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EXECUTIVE SUMMARY
I.

Recommendations
A. Recommendation on approvability: Approval (AP).
B. Recommendation for nonclinical studies: The non-clinical studies reviewed is sufficient to
support the safety of subcutaneous administration of exenatide to Type II diabetic patients at
the MRHD (10 µg BID). No further studies are required.
C. Recommendations on labeling
Carcinogenesis, Mutagenesis, Impairment of Fertility
In a 104-week carcinogenicity study in rats at doses of 18, 70, 250 µg/kg/day by bolus SC
injection, an increased incidence of thyroid C-cell adenomas in females was observed at 250
µg/kg/day at systemic exposures 130 times the human exposure at 20 µg/day based on AUC.
In a 104 week carcinogenicity study in mice at doses of 18, 70, 250 µg/kg/day by bolus SC
injection, no evidence of tumors was observed at doses up to 250 µg/kg/day at systemic
exposures 12 to 95 times the human exposure at 20 µg/day based on AUC.
Exenatide was not mutagenic or clastogenic with or without metabolic activation in the Ames
bacterial mutagenicity assay or chromosomal aberration assay in Chinese hamster lung cells.
Exenatide was negative in the in vivo mouse micronucleus assay.
In mouse fertility studies with SC doses of 6, 68 and 760 µg/kg/day, males were treated for 4
weeks prior to and throughout mating and females were treated 2 weeks prior to mating
throughout mating until gestation day 7. No adverse effect on fertility was observed at 760
µg/kg/day (systemic exposures up to 260 times human exposure at 20 µg/day based on AUC
comparisons).
Pregnancy Category C
Exenatide has been shown to cause reduced fetal and neonatal growth and skeletal effects in
mice at systemic exposures 3 times human exposure (following a 20 µg/day dose based on
AUC comparisons) and in rabbits at systemic exposures 12 times human exposure (after a 20
µg/day dose based on AUC). There are no adequate and well controlled studies in pregnant
women. Exenatide should be used during pregnancy only if the potential benefit justifies the
potential risk to the fetus.
In female mice given SC doses of 6, 68, 760 µg/kg/day beginning 2 weeks prior to mating
throughout mating until gestation day 7 there were no adverse fetal developmental findings
observed at 760 µg/kg/day (systemic exposures up to 260 times human exposure at 20
µg/day based on AUC comparisons). In pregnant mice given SC doses of 6, 68, 460, 760
µg/kg/day from gestation day 6 through 18 (organogenesis) cleft palate (some with holes) and
irregular skeletal ossification of rib and skull bones were observed at 6 µg/kg/day (systemic
exposures 3 times human exposure at 20 µg/day based on AUC comparisons).
In pregnant rabbits given SC doses of 0.2, 2, 22, 156, 260 µg/kg/day from gestation day 6
through 18 (organogenesis) irregular skeletal ossifications were observed at 2 µg/kg/day
(systemic exposures 12 times human exposure at 20 µg/day based on AUC comparisons).
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In pregnant mice given SC doses of 6, 68, 760 µg/kg/day from gestation day 6 through
lactation day 20 (weaning) an increased number of neonates were found dead postpartum
days 2-4 in dams given 6 µg/kg/day (systemic exposures 3 times human exposure at 20
µg/day based on AUC comparisons).
Nursing Mothers
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 clinically significant adverse
reactions in nursing infants from exenatide a decision should be made whether to discontinue
producing milk for consumption or discontinue the drug, taking into account the importance
of the drug to the lactating woman. Studies in lactating mice have demonstrated that
exenatide is secreted into breast milk at levels up to 2.5% higher than obtained in the plasma
following subcutaneous dosing.
II.

Summary of nonclinical findings
A. Brief overview of nonclinical findings
Exenatide is a DPP IV (dipeptidylpeptidase IV) resistant synthetic peptide which extends its
duration of action relative to mammalian GLP-1 (7-36) amide. Many, but not all activities of
Exenatide appear to be mediated by binding and subsequent activation of the GLP-1 receptor.
Exenatide acts through binding to the GLP-1 receptor to reduce plasma glucose and lower
HbA1c. Long term reductions of HbA1c are seen in diabetic rats. Exenatide decreases fasting
glucose concentrations in rat and mouse models of type 2 diabetes and in monkey. Glycemic
control occurs in conjunction with the reduction in the rate of plasma glucose (from increased
glucose–dependent insulin secretion, improved insulin sensitivity and increased pancreatic βcell mass) via glucose-dependent reduction in gastric emptying, reduced food consumption,
and suppression of inappropriately elevated glucagon. By limiting the rate at which nutrients
enter the GI tract, exenatide attenuates postprandial glucose elevations.
Chronic
administration of exenatide to normal glycemic mice rats and monkeys at systemic exposure
multiples of 400X, 100X and 450X respectively the clinical dose of 20 µg/day did not
produce signs of hypoglycemia or related neurological signs or pathology. The effects of
reduced food consumption and decreased body weight were noted in the 2-year rat (not
mouse) carcinogenicity study where this contributed to the increased survival compared to
the heavier control rats. Gravid mice and rabbits were particularly sensitive to the decreased
food consumption and subsequent weight loss with exenatide in the reproductive toxicity
evaluations.
Exenatide exposures increase with dose (linear kinetics except for pregnant rabbits) but do
not show dose limiting accumulation. Metabolism occurs by proteolytic cleavage into
progressively smaller peptides to amino acids predominately in the renal tubules. Elimination
occurs by renal excretion. Less than 3% of the administered dose crosses the placenta in rats,
mice, rabbits (0-0.025) and ex vivo human placenta (0.008-0.017). Exenatide is minimally
secreted (2.5%) into milk from mice. Developmental effects observed include delayed
fetal/neonatal growth, peri- and neonatal mortality in the absence of maternal toxicity and at
higher doses adverse maternal food consumption and body weight. The pregnant rabbit is
very sensitive to exenatide toxicity as a function of the greater than dose proportional
exposure following repeated SC dosing. Water consumption is dramatically reduced in these
animals and it is possible that decreased renal clearance of exenatide (and metabolism) may
be contributors to this elevated exposure.
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The drug substance and product were tested by BID SC injection in mice, rats and monkeys
chronically. Injection site changes consisted of those changes expected from repeated SC
injection (inflammation, hemorrhage, fibrosis, epithelial hyperplasia minimal to slight). To
compare lots of exenatide drug substance with impurities across three different
manufacturers; 28-day toxicity studies in mice were performed. Genetic toxicity studies
(Ames, chromosomal aberration) with these lots were also unremarkable. Heat inactivated
exenatide was tested in a 28-day mouse toxicity using representative batches from all three
manufacturing sources to assess degradent toxicity. No difference in target organ toxicity
was observed with the different batches. However some detectable anti-exenatide antibodies
were observed.
Exenatide is a synthetic peptide of the lizard (Gila Monster) proexendin gene therefore its
antigenicity in rodents and monkeys is not unexpected. Anti-exendin antibodies at titers ≥
1:125 in monkey resulted in altered pharmacokinetics but were not considered neutralizing
based on the observed pharmacologic activity (reduced body weight). The sponsor has
suggested that the alteration in pharmacokinetics reflects decreased renal filtration due to
antibody binding which results in decreased renal clearance the primary metabolic/excretory
pathway of exenatide. Anti-exenatide antibodies were observed as early as one month dosing
in monkey.
Toxicity studies using drug lots from different manufacturing sources (Star, Bachem,
Mallincrodt) were tested in 28 day mouse studies with no difference in toxicologic profile.
However 2/20 mice given the Star drug lot showed very low anti-exenatide antibodies (titer
1:25). Heat degraded exenatide from these three manufacturers also demonstrated no
differences compared to the untreated exenatide. Only 1 mouse showed any positive antiexenatide titers (1:5) albeit very low. Interestingly it appears that the Star manufactured drug
substance lots are the only ones showing a positive antibody response and these are also the
drug lots used for the subchronic and chronic toxicity studies some of which show positive
antibody titers.
Species
Body Weight
Food consumption
Parotid Salivary gland
basophilia
Pancreas islet cell
hyperplasia
Anti-exenatide antibody
Titer ≥ 1:25
Injection site inflammation

Rat
↓
↓
+

Mouse
↑ F (3 Mo)
- (6 Mo)
↑
+

Monkey
↓
↓
Mononuclear infiltrate +

lymphocytic infiltration +

-

+

+ (titer 1:5) 1-2/8 MD, HD
+

-

+

+

+

The significance of the parotid salivary gland basophilia in rodents and mononuclear
infiltration in monkey is unclear. Historically this is a tissue not routinely sampled in
toxicology studies. Basophils are related to mast cells and have phagocytic activity.
Pancreatic islet cell hypercellularity is noted in monkeys. Exenatide including the natural
form exendin-4 from lizard and GLP-1 and its analogues have been shown to increase β-cell
mass in vitro and in vivo. However this does not appear to be a preneoplastic lesion based on
the lack of tumorigenicity observed in the carcinogenicity evaluation.
Exenatide did not show a mutagenic or clastogenic potential with or without metabolic
activation in in vitro Ames or chromosomal aberration assay in CHO cells or in vivo in the
mouse micronucleus assay.
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Lifetime carcinogenicity evaluations in rats and mice demonstrate increased thyroid C-cell
adenomas in female rats at exposures 130X the clinical dose of 20 µg/day. Mice did not
demonstrate a tumorigenic potential.
Exenatide treatment during organogenesis results in impaired fetal/neonatal growth and
skeletal effects at exposures 3X MRHD.
B. Pharmacologic activity
(b) (4)
(exenatide) is an incretin mimetic that mimics several glucoregulatory actions of
the endogenous incretin, GLP-1 both in vitro and in vivo including decreased fasting and
post-prandial glucose. The actions of exenatide are partially mediated through binding to the
human pancreatic GLP-1 receptor, leading to the glucose-dependent enhancement of both
synthesis and secretion of insulin from pancreatic beta cells via a cyclic AMP-dependent
mechanism and β-cell proliferation. Actions of exenatide noted in vivo include sustained
improvement in beta-cell function. Glucose control is also enhanced via suppression of
inappropriately elevated glucagon secretion, slowing of gastric emptying, and reduction in
food intake with accompanying weight loss. Decreased glycosylated HbA1c is observed.
C. Nonclinical safety issues relevant to clinical use
Injection site inflammatory, hemorrhagic, fibrotic, exudative and degenerative changes were
observed across species. Parotid gland basophilia of unclear relevance was observed in the rat
(5X MRHD) and mouse (10X MRHD). In monkeys, there was a treatment-related increase in
percentage of animals that tested positive for anti-exenatide antibodies suggesting that the
drug may be antigenic to monkey. 5% of control animals tested positive for anti-AC2993
antibodies compared to 38%, 25% and 50% for the 0.6, 6.7 or 75 µg/kg BID groups
respectively. The positive finding in some control animals (which may be due to
contamination or background error) undermines the accuracy of this study. However,
NOAEL for anti-exenatide antibodies is < 0.6 µg/kg BID (< 6X MRHD). Teratologic finding
that occurred at maternal NOAEL (3 µg/kg/d BID = 3X MRHD) in mice during
organogenesis were cleft palate with/without holes and delayed ossification of ribs and skull
(interfrontal) bone. In pregnant rabbits irregular skeletal ossifications were also seen with
treatment during organogenesis. In pregnant mice treated from organogenesis through
weaning, neonatal death was observed post-partum days 2 to 4.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW
2.6.1

INTRODUCTION AND DRUG HISTORY

NDA number: 21-773 (IND 57,725).
Review number: 1.
Sequence number/date/type of submission: 000/July 2, 2004/ Commercial NDA.
Information to sponsor: Yes (X) No ( )
Sponsor and/or agent: Amylin Pharmaceuticals, Inc; 9373 Towne Centre Drive; San Diego, CA 92121.
Manufacturer for drug substance: Bachem, 3132 Kashiwa St., Torrance, CA 90505; Mallinckrodt Inc.,
675 McDonnel Boulevard, St. Louis, MO 63134; and Star Biochemical, 20910 Higgins Court, Torrance,
CA 90501.
Reviewer name: John Colerangle, DVM, Ph.D., DABT.
Division name: Division of Metabolic and Endocrine Drug Products (DMEDP).
HFD#: 510
Review completion date: March 1, 2005.
Drug:
(b) (4)
Trade name:
Byetta (International trade name).
Generic name: Exenatide/Exendin-4.
Code name: AC2993, AC2993A, AC002993, LY2148568.
Chemical name: L-histidylglycyl-L-glutamylglycyl-L-threonyl-L-phenylalanyl-L-threonyl-Lseryl-L-aspartyl-L-luecyl-L-seryl-L-lysyl-L-glutaminyl-L-methionyl-L-glutamyl-L-glutamyl-Lglutamyl-L-alanyl-L-valyl-L-arginyl-L-leucyl-L-phenylalanyl-L-isoleucyl-L-glutamyl-Ltryptophanyl-L-leucyl-L-lysyl-L-asparaginylglycylglycyl-L-prolyl-L-seryl-L-serylglycyl-Lalanyl-L-prolyl-L-prolyl-L-prolyl-L-serinamide, hydrate (IUPAC)
CAS Registry Number: 141732-76-5
Molecular Formula/ Molecular Weight: C184H282N50O60SCXH2O, where x is variable. MW for
anhydrous: 4186.6
Structure:

(b) (4)

Relevant INDs/NDAs/DMFs: IND 57,725,

, DMF 17227, DMF 17114.

Drug Class: Synthetic peptide, antihypoglycemic, incretin mimetic. Exenatide was originally isolated
from the saliva of the Gila monster. The amino acid in the central region has 8 amino acids common to
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GLP-1 (7-36) amide. These amoni acids lie in the same face of the α-helix suggesting a common active
binding site. However, exendin-4 is not a GLP-1 analogue.
Indication: Type II diabetes.
Clinical formulation: There are two strengths (0.3 and 1.0 mg/ml, GR434R01 and GR344R01,
respectively). Each is a 1 ml single dose, sterile formulation in 30mM acetate buffer pH 4.5 with mannitol
added as an iso-osmolality modifier.
Route of administration: Subcutaneous Injection.
Disclaimer: Some tables, graphs and text were taken from sponsor’s submission.
Studies reviewed within this submission:
Single Dose Toxicity Studies
An IV toxicity study in mouse.
A single and a rising dose toxicity study in rats by subcutaneous injection.
A rising dose subcutaneous toxicity study in monkey.
Repeat Dose Toxicity Studies
Rat
14 days IV toxicity study in rat.
28 days subcutaneous toxicity study in rat.
91 days subcutaneous toxicity study in rat.
Mouse
28 days subcutaneous (BID) toxicity study in mouse.
91 days subcutaneous (BID) toxicity study in mouse.
91 days subcutaneous (QD) toxicity study in mouse.
182 days subcutaneous (BID) toxicity study in mouse.
Monkey
5 days subcutaneous (QD) toxicity study in monkey.
28 days subcutaneous (QD) toxicity study in monkey.
91 days subcutaneous (BID) toxicity study in monkey.
273 days subcutaneous (BID) toxicity study in monkey.
Genetic Toxicology Studies
Salmonella-E. coli reverse mutation assay.
Salmonella-E. coli reverse mutation assay (Bachem).
Salmonella-E. coli reverse mutation assay (Mallinckrodt).
Chromosome aberration in Chinese Hamster Ovary cells.
Chromosome aberration in Chinese Hamster Ovary cells (Bachem).
Chromosome aberration in Chinese Hamster Ovary cells (Mallinckrodt).
In vivo mouse micronucleus assay.
Carcinogenicity Studies
104 weeks study in rats.
96 weeks (females) and 98 weeks (males) studies in mouse.
Reproductive Toxicology Studies
Fertility and general reproductive toxicology study in mouse.
Embryo-fetal development study in mouse.
Embryo-fetal development study in rabbit.
Comparative evaluation of the effects on normal development and growth of embryo and fetus in rabbits at doses
that cause depression in food consumption and matched pair-fed animals.
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The toxicokinetics of AC2993 and pharmacodynamics of plasma glucose in pregnant rabbits.
Perinatal and postnatal development study in mouse.
Special Toxicology Studies
Neutralizing anti-exenatide antibody production in NIH Swiss mice.
Effects of Anti-AC2993 antibodies on toxicokinetics, body weight changes and histological change in pancreas of
Cynomolgus monkeys administered AC2993 BID by subcutaneous injection for 9 Months.
Antigenicity of exenatide in mice, rats and monkeys.
28-Day toxicity evaluation of heat-degraded AC2993 in CD-1 mice administered subcutaneously twice daily.
Studies not reviewed within this submission: The toxicokinetic studies conducted separately were reviewed with
their respective toxicology studies.

2.6.2

PHARMACOLOGY

2.6.2.1 Brief summary
Nonclinical pharmacology studies have shown that exenatide and GLP-1 bind to and stimulate GLP-1
receptors equipotently, as demonstrated by the production of cyclic adenosine monophosphate (cAMP) in
human- and rat-based receptor systems. Receptor activation with exenatide occurred only while the ligand
was present within the incubation media suggesting that the extended duration of pharmacologic action of
exenatide in vivo compared to GLP-1 relates to an increased plasma half life. Distribution of binding sites
within mouse tissue for exenatide is similar to that observed for GLP-1, with most notable binding in the
lateral septum and basal forebrain, as well as within circumventricular organs including the area
postrema. Significant binding was also observed in the pancreas and the outer cortex of the kidney.
Within the pancreas, binding densities of exenatide were focally distributed within the islets of
Langerhans, presenting a functional target for circulating concentrations of exenatide to act to effect the
secretion of insulin.
Anti-diabetic actions thought to be mediated via GLP-1 receptor occur at 0.1-1 µg/kg exenatide in various
species. These primary pharmacodynamic actions of exenatide in animals are listed as follows:
•
•
•
•
•
•
•
•

Decreased fasting and postprandial glucose
Decreased glycosylated hemoglobin (HbA1c)
Stimulation of insulin secretion
Suppression of glucagon secretion
Increased insulin sensitivity
Slowing of gastric emptying
Neogenesis of pancreatic islets
Suppression of food intake and weight loss

