incidence of fetal alterations in F2 generation mice.   
 
The F0 maternal NOAEL was less than 6 µg/kg/day (<1X MRHD) due to mortality at 
6 µg/kg/day and greater.  The NOAEL for fetal viability and growth was 6 µg/kg/d 
(1X MRHD) because of reduced preweaning pup body weights at 68 µg/kg/d 
(9X MRHD) and 760 µg/kg/d (148X MRHD) and increased perinatal mortality and 
reduced body weight gains postweaning at 760 µg/kg/day.  There were no effects on the 
fertility of the F1 dams or on the development of the F2 fetuses. 
 
2.6.6.7 Local tolerance 
Separate local tolerance studies were not conducted with exenatide QW as assessments 
for reactions at the injection sites were integrated into the repeat-dose toxicology studies 
as summarized briefly below in the sponsor-generated table.  These studies were 
conducted with the exenatide QW clinical formulation (F17). 
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9-month toxicity study in monkeys, and a 2-year carcinogenicity study in rats with 
exenatide QW.  The results of these studies did not indicate that PLG induces systemic 
toxicity or tumor formation.  Local reactions were characterized by swelling, 
inflammation, and granulomas, which are consistent with reactions noted for other 
products containing PLG (Anthanasiou et al., 1996; Anderson and Shive, 1997).  
Injection site reactions observed in rats and monkeys due to the presence of PLG were 
shown to be reversible during a treatment-free period.  Therefore, based on the available 
information in the literature and the results from studies conducted by the sponsor, there 
are no apparent safety concerns regarding the use of PLG as a sustained release drug 
delivery system for exenatide QW. 
 
 
References 
Anderson JM and Shive MS.  Biodegradation and biocompatibility of PLA and PLGA 
microspheres.  Advanced Drug Delivery Reviews. 1997;28:5-28. 
 
Anthanasiou KA, Niederauer GG, and Agrawal CM. Sterilization, toxicity, bio-
compatibility and clinical applications of polylactic acid/polyglycolic acid copolymers.  
Biomaterials. 1996; 17:93-102. 
 
 
 
2.6.6.9 Discussion and Conclusions  
See Integrated Safety Summary and Conclusions 
 
 
2.6.6.10 Tables and Figures  
All relevant tables and figures have been presented in-text. 
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INTEGRATED SAFETY SUMMARY AND CONCLUSIONS 
General Toxicology 
The toxicity profile of exenatide was previously characterized as part of the nonclinical 
development program for immediate release exenatide (Byetta; NDA 21-733).  The 
sponsor conducted additional repeat-dose studies with the sustained release formulation 
(exenatide QW) in rats (4 months) and monkeys (3 and 9 months), a rat carcinogenicity 
study, and several in vitro genetic toxicology studies to qualify manufacturing changes 
and to determine whether the toxicity profile of exenatide QW is similar to that of 
immediate release exenatide.  A summary of key toxicology findings for both immediate 
release exenatide and exenatide QW is presented below. 
 
Single doses of immediate release exenatide did not result in mortality or severe toxicity 
in mice at doses up to 1,500 µg/kg by intravenous injection, in rats at doses up to 
30,000 µg/kg by subcutaneous injection, or in monkeys at doses up to 5,000 µg/kg by 
subcutaneous injection.  Decreased grip strength and decreased motor activity were seen 
in mice at intravenous doses of ≥300 and ≥30 µg/kg, respectively.  Hunched posture and 
fur staining was seen in rats at ≥10,000 µg/kg and decreased food consumption was 
observed in monkeys receiving ≥3,000 µg/kg.   
 