In vitro studies revealed that exenatide has a direct action on isolated pancreatic rat islets to stimulate
release of insulin, and the results are consistent with published reports confirming a glucose-dependent
insulinotropic action. Studies in the perfused rat pancreas showed that exenatide potentiates both firstand second-phase insulin secretion, further suggesting that the glucose dependence of the insulinotropic
effect may reside, in part, at the level of the pancreas. A parallel study in this system showed that the
exenatide-induced suppression of glucagon was still present when both insulin and somatostatin
(endogenous suppressors of glucagon secretion) were removed from the system, suggesting an additional
direct effect at the level of the α-cell.
In vivo, exenatide improves fasting and postprandial plasma glucose concentrations through multiple
mechanisms of action. In nondiabetic animals, exenatide administration potently and dose dependently
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reduced plasma glucose concentrations by up to 37% in mice and 35% in rabbits but not in rats. In
contrast, a paradoxical increase in plasma glucose levels in response to exenatide in nondiabetic rats
appears to be mediated by release of catecholamines. Exenatide did not increase either glucose or lactate
in adrenalectomized rats or in rats treated with the β-adrenoceptor blocker propranolol. Using the db/db
and ob/ob mouse models of type 2 diabetes, treatment with exenatide resulted in dose-dependent
reductions in plasma glucose concentrations. The maximum plasma glucose reductions achieved were
37% and 30% in db/db and ob/ob mice, respectively. In diabetic (ZDF) rats, subchronic treatment with
exenatide (5 to 8 weeks) prevented the onset of diabetes as reflected by lower HbA1c concentrations.
While published in vitro studies examining direct tissue actions of exenatide to promote glucose uptake
remain equivocal (studies in isolated muscle, fat and liver preparations), 6-week treatment with exenatide
in diabetic ZDF rats and in obese, glucose-intolerant (fa/fa) rats resulted in a robust improvement in
insulin sensitivity, partly independent of reduced body weight. The acute administration of exenatide to
diabetic rhesus monkeys resulted in a dose-dependent reduction in plasma glucose of up to 41%. Several
studies examining the glucose-lowering action of exenatide in diabetic animals suggest that this action is
glucose-dependent in nature as evidenced by a more potent glucose-lowering action when glucose is high.
Exenatide may contribute to the maintenance of islet cell mass and function, through complementary
actions to stimulate islet cell proliferation and neogenesis. In vitro studies report a direct action of
exenatide to stimulate β-cell neogenesis from putative pancreatic endocrine “stem cells” in primary
cultures of pancreatic precursor cells, primary islet cultures, and pancreatic cell lines. To further enhance
β-cell mass, exenatide has been reported to suppress apoptosis of β-cells via a protein kinase Amechanism, decreased activation of caspases, and increased expression of the anti-apoptotic gene Bcl-2.
In nine animal studies reported so far, the improvement in glycemic control achieved with exenatide
occurred in conjunction with enhanced islet function and increased islet mass. Other studies in animals
suggest that additional metabolic conditions, such as hyperglycemia, may be required to promote islet
neogenesis following activation of GLP-1 receptor signaling. Together, these findings indicate that
exenatide acts to enhance and sustain the appropriate β-cell mass required to maintain normal glucose
control (glucose-dependent stimulation of islet neogenesis) and support the concept that exenatide therapy
may improve disease states characterized by β-cell deficiency. (It should be noted that no exenatiderelated neoplastic lesions were found in pancreas of mice and rats in the 2-year carcinogenicity
evaluation.)
Exenatide produced a potent action to slow gastric emptying in rats in a dose-related manner. Studies in
rats have shown that there is a reversal of this action of exenatide during hypoglycemia, suggesting that
this effect is glucose-dependent. Exenatide thereby regulates the inflow of nutrients into the circulation,
contributing to reduced postprandial glucose concentrations.
In nondiabetic mice and rats, acute administration of exenatide dose dependently reduced food intake by
up to 75%. A reduction in daily food intake and body weight was seen in both diabetic, fatty Zucker
(ZDF) rats and in nondiabetic, obese fa/fa rats that received exenatide daily or BID for 6 weeks. These
changes were associated with improvements in insulin sensitivity and with reductions in hyperinsulinemia
and hyperlipidemia. In an environmental model of diet-induced obesity, expected increases in food intake,
body weight, plasma glucose, insulin, and triglycerides were dose dependently decreased with exenatide
infusion in high-fat fed mice. At the highest dose of exenatide tested, high-fat, diet-induced changes were
completely reversed to (normal) levels observed in lean-fat fed control mice. This is consistent with
chronic dosing of CD-1 mice where food consumption and body weights are generally unremarkable.
Changes in body weight were due to decreased fat mass without effects on lean body mass. In dietinduced obese rats, exenatide dose dependently reduced body weight gain and caloric intake compared
with high-fat fed controls. Plasma concentration-response relationships in rats yielded a plasma EC50 for
body weight change after 28 days of treatment of 14.3 pM (59.9 pg/mL).
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In conclusion, experimental studies exploring the pharmacology of exenatide support the concept that this
incretin mimetic acts through multiple mechanisms to potently and immediately promote lowering of
plasma glucose levels and to promote long-term actions to significantly lower HbA1c. Exenatide
decreases fasting glucose levels in all animal models of type 2 diabetes assessed to date (rat, mouse, and
monkey) and exhibits a durable effect to lower HbA1c levels in diabetic rats. Improvements in glycemic
control are achieved via both modulation of the rate of glucose appearance in the circulation (slowing of
gastric emptying rate, reduced food intake, suppression of glucagon secretion), and modulation of the rate
of glucose clearance from the blood (glucose-dependent insulin secretion, improved insulin sensitivity,
increased β-cell mass). Exenatide can thus be expected to have therapeutic value for the long-term
treatment of patients with type 2 diabetes mellitus. The results from glucose-lowering studies in several
animal species support an efficacious dosage range of 0.01 to 1 µg/kg BID.
2.6.2.2 Primary pharmacodynamics
Mechanism of action: Exenatide mimics several glucoregulatory actions of the endogenous incretin, GLP1 both in vitro and in vivo. The actions of exenatide are partially mediated through binding to the human
pancreatic GLP-1 receptor, leading to the glucose-dependent enhancement of both synthesis and secretion
of insulin from pancreatic beta cells via a cyclic AMP-dependent mechanism. Actions of exenatide noted
in vivo include sustained improvement in beta-cell function. Glucose control is also enhanced via
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: Exendin-4 is proposed to act through the GLP-1 receptor and
to have many of the antidiabetic effects of GLP-1. 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
Exendin-4 and GLP-1. EC50 in RINm5f cells (rat insulinoma pancreatic cell line) was 0.31 nM for
AC2993 and 0.23 nM for GLP-1. Duration of effect on cAMP production was similar (~ 30 min) for both
compounds. AC2993 was ~ 1000 times more potent than GLP-1 in reducing plasma glucose
concentration after a single SC dose to hyperglycemic db/db mice. Both compounds induced ~30 %
maximum decrease in glucose in monkeys or mice but the ED50 for GLP-1 was approximately 10,000fold greater than Exendin-4. 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 likely to occur. This is a potential advantage of use of GLP-1 or Exendin-4
in treatment of diabetes. Sponsor suggests that the mouse is a better model than rat because blood glucose
response in the mouse was more similar to the human response than the response in the rat.
2.6.2.3 Secondary pharmacodynamics
The secondary pharmacological effects of exenatide was examined in studies on the cardiovascular
(mouse, rat, monkey), renal (rat, mouse), gastrointestinal exocrine (rat), and endocrine (rat) systems.
Exenatide has been shown to produce a dose-dependent increase in mean arterial blood pressure and heart
rate in nondiabetic rats. This effect was partially blocked with concomitant antagonism of αadrenoceptors using phentolamine. The increase in blood pressure diminished subsequent to repeated
dosing, suggesting the effect in rats was not relevant to chronic administration of exenatide. There were
no findings indicative of chronic hypertension in a 91-day toxicity study or in a 2-year carcinogenicity
study in rats, with survival being higher among exenatide-treated groups. While transient increases in
blood pressure were observed in rats, no hemodynamic effects were observed with GLP-1 or exenatide
administration in mice, dogs, calves, or monkeys. Acute toxicological studies designed to elicit potential
cardiodynamic effects of exenatide were performed in non-human primates, and no effect of exenatide
9
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was observed on ECG, arterial pressure, or heart rate at doses up to 10,000 times those proposed for
antidiabetic therapy. Also, no effects on cardiovascular performance including QTc interval were
observed in a 9-month toxicity study in monkeys. When exenatide was administered acutely to
nondiabetic human subjects or to subjects with type 2 diabetes over a 30-fold dose range (0.01 – 0.3
µg/kg), it did not significantly alter blood pressure. When dosed appropriately (5 or 10 µg BID), exenatide
did not change blood pressure during chronic administration for up to 12 months in patients with type 2
diabetes. Overall, cardiodynamic effects reported for exenatide in rats are highly species specific.
Furthermore, in these long-term controlled clinical studies, no prolongation in QTc interval, as
determined from ECG over-reads, was observed. It appears that the cardiovascular effects reported for
exenatide in rats are highly species specific.
Exenatide-related effects on the urinary/renal system were evaluated in anesthetized rats. Exenatide
produced an acute, profound diuresis (rat and monkey) and exhibited a durable effect to lower HbA1c in
diabetic rats. Improvements in glycemic control were achieved via modulation of both the rate of glucose
appearance in the circulation (slowing of gastric emptying, reduced food intake, suppression of
inappropriately elevated glucagon secretion) and modulation of the rate of glucose clearance (enhanced
glucose-dependent insulin secretion, improved insulin sensitivity, increased β-cell mass). Exenatide has
been shown to produce an acute, profound diuresis and natriuresis in rats following intravenous doses of
≥0.8 µg/kg. No net effect on potassium excretion was noted; however, calcium excretion was increased
after single, IV dosing (≥0.21 µg/rat). Pressure diuresis is one of several mechanisms that might explain
this. However studies using a pressure clamp to maintain high renal blood flow in rats indicate that this is
not the only operative mechanism (i.e. urine and K+ are maintained). Similar, albeit less potent, diuretic
and natriuretic effects were observed following IV exenatide administration in anesthetized mice. No
renal pharmacology studies were performed in monkeys. However, no renal toxicity (pathology,
electrolytes) was observed in long-term toxicity studies in mice, rats, and monkeys. Increased water
consumption is a consequence of the diuresis seen in rats and to a lesser extent in mice. Water
consumption was significantly decreased in pregnant rabbits at ≥ 22 µg/kg contributing to maternal MTD.
Acute administration of exenatide did not affect serum levels of follicle stimulating hormone (FSH),
luteinizing hormone (LH), testosterone (at approximately 60 µg/kg), or thyroid hormones T3 and T4 (at
approximately 0.8 µg/kg) in nondiabetic rats. A recent external study in rats has shown that Subcutaneous
(SC) injection of exenatide at 6-120 µg/kg significantly lowered plasma TSH levels for up to 12 hours
following injection.
2.6.2.4 Safety Pharmacology

2.6.2.5 Pharmacodynamic drug interactions
Nonclinical studies to evaluate potential drug interactions have not been conducted.
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(b) (4)

(b) (4)

2.6.4

PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary (This was obtained from the sponsor’s summary).
The pharmacokinetics of exenatide was assessed in rats following subcutaneous (SC), intravenous (IV),
and intraperitoneal (IP) administration. The pharmacokinetic parameters of exenatide were also assessed
in mice, rabbits, and monkeys following single or multiple, SC or IV injection. No consistent differences
in the pharmacokinetic parameters for exenatide were observed between male and female mice, rats, and
monkeys; therefore, the pharmacokinetic parameters in the pharmacokinetic and the non-clinical
toxicokinetic studies were not separated by gender. In general, for SC administration, Cmax and AUC
increased in proportion to dose for the mouse, rat, and rabbit (dose ≤20 µg/kg in rabbit) and the Tmax
ranged from 0.25 to 1.75 h. The terminal t½ after SC injection was prolonged in the mouse, rat, and rabbit
when compared to the terminal t½ after IV injection, suggesting that absorption of exenatide is the ratelimiting factor for determining terminal t½ after SC administration.
The potential for exenatide to cross the placental barrier was assessed in vivo in mice, rats, and rabbits
and ex vivo using human placental tissue. The potential of exenatide to cross the placental barrier was low
with a maximum fetal to maternal ratio of 0.025. Exenatide used during pregnancy is, therefore, expected
to result in limited direct exposure to the fetus. In addition, exenatide was present in the milk of lactating
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CD-1 mice at a level of approximately 2.5% of the plasma concentration after SC administration at 760
µg/kg/day; indicating limited excretion of exenatide into milk of lactating mice.
In anesthetized rats, no major in vivo metabolites of exenatide were observed in the plasma following
doses up to 20 mg/animal. Additional studies were done to characterize exenatide clearance. The potential
metabolic basis for exenatide’s longer plasma half-life and pharmacodynamics versus that observed for
GLP-1 (a related incretin peptide) was examined by in vitro comparison of exenatide and GLP-1
enzymatic degradation by purified dipeptidyl peptidase IV (DPP-IV). In these studies, exenatide was
found to be resistant to proteolytic cleavage by DDP-IV. Since clearance of peptides by renal filtration
and metabolism is known to occur, this route of elimination was investigated for exenatide. The dominant
role of the kidneys in the clearance of exenatide was further assessed in a renal-ligation model in rats;
AUC, Cmax, and t½ all significantly increased and clearance decreased. Analysis of post-administration
urine samples from rats failed to reveal significant concentrations of intact exenatide suggesting that
reabsorption and proteolytic degradation may occur in the renal tubule after filtration. Metabolism was
further evaluated using in vitro assays of kidney membrane preparations from mouse, rat, rabbit, monkey,
and human tissue sources, demonstrating the potential for metabolism of intact exenatide within renal
tubules. Tubular re-absorption and degradation of exenatide would explain the relative absence of
immunoreactive (full length) exenatide in the urine of rats. The potential role of the liver in metabolism
and excretion was assessed in models of liver injury including thioacetamide- and D-galactosamineinduced liver injury models of cirrhosis and acute hepatitis, respectively, in rats. These studies
demonstrated no significant difference in pharmacokinetic parameters in rat models with either acute or
chronic liver injury versus controls. In summary, the pharmacokinetic data suggest that compromised
liver function did not alter the clearance of exenatide and that exenatide is eliminated predominantly by
the kidney.
2.6.4.2 Methods of Analysis
Analytical assays were developed and validated for the quantitation of exenatide in mouse, rat, rabbit,
dog, monkey, and human plasma to support nonclinical and clinical pharmacokinetic studies. The
exenatide immunoradiometric assay (IRMA) was used in initial nonclinical studies. The exenatide IRMA
was replaced by the exenatide immunoenzymetric assay (IEMA) to increase assay sensitivity. The
exenatide IEMA was used for the quantification of exenatide in most nonclinical and clinical studies. In
addition to assays to quantify exenatide, an assay was developed and validated to detect the presence of
anti-exenatide antibody in specimens from nonclinical and clinical studies. The resulting anti-exenatide
enzyme-linked immunosorbent assay (ELISA) provided a means of screening plasma specimens for the
presence of anti-exenatide antibodies. A modification of this method was used to evaluate cross-reactivity
of anti-exenatide antibodies to endogenous peptides (GLP-1 and glucagon) that have some sequence
homology to exenatide.
Detection of Exenatide Concentrations in Plasma by IRMA: The exenatide immunoradiometric assay
(IRMA) was developed and validated for the quantitation of exenatide in rat, rabbit, dog, monkey, and
(b) (4)
human plasma to support initial nonclinical studies. The exenatide IRMA is a
assay
that uses two monoclonal antibodies. Sponsor stated that the capture antibody EXE4:2-8 is specific for
exenatide as it recognizes a C-terminal epitope of exenatide and does not cross-react with GLP-1(7-36) or
glucagon. The detecting antibody GLP1:3-3 recognizes the N-terminal epitope on exenatide, GLP-1 (736), and glucagons and is 125I-labelled. The assay is specific for exenatide due to the selectivity of the
EXE4:2-8 capture antibody. Since both antibodies need to bind to the peptide in order to generate an
assay signal, cross-reactivity with other peptides or metabolites is minimized. The lower and upper limits
of quantitation for the assay are 62.8 pg/mL and 2512.0 pg/mL exenatide, respectively. Assay accuracy
and precision range from 95.5% to 114% and 3 to 17.3% respectively.
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Detection of Exenatide Concentrations in Plasma by IEMA: The exenatide immunoenzymetric assay
(IEMA), based upon the exenatide IRMA, was developed for increased assay sensitivity and to eliminate
the use of radioactive materials required in the IRMA. The methods are very similar, differing primarily
in the method of detection and the limits of quantitation. The exenatide IEMA has been used to evaluate
specimens for nonclinical and clinical studies.
(b) (4)
The exenatide IEMA is a
assay using the same two monoclonal antibodies used in the
exenatide IRMA but employs fluorescent detection in place of the previous radiometric (125I ) method.
The capture antibody EXE4:2-8 is specific for exenatide as it recognizes a C-terminal epitope of
exenatide and does not cross-react with GLP-1(7-36) or glucagons and is biotinylated. The detecting
antibody GLP1:3-3 recognizes the N-terminal epitope on exenatide, GLP-1 (7-36), and glucagon. The
assay is specific for exenatide due to the selectivity of the capture antibody. Since both antibodies need to
recognize the peptide in order to generate a signal for this assay, cross-reactivity with other peptides or
metabolites is minimized. The assay accuracy and precision range from 93.8-110.3% and 8.7-26.7%
respectively.

Determination of Anti-Exenatide Antibody in Plasma Specimens by ELISA: An enzyme-linked
immunosorbent assay (ELISA) capable of detecting antibodies with affinity for exenatide was developed,
validated and used to detect anti-exenatide antibodies in plasma specimens from CD-1 mice, cynomolgus
monkeys, or humans. Additionally, the assay was used to detect anti-exenatide antibodies in plasma
specimens from rats as a research assay. The ELISA detection reagent detects IgG, IgA, and IgM
responses specific to exenatide and therefore allowed detection of multiple immunoglobulin classes.
Sponsor stated that in the anti-exenatide ELISA, plasma specimens were assayed with and without excess
soluble exenatide to correct for assay signal not associated with anti-exenatide, anti-GLP-1, or antiglucagon antibodies (i.e., signal from nonspecific binding). Specimens were diluted 1:5 in two different
dilution buffers: in sample diluent and the second in sample diluent containing an excess of exenatide (0.1
mg/ml). Additional serial dilutions were prepared, as needed (1:25, 1:125, 1:625, etc.), to determine a
titer. Each diluted sample was added to a microtiter plate with exenatide non-covalently bound to the
wells. The samples were incubated to allow adherence of anti-exenatide antibodies present in the plasma
to the exenatide-coated wells. Specific antibody binding was ascertained by incubating goat anti-(species
of interest) Ig conjugated to horseradish peroxidase followed by signal generation with the addition of the
peroxidase substrate o-phenylenediamine. The color signal was detected at a wavelength of 490 nm. As a
negative control, three different negative plasma samples are assayed in each assay. As positive controls,
the reactivity of the goat anti-Ig-horseradish peroxidase conjugate and exenatide binding to the microtiter
plate wells were assessed in each assay.
Assay specificity was demonstrated by inhibition of exenatide binding by soluble peptides. Exenatide
levels present in the plasma specimen at less than 8 ng/ml do not affect the results. The LLQ = 1 µg/ml
for mouse antibodies and 0.5 µg/ml for affinity purified human antibody pool. Insulin (0.1 mg/ml), with
no homology to exenatide, did not inhibit exenatide binding to either of the monoclonal antibodies.
Soluble GLP-1 and glucagon (0.1 mg/ml) both inhibited exenatide binding to GLP1:3-3, the binding
epitope of which is shared by each of the peptides. In contrast, exenatide binding to EXE4:2-8, which is
specific to exenatide, was not inhibited by either GLP-1 or glucagon. Therefore, this assay format may
detect autoantibodies generated to plasma GLP-1 or glucagon.
Assay for Cross-reactivity of GLP-1 and Glucagon in Plasma Positive for Anti-exenatide Antibody
(Cross-reactivity ELISA): The anti-exenatide ELISA established that some patients produce antibodies
in response to exenatide treatment. Furthermore, using monoclonal antibodies, it was observed that this
assay also detects antibodies that are cross-reactive to common epitope(s) between exenatide, GLP-1 and
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glucagon. Therefore, the validated anti-exenatide ELISA was adapted and used to determine if antibody
cross-reactivity to GLP-1 or glucagon was present in plasma positive for anti-exenatide antibody.
Sponsor stated that the cross-reactivity ELISA is a validated qualitative assay that compares inhibition of
exenatide binding to antibodies in the presence of excess exenatide, GLP-1(7-36) or glucagon to a sample
without competitive peptide added. The amount of competitive peptide added, 0.1 mg/ml, is at least 1000fold excess over physiological levels of GLP-1 and glucagon, which range from 20 to 100 pg/ml. In
addition, competitive peptide levels at both 0.1 and 0.5 mg/ml achieved near maximal inhibition. Results
are reported using % Inhibition values for the competitive peptide (either GLP-1 or glucagon). Sponsor
stated that this assay has the ability to determine cross-reactivity to GLP-1 and glucagon in specimens
positive for anti-exenatide antibody at antibody concentrations above 0.5 µg/ml.
The assay is described as follows: Plasma specimens are diluted 1:5 in:
• sample diluent (buffer)
• sample diluent containing an excess of exenatide (0.1 mg/ml)
• sample diluent containing an excess of GLP-1(7-36) (0.1 mg/ml)
• sample diluent containing an excess of glucagon (0.1 mg/ml)
Each diluted sample was then added to the microtiter plate and incubated to allow unbound antibodies
present in the plasma to bind with the exenatide coated wells. Exenatide-specific antibody binding was
detected by incubating goat anti-human (or goat anti-mouse for the monoclonal controls) Ig conjugated to
horseradish peroxidase. The amount of enzyme bound determined the color generation following addition
of an o-phenylenediamine solution. The resulting signal was measured at 490 nm. The inhibition of
ELISA signal when compared between the sample in buffer and the sample with competitive peptide was
used to determine the cross-reactivity. In cases where the amount of anti-exenatide antibody in the plasma
specimen is very low, the resulting low optical density (OD) values in the competitive peptide assay
format may result in a false % Inhibition due to high variability at these low assay response levels.
(b) (4)
Therefore, results were evaluated in a
process to determine if an anti-exenatide
antibody positive sample is positive or negative for cross-reactivity.
Anti-exenatide monoclonal antibodies, one specific to exenatide (EXE4:2-8) and one capable of crossreacting with exenatide, GLP-1 and glucagon (GLP1:3-3), were used to evaluate assay specificity and
sensitivity during method validation. The monoclonal antibody GLP1:3-3 was demonstrated to be
positive for cross-reactivity with GLP-1 and glucagon at an antibody concentration of 0.5 µg/ml. The
monoclonal antibody EXE4:2-8 and purified, pooled human antiexenatide antibody-positive sample
showed a positive response specifically to exenatide at antibody concentrations of 1 µg/ml and 10 µg/ml,
respectively, and both concentrations were not cross-reactive to GLP-1 or glucagon.
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2.6.4.3 Absorption
Pharmacokinetic Parameters in Sprague-Dawley Rats
Pharmacokinetic Parameters for Exenatide in Anesthetized Rats

Single-dose Pharmacokinetic Parameters for Exenatide Determined After IV and SC
Administration in Rats

Exenatide shows rate limiting absorption SC vs. IV.
Protein Binding and Distribution in Blood Cells: Binding of exenatide to human erythrocytes was
evaluated at concentrations of 0.0, 0.25, and 2.5 µg/ml using 3.2 ng/ml (125I)Y39-exenatide as a tracer.
Approximately 82% of exenatide is associated with the plasma fraction and 18% associated with
erythrocytes. Binding of exenatide to serum albumin and other plasma components was not determined.
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Summary of Pharmacokinetic Parameters in SD Rats, CD-1 Mice and New Zealand White Rabbits

2.6.4.4 Distribution
Tissue Distribution: Sponsor stated that Exenatide (a 39-amino acid peptide) like other peptides is
generally metabolized throughout the body into peptide fragments or individual amino acids. These
peptides and amino acids may be redistributed into the general circulation for utilization into newly
created peptides and proteins or as an energy resource in the liver. Therefore, evaluation of exenatide
whole body distribution was not technically feasible by existing methods. Exenatide binding to human
RBCs (0, 0.25, 2.5 µg/ml) resulted in 82% association with plasma proteins and 18% with RBCs.
2.6.4.5 Metabolism
Studies have been performed to investigate exenatide degradation in vivo. In general, no significant
fragments of exenatide were found in plasma following IV or SC injection in rats. Based upon the rat
data, characterization of exenatide metabolites from monkey and human plasma or urine were not
performed because at the lower exenatide concentrations resulting from the lower doses used in these
species, any metabolite would be expected to be below the limit of detection of the available analytical
techniques. Because of this lack of identifiable metabolites in the rat, additional studies were done in vivo
and in vitro to characterize how exenatide degradation could occur.
Characterization of In Vivo Exenatide Metabolites Following Intravenous or Subcutaneous
Administration Into Anesthetized Rats: Following the start of a 10 min IV infusion of 10 mg exenatide
or a SC injection of 20 mg exenatide, plasma was withdrawn at -15, 10, 15, 20, 30, and 60 min. The
plasma samples were analyzed by RP-HPLC with UV detection to identify possible exenatide
metabolites. The major exenatide-related component for both types of administration was exenatide itself.
Sponsor stated that there were several, very minor, peaks in the chromatograms of plasma samples from
IV-infused rats that were not present in the control sample: these peaks could not be identified as
metabolites of exenatide. Due to low concentrations, there was insufficient material to identify possible
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metabolites from the plasma of SC-treated rats. In conclusion exenatide metabolites could not be
identified in these high dose studies.
Possible Metabolic Pathways

In Vitro Metabolism
Dipeptidyl Peptidase-IV (DPP-IV)
The potential metabolic basis for the longer plasma half-life and pharmacodynamics of exenatide versus
that observed for GLP-1 (a related incretin peptide) was examined by in vitro comparison of exenatide
and GLP-1 metabolism by purified DPP-IV. In vitro studies demonstrated that exenatide is a poor
substrate for human DPP-IV, relative to GLP-1 (Figure below). Therefore, this peptidase is unlikely to be
involved in exenatide metabolism in vivo.
GLP-1 But Not Exenatide Is Degraded in the Presence of DPP-IV In Vitro
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Kidney Membrane
Since the kidney was the major route of elimination for exenatide and there were not significant levels of
full-length peptide present in rat urine, studies were done to investigate the potential of kidney membrane
preparations to degrade exenatide in vitro. In the presence of rat kidney membranes, exenatide
degradation was 4- to 5-fold slower compared to GLP-1. However, both peptides were completely
degraded after 40 min in this model system (Figure below).
In Vitro Degradation of Exenatide Is 4- to 5-fold Slower Compared to Degradation of GLP-1 in the Presence
of Kidney Membranes

Membrane preparations from mouse, rabbit, monkey, and human kidneys were also shown to degrade
exenatide. A preliminary assessment of the in vitro degradation products of exenatide was made using
kidney membrane preparations of mouse, rat, rabbit, monkey, and human. The data in below show the
primary in vitro degradation products detected by species. Two primary cleavage sites were common to
all of the species tested. These cleavage sites were between amino acids 21 and 22 (leucine and
phenylalanine, respectively) or between amino acids 22 and 23 (phenylalanine and isoleucine,
respectively). It should be noted that in all cases, except the cleavage after the thirty-fourth amino acid in
the mouse kidney membrane samples, the degradation products from both sides of the primary cleavage
sites were detected. Additional degradation products were identified that appeared to be formed after the
primary cleavage. A majority of these secondary products were detected in the mouse and rat kidney
membrane samples with relatively few seen in the rabbit, monkey, or human samples.
Primary In Vitro Exenatide Degradation Products Identified From Exenatide Digested With Kidney
Membrane Preparations
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These data demonstrate the potential for exenatide to be degraded within the kidney. The relative absence
of immunoreactive, full-length exenatide in the urine of rats may be explained by renal degradation
subsequent to glomerular filtration. In vivo, three of the four degradation products common to all species
tested [exenatide (1-21), exenatide (1-22), exenatide (23-39)] were the only circulating metabolites
identified and then only when renal-ligated rats were dosed with 10 and 20 mg exenatide/rat, IV and SC,
respectively. This data suggest similar degradation of exenatide may occur in locations outside the
kidney. In contrast, no circulating metabolites could be identified in plasma from anesthetized, nonligated rats dosed at 10 and 20 mg/rat, IV and SC, respectively.
2.6.4.6 Excretion
Nonclinical studies were performed to assess the clearance of exenatide in vivo and in vitro. The role of
the liver in exenatide degradation and clearance was evaluated and found not to contribute significantly, if
at all, to the clearance of exenatide. Described below are results of nonclinical pharmacokinetic and drug
metabolism studies that indicate that the kidney may be a site for the proteolytic degradation of exenatide
and the major contributor to exenatide clearance. Sponsor stated that the relative absence of
immunoreactive exenatide in the urine, however, suggests that proteolytic degradation may occur in the
renal tubule after filtration. Analysis of plasma following IV and SC administration of exenatide to rats
did not reveal major degradation products, further supporting the role of the kidneys as the major source
of clearance for exenatide.
In Vivo Studies
Liver
Determination of Plasma Pharmacokinetics of a Single IV Dose of Exenatide in a D-GalactosamineInduced Rat Liver Injury Model: The pharmacokinetic profile of a single IV bolus dose of exenatide
was determined in rats with D-galactosamine-induced acute liver injury (model of acute hepatitis) and
compared to the pharmacokinetic profile obtained in control rats. Acute liver injury was confirmed by an
increase of plasma ALT and AST activities. Twenty-four hours after injection of either D-galactosamine
or saline, rats were administered a single bolus 210-µg dose of exenatide IV and the pharmacokinetics of
exenatide were determined over the following 6-h period. Pharmacokinetic parameters were than
calculated using noncompartmental analysis of the plasma exenatide concentration-time data. Mean
terminal t½, CL, and AUC values of exenatide in rats administered D-galactosamine were not
significantly different (p >0.05) from those in control rats. The results indicate that the pharmacokinetics
of exenatide are not altered in this model of acute hepatitis, suggesting that liver metabolism does not
contribute to exenatide excretion.
Summary of PK Parameters of a Single, IV 210-µg Dose of Exenatide in Control and
D-Galactosamine-treated Male Sprague-Dawley Rats

Determination of Plasma PK of a Single, IV Dose of Exenatide in a Thioacetamide-Induced Rat
Liver Injury Model: To determine if chronic liver injury altered the pharmacokinetics of exenatide,
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cirrhosis was induced in male Sprague-Dawley rats by IP administration of 200 mg/kg thioacetamide for
12 weeks (a model of cirrhosis). After 12 weeks of treatment, liver injury in the thioacetamide-treated
group was indicated by increased mean plasma AST and ALT activities, and decreased mean plasma
BUN concentration, relative to the control group. Cirrhosis was confirmed histopathologically. Sponsor
stated that microscopic changes in kidneys were not remarkable. Approximately 72 h following the last
injection of thioacetamide or saline, exenatide was administered IV in a single bolus 210-µg dose and
serial plasma exenatide concentrations determined for 360 min post-dosing. Plasma exenatide
concentration versus time data was evaluated by noncompartmental analysis. Mean terminal t½, CL and
AUC values of exenatide in the thioacetamide-treated group were not significantly different from those in
the control group. The results indicate that the pharmacokinetics of exenatide is not significantly altered
in this model of cirrhosis, suggesting that the liver does not contribute to exenatide excretion.
PK Parameters of a Single, 210-µg IV Dose of Exenatide in Control and Thioacetamide-treated
Male Sprague-Dawley Rats

Kidney
To assess the involvement of the kidneys in clearance of exenatide, experiments were carried out in renalligated animals. It was determined that there was a significant decrease in clearance of exenatide and an
increased t½ in renal-ligated animals versus control animals, suggesting that the kidneys have an
important role in the clearance of exenatide. Three metabolites [exenatide (1-20),
exenatide (1-22), and exenatide (23-29)] were present at very low levels in renal-ligated rats that could
not be identified in control animals suggesting that exenatide and/or exenatide metabolites were cleared
from the system by the kidney before they could accumulate. A study using intact rats to evaluate the
amount of exenatide excreted into the urine, found that there was negligible urinary excretion of
immunoreactive exenatide.
Effects of Functional Nephrectomy on Clearance of Exenatide in Rats: Functional nephrectomy was
achieved by acute ligation of the renal arteries and veins in anesthetized SD rats. Exenatide was infused
intravenously for 150 min at 5 nmol/h (21 µg/ml/h). Exenatide plasma concentration during and after
infusion was measured with an exenatide immunoradiologic assay (IRMA). Exenatide plasma
concentration approached steady-state in 30 min at a concentration of 19.0 ± 4.5 nM (79,534 ± 18,837
pg/ml) in control rats but was 83.4 ± 39.0 nM (349,112 ± 163,254 pg/ml) in renal-ligated rats after 150
min (steady-state was not reached). Clearance of exenatide in control rats was 4.3 ml/min and was
decreased to 0.86 ml/min in renal-ligated rats indicating that the kidney is responsible for a majority of
exenatide elimination in rats. The terminal t½ in control rats was 66.9 min but increased to 326 min (~5fold) in renal-ligated rats. These data indicate that exenatide is cleared from plasma predominantly at the
kidney.
Characterization of In Vivo Exenatide Metabolites Following IV or SC Administration Into
Anesthetized Renal-Ligated Rats: Previously described studies using renal-ligated rats demonstrated
that the kidney is the major site of clearance for exenatide. This study along with studies using high doses
of exenatide in the rat did not result in detectable levels of metabolites, suggesting that exenatide is
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cleared from plasma predominantly by filtration. To investigate exenatide metabolite formation in vivo,
without contribution from the kidney and compare the resulting metabolite profile between two different
routes of administration (IV and SC), male SD rats were renal-ligated, dosed with exenatide (10
mg/animal IV, 20 mg/animal SC), and blood samples were collected and analyzed. The resulting
metabolite profile was compared between the two different routes of administration, IV and SC. Plasma
samples at each of the time points collected were evaluated for the presence of exenatide and potential
exenatide metabolites using LC/MS/MS. Three in vivo metabolites were identified in this study:
exenatide (1-22), exenatide (23-39) and exenatide (1-20). Concentration of the metabolites could not be
determined because they were present at trace levels (estimated at < 3% of exenatide levels by comparing
peak areas of exenatide to metabolite in the same sample). In a renal-ligated rat that had received
exenatide by IV, exenatide (1-22) and exenatide (23-39) were identified. From a renal-ligated rat that had
received exenatide by SC dose, exenatide (1-20) and exenatide (23-39) were identified. These metabolites
were not identified in rats that received the sham operation suggesting that the exenatide and/or exenatide
metabolites were cleared by the kidney or by further metabolism before they could accumulate to levels
that could be detected using the LC/MS/MS technique. The lower limit of detection of the method was 50
ng/ml exenatide and the level of exenatide in all specimens was at least 10,000 ng/ml. Two of the
metabolites identified in this study, exenatide (1-22) and exenatide (23-39) were tested for agonist and
antagonist activity using an in vitro assay and neither was active.
In Vivo Metabolism

Measurement of Exenatide Excretion in Rat Urine: Exenatide was infused IV at a rate of 260 µg/h for
2 h into male SD rats. Urine and plasma were collected and assayed for exenatide content by IRMA,
which is specific for full-length exenatide and is known not to recognize exenatide fragments. Urine
exenatide concentration reached a maximum of 1.47 ± 1.03 ng/ml after 60 min of infusion. Plasma
exenatide concentration at 90 min was 14.5 ± 1.0 µg/ml (represents approximate Css). The exenatide
plasma to urine ratio was 11,364 to 1 at 90 min. The total exenatide each animal received was 520 µg
over 2 h. The estimated total maximum amount of exenatide excreted in urine over 2 h was 35.3 ng.
Therefore, only ~ 0.007% of total intact exenatide was excreted into the urine over this time period at
high doses that may have exceeded the clearance capacity for pharmacological doses. These findings
support the concept that exenatide is metabolized following renal filtration so that exenatide does not
appear in the urine in significant amounts.
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Exenatide Excretion in Rat Urine

2.6.4.7 Pharmacokinetic drug interactions
Non-clinical drug interaction studies were not performed.
2.6.4.8 Other Pharmacokinetic Studies – Pregnancy-related PK.
Measurement of Exenatide Excretion in CD-1 Mouse Milk: Exenatide was measured in milk from
CD-1 mice on Day 14 of lactation. Female mice, 3/group, were dosed by repeat-dose SC injection at 0, 3,
34, or 380 µg/kg BID (0, 6, 68, or 760 µg/kg/day). Milk was collected approximately 1 h post first dose
on Day 14 of lactation; a blood sample was collected after the milk collection. Specimens were assayed
by exenatide IEMA. The presence of exenatide in the milk of animals that did not receive exenatide
during dosing suggests that contamination occurred during the collection of the samples or that there is
some nonspecific background in the assay. However, the data do suggest that low concentrations of
exenatide are present in milk at 380 µg/kg/dose exenatide. The concentration of exenatide in milk is 2.5%
of the plasma concentration at the highest dose administered [% exenatide in milk = 100* (5654 pg/ml 717 pg/ml)/194,993 pg/ml].
Exenatide Concentration in Plasma and Milk of CD-1 Mice

In Vivo Evaluation of Exenatide Transport Across the Placental Barrier: The potential of exenatide
to cross the placental barrier in mice, rats, and rabbits was evaluated. Pregnant female Sprague-Dawley
rats were dosed with a single, SC injection at 21 or 210 µg exenatide. Blood, amniotic fluid, and fetal
blood were collected when maternal exenatide plasma concentrations were expected to be maximal based
on previous studies (t = 30 min). The samples were assayed for exenatide concentration by exenatide
IRMA. Exenatide was not detectable in the amniotic fluid or fetal blood (assay LLOQ = 63 pg/ml).
Therefore, detectable levels of exenatide did not cross the placenta of pregnant rats despite high maternal
plasma concentrations [232.16 nM (971, 822 pg/ml) for the 210 µg dose].
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The plasma concentrations of exenatide in maternal and fetal plasma samples were evaluated in pregnant
female CD-1 mice and NZ White rabbits after repeat-dose SC BID administration of exenatide at doses
ranging from 6 to 760 µg/kg/day and 2 to 260 µg/kg/day respectively. The samples were assayed for
exenatide concentration by the exenatide immunoenzymatic assay (IEMA, assay LLOQ = 2.5 pg/ml).
Samples were collected approximately 1.5 h after dosing to allow time for the distribution of maternal
exenatide into the fetus if such transfer occurred. The data demonstrate that the potential of exenatide to
cross the placental barrier is very low in the mouse and rabbit (i.e., mean ratios for fetal plasma exenatide
concentrations to maternal plasma exenatide concentrations ranged from 0.008 to 0.025 in the mouse and
0 to 0.008 in the rabbit).
Ex Vivo Evaluation of Exenatide Human Placental Transfer: The potential of exenatide to cross the
human placental barrier was evaluated using an ex vivo human placental perfusion system. The integrity
of each placenta was demonstrated using radioactive antipyrine before being used in the experiment to
evaluate placental transfer. Placentas were then perfused with perfusate (maternal side) containing a
control peptide known not to cross the placental barrier (insulin) plus either 300 or 3000 pg/ml exenatide.
These concentrations were chosen because they represent 1 and 10 times the Cmax expected from the
highest clinical dose of exenatide (10 µg SC BID). Samples of maternal and fetal perfusate were collected
over 120 min and assayed to determine the concentrations of exenatide and insulin. The data with the ex
vivo human placental perfusion system (i.e., mean ratios for fetal side plasma exenatide concentrations to
maternal side plasma exenatide concentrations) ranged from 0.008 to 0.017, consistent with ratios found
in the whole animal experiments in rats, mice, and rabbits described above. The data show that the
potential of exenatide to cross the placental barrier is low. Thus exenatide used during pregnancy should
result in minimal direct exposure of the peptide to the fetus. Sponsor stated that under some
circumstances antibodies were formed (antigenicity) which appeared to slow the clearance of exenatide
further supporting that the kidney is the primary pathway for clearance of exenatide.
2.6.4.9 Discussion and Conclusions
Pharmacokinetic parameters for exenatide were determined in mouse, rat, rabbit, and monkey. The
pharmacokinetics of exenatide in males and females were not different and therefore, the phamacokinetic
parameters in the toxicology studies were calculated as combined data. In general, for the subcutaneous
route of administration, exenatide Cmax or AUC increased in proportion to dose and the Tmax ranged
from 0.25 to 1.75 h. The terminal t½ after SC injection was prolonged in the mouse, rat and rabbit when
compared to the terminal t½ after IV injection, suggesting that absorption of exenatide is the rate-limiting
factor in determining terminal t½ after SC administration. Exenatide clearance was studied in models of
liver and kidney impairment in rats. These studies showed that there was no significant difference in
pharmacokinetic parameters in rat models of either acute or chronic liver injury versus controls. However,
AUC, Cmax and terminal t½ all significantly increased and clearance decreased in rats with renal ligation.
These data suggest that exenatide is cleared predominantly by the kidney. There were no detectable
exenatide metabolites identified in studies performed in intact rats at very high doses of exenatide. 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. Studies performed using membrane
preparations from rat, mouse, rabbit, monkey, and human kidneys support this hypothesis.
Studies done in rats, mice, rabbits, and humans to evaluate the potential for exenatide to cross the
placental barrier show that the maximum fetal to maternal ratio is low (0.025). These data suggest that
maternal exenatide exposure during pregnancy would result in minimal direct exposure to the fetus.
Exenatide was present in the milk of lactating CD-1 mice at a level of approximately 2.5% of the plasma
concentration after SC administration of 380 µg/kg BID.
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2.6.4.10 Tables and figures to include comparative TK summary
2.6.4.11 Pharmacokinetics: Absorption After a Single Dose - SC

2.6.4.12 Pharmacokinetics: Absorption After a Single Dose – IV
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2.6.4.13 Pharmacokinetics: Study in Pregnant or Nursing Animals

2.6.4.14 Pharmacokinetics: Study in Pregnant or Nursing Animals (continued)

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
In Report REST03391R1 the sponsor explains their calculations across species. AUC values for the
cynomolgus monkey are derived from the 273-day chronic SC toxicity study with BID exenatide
administration. The sponsor calculated that for each µg/kg of SC administered exenatide an AUC value of
6279 pg.h/ml resulted. Likewise, AUC values for CD-1 mice, taken from the 182-day chronic toxicity
study with SC administered exenatide BID results in 1096 pg.h/ml for each µg/kg administered. AUC for
pregnant New Zealand White rabbits was complicated by the fact that consumption of water decreased
with dose and the magnitude of the decrease changes with the number of doses. This was relevant because
exenatide is metabolized and cleared through the kidney. Thus for pregnant rabbits the PK was non-linear
and the sponsor chose to use mean AUC as a more conservative estimation of exposure multiples in the
rabbit rather than a linear calculated value. Rats were dosed by a single SC administration not BID.
Exposures were estimated from a 90-day toxicity study to be 818 pg/h/ml µg/kg administered. The table
on the next page summarizes the sponsor’s calculated exposure multiples.
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Exposure Multiples From SC Administration Relative to Systemic Exposure in Humans at the
Highest Clinical dose of 10 µg BID
Dose (µg/kg/d)

AUC Valuea (pg.h/ml)

AUC Value in Humansb

Exposure Multiples Based
on Relative Systemic
Exposurec

Mice (Once daily)
18
13,662
2,076
7
70
53,130
2,076
26
250
189,750
2,076
91
Mice (BID)
6
6,576
2,076
3
18
19,728
2,076
10
68
74,528
2,076
36
116
127,136
2,076
61
460
504,160
2,076
243
760
832,960
2,076
401
Rat (Once daily)
18
14,724
2,076
7
70
57,260
2,076
28
250
204,500
2,076
99
Pregnant Rabbit (BID)
0.2
456
2,076
0.2
2
24,328
2,076
12
22
429,766
2,076
207
156
2,973,334
2,076
1,432
260
7,221,500
2,076
3,479
Monkey (BID)
1.2
7,534
2,076
4
2.2
13,814
2,076
7
13.4
84,138
2,076
41
18
113,022
2,076
54
150
941,850
2,076
454
a
Values except for rabbit were derived from equations obtained from analysis of TK data, rabbit values are mean AUC values.
See REST03391R1, Section 4.2.3.7.7.1 and REST03392, Section 4.2.3.7.7.2 for explanation.
b
Total daily exposure calculated from data obtained in Clinical study 2993-118 for 10 µg SC doses using the [mean AUC(t=0600min) x 2] to obtain total daily exposure.
c
Species AUC÷Human AUC.