Mouse was used as the rodent species for the Byetta toxicology program.  Toxicology 
studies have not been conducted with exenatide QW in mice; however, the results from 
studies conducted with immediate release exenatide are considered to be relevant for 
exenatide QW.  Based on the review of NDA 21-773 by Dr. Colerangle, mice 
administered exenatide twice daily by subcutaneous injection at doses up to 
380 µg/kg/dose (760 µg/kg/day) for 6 months had microscopic findings in the eye (retinal 
atrophy, corneal mineralization, cataract), parotid salivary gland (basophilia), bone 
marrow hyperplasia, and injection site reactions (inflammation, hemorrhage, fibrosis, 
epithelial hyperplasia).  The histopathology findings were primarily observed at the high 
dose, however parotid gland hyperplasia was observed in nearly all low-dose animals and 
pthisis bulbi (shrinkage and wasting of the eyeball) was observed in one low-dose male.  
Therefore, a NOAEL was not established for this study because of the findings at the low 
dose (~2X MHRD, AUC) 
 
In an 18-week toxicity study, Sprague-Dawley rats received exenatide QW every other 
week by subcutaneous injection at doses up to 9 mg/kg.  Slight decreases in body weight 
gain that generally correlated with decreased food consumption were observed at all 
doses, but particularly for males receiving 3 and 9 mg/kg.  No systemic toxicity was 
observed microscopically.  One HD female had renal tubular adenomas unilaterally with 
a focus of slight tubular hyperplasia in the contralateral kidney.  One MD female had a 
renal tubular adenoma.  One LD female and one female given the microsphere control 
had slight and minimal renal tubular hyperplasia, respectively.  The sponsor stated that 
these tumors are incidental findings and not drug-related because the study duration is 
short (18 weeks) and secondly, tumors of the renal tubules are typically slow growing 
with a long latency for development.  The sponsor also argued that even with some of the 
most potent renal carcinogens, a latency period of 6 to 12 months is required for tumors 
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to develop (Hard, 1990; Hard et al., 1970).  Interestingly, a non-statistically significant 
increase (4/70 vs. 0/70 for diluent controls) in renal tubular cell tumors (adenomas and 
carcinomas) was noted for high-dose females (3 mg/kg biweekly) in the rat 
carcinogenicity study conducted with exenatide QW.  Because the metabolism and 
excretion of exenatide is thought to primarily occur in the kidney, it is uncertain whether 
this rare occurrence of renal tubule tumors in female rats is related to exenatide treatment. 
 
Injection site findings were the primary treatment-related effect.  Swelling/palpable 
lumps (slight to moderate severity) were relatively severe for animals given the control 
microspheres or the test article at 9 mg/kg and noted at a lesser severity (very slight to 
slight) for animals given 3 mg/kg.  The swelling/palpable lumps were attributed to the 
physical presence of the microspheres.  Very slight to slight redness was noted at a low 
incidence in the control microsphere and test article treated groups and was attributed to 
the injection trauma.  Histopathology revealed foamy macrophages/ fibroblasts, 
lymphocytic infiltrate and granuloma of minimal to slight severity at all injection sites.  
Injection site findings reversed or showed a trend for recovery by the end of the 3-month 
recovery period.  Anti-exenatide antibodies were observed at ≥1 mg/kg/dose with no 
apparent dose-response relationship for incidence.  The presence of antibodies tended to 
increase exenatide exposure values and therefore, values from antibody negative animals 
were used for calculating clinical exposure margins.  Other than more noteworthy 
findings at the injection sites due to the presence of the PLG microspheres, the results of 
this study are similar to those observed in rats receiving once daily injections of 
immediate release exenatide for 3 months.  The NOAEL for this study was determined to 
be the high-dose of 9 mg/kg (~27X MRHD, Ab negative AUC) based on a lack of target 
organ toxicity. 
 
The administration of exenatide QW to cynomolgus monkeys once weekly for 3 months 
by subcutaneous injection at doses up to 1.1 mg/kg injection primarily resulted in 
injection site reactions.  Macroscopic lesions at the injection sites were characterized by 
red or white discoloration, nodules, abscesses, and thickened tissue due to needle trauma.  
The nodules appeared to increase in severity with increase in exenatide dose.  
Microscopically, the injection sites for all groups were characterized as having chronic 
inflammation, abscesses, epidermal hyperplasia, fibrosis, and/or hemorrhage, although 
these occurred at a lower incidence for diluent control monkeys.  Granulomatous 
inflammation (minimal to severe) and foreign material were noted at the injection site of 
animals receiving microspheres with or without exenatide.  Treatment-related injection 
site enlargement was also noted during the treatment period for animals receiving 
microspheres.  At the end of the recovery period, the incidence of macroscopic and 
microscopic lesions was drastically reduced suggestive of reversibility.  No microscopic 
lesions were observed in other tissues.  No evidence of sensitization was noted following 
a challenge dose of control microspheres (microspheres in diluent without exenatide) 
administered to a previously undosed site on all recovery animals.  Anti-exenatide 
antibodies were detected in all exenatide QW-treated groups by Day 92 with most 
animals positive at ≥0.44 mg/kg, with titers ranging from 25 to 78,125.  The NOAEL for 
this study was considered to be 1.10 mg/kg (19X MRHD, AUC) on the basis of a lack of 
target organ toxicity. 
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Similar results were observed in a 6-month monkey study.  Monkeys were administered 
exenatide QW once weekly by subcutaneous injection for 3 months at doses up to 
1.1 mg/kg.  Local reactions at the injection sites (erythema and edema) were noted in all 
groups and tended to increase in incidence and severity with increasing doses of 
microspheres.  There appeared to be a slight increase in severity in the high-dose 
exenatide QW group (very slight to severe).  Some occurrences of abscesses with 
drainage were noted for all exenatide-treated groups.  Macroscopic observations of 
subcutis thickening were also observed at the injection site of animals receiving 
microspheres.  Microscopically, minimal to moderate granulomas were noted in all 
groups receiving microspheres.  Granulomas were well-circumscribed with minimal 
fibrosis and consisted of macrophages and multinucleated giant cells, often containing 
microspheres.  Minimal to moderate foamy macrophages and fibroblasts were also 
observed in the subcutis.  A few animals receiving microspheres also showed 
mononuclear cell inflammation, suppurative inflammation, fibrosis, hemorrhage, and/or 
draining tracts, which did not appear to be related to exenatide dose.  Injection site effects 
had mostly resolved by the end of the 3-month recovery period.  Treatment-related 
microscopic findings were not observed in other tissues.   
 
Anti-exenatide antibodies were detected in approximately 75% of all treated animals, 
with the maximal response occurring between Weeks 20 and 24, with titers ranging from 
25 to 78,125.  Antibody titers tended to decrease during the recovery period, although 
approximately 66% of the exenatide treated animals still had titers ranging from 25 to 
3,125 at the end of the 3-month recovery period.  Steady-state plasma exenatide 
concentrations were achieved after approximately four injections (i.e., 1 month).  Mean 
AUC accumulation for antibody negative animals ranged from approximately 9 to 28 
fold.  Exenatide exposures were generally below the limit of detection within 2 months 
after the final dose.  Plasma exenatide exposure was affected by the degree of anti-
exenatide antibodies, resulting in either marked exposure increases (titer range of 125 to 
625) or decreases (at titers ≥3,125).  The NOAEL was determined to be 1.1 mg/kg/week 
(14X MRHD, Ab negative AUC) based on a lack of target organ toxicity. 
 
With the exception of injection site findings, the toxicity profile of exenatide QW in 
monkeys showed fewer potential target organs compared to monkeys treated with 
immediate release exenatide.  As with rats, macroscopic and microscopic findings were 
more noteworthy in monkeys receiving microspheres, which resulted in findings that are 
generally consistent with foreign body reactions.  In the 3-month monkey study 
conducted with immediate release exenatide, the NOAEL was determined to be the low 
dose (0.6 µg/kg BID; 2X MRHD, AUC) because of microscopic findings in the stomach 
(hemorrhage), lung (hemorrhage), and uterus (endometrial hemorrhage) at the higher 
dose levels.  These specific findings were not observed in the 9-month monkey study 
conducted with immediate release exenatide.  However, other microscopic findings were 
noted that were not observed in the 9-month monkey study conducted with exenatide QW 
that resulted in the NOAEL being placed at the low dose (1.1 µg/kg BID; 3X MRHD, 
Day 90 AUC).  In that study, microscopic findings were noted in the brain (submeningeal 
hemorrhage, mononuclear cell infiltration of meninges and perivascular), thyroid 
(follicular distension, degeneration of follicular epithelium), adrenal gland 
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In the rat carcinogenicity study conducted with immediate release exenatide (once daily 
subcutaneous injections), an increase in thyroid c-cell tumors was observed at all dose 
levels in females only, with an incidence of 8% (control 1), 5% (control 2), 14% 
(18 µg/kg/day), 11% (70 µg/kg/day), and 23% (250 µg/kg/day).  Although these values 
were not statistically significantly significant from either control group based on pair-
wise analysis, they were above of the historical control mean (5%) and upper range (0% 
to 10%) for the laboratory.   
 