2.6.5.6 Pharmacokinetics: Plasma Pharmacokinetics in Rat Liver Injury Models
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TOXICOLOGY

2.6.6.1 Overall toxicology summary
General toxicology: Single and repeat dose toxicity studies were conducted in the mouse, rat and monkey.
Exenatide caused no mortality and minimal toxic responses following single, IV dose in mice at doses up
to 1500 µg/kg, as a SC dose in rats up to 10,000 µg/kg, and as a SC dose in monkeys up to 5000 µg/kg.
Following subacute exposure (28 days) to exenatide, mean body weight of rats and monkeys (but not
mice) was decreased due to decreased food consumption. Weight of the thymus was decreased in
monkeys dosed 1000 µg/kg/d (3592X MRHD, AUC) which correlated with the lymphoid depletion
observed microscopically. Increased incidence of basophilic foci in the parotid salivary gland (minimal
severity) was observed in mice dosed 760 µg/kg/d (520X MRHD, AUC). Very low titers of antiexenatide antibody were evident in 2/20 (titers ≤ 1:25) mice treated with exenatide manufactured by Star.
Anti-exenatide antibody was not evident in mice treated with exenatide manufactured by Bachem or
Mallinckrodt. In monkeys, very low titers (<1:5) of anti-exenatide antibody were observed at doses ≥ 10
µg/kg/d (19X MRHD, AUC). Anti-exenatide antibody detection was not performed in the rat study.
While NOAEL could not be established in the mouse, NOAELs for the rat and monkey toxicity is 100
µg/kg/d (58X MRHD, AUC) and µg/kg/d (273X MRHD, AUC) respectively.
Subchronic exposure (91 days) of mice to exenatide at doses of 3, 34 and 380 µg/kg BID was well
tolerated. A high incidence of basophilic foci in the parotid salivary gland (minimal to mild severity) was
observed in mice at doses ≥ 6 µg/kg/d (3X MRHD, AUC). A high incidence of mandibular lymph node
hemorrhage was observed in mice dosed 760 µg/kg/d (520X MRHD, AUC). In another subchronic (91
days) toxicity study, mice dosed with exenatide at 18, 70 and 250 µg/kg QD followed by a 30-day
recovery period showed reversible increases in incidence of basophilic foci in the parotid salivary gland at
doses ≥ 18 µg/kg/d (12X MRHD, AUC). The physiologic significance of this lesion remains unclear, but
the lack of neoplastic sequelae of the lesion indicate that the basophilic foci of the parotid salivary gland
in mice may not be an adverse effect. Subchronic exposure (91 days) of rats and monkeys to exenatide
caused decreased body weight gain which correlated with decreased food consumption. Reversible
decreases in body weight gain were observed in rats at doses ≥ 18 µg/kg/d (5X MRHD, AUC). Decreased
body weight gain was observed in monkeys at doses ≥ 0.6 µg/kg BID (3X MRHD, AUC). Reversibility
was not assessed in monkeys. A low incidence and minimal severity of basophilic foci (reversible) was
observed in female rats at 18 µg/kg/d (5X MRHD, AUC) and 250 µg/kg/d (129X MRHD, AUC). At the
end of the recovery period, relatively high incidences of vacuolar change (adrenal gland), lymphocyte
infiltration (pancreas), and a low incidence of basophilic foci (parotid salivary gland) with minimal
severity were noted in 250 µg/kg/d (129X MRHD, AUC) male rats. NOAEL could not be established in
the rat study since microscopic evaluation was performed on only a few selected organs/tissues. In the
monkey, the target organs toxicity of minimal to mild severity were observed in the lung (inflammation,
hemorrhage, syncytial giant cells), endometrium (hemorrhage), pancreas (hypercellular islet) and stomach
(focal inflammation) at doses ≥ 6.7 µg/kg BID (65X MRHD, AUC). NOAEL for the monkey study was
0.6 µg/kg BID (3X MRHD, AUC). The potential of exenatide to elicit an immune response in rats was
low. In monkeys, 5% of control animals tested positive for anti-AC2993 antibodies compared to 38%,
25% and 50% for the 0.6, 6.7 or 75 µg/kg BID groups respectively. There seems to be a treatment-related
increase in percentage of animals that tested positive suggesting that the drug may be antigenic to
monkey. However, the positive finding in some control animals (which may be due to contamination or
background error) undermines the accuracy of this study. Moreover, with the exception of one 75 µg/kg
BID (1004X MRHD, AUC) animal that had an antibody titer of 125, the rest of the treated animals had
antibody titer of 25 regardless of treatment group. Systemic exposure increased with dose in the monkey
suggesting that the anti-exenatide antibody formed is not neutralizing.
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Chronic toxicity studies were conducted in mice (182 days) and monkeys (273 days). Mortality was
observed in mice at all dose levels including control but not in monkeys. The incidence of death was not
dose-dependent in the mouse. While there was no treatment-related effects on body weight/body weight
gain in the mouse, body weight gain decreased dose-dependently in treated monkeys. The target organs of
toxicity in the mouse include the eye (retinal atrophy, corneal mineralization, cataract), testis
(degeneration of seminiferous tubules), parotid salivary gland (basophilia), bone marrow (hyperplasia)
and injection sites (inflammation, hemorrhage, fibrosis, epithelial hyperplasia). Except for the basophilia
in the parotid salivary gland observed at all doses, most of the remaining toxicities were limited to the HD
of 380 µg/kg BID (260X MRHD, AUC) group. Anti-exenatide antibody reactivity was not different
between control and exenatide-treated mice. NOAEL could not be established because of the
ophthalmology findings, tissue reaction at the injection sites and the parotid gland basophilia observed at
all doses. In monkeys, the target organs of toxicity include the brain (mononuclear cell infiltration,
hemorrhage), thyroid (follicular distension, epithelial degeneration - males), adrenal gland (mineralization
- males, nodular hypertrophy – females), kidney (tubular dilatation - males), heart (mononuclear cell
infiltration - males), skeletal muscle (lymphoid cell infiltrate - males), pancreas (vacuolation, fibrosis,
mononuclear cell infiltrate, hypercellular islet – males and females), sciatic nerve (fibrosis - males),
uterus (protein deposits - females), stomach (lymphoid hyperplasia, lymphoplasmacytic infiltrate), colon
(cystic dilatation), cecum (pigmented macrophages), jejunum (cytoplasmic vacuolation), rectum
(inflammation)- all the GI lesions were observed in females except for the pigmented macrophages
observed in a HD males; injection sites (epidermal hyperplasia – males). Most of the toxic effects
occurred in the 9 µg/kg BID (1360X MRHD, AUC) and 75 µg/kg BID (994X MRHD, AUC) groups.
NOAEL was 1.1 µg/kg BID (8X MRHD, AUC) based on histopathology. One of 12 (8%) control
monkeys, 9/12 monkeys (75%) each receiving 1.1 µg/kg/BID and 9.0 µg/kg/BID and 8/12 monkeys
(67%) receiving 75 µg/kg/BID were found positive for anti-exenatide antibody. Titers of 1:125 or greater
were obtained in 5/12 (42%) monkeys receiving 1.1 µg/kg/BID, 4/12 (33%) monkeys receiving 9.0
µg/kg/BID and 2/12 (17%) monkeys receiving 75 µg/kg/BID. Increases in Cmax and AUC generally
correlated with anti-exenatide antibody titers ≥1:125 suggesting that anti-exenatide antibody was not
neutralizing. Moreover, exenatide-related effects on body weight were not correlated with anti-exenatide
antibody.
Genetic toxicology: Genotoxicity was assessed in three bacterial reverse mutagenesis (Ames assay)
studies, one for each of the manufacturers of exenatide, including Star, Bachem and Mallinckrodt.
Cytogenetic assays of mutagenicity (clastogenicity) were performed in vitro, for each of the
manufacturers of exenatide. Genotoxicity was further examined in vivo by the mouse micronucleus assay
with exenatide manufactured by Star. Exenatide tested negative under the conditions of the battery of
genotoxicity studies conducted.
Carcinogenicity: The carcinogenic potential of exenatide was investigated in rodent bioassays. Once daily
subcutaneous administration of exenatide at doses of 18, 70 and 250 µg/kg/d to mice for 96 weeks
(females) and 98 weeks (males) did not demonstrate any carcinogenic findings. Once daily subcutaneous
administration of exenatide at doses of 18, 70 and 250 µg/kg/d to rats for 104 weeks was associated with
increased incidence of thyroid C-cell adenoma in all drug treated females relative to controls. The
incidence in HD females is 23% relative to controls (8% and 5% for control groups 1 and 2 respectively)
and is greater than the sponsor’s historical control mean (5%) and range (0-10%).
Reproductive toxicology: The potential of exenatide to cause reproductive or developmental toxicity was
evaluated in mice and rabbits. Exenatide does not produce hypoglycemia in normal animals based on its
mechanism of action and study data. Therefore maternal hypoglycemia does not occur to confound the
reproductive toxicology evaluations. In fertility and general reproductive toxicity studies, male and
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female mice were dosed at 3, 34 and 380 µg /kg BID (3X, 50X and 520X MRHD, AUC). There were no
treatment-related effects on mating and fertility in both sexes or estrous cycling in treated females. There
was a dose-dependent decrease (not SS) in number of motile sperm by 7%, 8% and 20% at 3, 34 and 380
µg/kg BID respectively. There were dose-dependent decreases (not SS) in number of corpora lutea,
implantations and viable embryos in treated females relative to control. Post-implantation loss was
increased by 2 to 3-fold (not dose-related) in treated mice, but the differences were not statistically
significant relative to control. NOAEL for mating and fertility is 380 µg/kg BID (520X MRHD, AUC).
In a mouse teratology study, exenatide doses of 3, 34, 230 and 380 µg/kg BID, SC (3X, 50X, 243X and
520X MRHD, AUC) were evaluated. In addition, extra pregnant mice were exposed to the same doses of
exenatide and used to assess the extent of placental transfer. Food consumption was decreased in all
treated dams relative to control. Abortions, 1/25 each, were observed in dams at dosed 34 (50X MRHD)
and 380 µg/kg BID (520X MRHD) while premature delivery was observed in 1/25 dams each at doses ≥
34 µg/kg BID (50X MRHD). Two and five fetuses from the control and treated groups respectively had
multiple findings (cleft palate with/without hole, interfrontal ossification site, cervical ribs and wavy ribs).
The only teratologic finding that occurred at maternal NOAEL (3 µg/kg/d BID = 3X MRHD) is the nondose-related increased incidences of cleft palate (litter), delayed ossification sites in rib pairs (fetal) and
increased interfrontal (skull) ossification (litter, fetal). All other findings (decreases in implantations, litter
sizes, live fetuses and fetal weights, wavy ribs, delayed ossification of the thoracic and lumbar vertebrae)
occurred at doses ≥ 34 µg/kg BID (≥ 50X MRHD). The TK data showed that the potential of exenatide to
cross the placental barrier is very low in mice. Maternal NOAEL is 3 µg/kg BID (3X MRHD) based on
the abortions observed. Developmental NOAEL is also 3µg/kg BID (3X MRHD) based on dose-related
lower body weights in fetuses at higher doses, cleft palate and wavy ribs. Since the potential of exenatide
to cross the placental barrier is very low, the fetal findings observed may be a consequence of the doserelated decreased nutritional state of the dams during gestation or maternal toxicity. Sponsor stated that
dams with compromised nutritional state during organogenesis, produced fetuses with decreased body
weights and delays in normal fetal maturation (e.g. wavy ribs).
In a rabbit teratology study, pregnant female rabbits were dosed at 0.1, 11, 78, or 130 µg/kg BID, SC
resulting in total daily doses of 0.2 (0.2X), 22 (207X), 156 (1432X) and 260 µg/kg/day (3479X MRHD).
A satellite group of 25 female rabbits were exposed to the same doses of exenatide to assess the extent of
placental transfer which was 0, 0.009, 0.001, and 0.002 fetal: maternal plasma concentrations
respectively. Mortality was observed in 1/20 does each at 0.2 µg/kg/day (0.2X MRHD) and 22 µg/kg/day
(207X MRHD). Abortion and premature delivery occurred in 1/20 does each at 22 µg/kg/day (207X
MRHD) and 156 µg/kg/day (1432X MRHD) dose groups respectively. 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 of a single doe in a study is within the historical control
incidence for the testing facility. Dose-dependent decreases in body weight gain which correlated with
decreased food consumption were observed in treated does relative to control.
The only treatment-related fetal effect observed at the maternal NOAEL (0.2 µg/kg/day = 0.2X MRHD)
is an increased incidence (3.1%) of dead or resorbed conceptuses/litter relative to control (0%). The
incidence of this finding is less than the historic control mean of 3.7% and falls within the range (0-22%).
All other treatment-related fetal effects (higher incidence of dead or resorbed conceptuses/litter,
resorptions, umbilical hernia, small gall bladder, angulated hyoid, delayed ossifications, fused ribs and
fused sternal centra) occurred at doses ≥ 22 µg/kg/day (207X MRHD). Maternal NOAEL = 0.2 µg/kg/day
(0.2X MRHD) based on dose-related decrease in weight gain during the dosage period. The
developmental NOAEL is also 0.2 µg/kg/day (0.2X MRHD) based on the developmental toxicity (higher
incidence of dead or resorbed conceptuses/litter, resorptions, umbilical hernia, small gall bladder,
angulated hyoid, delayed ossifications, fused ribs and fused sternal centra) observed at doses ≥ 22
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µg/kg/day (207X MRHD). The potential of exenatide to cross the rabbit placental barrier is very low.
Therefore the fetal findings observed may be a consequence of the reduced nutritional state of the dams
during gestation or maternal toxicity. Sponsor stated that dams with compromised nutritional state during
organogenesis produced fetuses with decreased body weights and delays in normal fetal maturation (e.g.,
resorptions, umbilical hernia and delays in ossifications).
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 1, 11 and 130 µg/kg BID SC
exenatide resulting in total daily doses of 2 (12X MRHD), 22 (9207X MRHD), and 260 µg/kg/day
(3479X 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 K) 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 present in similar
incidences in both exenatide and pair-fed groups, suggesting these effects were a consequence of
compromised maternal condition. Thus, exenatide is not a developmental toxicant in rabbits; the NOEL
for developmental toxicity was 2 µg/kg/day exenatide (12X MRHD).Rabbit TK indicates greater
exposure than mice, rat or monkey based on dose. Decreased water consumption coincides with the
unusually high exenatide exposures. The sponsor suggests that since this drug is cleared by the kidney,
impaired clearance may explain the increased sensitivity of the pregnant rabbit to exenatide toxicity.
In a developmental and perinatal/postnatal reproduction toxicity study, pregnant mice were administered
exenatide at doses of 3, 34 and 380 µg/kg BID SC resulting in total daily doses of 6 (3X), 68 (50X) and
760 µg/kg/d (520X MRHD). One of 25 (F0) female mice died at all dose levels. The HD (520X MRHD)
female died while delivering a litter. The death at the HD might be drug-related because it occurred in the
HD group and the other mice in this dose group had increased incidences of stillbirths and pup deaths on
LD1 (Lactation Day 1). Although the cause of death could not be determined, sponsor indicated that the
deaths in the 6 (3X MRHD) and 68 µg/kg/day (50X MRHD) dose groups were not considered drugrelated because the incidences were not dose-dependent. There were no treatment-related effects on
corpora lutea, implantations, litter sizes and resorptions in cesarean-sectioned F1 females. No treatmentrelated effects on 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 were observed. The maternal (F0) NOAEL < 6 µg/kg/d (<3X MRHD) due to mortality at
doses ≥ 6 µg/kg/d, decreased body weight gain and food consumption at doses ≥ 68 µg/kg/d (50X
MRHD). NOAEL for fetal viability and growth is 6 µg/kg/d (3X MRHD) because doses ≥ 68 µg/kg/d (≥
50X MRHD) caused reduced pup body weights preweaning, increased incidence of still births, decreased
number if live births, and the 760 µg/kg/day increased perinatal mortality and reduced body weight gains
postweaning.
Special toxicology: Anti-exenatide antibody production in NIH Swiss mice was investigated to determine
if the anti-exenatide antibody is neutralizing by observing its effect on the glucose lowering activity of
exenatide. The mice treated with exenatide showed a consistent drop in plasma glucose levels an hour
after IP administration regardless of the duration of treatment with exenatide, GLP-1, or vehicle. Sponsor
stated that no measurable anti-exenatide antibody titers were established with the treatment of exenatide
for up to 8 weeks.
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Monkeys dosed for > 90 days at ≥ 18 µg/kg/d had greater than dose proportional exposure which
correlated with anti-exenatide antibody titers ≥ 1:125. 25% of the monkeys at 9 months were positive.
This affected kidney clearance. A study to determine the effects of anti-exenatide antibody on
toxicokinetics, body weight changes and histological change in pancreas of Cynomolgus monkeys
administered exenatide BID by subcutaneous injection for 9 months, showed that there were no effects of
antibody formation on decreased body weight gain and increased pancreas islet cellularity in the treated
groups. Except for one, monkeys with antibody titer >125 exhibited a larger plasma exenatide AUC value
at sample days 90, 180 and 273 relative to the AUC value on day 1. Based on this evaluation, an antibody
titer >125 caused a change in plasma pharmacokinetics, probably by slowing renal clearance due to
increased plasma protein binding. Anti-exenatide antibodies were not neutralizing with regard to the
biological responses evaluated in this study.
Exenatide was weakly antigenic or non-antigenic in rodents but antigenic in monkeys. Anti-exenatide
antibodies were noted following 1 month of treatment, and were present following 9 months of treatment,
resulting in 8 months of exposure to anti-exenatide antibody in monkeys. The formation of anti-exenatide
antibody in monkeys was not dose-dependent. The presence of anti-exenatide antibody at titers ≥1:125
resulted in altered pharmacokinetics in monkeys but was not neutralizing. Sponsor stated that there were
no apparent adverse effects of anti-exenatide antibody formation in monkeys such as injection sites
reactions, anaphylaxis, delayed-type hypersensitivity, autoimmune (dermal reactions, arthritis, anemia or
aplasias, mucocutaneous reactions) or antibody-antigen-complex-related pathology (arthritis,
nephropathies).
2.6.6.2 Single-dose toxicity
REPORT #
REST98095

ROUTE
IV
injection

SPECIES
Mouse

DOSE (µg/kg)
0, 30, 300, 1500

REST98098

SC
injection

Rat

Rising-dose
100, 300, 1000,
3000, 10,000,
30,000
Single-dose
30, 300, 3000

REST98099R1

SC
injection

Monkey

Rising-dose
100, 300, 1000,
3000, 5000

KEY STUDY FINDINGS
• No mortality or signs of serious toxicity at any dose.
• Doses ≥300 µg/kg decreased grip strength and limb tone.
• Doses ≥30 µg/kg transiently decreased spontaneous motor
activity.
• No gross changes at necropsy.
• No mortality or signs of serious toxicity at any dose.
• Doses ≥10,000 µg/kg caused hunched posture, fur staining,
& piloerection.
• No mortality or signs of serious toxicity at any dose.
• Decreased body weight at HD relative to LD.
• No gross changes at necropsy.
• No mortality or signs of serious toxicity at any dose.
• Doses ≥5000 µg/kg caused decreased food consumption
(qualitative estimate).