A comparison of rat the carcinogenicity results shows that exenatide QW was more 
potent at inducing thyroid c-cell tumors than immediate release exenatide even though 
the mean daily exenatide exposures were similar between the two studies.  Additionally, 
some adenomas progressed to carcinomas in animals that received exenatide QW, 
whereas no carcinomas were observed in rats treated with immediate release exenatide.  
Through an assessment of available data for other GLP-1 receptor agonists, it is apparent 
that the induction of c-cell tumors is a common trait for this class of drugs.  Additionally, 
agonists that have a long half life or that are formulated for sustained release, thereby 
allowing steady-state concentrations to be achieved, are more potent at inducing c-cell 
tumors than short-acting agonists such as immediate release exenatide.  This difference is 
believed to be due, at least in part, to continuous GLP-1 receptor activation (presumably 
on thyroid c-cells) that occurs at steady-state compared with a more pulsatile receptor 
activation that occurs with shorter acting compounds.  Therefore, the difference in c-cell 
tumor incidence in rats between immediate release exenatide and exenatide QW is likely 
due to the difference in PK profile between the two formulations and suggests that there 
is an apparent greater risk for the development of c-cell tumors in humans receiving 
Bydureon compared with Byetta. 
 
Because the toxicology program for exenatide QW was meant to bridge to the immediate 
release exenatide program, which already included carcinogenicity studies in two rodent 
species, only a single carcinogenicity study was conducted.  Therefore a mouse 
carcinogenicity study was not conducted with exenatide QW, which was supported by the 
Executive Carcinogenicity Assessment Committee (ECAC; See Appendices 1 and 2 for 
ECAC meeting minutes).  In the mouse carcinogenicity study conducted with immediate 
release exenatide, no test-article related tumors were observed.  The primary microscopic 
finding was an increase in basophilic hypertrophy of the parotid salivary gland at all dose 
levels.  Based on mouse carcinogenicity results with other long-acting GLP-1 receptor 
agonists, this class of compounds also induces c-cell tumors in mice.  However, the c-cell 
tumors generally occurred at higher clinical exposure margins and were mostly limited to 
adenomas.  Based on these observations, if exenatide QW were to be tested in a mouse 
carcinogenicity study, it would be anticipated that thyroid c-cell adenomas would also be 
observed in mice.   
 
There appear to be physiological differences between rats and mice with regard to c-cell 
effects, and therefore it is uncertain whether rats or mice, if either species, are more 
relevant for assessing human risk.  C-cell hyperplasia and adenoma formation is a 
common, age-related effect in rats, whereas c-cell hyperplasia and adenomas are a rare 
background finding in mice.  It is possible that GLP-1 agonists enhance or speed up the 
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process of c-cell hyperplasia that normally occurs in older rats.  Understanding the 
difference in the mechanism of action for GLP-1 receptor agonist c-cell tumor induction 
between rats and mice could be an important step in determining the overall relevance of 
c-cell tumors to human risk. 
 
Exenatide was found to be devoid of mutagenic or clastogenic activity in a standard 
battery of genetic toxicology studies (NDA 21-773).  Additionally, data were submitted 
as part of this application demonstrating that exenatide QW is devoid of mutagenic 
activity in a reverse bacterial mutation assay and in an in vitro chromosomal aberration 
assay. 
 
Developmental and Reproductive Toxicology (DART) 
The effect of exenatide on reproduction and embryonic development was previously 
investigated by the sponsor in support of the marketing application for Byetta (NDA 
21-773).  Additional development and reproductive toxicology (DART) studies were not 
conducted with exenatide QW.  Although it is uncertain whether the difference in PK 
profile between the two exenatide formulations could have an effect on DART results, it 
is felt that the results obtained with immediate release exenatide are relevant for 
exenatide QW. 
 