Exenatide caused no mortality and minimal toxic responses following single, IV dose in mice at doses up
to 1500 µg/kg, as a SC dose in rats up to 30,000 µg/kg, and as a SC dose in monkeys up to 5000 µg/kg.
Therefore, the median lethal dose values for exenatide in mice, rats, and monkeys were >1500 µg/kg,
>30,000 µg/kg, and >5000 µg/kg, respectively.
2.6.6.3 Repeat-dose toxicity
REPORT #
REST98099

ROUTE
SC
Daily

SPECIES
Monkey

DURATION
5 Days

DOSE
5000
µg/kg/d

IV
Daily

Rat

14 Days

0, 10, 100,
1000
µg/kg/d

2.6.6.3.1
REST98097
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KEY STUDY FINDINGS
• No deaths or signs of toxicity.
• Decreased food consumption (qualitative estimate)
and feces.
• Decrease in body weight (9%).
• No hematology or clinical chemistry changes.
• NOAEL < 5000 µg/kg/d.
• Doses ≥ 100 µg/kg/d caused transient hypoactivity,
decreased food consumption (Day 8) in males.
• 1000 µg/kg/d decreased body weight in males (10%)

REVIEWER: JOHN COLERANGLE

2.6.6.3.2
REST02075

2.6.6.3.3

REST98082

2.6.6.3.4
REST98079

2.6.6.3.5
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and increased (33%) adrenal weight in females.
NOAEL = 100 µg/kg/d.
SC
Mouse
28 Days
0, 380
No deaths. Mice in the HD group showed unkempt
BID
(total daily
appearance.
dose =
•
Increased incidence of basophilic foci in the parotid
760)
salivary gland occurred in the HD group compared
µg/kg/d
to zero in control. Severity is minimal.
•
Anti-exenatide antibody positive titer was observed
in 2/20 males (≤1:25) given 760 µg/kg/d
(manufactured by Star). None of the mice given the
batches manufactured by Bachem and Mallinckrodt
developed anti-exenatide antibodies.
SC
Rat
28 Days
0, 10, 100,
• No exenatide-related mortality was observed.
Daily
1000
•
An increased incidence in hypoactivity was
µg/kg/d
observed among males and females treated at ≥10
µg/kg/day.
•
A dose- related increase in salivation was noted
after dosing in males and females treated at ≥10
µg/kg/day.
•
Mean body weights decreased dose-dependently
being significant in HD males (11.3%). Body
weight gain decrements of 10-24% (M) and 35-45%
(F) were observed at doses ≥100 µg/kg/day.
•
Mean food consumption decreased by 15% and
22% in HD males and females respectively.
•
There was a dose-related increase in relative adrenal
weights in treated females at ≥10 µg/kg/day
exenatide, with increases of 14.8%, 16.1%, and
24% at 10, 100, and 1000 µg/kg/day, respectively.
These organ weight changes had no correlative
microscopic changes.
•
NOAEL = 100 µg/kg/day (51-58X MRHD, AUC)
based on decreased body weight gain at the HD.
SC
Monkey
28 Days
0, 10, 100,
• No treatment-related mortality.
Daily
1000
• Increased incidence in mucous membrane pallor was
µg/kg/d
noted in treated groups relative to control.
• Mean body weight was decreased by 18% (M) and
24% (F) in the HD group, being significant in HD
males. This correlates with the decreased food
consumption of 68% (M) and 47% (F) in the HD
group.
• Small thymus was observed among 1/3 males and
1/3 females in the HD group. They were
accompanied by decreased spleen weights in HD
males (43.6%) and decreased thymus weights in
HD males (48.3%) and females (58.0%).
• The decreased thymus weight correlated with
microscopic findings of lymphoid depletion in the
thymuses from HD males (1/3) and females (3/3).
• Sponsor attributed the changes in spleen and
thymus to the physiologic stress of weight loss and
inappetence at the HD.
• 2/6 LD and HD monkeys were anti-exenatide
antibody positive. Low titers (<1:5) of antiexenatide antibody were noted at ≥10 µg/kg/day.
• NOAEL = 100 µg/kg/day (237X MRHD, AUC)
based on the decreased body weight and
histopathology at the HD.
Human AUC data derived from data in Clinical Study 2993-118 for 10-µg SC BID doses as
[mean AUC(o-t) x 2 = 2076 pg.h/ml] to obtain total daily exposure.
•
•
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MOUSE
2.6.6.3.6
Study title: A 91 Days Toxicity Study of AC2993 Administered BID by Subcutaneous Injection to
Mice.
Key study findings:
• Mortality occurred at all dose levels including control. Hence, the test article could not be implicated.
• Mean body weight of females was increased relative to those of controls at week 13.
• Triglyceride level was significantly decreased in MD (females) and in HD males and females.
• Albumin and globulin were slightly but significantly increased in males at LD and MD respectively.
• Calcium was slightly but significantly increased in LD females.
• A high incidence of basophilic foci in the parotid salivary gland with minimal to mild severity was
noted in all treated mice. A high incidence of sciatic nerve degeneration and inflammation was noted
at the injection sites of HD males relative to control. A high incidence of mandibular lymph node
hemorrhage of minimal to mild severity was noted in the HD group relative to controls.
• The target organs of toxicity include the parotid salivary gland (basophilic foci) and the mandibular
lymph node (hemorrhage).
• NOAEL = 380 µg/kg/BID (260X MRHD, AUC).
Study no.: REST99051
Volume # and page #: N/A.
(b) (4)
Conducting laboratory and location:
Date of study initiation: February 1, 2000.
GLP compliance: Yes (USA).
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot # 99-1001TP, 97% pure.
Methods
Doses: Animals were dosed subcutaneously BID at 3, 34 and 380 µg/kg giving total daily doses
of 6, 68 and 760 µg/kg/d.
Species/strain: Mouse/CD-1.
Number/sex/group or time point (main study): 20/sex/group (control); 21/sex/group (LD, MD &
HD).
Route, formulation, volume, and infusion rate: Subcutaneous injection. 4.9 ml/kg (control); 0.6
ml/kg (LD); 1.8 ml/kg (MD); 4.9 ml/kg (HD).
Satellite groups used for toxicokinetics or recovery: 54/sex/group.
Age: 7-8 weeks at study initiation.
Weight (non-rodents only): N/A.
Study design:
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Observation times and results
Mortality: Daily.
Based on the lack of significant tissue findings and the clustered occurrence of deaths during study Days
78-80, the deaths were considered unrelated to the test article. Sponsor stated that the deaths were most
likely caused by handling during dosing and/or scheduled bleeding.
Dose (µg/kg)
Sex
# DEAD

0
(n = 20)
M
105 AC Day 79
119 FD Day 61
120 FD Day 78

Total Deaths
Dose (µg/kg)

3
0
(n = 20)
F

SEX
# DEAD

Total Deaths

3
(n = 21)
M
202 FD Day 80
204 ACC Day 80
207 HS Day 67
214 ACC Day 78
217 ACC Day 78
5
3
(n = 21)
F
1219 ACC Day 79

34
(n = 21)
M
301 FD Day 29
306 FD Day 79
319 ACC Day 79
320 ACC Day 78

380
(n = 21)
M

4
34
(n = 21)
F

0
380
(n = 21)
F
1408 ACC Day 29
1410 HS Day 80
1414 HS Day 52
1415 FD Day 77
4

0
1
0
ACC = Accidental death; FD = Found dead; HS = Humane sacrifice

The cause of death for most animals was undetermined. Control male no. 119 had moderate edema and
marked hemorrhage in the lungs. Mild hemorrhage was present in the lungs of 380 mg/kg female no.
1408. Marked hemorrhage was present in one kidney of humanely sacrificed 380 mg/kg female no. 1414.
Sponsor stated that the lymphoid necrosis observed in control male no. 120 was probably due to autolysis
as several other tissues in this animal were autolytic. The lack of significant findings in other tissues from
other early decedent animals, the clustered occurrence of deaths during study days 78-80, and the lack of
a dose response for males suggest that the deaths were most likely caused by handling during dosing and
not test article related.
ANIMALS SACRIFICED IN THE TOXICOKINETIC GROUP DUE TO POOR HEALTH
Dose (µg/kg)
Sex
SACRIFICED

0
(n = 20/sex/group)
M
F
0
0

3
(n = 54/sex/group)
M
F
0
1

34
(n = 54/sex/group)
M
F
2
2

380
(n = 54/sex/group)
M
F
1
0

Clinical signs: Twice daily.
No treatment-related clinical signs were noted. All animals showed varying degrees of staining, scabbing,
thin hair/alopecia and occasional rough coat and erythema in the vicinity of the injection sites. Sponsor
stated these findings tended to be more pronounced in the control and HD animals due to increased
injection volume and not the test article.
Body weights: Measured prior to dosing, weekly during dosing and at necropsy.
Body weight (g) changes in males were not significantly different from that of control. Body weight
changes in females are indicated below.
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Body Weights:
Dose (µg/kg)
Sex
Pre-test
Week 13
Gain

Control
3
34
(n = 20/sex/group)
(n = 21/sex/group)
(n = 21/sex/group)
F
F
F
23.0 ± 1.2
23.1 ± 1.3
23.3 ± 1.6
30.2 ± 1.9
31.7* ± 2.1
32.6* ± 2.1
7.2
8.6 (19%↑)
9.3 (29%↑)
* = p <0.05 (statistically significant from control)

380
(n = 21/sex/group)
F
23.0 ± 1.3
32.6* ± 1.9
9.6 (33%↑)

Food consumption: Weekly.
No treatment-related effects on food consumption.
Ophthalmoscopy: Conducted on main study animals prior to dosing and during the last week of dosing.
Dose (µg/kg)
Sex
Unilateral Central
corneal opacity
Unilateral Cortical
cataract

Control
(n = 20/sex/group)
M
F

3
(n = 21/sex/group)
M
F

34
(n = 21/sex/group)
M
F

380
(n = 21/sex/group)
M
F

1

1

0

0

2

0

0

0

0

0

0

0

0

0

1

0

EKG: Not conducted.
Hematology: Blood samples were collected from main study animals (groups 1-4) prior to the morning
dose on days 78 and 79 for routine hematology evaluation.
No treatment-related effects.
Clinical chemistry: Blood samples were collected from main study animals (groups 1-4) prior to the
morning dose on days 78 and 79 for routine hematology evaluation.
Control
M
3.4
2.4
186
F
10.1
161

Dose (µg/kg)
Sex
Alb (g/dl)
Glob (g.dl)
Trig (mg/dl)
Sex
Ca (mg/dl)
Trig (mg/dl)

3
M
3.8** (12%↑)
2.5
143
F
10.8** (7%↑)
118
** = p <0.05 ↑ ↓

34
M
3.5
2.9** (21%↑)
137
F
10.3
97** (40%↓)

380
M
3.4
2.4
111**
F
10.2
91** (44%↓)

Urinalysis: Urine samples were obtained by cystocentesis at necropsy.
No treatment-related effects.
Gross pathology: Tissues/organs isolated for gross pathology examinations are indicated in the
histopathology table.
Except for red discoloration at injection sites, there were no other treatment-related gross findings.
Dose (µg/kg)
Sex
Injection site
discoloration and scabs

Control
(n = 20/sex/group)
M
F
9

6

3
(n = 21/sex/group)
M
F
1

0

34
(n = 21/sex/group)
M
F
1

Organ weights: Organs weighed are indicated in the histopathology table.
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(n = 21/sex/group)
M
F
7

7
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No treatment-related effects.
Histopathology: Adequate Battery:
yes (X), no ( )—explain
Peer review: yes (X), no ( )
Histopathology findings related to dosing trauma included epithelial hyperplasia/acanthosis, hemorrhage,
inflammation, ulceration and fibrosis/fibroplasia at injection sites. These findings as well as the nerve
degeneration at some injection sites were due to direct needle trauma and/or extension of
inflammation/fibrosis from repeated injections. The pancreas, adrenal glands, kidneys and parotid salivary
glands from all dose groups were processed for examination. For the remaining tissues, only those from
control and HD groups were processed for examination.
Dose (µg/kg) BID
n
Sex
Parotid salivary gland
Basophilic foci
Pancreas
Enlarged Islets

0
20

34
21

M

F

M

F

0

1(1)

10(1)

12(1)

1(1)

3(2)

2(2)

-

-

-

-

1(1)

Sciatic nerve
Degeneration at injection site

0

Inflammation

0

Mandibular lymph node
Hemorrhage

3
21

2
1(2)
1(3)
2
1(1)
1(2)
1(1)

M
19
16(1)
3(2)

380
21
F
20
18(1)
2(2)

2(2)

3(2)

-

-

0

-

-

4
3(2)
1(3)
4
1(1)
3(2)
2
1(1)
1(2)

1(1)

-

-

-

-

Skin at injection site
Inflammation

4
1(1)
3(2)

7
6(1)
1(2)

-

-

-

-

Fibrosis/fibroplasia

2
1(2)
1(4)

13
2(1)
8(2)
3(3)

-

1(2)
-

3
1(1)
1(1)
2(2)
1 = minimal; 2 = mild; 3 = moderate; marked

F
18
16(1)
2(2)

2(2)

1(2)

Epithelial hyperplasia/acanthosis

M
17
15(1)
2(2)

-

-

0

-

-

0

1(1)
5
1(1)
4(2)
6
1(1)
4(2)
1(3)
15
3(1)
9(2)
3(3)
0

Toxicokinetics: Blood samples for TK were collected on Days 1, 30, 60 and 91 at 0.5, 1, 2, 4, 6 and 12 hr
post dose.

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml
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Antibody sample: Blood was collected from the 3 animals/sex/group (LD, MD & HD) not used for
toxicokinetic sampling and from all control group animals sacrificed on Day 92 (no sooner than 24 hours
after the morning dose on Day 91). In addition, blood samples were obtained pre-study from 5 males and
5 females not randomized into the study. ELISA was used to determine anti-exenatide antibody.
Anti-Exenatide Antibody Titer
Dose (µg/kg) BID
Sex
Anti-Exenatide Antibody
Positive titer/Total assayed

0

3

34

380

M

F

M

F

M

F

M

F

0/17

0/20

0/2

0/2

0/1

0/3

0/3

0/1

2.6.6.3.7
Study title: Subcutaneous TK Study of AC2993 in CD-1 Mice with Selective Measurements of
Biological Response following 91 Days Exposure
This study was conducted to evaluate the systemic exposure to AC2993 in the strain of mice and at the
dose levels used in the carcinogenicity study; to define the food consumption, water consumption, and
body weight gain; and to examine the parotid salivary gland for histopathological alterations. This study
uses single SC bolus dosing as does the carcinogenicity evaluation.
Key study findings:
• Reversible mean body weight increases were noted in MD (8%) and HD (6%) females relative to
control.
• Basophilic foci were noted in the parotid salivary glands from all treated animals. Severity was
minimal to moderate in MD males and HD females. This effect was almost completely reversed.
• Water consumption decreased in MD females (33%) during week 1. By week 13, water
consumption was increased in MD (30%) and HD (18%) females. This effect was not reversed in
HD females.
• Cmax and AUC both increased with increasing dose.
• NOAEL could not be established since only the parotid salivary gland was examined. Other
tissues were not examined.
Study no.: REST02325
Volume # and page #: N/A.
(b) (4)
Conducting laboratory and location:
(b) (4)
.
Date of study initiation: January 3, 2003.
GLP compliance: Yes.
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot # 02-0106TP, 95.8% pure; Lot # 01-0102TP 95.1% pure.
Methods
Doses: 18, 70 and 250 µg/kg once daily by bolus subcutaneous injection.
Species/strain: Mouse/CD-1.
Number/sex/group or time point (main study): 20/sex/group (control & HD); 10/sex/group (LD &
MD).
Route, formulation, volume, and infusion rate: Subcutaneous injection; 947 µl/kg (LD), 1400
µl/kg (MD), 3205 µl/kg (HD), 3205 µl/kg (control).
Satellite groups used for toxicokinetics or recovery: 20/sex/group for TK.
Age: 7 weeks at study initiation.
Weight (non-rodents only): N/A.
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Study design:

Observation times and results
Mortality: Twice daily.
One control male (1/20) was found dead on Day 74 and one HD male (1/20) was found dead on Day 7.
While the demise of these animals could not be determined, sponsor stated that they were not considered
treatment-related.
Clinical signs: Daily.
Except for scabbed areas at some of the injection sites, there were no other treatment-related clinical
findings.
Body weights: (g) - Prior to dosing and weekly thereafter.
Dose (µg/kg/d)
Sex
Week -1
Week 13
Recovery week 17

0

18

M
27.6
37.6
31.0

F
23.2
30.5
32.2

70

M
27.6
37.5

F
23.2
32.4

M
27.6
37.0

F
23.2
33.0*(8%↑)

250
M
27.6
37.5
39.2

F
23.2
32.4*(6%↑)
34.0

* p < 0.05
Food consumption: Weekly.
No treatment-related effects.
Water consumption: Weekly.
Dose (µg/kg/d)
Sex
Week 1
Week 13
Recovery week 17

0
M
8.4
7.9
7.8

18
F
6.3
8.3
8.2

M
6.2
8.8

70
F
6.2
8.7

* p < 0.05; ** p< 0.01
Ophthalmoscopy: Not conducted.
EKG: Not conducted.
Hematology: Not conducted.
Clinical chemistry: Not conducted.

39

M
6.3
8.0

F
4.2*(33%↓)
10.8**(30%↑)

250
M
6.2
9.4
8.5

F
5.2
9.8(18%↑)
9.6*(17%↑)
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Urinalysis: Not conducted.
Gross pathology: Tissues/organs collected are indicated in the histopathology table.
No treatment-related macroscopic lesions were noted were noted at terminal and recovery sacrifice.
Organ weights: Not evaluated.
Histopathology: Adequate Battery: yes ( ), no (X)—explain
Peer review: yes (X), no ( )
This is a TK study. Therefore only representative samples of the parotid salivary gland (target organ)
were processed from all main study animals for examination.
Dose (µg/kg/d)
Sex
N
Parotid salivary gland
Lymphocyte infiltration
Basophilic foci

RECOVERY
N
Lymphocyte infiltration

0

18

70

250

M
10

F
10

M
10

F
10

M
10

F
10

M
10

F
10

0
0

0
0

1(1)
7
5(1)
2(2)

0
9
7(1)
2(2)

1(1)
8
5(1)
2(2)
1(3)

0
10
5(1)
5(2)

0
6
2(1)
4(2)

0
9
4(1)
4(2)
1(3)
F
10
1(1)

M
10
1(1)

F
10
0
1 = minimal; 2 = mild; 3 = moderate

M
10
1(1)

Toxicokinetics: Blood samples were collected from TK animals on Days 1 and 91 at 0.5, 1, 2, 3, 4 and 6
hours post dose.
TK Data

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

2.6.6.3.8
Study title: A 182-Day Toxicity Study of AC2993 Administered BID by Subcutaneous Injection to
CD-1 Mice
Key study findings:
• 2/20 control males, 5/25 LD males, 7/25 MD males, 2/25 HD males, 5/20 control females, 4/25 LD
females, and 3/25 HD females died or were sacrificed in a moribund condition during the study.
Deaths associated with the bleeding procedure (cardiac puncture) occurred in 1/20 control males, 4/25
LD males, 3/25 MD males, 1/20 control females, 2/25 LD females, and 3/25 HD females. 1/20
control males died as a result of a probable urinary tract obstruction; 1/25 LD males was sacrificed
moribund due to an accidental spinal cord injury; 1/25 MD males died as a result of either a urinary
tract inflammation, an inflammation and hemorrhage from skin lesions, or a hemorrhage of the
thoracic cavity; and 1/25 HD males died due to ulcerative skin lesions. Sponsor stated that the cause
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of death for the remaining animals was undetermined but not considered related to treatment with AC
2993.
Ophthalmology results showed that 1/25 males each in the LD and MD groups had phthisis bulbi and
retinal atrophy respectively. 2/23 HD males had retinal atrophy and corneal edema while another HD
male had keratitis. 1/25 MD female had phthisis bulbi. Retinal atrophy and cataract were reported
separately in 2/25 HD females.
MCV was slightly but significantly increased in HD males relative to control. Leukocytes and
eosinophils were also slightly but significantly increased in HD females relative to control.
Weight of the epididymis was slightly but significantly decreased in HD males relative to control.
Heart weight was slightly but significantly decreased in HD males and females with no correlative
histopathology. Aspermia was noted in 1/23 HD males along with degeneration of seminiferous
tubule. Weights of the pituitary and thyroid/parathyroid were significantly decreased in HD males
with no correlative histopathology. Relative weight of the lung was slightly but significantly
decreased in HD females. Absolute weight of the liver and thyroid/parathyroid were slightly but
significantly increased in HD females with no correlative histopathology.
The target organs of toxicity include the eye (retinal atrophy, corneal edema, corneal mineralization,
keratitis, phthisis bulbi, cataract), injection site (inflammation, hemorrhage, fibrosis, epithelial
hyperplasia), testis (degeneration of seminiferous tubules), parotid salivary gland (basophilia), bone
marrow hyperplasia (females).
NOAEL could not be established based on the basophilia observed in the parotid salivary gland and
ophthalmology findings at all doses. Pthisis bulbi (shrinkage and wasting of the eyeball) was
observed at the LD (1/25 males). However, it is not clear if pthisis bulbi precedes development of
retinal atrophy or if they are different pathological entities.

Study no.: REST00119
Volume # and page #: N/A.
Conducting laboratory and location:
(b) (4)
.
Date of study initiation: 10/25/00.
GLP compliance: Yes (USA, UK & Japan)
QA report: yes (X) no ( )
Drug, lot #, radiolabel, and % purity: Lot # 00-0606TP, purity 92.9%.

(b) (4)

Methods
Doses: Animals were dosed with 9, 58 and 380 µg/kg BID for 182 days (26 weeks or 6.5 months)
to give total doses of 18, 116 and 760 µg/kg/d.
Species/strain: Mouse/CD-1.
Number/sex/group or time point (main study): 20/sex/group – control and 25/sex/group for all
other study groups.
Route, formulation, volume, and infusion rate: Subcutaneous injection, 900, 3050 and 4875
µl/kg/dose.
Satellite groups used for toxicokinetics or recovery: 10/sex/group for TK.
Age: 7 weeks at study initiation.
Weight (non-rodents only): N/A.
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Observation times and results
Mortality: Daily.
Dose ( µg/kg)
BID
0
9
58
380

Animals found dead or
Died post bleeding
sacrificed in extremis
M
F
M
F
2/20
4/20
1/20
4/25
2/25
1/25
2/25
6/25
1/25
2/25
1/25
2/25
Empty cells indicate zero incidence.

Causes of Death:
Dose
(µg/kg)
BID
0

Deaths associated with
bleeding procedure
M
F
1/20
1/20

1/20 control males died as a result of a probable urinary tract obstruction
(bilateral dilatation of pelvis, hydronephrosis-bilateral, lymphocytic
infiltration-unilateral).
2/25
1/25 males was sacrificed moribund due to an accidental spinal cord injury.
1/25 males died as a result of either a urinary tract inflammation, an
inflammation and hemorrhage from skin lesions, or a hemorrhage of the
thoracic cavity.
3/25
1/25 males at 380 µg/kg/dose died due to ulcerative skin lesions
Empty cells indicate zero incidence.

4/25
3/25

9
58

Other causes of death determined by the sponsor

380

SUMMARY OF DEATHS
Dose
(µg/kg)
BID
0

Total
Deaths
7/40

Deaths associated
with bleeding
procedure
3/40

9
58

9/50
7/50

6/50
3/50

380

5/50

3/50

Other causes of death determined by the sponsor

Undetermined
causes of death

1/40 - probable urinary tract obstruction (bilateral dilatation
of pelvis, hydronephrosis-bilateral, lymphocyt -ic
infiltration-unilateral).
1/50 - spinal cord injury
1/50 - urinary tract inflammation, an inflammation and
hemorrhage from skin lesions, or a hemorrhage of the
thoracic cavity.
1/50 - ulcerative skin lesions.

3/40
2/50
3/50
1/50

Sponsor stated that the cause of death of the remaining animals was undetermined but not considered
related to treatment with AC 2993.
Clinical signs: Daily.
No clinical signs associated with AC2993 treatment were observed. Findings of scabbed areas and/or
abrasions were noted throughout the study in both control and treated groups of both sexes, generally at a
higher incidence during the latter half of the study. These findings were considered secondary to the
physical trauma associated with local injection site inflammation.
Body weights: Weekly.
No treatment-related effects on body weight.
Food consumption: Weekly.
No treatment-related effects on food consumption.
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Ophthalmoscopy: Conducted at months 3 and 6.
Males
0
9
58
380
Dose ( µg/kg) BID
0/20
0/25
0/25
0/25
Pretest
0/20
0/25
1/23 (RA)*
2/23 (RA)*
Month 3
0/20
1/25 (PB)
1/23 (RA)*
2/23 (RA)*+CE; 1/23 (K)
Month 6
PB = Phthisis bulbi; RA = retinal atrophy; CE = corneal edema; K = keratitis; * same animal

Females
0
9
58
380
Dose ( µg/kg) BID
0/20
0/25
0/25
0/25
Pretest
1/20 (K)
0/25
0/25
1/25(RA*);1/25(C**)
Month 3
0/17
0/24
1/25 (PB)
1/25(RA*);1/25(C**)
Month 6
PB = Phthisis bulbi; RA = retinal atrophy; CE = corneal edema; K = keratitis; * or ** same animal; C = cataract

EKG: Not conducted
No data.
Hematology: Blood samples for hematology evaluation were collected pretest and at months 3 and 6
(prior to the AM dose). The animals had free access to drinking water and food prior to blood collection.
Dose ( µg/kg) BID

0

MCV (fl)

55.6

Leukocytes (x K/mm3)
Eosinophils (x 103/ul)

3.74
0.103

9
MALES
56.2
FEMALES
4.62
0.106
* p < 0.05; ** p < 0.01

58

380

54.9

57.9*

4.93
0.123

5.7**
0.178*

Clinical chemistry: Blood samples for clinical chemistry evaluation were collected pretest and at months
3 and 6 (prior to the AM dose). The animals had free access to drinking water and food prior to blood
collection.
Males - Unremarkable
Dose ( µg/kg) BID
BUN (mg/dl)
Albumin/globulin ratio

0
27.1
1.00

9
FEMALES
34.8*
1.14*
* p < 0.05; ** p < 0.01

58

380

33.1
1.06

36.9**
1.10

Urinalysis: Urine samples were collected at necropsy by cystocentesis and pooled by group and sex.
Unremarkable.
Gross pathology: Organs/tissues isolated for gross pathology examination is indicated in the list of
addendum. Bone marrow smears were collected at scheduled sacrifice.
There were no treatment-related macroscopic findings. Red discoloration noted at injection sites was
considered a result of the injection and not related to treatment with AC2993.
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Organ weights: Organs weighed are indicated in the list of addendum.
Dose ( µg/kg) BID

0

9

58

380

MALES
Epididymis (g)
Epididymis/b. wt.% x10
Heart (g)
Heart/b. wt.% x10
Pituitary (mg)
Pituitary/b. wt.% x10
Thyroid/parathyroid (mg)

0.14
3.69
0.23
6.10
1.4
4.47
7.0

0.12
3.31
0.21
5.66
2.0
6.22
7.0

0.12
3.27
0.22
5.99
2.0
6.35
7.0

0.11*
2.99*
0.21*
5.44*
4.0**
11.06**
9.0*

Heart/b. wt.% x10
Liver (g)
Lung/b. wt.% x10
Thyroid/parathyroid (mg)

FEMALES
6.18
5.62*
1.72
1.87
8.26
7.67
7.0
8.0
* p < 0.05; ** p < 0.01

5.65
1.86
7.78
8.0

5.36**
1.94**
7.40**
9.0**

58

380

Histopathology: Adequate Battery:
yes (X), no ( )—explain
Peer review: yes (X), no ( )
Males
Dose ( µg/kg) BID
Epididymis
Aspermia
Eye
Cornea, mineralization
Retinal atrophy
Injection sites
Hemorrhage

2/20(1)

1/25(1)

1/25(1)

Inflammation

3/20(1)

2/25(1)

3/25(1)

Fibrosis

14/20
12/20(1)
2/20(2)
1/20(1)

Hyperplasia, epithelial
Liver
Inflammation
Salivary gland, Parotid
Basophilic
Skin, subcutis
Inflammation
Fibrosis

0

9

1/23(2)
1/23(1)

8/25(1)
5/25(1)

2/20(1)
0/17

22/22
13/23(1)
7/23(2)
2/23(3)

3/5(1)

2/2(1)

13/20
12/20(1)
1/20(2)
1/25(1)

1/23(1)
2/23(1)
5/25
4/25(1)
1/25(2)
6/25
5/25(1)
1/25(2)
15/20
13/20(1)
2/20(2)
5/25
4/25(1)
1/25(2)

1/25(1)
16/20
16/20(1)

4/25(1)
19/24
12/24(1)
6/24(2)
1/24(3)

1/5(1)
5/5
3/5(1)
2/5(2)

5/13(1)
13/13
8/13(1)
5/13(2)

Testis
Degeneration, seminiferous tubule
1/20(1)
1 = trace; 2 = mild; 3 = moderate; 4 = severe; empty cells = zero incidence

3/25(1)

Females
Dose ( µg/kg) BID
Bone marrow, femur
Hyperplasia
Bone marrow, sternum

0

9

58

380
1/25(1)
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Hyperplasia
Eye
Retinal atrophy
Cataract
Mineralization, cornea
Injection sites
Hemorrhage

1/25(1)

3/20(1)

1/25(1)

1/25(1)

Fibrosis

7/20(1)

3/25(1)

15/25(1)

Hyperplasia, epithelial
Inflammation

2/20(1)
13/20
12/20(1)
1/20(2)

17/25
15/25(1)
2/25(2)

3/25(1)

1/25(1)
1/25(2)
1/25(1)
5/25
3/25(1)
2/25(2)
10/25
9/25(1)
1/25(2)
4/25(1)

18/25(1)

14/25(1)

Lymph node, inguinal
Lymphoid hyperplasia
Histiocytosis

1/25(2)
1/25(2)

Sciatic nerve
Fibrosis
Degeneration

1/25(1)

Salivary gland, Parotid
Altered foci, basophilic

1/25(2)
24/25
10/25(1)
12/25(2)
2/25(3)

21/24
16/24(1)
5/24(2)

19/19
12/19(1)
6/19(2)
1/19(3)
1 = trace; 2 = mild; 3 = moderate; 4 = severe; empty cells = zero incidence

Toxicokinetics: Blood samples were collected pretest and at 0.5, 1, 2, 3, 4, and 6 hours post-AM dose on
Days 1 and Day 91. On Day 182, blood samples were collected at the same time points. The animals were
not fasted prior to blood collection.

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

Plasma Collection for Antibody Analysis: Blood samples for the determination of anti-AC2933
antibodies were collected at pretest and at necropsy from all surviving main study animals. The samples
were collected approximately 24 hours after the final dose in each case. Anti-exenatide antibody detection
was carried out using ELISA.
Dose ( µg/kg) BID
Sex
Positive Titer 1:5/Total

0
M
0/18
(0%)

9
F
2/15
(13.3%)

M
0/9
(0%)

58
F
0/9
(0%)
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M
0/8
(0%)

380
F
2/12
(16.7%)

M
0/8
(0%)

F
0/9
(0%)
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RAT
2.6.6.3.9
Study title: Subcutaneous TK Study Of AC2993 In SD Rats With Selective Measurements Of
Biological Response With A 91-Days Exposure
This study was conducted to evaluate the systemic exposure to AC2993 in the strain of rats and at the
dose levels used in the carcinogenicity study; to define the food consumption, water consumption, and
body weight gain; and to examine the parotid salivary gland and pancreas for histopathological
alterations. The study utilized bolus SC dosing to mimic the dosing in the carcinogenicity study not the
actual BID dosing.
Key study findings:
• One HD male was found dead on Day 35. Cause of death could not be determined.
• Body weight gain was decreased by 29-34% in treated males and by 23-25% (not dose-related) in
treated females. At the end of the recovery period, mean body weight was lower in HD males
relative to control. However, body weight gain in the HD group was greater than in controls.
• Food consumption was decreased by 11% and 24% in HD males and females respectively, with
partial recovery.
• Reversible increase in water consumption was noted in all treated rats relative to controls.
• Reversible increases (not dose-related) in adrenal and liver weights were observed in treated rats.
Weight of the thyroid/parathyroid gland was decreased in LD and MD males but increased in
HD males. Relative weight of the thyroid/parathyroid gland was increased in MD females.
Reversible decrease in prostate weight was noted in MD and HD males. Partial reversible
increase in relative weight of the testis was increased in HD. Ovarian weight was decreased in
HD females at the end of the recovery period. The increased relative organ weights may be due
to the decreased body weight gains observed since there were no histopathology correlates.
• A low incidence and minimal severity of basophilic foci (reversible) was observed in LD and HD
females. At the end of the recovery period, relatively high incidences of vacuolar change
(adrenal gland), lymphocyte infiltration (pancreas) and a low incidence of basophilic foci
(parotid salivary gland) with minimal severities were noted in HD males.
• Seven specimens tested positive for anti-exenatide antibodies (One animal in the control group
had a titer of 1:125. One LD male and female had a titer ≥ 1:25. All other titer-positive animals
had a titer of 1:5 (1 MD male, 2 HD males and 1 HD female). Thus the potential of AC2993 to
elicit an immune response in rats over a 3-month period is low.
• Red discoloration at injection sites was observed in both control and treated rats with no doserelated effect.
• Both Cmax and AUC increased with increasing dose.
• NOAEL could not be established since only selected organs were examined macroscopically.
Study no.: REST 02246
Volume # and page #: N/A.
(b) (4)
Conducting laboratory and location:
(b) (4)

Date of study initiation: December 9, 2002.
GLP compliance: Yes.
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot # 00-0606TP, 93% pure; Lot # 01-0102TP, 95% pure.
Methods
Doses: 18, 70, 250 µg/kg/d – animals were dosed once daily for 91 days by bolus subcutaneous
injection.
Species/strain: Rat/SD.
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Number/sex/group or time point (main study): 20/sex/group (control and HD); 10/sex/group (LD
and MD).
Route, formulation, volume, and infusion rate: Subcutaneous injection; 360 µl/kg (LD), 700 µl/kg
(MD), 833 µl/kg (HD).
Satellite groups used for toxicokinetics or recovery: 24/sex/group on Day 1 and 16/sex/group on
Day 91 for TK.
Age: 9 weeks old at study initiation.
Weight (non-rodents only): N/A.
Study Design:

Observation times and results
Mortality: Daily.
One out of 20 HD males was found dead on Day 35. Cause of death could not be determined.
Clinical signs: Daily.
Treatment-related salivation was observed in all treated animals during the treatment phase of the study.
While this effect is not dose related, it was observed more frequently in more HD animals than in LD and
MD animals. During the recovery phase, only a single incidence of salivation was observed in HD males.
Body weights: Measured prior to treatment and weekly thereafter.
Body weight (g)
Dose (µg/kg/d)
Sex
Week 1
Week 13
Wt. gain
Wt. gain decrement (%)
Recovery week 14
Recovery week 17
Wt. gain
Wt. gain decrement (%)

0
M
325
528
203
517
553
36
-

18
F
228
307
79
300
313
13
-

M
330
475**
145
29

70
F
226
287
61
23

* p < 0.05; ** p < 0.01
Food consumption: Weekly.
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M
320
465**
145
29

250
F
229
288
59
25

M
320
455*
135
34
462**
510**
48
-

F
219
280**
61
23
283
299
16
-
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Food consumption (g/day)
Dose (µg/kg/d)
Sex
Week 1
Week 13
Recovery week 14
Recovery week 17

0

18

M
23
27
26
27

F
17
20
18
20

M
22
26

70
F
16*(6%↓)
19

M
20*(13%↓)
25

F
15**(12%↓)
18

250
M
F
19**(17%↓) 13**(24%↓)
24**(11%↓) 16**(20%↓)
28
19
26
18

* p < 0.05; ** p < 0.01
Water consumption: Weekly.
Water consumption (g/day)
Dose (µg/kg/d)
Sex
Week 1
Week 13
Recovery week
14
Recovery week
17

0

18

M
30
37
37

F
26
31
38

36

34

M
41**(37%↑)
42

70
F
48**(85%↑)
49**(58%↑)

M
41**(37%↑)
47**(27%↑)

F
44**(69%↑)
54**(74%↑)

250
M
F
41**(37%↑) 44**(69%↑)
50**(35%↑) 44**(42%↑)
45
35
38

35

* p < 0.05; ** p < 0.01
Ophthalmoscopy: Not conducted.
No data.
EKG: Not conducted.
No data.
Hematology: Not conducted.
No data.
Clinical chemistry: Not conducted.
No data.
Urinalysis: Not conducted.
No data.
Gross pathology: Tissues/organs collected from all main study animals are indicated in the histopathology
table.
Dose (µg/kg/d)
Sex
N
Injection site, L. flank
Red discoloration
Injection site, L. shoulder
Red discoloration
Injection site, R. flank
Red discoloration
Injection site, R. shoulder
Red discoloration
Kidney
Dilatation, pelvic
Urinary bladder
Calculus/calculi
Recovery
n
Kidney
Dilatation, pelvic

0

18

70

250

M
10

F
10

M
10

F
10

M
10

F
10

M
10

F
10

0

4

2

0

2

0

1

3

1

0

0

0

1

2

1

2

2

3

1

2

3

3

2

2

3

2

0

1

1

0

2

3

0

0

0

0

0

0

1

0

0
M
10

0
F
10

0

0

0

0

2
M
10

0
F
10

2

0

0

0
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Organ weights: Organs weighed are indicated in the histopathology table.
Dose (µg/kg/d)
Sex
N
Adrenal (mg)
Adrenal/BW % x 103
Thyroid/Pthy (mg)
Thyroid/Pthy/BW %
x 103
Liver/BW %
Prostate (g)
Testis/BW % x 10
N
Epididymis/BW %
x 10
Liver (g)
Testis/BW % x 10
Ovary (mg)

0

18

M
10
68
13
30
6

F
10
69
23
21
7

M
10
76
16*(23%↑)
22*(27%↓)
5*(17%↓)

3.4
0.8
6.9

-

3.6
0.8
7.3

10
2.8
19
5.8
-

70
F
10
84
30*(30%↑)
20
7

M
10
87**(30%↑)
19*(46%↑)
25*(16%↓)
5

F
10
82**(19%↑)
31*(35%↑)
23
9*(29↑%)

3.7*(9%↑)
0.6*(25%↓)
7.6
RECOVERY

-

250
M
F
10
10
82**21(%↑) 82**(19%↑)
18*(39%↑)
30*(30%↑)
25*(19%↑)
20
6
7
3.8**(12%↑)
0.6*(25%↓)
8.1*(17%↑)

-

10

10

10

130

2.9*(3%↑)
17*(11%↓)
6.7*(16%↑)
-

98*(25%↓)

* p < 0.05; ** p < 0.01
Histopathology: Adequate Battery:
yes ( ), no (X)—explain
Peer review: yes (X), no ( )
This is a TK study. Therefore only representative samples of the adrenal glands, pancreas, parotid salivary
gland (target organ) and thyroid glands were processed from all main study animals for examination.
Histopathology Data
Dose (µg/kg/d)
Sex
N
Adrenal gland, cortex
Vacuolar change
Parotid salivary gland
Basophilic foci
N
Adrenal gland, cortex
Vacuolar change
Pancreas
Lymphocyte infiltraton
Parotid salivary gland
Basophilic foci

0

18

M
10
2
1(1)
1(2)

F
10
0

0

0

10

M
10

70
F
10
0

3(1)

M
10

250
F
10
0

2(1)

0
1(1)
RECOVERY

M
10

F
10
0

3(1)

0

0

0

1(1)

10

10

10

3(1)

0

4(1)

0

5(1)

0

7(1)

0

0

0

1(1)

0

1 = minimal; 2 = mild
Plasma Anti-AC2993 antibodies: Blood samples were collected from all main study animals prior to
scheduled necropsy at 24 hr following the last dose. Anti-exenatide antibody was detected by ELISA.
Anti-Exenatide Antibody
Dose (µg/kg/d)
Sex
Titer 1:5/Total
Titer 1:25/Total
Titer 1:125/Total

0
M
0/10
0/10
1/10

18
F
0/14
0/14
0/14

M
0/8
1/8
0/8

70
F
0/10
0/10
1/10
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M
0/6
0/6
0/6

250
F
1/9
0/9
0/9

M
2/8
0/8
0/8

F
1/9
0/9
0/9
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Toxicokinetics: Blood samples were collected on Days 1 and 91 at 0.5, 1, 2, 3, 4, 6, 9 and 12 hr post dose
from the TK animals.

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

MONKEY
2.6.6.3.10
Study title: A 91 Days Toxicity Study of AC2993 Administered BID by Subcutaneous Injection to
Cynomolgus Monkeys
Key study findings:
• Inappetence was the only treatment-related clinical sign that occurred during the first two weeks of
dosing in HD males and during the first week in HD females. Food consumption was statistically
significantly decreased only in HD males by 51% and 23% during weeks 1 and 2 respectively.
• Though not statistically significant, body weight of HD males was relatively lower throughout the
dosing period compared to those of control.
• There was a slight but significant decrease in hemoglobin concentration in HD males relative to
control.
• BUN was significantly increased by 33% and 29% in males dosed with 0.6 and 6.7 µg/kg BID but not
in the HD group. While this may be suggestive of nephropathy, there is no correlative histopathology.
• There seems to be a dose-related decrease in absolute weights of the spleen (males only) and thymus
(males and females) but the decrements are not significant. Absolute weights of the heart and kidney
were also decreased in males but not in a dose-related manner.
• Small thymuses were observed in 1/4 males and 1/4 females at 6.7 µg/kg and in 1/4 males and 3/4
females at 75 µg/kg. This explains the decrease in absolute weight observed. There is no correlative
histopathology.
• A focal inflammation was observed in the stomach of 1/4 HD males and a focal congestion in 1/4 MD
females. Severity was minimal.
• Minimal inflammation of the lung was observed in 1/4 LD males and 1/4 HD females. Syncytial giant
cells were observed in the lungs of 1/4 HD female. Focal and multifocal lung hemorrhages were
observed in 1/4 HD males and 1/4 MD females respectively.
• Multifocal endometrial hemorrhage of minimal to mild severity was observed in 1/4 females each at
the MD and HD.
• Pigmented histiocytes were observed in the mesenteric lymph nodes all treated and some control
animals. While incidence of occurrence appears to be dose related, severity is not.
• Injection sites were observed with chronic inflammation and fibrosis or fibroplasia.
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There seems to be a treatment-related increase in percentage of animals that tested positive for antiAC2993 antibodies suggesting that the drug may be antigenic.
The target organs of toxicity appear to be the lung, uterus and stomach.
NOAEL = 0.6 µg/kg BID (3X MRHD, AUC) based on the stomach, lung and endometrial findings at
the MD and HD.

Study no.: REST99050
Conducting laboratory and location:

(b) (4)

.,

(b) (4)

Date of study initiation: January/February 2000.
GLP compliance: Yes (USA and Japan).
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot # 99-1002TP, 85% pure.
Formulation/vehicle: AC2993 stock solutions (0.3 mg/ml) were diluted with placebo (control article) to
provide concentrations of 50, 100 and 300 µg/ml.
Methods
Doses: 0.6, 6.7 and 75 µg/kg BID (total daily doses of 1.2, 13.4 and 150 µg/kg).
Species/strain: Monkey/Cynomolgus
#/sex/group or time point (main study): 4/sex/group.
Satellite groups used for toxicokinetics or recovery: All main study animals were used for TK.
Age: 3 to 4 years.
Weight: 2.5 to 4.4 kg (M); 2.3 to 2.8 kg (F).
Route, form, volume, and infusion rate: Subcutaneous, solution, volume = 12, 67 and 250 µl/kg
for LD, MD and HD respectively.
Observation times and results
Mortality: Daily.
None.
Clinical signs: Daily.
The only treatment-related clinical sign was inappetence that was observed mostly in the HD group.