The effect of exenatide on fertility and early embryonic development was evaluated in 
mice.  Mice received exenatide by subcutaneous injection at doses of at 3, 34 and 
380 µg/kg twice daily.  Results showed that there were no exenatide-related adverse 
effects on estrus cycling, mating and fertility indices, numbers of corpora lutea, 
implantation, viable embryos, non-viable embryos, pre- or post-implantation viability, or 
cauda epididymal sperm motility, count, or density.  Accordingly, the NOAEL for effects 
on male and female reproduction was the high dose of 380 µg/kd BID (760 µg/kg/day; 
148X MRHD, AUC).   
 
The effect on embryonic development was assessed in mice and rabbits.  In a mouse 
teratology study, exenatide doses of 3, 34, 230, and 380 µg/kg twice daily (1X, 9X, 92X, 
and 148X MRHD, AUC) were administered subcutaneously to pregnant mice from GD 6 
through 15.  Consistent with the pharmacodynamic activity of exenatide, maternal body 
weight and food consumption were decreased compared with controls.  One female in 
each of the 34 and 380 µg/kg/dose groups aborted on GD 15 and 16, respectively.  One 
female in each of the 34, 230, and 380 µg/kg/dose groups delivered prematurely.  
Developmental toxicity occurred in conjunction with maternal toxicity.  The number of 
implantations, litter sizes, and live fetuses were significantly decreased for dams 
receiving 230 µg/kg/dose relative to control.  Fetal body weights were decreased at 
≥230 µg/kg/dose for males and ≥68 µg/kg/dose for females.  Skeletal variations 
associated with delayed fetal growth, including changes in the number of rib pairs or 
vertebral ossification sites, and wavy ribs were noted ≥230 µg/kg/dose.  Cleft palate with 
or without hole was observed at ≥3 µg/kg/dose.  TK data showed that the potential of 
exenatide to cross the placental barrier is very low in mice.  Therefore, the observed fetal 
findings may have been a consequence of the dose-related reduced nutritional state of the 
dams during gestation or direct maternal toxicity.  The maternal NOAEL was determined 
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to be 3 µg/kg BID (1X MRHD) based on the observed abortions.  The developmental 
NOAEL was also determined to be 3 µg/kg BID on the basis of decreased fetal body 
weights, cleft palate, and wavy ribs.   
 
A rabbit teratology study was conducted with twice daily exenatide doses ranging from 
0.1 to 130 µg/kg/dose.  Apparent maternal toxicity characterized by profound weight loss 
and reduced food consumption was observed at doses ≥11 µg/kg/dose.  Morphological 
markers of fetal growth retardation were observed that included umbilical hernias and 
skeletal variations of angulated hyoid, altered number of rib pair or vertebral bodies, and 
fused sternabrae at ≥11 µg/kg/dose.  Fetal incidence of small gall bladder was 
significantly increased at 11, 78 and 130 µg/kg/dose.  The maternal NOAEL was 
determined to be 0.1 µg/kg/dose (0.1X MRHD) based on dose-related decrease in weight 
gain during the treatment period.  The developmental NOAEL was also 0.1 µg/kg BID 
(0.1X MRHD) based on the developmental retardation.  TK data showed that the 
potential for exenatide to cross the placental barrier was also very low in rabbits.  
Therefore the fetal findings observed may have been a consequence of the reduced 
nutritional state of the does during gestation or direct maternal toxicity. 
 
A second rabbit teratology study was conducted in an effort to better define the fetal 
NOAEL and to investigate the effects of decreased maternal body weight on embryonic 
development by including pair-fed groups.  In this study, pregnant rabbits were 
administered exenatide at twice daily doses of 1, 11, and 130 µg/kg/dose.  Rabbits that 
were administered exenatide exhibited profound, dose-related decreases in food and 
water consumption and loss in body weight.  Clinical indicators of starvation 
(β-hydroxybuterate and potassium) and body weight loss were more pronounced in the 
exenatide-treated groups than in the pair-fed groups.  Based on the severity of the body 
weight loss and anorexia, the MTD in pregnant rabbits was exceeded at doses 
≥11 µg/kg/dose exenatide.  As in the previous rabbit study, developmental toxicity 
occurred only at doses ≥11 µg/kg/dose exenatide, doses that exceeded the MTD in 
pregnant rabbits.  None of the fetuses from pair-fed dams and from the dams 
administered 1 µg/kg/dose exenatide had umbilical hernias.  Skeletal variations were 
observed at ≥1 µg/kg/dose, but were also present in similar incidences in both exenatide 
and pair-fed groups, suggesting these effects were a consequence of compromised 
maternal condition.  The NOEL for developmental toxicity was determined to be 1 µg/kg 
BID exenatide (4X MRHD). 
 
The effects of exenatide on gestation, parturition, lactation, and maternal behavior were 
evaluated in mice from implantation through lactation and weaning.  The effects on 
development and fertility of the offspring were also evaluated.  Pregnant mice were 
administered exenatide at doses of 3, 34, and 380 µg/kg twice daily by subcutaneous 
injection.  One high-dose female death that occurred during delivery may have been 
drug-related.  The number of dams delivering stillborn pups was significantly increased 
in the 760 µg/kg/day group (24%) relative to control (0%).  F0 dams with all pups dying 
during days 1-4 postpartum was also significantly increased and the number of live births 
was significantly decreased in the 760 µg/kg/day group.  Still birth was significantly 
increased in the high-dose group.  F1 pups found dead/presumed cannibalized was 
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significantly increased in the 6 and 760 µg/kg/day groups during days 1-4 postpartum and 
in the 68 µg/kg/day group during days 8-14 postpartum.  All F1 pup tissues appeared 
normal at necropsy.  Viability index, surviving pups/litter, and pup weight/litter were 
significantly decreased in the 760 µg/kg/day group relative to control.   
 
Post-weaning body weight was also slightly but significantly decreased in the 
760 µg/kg/day F1 females during precohabitation for mating of the F1 generation on GD 0 
and on GD 18 relative to control.  There were no treatment-related effects on corpora 
lutea, implantations, litter sizes and resorptions in cesarean-sectioned F1 females.  
Maternal administration of exenatide at doses as high as 760 µg/kg/day did not affect the 
day of preputial separation or day of vaginal patency in the F1 generation mice, learning 
or memory, mating or fertility, cesarean-sectioning parameters or the incidence of fetal 
alterations in F2 generation mice.  The F0 maternal NOAEL was less than 6 µg/kg/day 
(<1X MRHD) due to mortality at 6 µg/kg/day and greater.  The NOAEL for fetal 
viability and growth was 6 µg/kg/d (1X MRHD) because of reduced preweaning pup 
body weights at 68 µg/kg/d (9X MRHD) and 760 µg/kg/d (148X MRHD) and increased 
perinatal mortality and reduced body weight gains postweaning at 760 µg/kg/day.   
 
Local Tolerance 
An assessment of local tolerance of exenatide QW at the injection sites was integrated 
into the repeat-dose toxicology studies, the results of which are summarized above.  
Briefly, injection sites were generally characterized by swelling, inflammation, and 
typical foreign body reactions in both rats and monkeys, with increased incidence and 
severity with increasing dose of microspheres.  In monkeys administered exenatide QW 
for 9 months, swelling with open drainage and/or abscesses were observed in all groups 
receiving exenatide QW.  Microscopically, granulomatous inflammation with foreign 
body giant cells and fibrosis were observed in rats and monkeys in animals receiving 
microspheres, with or without exenatide.   
 
Overall, exenatide QW was well tolerated at the injection sites in both rats and monkeys.  
Injection site findings were mostly characterized as typical inflammation and foreign 
body reactions that are expected from the injection of PLG microspheres.  Injection-site 
reactions showed partial to complete reversibility during recovery periods.  In a 3-month 
monkey study, a challenge dose of microspheres administered during the recovery period 
demonstrated that the microspheres do not elicit an immune-mediated reaction. 
 