Body weights: Weekly.
Week 13 Mean Body Wt. (kg)
DOSE (µg/kg) BID
Sex
Day -1
Week 13 wt.
Wt. Gain
Wt. gain decrement
% Decrement

0
M
3.5
4.0
0.5
-

0.6
F
2.6
2.8
0.2
-

M
3.0
3.2
0.2
0.3
60

6.7
F
2.5
2.6
0.1
0.1
50

Food consumption: Daily estimation.
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M
3.2
3.4
0.2
0.3
60

75
F
2.5
2.6
0.1
0.1
50

M
3.0
3.0
0.0
0.5
100

F
2.6
2.4
- 0.2
0.4
200
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Food Consumption Values (Average Daily Number of Biscuits)
DOSE (µg/kg) BID
Sex
Day -1
Week 13 wt.
Gain
Decrement
% Decrement

0

0.6

M
7.8
10.5
2.7
-

F
5.1
6.9
1.8
-

M
8.0
11.1
3.1
-

6.7
F
6.3
8.3
2.0
-

75

M
8.4
9.7
1.3
1.4
52

F
5.0
7.3
2.3
0.5
28

M
8.2
8.3
0.1
1.7
94

F
6.1
7.4
1.3
0.5
28

Ophthalmoscopy: Conducted on all animals pre-dosing and during the last week of dosing.
No treatment-related ophthalmic findings.
EKG: Conducted on all animals pre-dosing and during the last week of dosing. Sponsor did not state
when EKG was conducted with respect to dosing.
No treatment-related ECG findings.
Hematology: Blood samples were collected 1 week before dosing, prior to dosing on Day 1 and prior to
the first dose on one day in weeks 4, 8 and 13 for routine hematology evaluation.
DOSE (µg/kg) BID
Sex
HGB (g/dl)

0
M
14.1

0.6
F
12.3

M
13.9

6.7

F
13.1
*p < 0.05

M
12.6

75
M
12.7*(10%↓)

F
13.2

F
12.3

Clinical chemistry: Blood samples were collected 1 week before dosing, prior to dosing on Day 1 and
prior to the first dose on one day in weeks 4, 8 and 13 for routine clinical chemistry evaluation.
DOSE (µg/kg) BID
Sex
BUN(mg/dl)

0
M
21±3

F
21±4

0.6
M
F
28±3*(33%↑)
28±5
*p < 0.05

6.7
M
27±3*(29%↑)

75
F
26±3

M
26±2

F
25±4

Urinalysis: Urine samples were obtained by cystocentesis at necropsy.
No treatment-related effects.
Gross pathology: Organs/tissues isolated for gross pathology examination is indicated in the
histopathology table.
Empty cells indicate zero incidence
DOSE (µg/kg) BID
Sex
n
Thymus - Small
Stomach - lesion
Stomach - focal lesion
Cecum - pink focus
Auxillary lymph node – dark discoloration
Inguinal lymph node – dark discoloration
Thyroid – small
Ovaries – unilateral, enlarged
Tail lesion
Injection site lesion

0
M
4

0.6
F
4

M
4

6.7
F
4

M
4
1
1

75
F
4
1

M
4
1

1

1

F
4
3

1
1
1
1
1
1
2
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Organ weights: Organs weighed are indicated in the histopathology table.
Week 13 Data
DOSE (µg/kg) BID
Sex
Thymus (g)
Thymus wt. relative to body wt.
% Decrease in absolute wt.

0
M
4.8
1.1
-

0.6
F
1.8
0.7
-

M
4.8
1.5
-

6.7
F
1.5
0.6
17

M
3.3
1.1
31

75
F
1.3
0.5
28

M
1.9
0.7
60

F
1.0
0.4
44

Histopathology: Adequate Battery:
yes (X), no ( )—explain
Peer review: yes (X), no ( )
Tissues from animals in all dose groups were processed for microscopic examination.
Empty cells indicate zero incidence
Dose (µg/kg/BID)
Organ/Tissue
Sex
Uterus
Endometrial hemorrhage, multifocal
Lung
Syncytial giant cells, focal
Lung
Subacute inflammation, interstitial
Lung
Hemorrhage, focal & multifocal
Stomach
Acute inflammation, focal
Stomach
Congestion, focal
Mesenteric lymph node
Pigmented histiocytes, multifocal
Injection site (SC)

Chronic/chronic active
inflammation
Injection site (SC)
Fibrosis/fibroplasia

0
M

0.6
F

M

6.7
F

M

75
F

M

1/4(2)

F
1/4(1)
1/4(1)

1/4(1)

1/4(1)
1/4(1)

1/4(1)
1/4(1)

2/4(2)

3/4(2)

3/4
2/4(1)
1/4(2)

2/4
1/4(1)
1/4(2)

3/4
1/4(1)
2/4(2)

4/4
3/4(2)

2/4(2)
2/4(3)

2/4(1)

1/4(1)

2/4(1)

3/4
4/4
3/4
3/4
3/4
1/4(2)
2/4(2)
1/4(2)
3/4(2)
2/4(2)
2/4(4)
2/4(4)
2/4(4)
1/4(4)
1 = minimal; 2 = mild; 3 = moderate; 4 = severe

4/4
1/4(1)
2/4(2)
1/4(3)

1/4
1/4(4)

1/4(1)
4/4
1/4(1)
2/4(2)
1/4(3)
3/4
1/4(1)
2/4(2)

4/4
1/4(1)
3/4(2)

4/4
2/4(2)
2/4(4)

4/4
1/4(1)
3/4(4)

4/4
1/4(1)
3/4(2)

Toxicokinetics: Blood samples were collected prior to the first dose and at 0.5, 1, 2, 4, 6, 9 and 12 hr
following the first dose on Day 1 and on one day during weeks 4, 8 and 13.

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml
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Antibody Evaluation: Plasma anti-AC2993 antibodies were measured using an ELISA assay. The results
of the anti-AC2993 antibody values in the study specimens are presented below.
Summary of all anti-AC2993 Positive Animals

All specimens with calculated SD scores below 3.00 were reported as negative and all above 3.00 were
reported as the positive. The positive specimens were further diluted in the two sample diluents and
assayed to calculate the titer point, highest dilution giving a positive SD score.
Anti-AC2993 Positive specimens

5% of control animals tested positive for anti-AC2993 antibodies compared to 38, 25 and 50% for the 0.6,
6.7 or 75 µg/kg BID groups. There seems to be a treatment-related increase in percentage of animals that
tested positive suggesting that the drug may be antigenic to monkey. However, the positive finding in
some control animals (which may be due to contamination or background error) undermines the accuracy
of this study. Moreover, with the exception of one HD animal that had an antibody titer of 125, the rest of
the treated animals had antibody titer of 25 regardless of treatment group. Systemic exposure increased
with dose in the monkey suggesting that the anti-exenatide antibody formed is not neutralizing. Sponsor
stated that the efficacy of the drug was not inhibited in a 28-day clinical trial suggesting that the antiexenatide antibody is not neutralizing.
2.6.6.3.11
Study title: A 273 Days Toxicity Study of AC2993 Administered BID By Subcutaneous Injection to
Cynomolgus Monkeys
Key study findings:
• RBC, hemoglobin and hematocrit were decreased in HD animals relative to control. MCV and MCH
were decreased only in MD animals. Reticulocyte count was also decreased in MD and HD animals.
• Relative weights of the thyroid/parathyroid and brain were increased in all treated groups but
achieved statistical significance in the HD group. It is not clear if the mononuclear cell infiltration
(brain) and follicular distension (thyroid) observed in some HD animals could explain the increase in
relative weights.
• Positive serum titers of anti-KLH antibodies were found in 5 out of 6 (83 %), 6 out of 6 (100%), 5 out
of 6 (83%) and 6 out of 6 (100%) animals immunized with KLH antigen from Groups 1-4
respectively. This demonstrated that the animals had ample humoral integrity.
• The target organs of toxicity include the brain (mononuclear cell infiltration, hemorrhage), thyroid
(follicular distension, epithelial degeneration), adrenal gland (mineralization, nodular hypertrophy),
kidney (tubular dilatation), heart (mononuclear cell infiltration), skeletal muscle (lymphoid cell
54

REVIEWER: JOHN COLERANGLE

•

NDA No. 21-919

infiltrate), pancreas (vacuolation, fibrosis, mononuclear cell infiltrate, hypercellular), sciatic nerve
(fibrosis), uterus (protein deposits), stomach (lymphoid hyperplasia, lymphoplasmacytic infiltrate),
colon (cystic dilatation), cecum (pigmented macrophages), jejunum (cytoplasmic vacuolation),
injection sites (epidermal hyperplasia) and rectum (inflammation).
NOAEL 2.2 µg/kg BID (4X MRHD, AUC) based on histopathology.

Study no: REST00120
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

,

(b) (4)

Date of study initiation: November 8, 2000.
GLP compliance: Yes (USA, UK, Japan).
QA report: yes (X) no ( )
Drug, lot #, radiolabel, and % purity: Lot # 00-0606TP, 93% pure.
Methods
Doses: Animals were dosed twice daily with AC2993 1.1, 9 and 75 µg/kg via subcutaneous
injection for 273 consecutive days. The drug was administered at 6 pre-designated sites on the
back of each animal. Injection sites were rotated in a systematic manner.
Species/strain: Monkey/ Cynomolgus.
Number/sex/group or time point (main study): 6/sex/group.
Route, formulation, volume, and infusion rate: Subcutaneous; 29, 90 and 250 µl/kg for the LD,
MD and HD respectively.
Satellite groups used for toxicokinetics or recovery: Same animals were used for TK studies.
Age: 2.8-7.3 years.
Weight: 2.0-4.6 kg (M); 1.7-3.5 kg (F).
Observation times and results
Mortality: Daily.
None.
Clinical signs: Daily.
Low food consumption and watery stool was observed throughout all dose groups including controls.
Emesis and dehydration were also observed. Sponsor stated that the incidence of these findings in
laboratory-housed animals is typically high when there are repeated stressful study procedures and/or GI
parasitic infections. Microscopic evaluation of portions of the GI tract from all animals (including
controls) confirmed the presence of GI parasites and mononuclear cell infiltration that was likely the
source of, or contributed to the overall incidence of watery stool.
Body weights: Weekly.
Group Mean Body Weight (Combined sex)
Dose (µg/kg/d)
Day -1
Day 273
Body wt. gain (%)

0
2.6
3.0
13

2.2
2.6
2.9
10 (-3)

Food consumption: Daily qualitative assessment.
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18
2.7
2.9
7 (-6)

150
2.5
2.5
0 (-13)
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No data. Food consumption was stated to be generally low in all dose groups including controls.
Ophthalmoscopy: All animals were examined prior to dosing and at 3, 6 and 9 months following initiation
of dosing.
There were no treatment-related changes. 1/6 HD males (FN15736M) had hyper reflective streaks with
detached retina dorsal to the macula. Sponsor stated that the hyper-reflectivity was likely related to the
apparent detached retina. In the absence of ocular histological changes, this was not considered test
article-related.
EKG: ECG’s were recorded all animals prior to dosing and at 3, 6 and 9 months following initiation of
dosing.
There were no test article-related ECG changes.
Hematology: Blood samples for hematology were collected from all animals prestudy and prior to a.m.
dosing at 3, 6 and 9 months following initiation of dosing.
Month 9 Data
0
6.87
12.4
36.7
53.6
18.0
0.59

Dose (µg/kg/d)
RBC (106/µl)
Hemoglobin (g/dl)
Hematocrit (%)
MCV (fl)
MCH (pg)
Reticulocyte (105/µl)

2.2
6.53
12.0
35.5
54.4
18.4
0.47
* p<0.05

18
6.60
12.5
36.6
55.5*
19.0*
0.41*

150
6.32*
11.6*
34.2*
54.4
18.5
0.42*

Clinical chemistry: Blood samples for clinical chemistry were collected from all animals prestudy and
prior to a.m. dosing at 3, 6 and 9 months following initiation of dosing.
No treatment-related changes in serum chemistry.
Urinalysis: samples were obtained by cystocentesis during necropsy.
No treatment-related changes in urinalysis parameters measured.
Gross pathology: Organs/tissues isolated for gross pathology examination is indicated in the list of
addendum.
Empty cells indicate zero incidence
0

Dose (µg/kg/d)
Sex

M
1/6(2)

Thymus - Decreased size

2.2
F
1/6(1)

M
2/6
1/6(2)*
1/6(4)

18
F

M

150
F

2/6(1)
1/6(4)

1/6(4)*
1 = minimal; 2 = mild; 3 = moderate; 4 = marked; * = same animal

Testis (L) - Decreased size
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1/6(3)
1/6(4)

F
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Organ weights: Organs weighed are indicated in the list of addendum.
Relative wt. (g/kg body wt.); Absolute wt. (g)
Dose (µg/kg/d)
Thyroid/parathyroid (g/kg)
Brain (g/kg)

0
0.119 ± 0.032
20.67 ± 3.66

2.2
0.155 ± 0.050
21.83 ± 3.40
* p<0.05

18
0.152 ± 0.047
22.33 ± 4.97

150
0.154 ± 0.044*
24.64 ± 4.79*

Histopathology: Adequate Battery:
yes (X), no ( )—explain
Peer review: yes (X), no ( )
Tissues from animals in all dose groups were processed for microscopic examination.
Empty cells indicate zero incidence
Dose (µg/kg/d)
Sex
Brain - meninges
Mononuclear cell infiltration
Brain - perivascular
Mononuclear cell infiltration
Brain - submeningeal
Hemorrhage
Thyroid
Follicular distension
Degeneration, follicular
epithelium
Adrenal gland
Mineralization
Nodular hypertrophy, cortex
Kidney
Dilatation, tubular lumen
Heart – epicardium
Mononuclear cell infiltrate
Myocardium
Mononuclear cell infiltrate
Skeletal muscle
Lymphoid cell infiltrate
Pancreas
Vacuolation, cytoplasm

0
M

2.2
F

M

18
F

150

M

F

M

2/6(2)

1/6(2)

1/6(2)
1/6(1)
1/6(2)

1/6(1)

1/6(1)

1/6(2)
1/6(2)

1/6(1)

1/6(1)

1/6(1)
1/6(1)

1/6(2)

1/6(2)

3/6(2)

2/6(2)
1/6(1)

1/6(2)

1/6(2)
1/6(2)
4/6
2/6(1)
2/6(2)
1/6(2)
2/6(2)

3/6
2/6(1)
1/6(2)

1/6(1)

Fibrosis - interstitial
Hypercellular - islet
Mononuclear cell infiltrate
Injection sites - epidermis
Hyperplasia
Sciatic nerve
Fibrosis
Uterus – myometrium
Protein deposits
Stomach - mucosa
Lymphoplasmacytic infiltrate

F

2/6
1/6(1)
1/6(2)

1/6(1)

1/6(1)

1/6(2)

5/6(2)

3/6
1/6(1)
2/6(2)
3/6
1/6(1)
2/6(2)

1/6(2)
1/6(2)
2/6
1/6(1)
1/6(2)

1/6(1)

Lymphoid hyperplasia
1/6(2)
Colon – mucosal crypt
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Cystic dilatation
Cecum – submucosa
Pigmented macrophages
Inflammation
Jejunum – mucosa
Vacuolation, cytoplasmic
Rectum – mucosa
Inflammation

NDA No. 21-919

1/6(1)
1/6(1)
1/6(2)

1/6(2)
1/6(3)

1/6(2)
1 = minimal; 2 = mild; 3 = moderate; 4 = marked; * = same animal

1/6(2)

Additional Histopathology Evaluation of the Pancreas:
In the chronic toxicity study done with cynomolgus monkeys, four groups of 6 males and 6 females each
were administered 0 (vehicle control) 1.1, 9 or 75 µg/kg BID (0, 2.2, 18 or 150 µg/kg/day, respectively)
for 273 days. Five of 12 HD animals exhibited pancreatic islet cell hypercellularity which was not
observed in control, LD or MD animals. In contrast, no such changes were reported in a subchronic (91day) toxicity study that was done with subcutaneously administered AC2993 in cynomolgus monkeys. In
the 91-day study, four groups of 4 males and 4 females each were administered 0 (vehicle control) 0.6,
6.7 or 75 µg/kg BID (1.2, 6.7 or 150 µg/kg/day, respectively) for 91 days. Sponsor stated that since the
reported pancreatic changes are subtle, it is possible that the pathologist for the subchronic study missed
them. Thus, it was decided to have the pathologist for the chronic study peer review the pancreas tissues
from the subchronic study. Because the contract laboratory that did the subchronic study ( (b) (4)
(b) (4)
is no longer in business, Amylin Pharmaceuticals, Inc. elected to appoint Richard Hiles, PhD
(b) (4)
of Amylin Pharmaceuticals, Inc. as the Study Director for this peer review.
(b) (4)
was the reviewing pathologist.
Following the peer pathology review of cynomolgus monkeys pancreas tissues collected from the 91-day
toxicity study of subcutaneously administered AC2993, minimal to mild hypercellularity of the pancreatic
islets of Langerhans was identified in 1/8, 1/8 and 3/8 animals from the control, mid-dose (13.4
µg/kg/day) and high-dose (150 µg/kg/day) groups. The character of the islet hypercellularity was similar
to that present in 5/12 high-dose monkeys administered subcutaneous AC2993 for 9 months in a chronic
(b) (4)
toxicity study done at
. Although a single control female in the subchronic
(91-day) study had hypercellularity of the pancreatic islets, the overall slight increase in the incidence of
this lesion in HD animals treated for 91 days, and the apparent persistence and similar incidence of this
finding in animals administered 150 µg/kg/day for 9 months suggests an association of AC2993
administration to this lesion. A special stain [Gomori Aldehyde Fuchsin (GAF)] was used to identify ßcells in the islets of Langerhans; there were no apparent differences in the density or distribution of GAFpositive cells in the pancreas in animals with islet hypercellularity.
Summary of Pathology Findings on Increased Islet Cellularity in Cynomolgus Monkeys Exposed to
AC2993 for 91-days
Dose (µg/kg BID)
Sex
Pancreas - Hypercellularity

0
M
0/4

F
1/4(2)

0.6
M
F
0/4
0/4
1 = minimal; 2 = mild
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6.7
M
0/4

75
F
1/4(2)

M
1/4(1)

F
2/4(2)
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Gomori’s Aldehyde Fuchsin (GAF) Positive Islet Cells in Cynomolgus Monkeys Exposed to AC2993
for 91-days
Group 1
Group 2
Group 3
Group 4
(0 µg/kg/day)
(1.2 µg/kg/day)
(13.4 µg/kg/day)
(150 µg/kg/day)
Animal
Score1
Animal
Score
Animal
Score
Animal
Score
No.
& Sex
No.
No.
No.
1101M
2
1201M
1
1301M
2
1401M
3
1102M
1
1202M
2
1302M
1
1402M
2
1103M
2
1203M
3
1303M
3
1403M
3
1104M
1
1204M
1
1304M
3
1404M
1
2101F
2
2201F
3
2301F
2
2401F
2
2102F
2
2202F
3
2302F
3
2402F
3
2103F
3
2203F
3
2303F
2
2403F
2
2104F
3
2204F
3
2304F
3
2404F
2
Mean±SD
2.0±0.8
2.4±0.9
2.4±0.7
2.3±0.7
1 = 30-50% of total islets; 2 = 50-80% of total islets; 3 = 80-100% of total islets

Toxicokinetics: Blood samples were collected prior to a.m. dosing and at 0.5, 1, 2, 4, 6, 9 and 12 hours
post a.m. (and prior to p.m.) dosing on days 1, 90, 180 and 273.

Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

Serum Anti-KLH antibodies: 100µg KLH (Keyhole limpet hemocyanin – a sensitizing agent) in a 1:1
emulsion of sterile saline, USP and Incomplete Freund’s Adjuvant was administered by intradermal
injection to 3 animals/sex/group during weeks 34 or 35 following the a.m. dose (prior to the p.m. dose
and before animals received their morning food ration). Blood samples for serum analysis of anti-KLH
antibodies were obtained prior to dosing with KLH as well as at approximately 7 day intervals following
dosing throughout the remainder of the study.
Pre-KLH and Day 274 Summary of Anti-KLH Positive Animals With Titer at or Above 1:125

Positive serum titers of anti-KLH antibodies were found in 5 out of 6 (83 %), 6 out of 6 (100%), 5 out of
6 (83%) and 6 out of 6 (100%) animals immunized with KLH antigen from Groups 1-4 respectively. This
demonstrated that the animals had ample humoral integrity.
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Anti-Exenatide Antibodies: Plasma anti-AC2993 antibodies were measured using an ELISA assay.
Specimens were collected from all animals at pre-drug dose and at day 275. All specimens calculated
SDscores below 3.00 were reported as negative and all above values were reported as the calculated
value. The results of the anti-AC2993 antibody values in the study specimens are presented below.