Safety Margins 
The sponsor-generated table below presents the key toxicology studies that have been 
conducted with exenatide and exenatide QW and corresponding human safety margins.  
Note, for the rat carcinogenicity study conducted with immediate release exenatide, the 
clinical safety margin based on AUC should be 9X rather than 37X because the c-cell 
adenomas observed in high-dose females are felt to be treatment related even though the 
incidence did not reach statistical significance.  Additionally, it should be noted that the 
sponsor used a human body weight of 100 kg to calculate safety margins based on dose.  
Although many type 2 diabetic patients are overweight, the use of 100 kg potentially 
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Conclusions:  The administration of exenatide QW was generally well tolerated in rats 
and monkeys.  Decreases in body weight gain and food consumption, expected 
pharmacodynamic effects of exenatide, were observed in rats.  Macroscopic and 
microscopic findings at injection sites observed in rats and monkeys were primarily 
linked to the presence of PLG microspheres and have been documented for other 
marketed pharmaceutical products containing these polymers.  In a rat carcinogenicity 
study conducted with exenatide QW, a statistically significant increase thyroid c-cell 
tumors (adenomas plus carcinomas) was observed at clinically relevant doses.  This 
differs from the rat carcinogenicity findings for immediate release exenatide, in which 
non-statistically significant increases in c-cell adenomas were observed in females only, 
although the numbers were above the upper end of the historical background range.  
Males treated with the high-dose of exenatide QW also had a statistically significant 
increase in skin fibromas.  With the exception of the rat tumorigenicity data, exenatide 
QW showed a similar or superior toxicity profile compared with immediate release 
exenatide.   
 
 
Unresolved toxicology issues:  Thyroid c-cell tumors were observed in rats at clinically 
relevant exposures.  The sponsor has not provided data that demonstrate the thyroid c-cell 
tumors observed in rats are not relevant to human risk.  Because the relevance to humans 
is currently not known, additional nonclinical data will be required to further evaluate 
these findings with regard to human risk.  Please refer to the executive summary for 
suggested studies. 
 
 
Recommendations:  See the executive summary. 
 
 
Suggested labeling:  See the executive summary. 
 
 
 
Signatures (optional):    
  
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___  
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Appendix 2 
 

Executive Carcinogenicity Assessment Committee Meeting Minutes 
Rat Carcinogenicity Study Results (#REST060229R1) 
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NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
 

ITEM YES NO COMMENT 
1)  Does this section of the NDA appear to be 
organized (according to 21 CFR 314 and 
current guidelines for format and content) in 
a manner that would allow a substantive 
review to be completed? 
 

X   

2)  Is this section of the NDA indexed and 
paginated in a manner to enable a timely and 
substantive review? 
 

X   

3)  Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done? Has the data been presented in an 
appropriate manner (consider tables, graphs, 
complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 
 

X   

4)  Are all necessary and appropriate studies 
for this agent, including special studies/data 
requested by the Division during pre-
submission communications/discussions, 
completed and submitted in this NDA?  
 
Please itemize the critical studies included 
and indicate any significant studies that were 
omitted from the NDA (genotox, reprotox, 
adequate duration of chronic tox, 
carcinogenicity). 

X  To bridge to the BYETTA nonclinical program, 2- 
and 4- month studies in rats, and 3- and 9-month 
studies in monkeys were conducted.  Additionally, 
in vitro genotoxicity studies (Ames and chrom ab) 
and a carcinogenicity study in rats were conducted. 
 
An audited draft report has been submitted.  With 
regard to the draft report, all information appears to 
be present with the exception of TK and Ab data 
and the SAS data sets.  Per a pre-NDA meeting 
agreement, the sponsor stated that they will be 
submitting the final report for the carcinogenicity 
study post marketing.  However, because the 
incidence of C-cell adenomas increased and 
progressed to C-cell carcinomas in the rat carc study 
with BYDUREON compared with the rat study 
conducted with BYETTA, the sponsor will be asked 
in the 74-day letter to submit the final report within 
a specified amount of time from the filing date 
rather than wait until after marketing. 
 
Two local irritation studies in rabbits were 
submitted under IND 67,092 and previously 
reviewed by Dr. John Colerangle.  These reports 
were not submitted as part of the NDA submission. 
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