The positive specimens were further diluted in the two sample diluents and assayed to calculate the titer
point, highest dilution giving a positive SDscore.
Anti-AC2993 Positive Specimens

One of 12 animals (8%) not receiving AC2993 was found positive, 9 of 12 animals (75%) receiving 1.1
µg/kg/BID were found positive, 9 of 12 animals (75%) receiving 9.0 µg/kg/BID were found positive and
8 of 12 animals (67%) receiving 75 µg/kg/BID were found positive. Titers of 1:125 or greater were
obtained in 5 out of 12 (42%) in animals receiving 1.1 µg/kg/BID, 4 out of 12 (33%) in animals receiving
9.0 µg/kg/BID and 2 out of 12 (17%) in animals receiving 75 µg/kg/BID. These results suggest that antiexenatide antibody titers ≥1:125 were not neutralizing since increases in Cmax and AUC generally
correlated with anti-exenatide antibody titers ≥1:125. Moreover, exenatide-related effects on body weight
were not correlated with anti-exenatide antibody.
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Histopathology Inventory for NDA # 21-773
Study
Species
Adrenals
Aorta
Bone Marrow smear
Bone (femur)
Brain
Cecum
Cervix
Colon
Duodenum
Epididymis
Esophagus
Eye
Fallopian tube
Gall bladder
Gross lesions
Harderian gland
Heart
Ileum
Injection site
Jejunum
Kidneys
Lachrymal gland
Larynx
Liver
Lungs
Lymph nodes, cervical
Lymph nodes, mandibular
Lymph nodes, mesenteric
Mammary Gland
Nasal cavity
Optic nerves
Ovaries
Pancreas
Parathyroid
Peripheral nerve
Pharynx
Pituitary
Prostate
Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skeletal muscle
Skin
Spinal cord
Spleen
Sternum
Stomach
Testes
Thymus
Thyroid
Tongue
Trachea
Urinary bladder
Uterus
Vagina
Zymbal gland

00119
00119
00120
00120
91-D Mouse 91-D Mouse 182-D Mouse 91-D Monkey
X*
X*
X*
X*
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X*
X*
X
X
X
X
X*
X*
X
X
X
X
X
X
X
X
X
X
X*
X*
X*
X*
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X*
X*
X*
X*
X
X
X
X
X
X
X
X
X
X
X
X
X*
X*
X*
X*
X
X
X
X

00120
273-D Monkey
X*
X
X
X
X*
X
X
X
X
X*
X
X
X
X
X
X
X*
X
X
X
X*
X

00120
91-D Rat
X*
X
X
X
X*
X
X
X
X
X*
X
X
X
X
X
X
X*
X
X
X
X*
X

X*
X*

X*
X*

X*
X*

X*
X*

X*
X*

X*
X*

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X*
X
X*

X
X*
X
X*

X
X*
X
X*

X
X*
X
X*

X
X*
X
X*

X
X*
X
X*

X*
X
X
X
X
X
X
X
X
X*
X
X

X*
X
X
X
X
X
X
X
X
X*
X
X

X*
X*
X
X
X
X*
X

X*
X*
X
X
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X, histopathology performed
*, organ weight obtained
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6.6.6.4 Genetic toxicology
6.6.6.4.1 Study Title: Mutagenicity test with AC2993 in the Salmonella-Escherichia
coli/Mammalian microsome reverse mutation assay with a confirmatory assay.
Key Study findings:
• AC2993 did not increase the number of revertants/plate in any of the tester strains with or without
S9 mix.
• AC2993 was not mutagenic under the conditions of this study.
Study No: REST98093
Volume # and Page #: N/A.
Conducting Laboratory and location:
Date of Study Initiation: January 1, 1998.
GLP Compliance: Yes (U.S.A., U.K.)
QA- Reports Yes (x) No ( ):
Drug Lot # and % purity: Lot # 97-1210RP. Purity was not provided.

(b) (4)

Methods:
Strains/Species/Cell line: S. typhimurium: TA98, TA100, TA1535, TA1537; E. coli-WP2uvrA.
Doses used in definitive study: 33.3, 100, 333, 1,000, 3,330 and 5,000 µg/plate.
Basis of dose selection: Based on cytotoxicity (growth inhibition).
Negative Controls: Deionized water.
Positive Controls: Dose unit µg/plate.
- S9
+ S9

TA98
2-NF 1.0
B(a)P 2.5

TA100
NaN3 2.0
2-AA 2.5

TA1535
NaN3 2.0
2-AA 2.5

TA1537
ICR-191 2.0
2-AA 2.5

WP2uvrA
4-NNO 1.0
2-AA 25.0

2-NF =2=nitrofluorene; B(a)P = benzo(a)pyrene; 2-AA = 2-aminoanthracene; NaN3 = sodium azide; 4-NNO = 4-nitroquinoline-N-oxide.

Incubation and sampling times: The test article, tester strains and S9 mix (where appropriate) were
combined in molten agar which was overlaid onto a minimal agar plate. The plates were incubated at 37 ±
2oC for 54 ± 4 hr after which revertant colonies were counted.
Results
Study Validity: Three replicates per dose were evaluated. The number of revertant colonies/plate for the
vehicle controls and plates containing test article were counted manually. The number of revertant
colonies/plate for positive controls were counted by automated colony counter except for the positive
controls for tester strain TA98 in the absence of S9 mix which were counted manually. The highest dose
used was 5,000 µg/plate. Positive controls showed appropriate increases in colony numbers. The numbers
of revertant colonies for the negative and positive controls were within the limits of the historical data of
the testing facility. The test article is considered to be positive, if it produced at least a 2-fold increase in
mean number of revertants per plate in at least one of the tester strains and a dose-related increase in
number of revertants per plate relative to control. The study appears to be adequately performed.
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Study Outcome: In both the initial and confirmatory mutagenicity assays, no positive increases in the
number of revertants per plate were observed in any of the tester strains either in the presence or absence
of S9 mix. AC2993 was not mutagenic under the conditions of this study.
Initial Mutagenicity Assay (Mean Revertants/Plate ± SD)

Confirmatory Assay (Mean Revertants/Plate ± SD)

6.6.6.4.2 Study Title: Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay
with a Confirmatory Assay with AC2993
Study performed to compare the genotoxicity of exenatide from new manufacturer (Bachem)

Key Study findings:
• AC2993 did not increase the number of revertants/plate in any of the tester strains with or without
S9 mix.
• AC2993 was not mutagenic under the conditions of this study.
Study No: REST02099
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Volume # and Page #: N/A.
Conducting Laboratory and location:
Date of Study Initiation: June 7, 2002.
GLP Compliance: Yes (U.S.A., U.K.)
QA- Reports Yes (x) No ( ):
Drug Lot # and % purity: Lot # 01-0108AP. 91.5% pure.

(b) (4)

Methods:
Strains/Species/Cell line: S. typhimurium: TA98, TA100, TA1535, TA1537; E. coli-WP2uvrA.
Doses used in definitive study: 33.3, 100, 333, 1,000, 3,330 and 5,000 µg/plate.
Basis of dose selection: Based on cytotoxicity (growth inhibition).
Negative Controls: Deionized water.
Positive Controls: Dose unit µg/plate.
- S9
+ S9

TA98
2-NF 1.0
B(a)P 2.5

TA100
NaN3 2.0
2-AA 2.5

TA1535
NaN3 2.0
2-AA 2.5

TA1537
ICR-191 2.0
2-AA 2.5

WP2uvrA
4-NNO 1.0
2-AA 25.0

2-NF =2=nitrofluorene; B(a)P = benzo(a)pyrene; 2-AA = 2-aminoanthracene; NaN3 = sodium azide; 4-NNO = 4-nitroquinoline-N-oxide.

Incubation and sampling times: The test article, tester strains and S9 mix (where appropriate) were
combined in molten agar which was overlaid onto a minimal agar plate. The plates were incubated at 37 ±
2oC for 54 ± 4 hr after which revertant colonies were counted.
Results
Study Validity: Three replicates per dose were evaluated. The number of revertant colonies/plate was
counted by automated colony counter. The highest dose used was 5,000 µg/plate. Positive controls
showed appropriate increases in colony numbers. The numbers of revertant colonies for the negative and
positive controls were within the limits of the historical data of the testing facility. The test article is
considered to be positive, if it produced at least a 2-fold increase in mean number of revertants per plate
in at least one of the tester strains and a dose-related increase in number of revertants per plate relative to
control. The study appears to be adequately performed.
Study Outcome: In both the initial and confirmatory mutagenicity assays, no positive increases in the
number of revertants per plate were observed in any of the tester strains either in the presence or absence
of S9 mix. AC2993 was not mutagenic under the conditions of this study.
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Initial Mutagenicity Assay (Mean Revertants/Plate ± SD)

Confirmatory Mutagenicity Assay (Mean Revertants/Plate ± SD)

6.6.6.4.3 Study Title: Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay
with a Confirmatory Assay with AC2993
Study was performed to compare the genotoxicity of exenatide from new manufacturer (Mallinckrodt)

Key Study findings:
• AC2993 did not increase the number of revertants/plate in any of the tester strains with or without
S9 mix.
• AC2993 was not mutagenic under the conditions of this study.
Study No: REST02098
Volume # and Page #: N/A.
Conducting Laboratory and location:
Date of Study Initiation: June 7, 2002.

(b) (4)
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GLP Compliance: Yes (U.S.A., U.K.)
QA- Reports Yes (x) No ( ):
Drug Lot # and % purity: Lot # 01-0802BP. 95.8% pure.
Methods:
Strains/Species/Cell line: S. typhimurium: TA98, TA100, TA1535, TA1537; E. coli-WP2uvrA.
Doses used in definitive study: 33.3, 100, 333, 1,000, 3,330 and 5,000 µg/plate.
Basis of dose selection: Based on cytotoxicity (growth inhibition).
Negative Controls: Deionized water.
Positive Controls: Dose unit µg/plate.
- S9
+ S9

TA98
2-NF 1.0
B(a)P 2.5

TA100
NaN3 2.0
2-AA 2.5

TA1535
NaN3 2.0
2-AA 2.5

TA1537
ICR-191 2.0
2-AA 2.5

WP2uvrA
4-NNO 1.0
2-AA 25.0

2-NF =2=nitrofluorene; B(a)P = benzo(a)pyrene; 2-AA = 2-aminoanthracene; NaN3 = sodium azide; 4-NNO = 4-nitroquinoline-N-oxide.

Incubation and sampling times: The test article, tester strains and S9 mix (where appropriate) were
combined in molten agar which was overlaid onto a minimal agar plate. The plates were incubated at 37 ±
2oC for 54 ± 4 hr after which revertant colonies were counted.
Results
Study Validity: Three replicates per dose were evaluated. The number of revertant colonies/plate was
counted by automated colony counter. The highest dose used was 5,000 µg/plate. Positive controls
showed appropriate increases in colony numbers. The numbers of revertant colonies for the negative and
positive controls were within the limits of the historical data of the testing facility. The test article is
considered to be positive, if it produced at least a 2-fold increase in mean number of revertants per plate
in at least one of the tester strains and a dose-related increase in number of revertants per plate relative to
control. The study appears to be adequately performed.
Study Outcome: In both the initial and confirmatory mutagenicity assays, no positive increases in the
number of revertants per plate were observed in any of the tester strains either in the presence or absence
of S9 mix. AC2993 was not mutagenic under the conditions of this study.
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Initial Mutagenicity Assay (Mean Revertants/Plate ± SD)

Confirmatory Mutagenicity Assay (Mean Revertants/Plate ± SD)

6.6.6.4.4 Study Title: Mutagenicity test on AC2993 measuring chromosomal aberration in Chinese
hamster ovary (CHO) cells.
Key findings:
Confirmatory Chromosomal Aberrations Assay without Metabolic Activation
• No visual signs of toxicity were observed in any of the test cultures.
• No reductions were observed in the mitotic indices of the cultures analyzed relative controls.
• No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplicafion
were observed at the concentrations analyzed.
Confirmatory Chromosomal Aberrations Assay with Metabolic Activation
• No visual signs of toxicity were observed in any of the test cultures.
• Reductions of 6%, 35%, and 21% were observed in the mitotic indices of the cultures treated with
625, 1250, and 5000 µg/ml relative to control cultures.
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No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication
were observed at the concentrations analyzed.
Overall, AC2993 tested negative for inducing chromosome aberrations in CHO cells with and
without metabolic activation under the conditions of the study.

Study No: REST98094.
Volume # and Page #: N/A.
(b) (4)
Conducting Laboratory:
Date of Study Initiation: January 27, 1998.
GLP Compliance: Yes (U.S.A.)
QA- Reports Yes (x) No ( ):
Drug Lot Number and % purity: Lot # 97-1210RP. Purity was not provided.
Methods
Strains/Species/Cell line: Chinese hamster ovary cell line.
Doses used in definitive study: 625, 1250, 2500, 5000 µg/ml.
Basis of dose selection: The highest dose was selected as the dose/concentration that inhibited cell growth
(cytotoxicity) by 50%.
Negative Controls: Deionized water.
Positive Controls: Mitomycin C (- S9); Cyclophosphamide (+ S9).
Incubation and sampling times:
Aberration assay without metabolic activation: Cultures were initiated by seeding approximately 1.2 x
106 cells per 75 cm2 flask into 10 ml of complete McCoy's 5a medium. One day after culture initiation,
the cells were incubated at 37°C with the test article at predetermined concentrations for approximately
3.0 hours for the initial assay or 17.8 hours in the confirmatory assay. The cultures were then washed with
buffered saline. In the initial assay, the cells were refed with complete McCoy's 5a medium and incubated
(b) (4)
for the rest of the culture period up to the time of harvest with 0.1 µg/ml
® present during the
last 2.0 hours of incubation. In the confirmatory assay, cells were refed with complete McCoy's 5a
(b) (4)
medium with 0.1 µg/ml
® and harvested 2.0 hours later.
Aberrations Assay with Metabolic Activation: Cultures were initiated as previously described. One day
after culture initiation, the cultures were incubated at 37°C for approximately three hours in the presence
of the test article and the S9 reaction mixture in McCoy's 5a medium without FBS. After the three-hour
exposure period the cells were washed twice with buffered saline and the cells were refed with complete
McCoy's 5a medium. The cells were incubated for the rest of the culture period up to the time of harvest
(b) (4)
with 0.1 µg/ml
® present during the last 2.0 hours of incubation. The cultures were then
harvested.
RESULTS:
Study Validity: Two replicate cultures per dose were evaluated. The method of counting was not
disclosed. The negative (untreated) and vehicle control cultures contain less than ~5% cells with
aberration. The positive control cultures contain significantly higher (p<0.01) number of cells with
aberrations than the vehicle controls. The assay tested the highest applicable dose (10 mM or 5 mg/ml).
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The test article is considered positive if a statistically significant increase in the number of cells with
chromosomal aberrations is observed at one or more concentrations. The chromosomal aberrations should
show a dose response-response relationship. Overall, the study was valid and adequately performed.
Study Outcome:
Chromosomal Aberrations Assay without Metabolic Activation
Initial assay: No visual signs of toxicity were observed in any of the test cultures. No reductions were
observed in the mitotic indices of the cultures analyzed as compared with the solvent control cultures. No
significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication were
observed at the concentrations analyzed.
Confirmatory Assay: No visual signs of toxicity were observed in any of the test cultures. No reductions
were observed in the mitotic indices of the cultures analyzed as compared with the solvent control
cultures. No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplicafion
were observed at the concentrations analyzed.
Chromosomal Aberrations Assay with Metabolic Activation
Initial assay: No visual signs of toxicity were observed in any of the test cultures, except for floating
debris in the cultures treated with 5000 µg/ml. Reductions of 57%, 5%, and 41% were observed in the
mitotic indices of the cultures treated with 625, 1250, and 2500 µg/ml as compared with the solvent
control cultures. No significant increases in cells with chromosomal aberrations, polyploidy, or
endoreduplication were observed at the concentrations analyzed.
Confirmatory Assay: No visual signs of toxicity were observed in any of the test cultures. Reductions of
6%, 35%, and 21% were observed in the mitotic indices of the cultures treated with 625, 1250, and 5000
µg/ml as compared with the solvent control cultures. No significant increases in cells with chromosomal
aberrations, polyploidy, or endoreduplication were observed at the concentrations analyzed.
Conclusion: AC2993 tested negative for inducing chromosome aberrations in CHO cells with and
without metabolic activation under the conditions of the study.
Initial Chromosome Aberration Assay
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Confirmatory Chromosome Aberration Assay

6.6.6.4.5 Study Title: Mutagenicity test on AC2993 measuring chromosomal aberration in Chinese
hamster ovary (CHO) cells.
Study was performed to compare the genotoxicity of exenatide from new manufacturer (Bachem)

Key findings:
Confirmatory Chromosomal Aberrations Assay without Metabolic Activation
• No visual signs of toxicity were observed in any of the test cultures.
• Reductions of 0% and 7% were observed in the mitotic indices of cultures treated with 2500 and
5000 µg/ml, respectively, relative to solvent control cultures.
• No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplicafion
were observed at the concentrations analyzed.
Chromosomal Aberrations Assay with Metabolic Activation
• No visual signs of toxicity were observed in any of the test cultures.
• Reductions of 25, 24%, 19% and 22% were observed in the mitotic indices of cultures treated
with 625, 1250, 2500 and 5000 µg/ml, respectively, relative to solvent control cultures.
• No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication
were observed at the concentrations analyzed.
•

AC2993 tested negative for inducing chromosome aberrations in CHO cells with and without
metabolic activation under the conditions of the study.

Study No: REST02305.
Volume # and Page #: N/A.
(b) (4)
Conducting Laboratory:
Date of Study Initiation: January 27, 1998.
GLP Compliance: Yes (U.S.A.)
QA- Reports Yes (x) No ( ):
Drug Lot Number and % purity: Lot # 97-1210RP, 93.8% pure.
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Methods
Strains/Species/Cell line: Chinese hamster ovary cell line.
Doses used in definitive study: 625, 1250, 2500, 5000 µg/ml.
Basis of dose selection: The highest dose was selected as the dose/concentration that inhibited cell growth
(cytotoxicity) by 50%.
Negative Controls: Deionized water.
Positive Controls: Mitomycin C (- S9); Cyclophosphamide (+ S9).
Incubation and sampling times:
Aberration assay without metabolic activation: Cultures were initiated by seeding approximately 1.2 x
106 cells per 75 cm2 flask into 10 ml of complete McCoy's 5a medium. One day after culture initiation,
the cells were incubated at 37°C with the test article at predetermined concentrations for approximately
3.0 hours for the initial assay or 17.8 hours in the confirmatory assay. The cultures were then washed with
buffered saline. In the initial assay, the cells were refed with complete McCoy's 5a medium and incubated
(b) (4)
for the rest of the culture period up to the time of harvest with 0.1 µg/ml
present during the
last 2.0 hours of incubation. In the confirmatory assay, cells were refed with complete McCoy's 5a
(b) (4)
medium with 0.1 µg/ml
and harvested 2.0 hours later.
Aberrations Assay With Metabolic Activation: Cultures were initiated as previously described. One
day after culture initiation, the cultures were incubated at 37°C for approximately three hours in the
presence of the test article and the S9 reaction mixture in McCoy's 5a medium without FBS. After the
three-hour exposure period the cells were washed twice with buffered saline and the cells were refed with
complete McCoy's 5a medium. The cells were incubated for the rest of the culture period up to the time of
(b) (4)
harvest with 0.1 µg/ml
present during the last 2.0 hours of incubation. The cultures were then
harvested.
RESULTS:
Study Validity: Two replicate cultures per dose were evaluated. The method of counting was not
disclosed. The negative (untreated) and vehicle control cultures contain less than ~5% cells with
aberration. The positive control cultures contain significantly higher (p<0.01) number of cells with
aberrations than the vehicle controls. The assay tested the highest applicable dose (10 mM or 5 mg/ml).
The test article is considered positive if a statistically significant increase in the number of cells with
chromosomal aberrations is observed at one or more concentrations. The chromosomal aberrations should
show a dose response-response relationship. Overall, the study was valid and adequately performed.
Study Outcome:
Chromosomal Aberrations Assay without Metabolic Activation
Initial assay: Chromosomal aberrations were analyzed from the cultures treated with 625, 1250, 2500,
and 5000 µg/ml. No visual signs of toxicity were observed in any of the test cultures. No reductions were
observed in the mitotic indices of the cultures analyzed as compared with the solvent control cultures. No
significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication were
observed at the concentrations analyzed. Based on the results from the initial trial, the confirmatory nonactivation aberrations assay was conducted testing concentrations of 313, 625, 1250, 2500, and 5000
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µg/ml. Treatment periods were for 20 and 3 hours without and with metabolic activation, respectively,
and the cultures were harvested 20 hours from the initiation of treatment.
Confirmatory Assay: Chromosomal aberrations were analyzed from the cultures treated with 625, 1250,
2500, and 5000 µg/ml. No visual signs of toxicity were observed in any of the test cultures. Reductions of
0% and 7% were observed in the mitotic indices of the cultures treated with 2500 and 5000 µg/ml,
respectively, relative to solvent control cultures. No significant increases in cells with chromosomal
aberrations, polyploidy, or endoreduplicafion were observed at the concentrations analyzed.
Chromosomal Aberrations Assay with Metabolic Activation
Initial assay: No visual signs of toxicity were observed in any of the test cultures. Reductions of 0% and
12% were observed in the mitotic indices of the cultures treated with 2500 and 5000 µg/ml, respectively,
relative to solvent control cultures. No significant increases in cells with chromosomal aberrations,
polyploidy, or endoreduplication were observed at the concentrations analyzed.
Based on the results from the initial trial, the confirmatory aberrations assay with metabolic activation
was conducted testing concentrations of 313, 625, 1250, 2500, and 5000 µg/ml. Treatment period was for
3 hours and cultures were harvested 20 hours from the initiation of treatment.
Confirmatory Assay: No visual signs of toxicity were observed in any of the test cultures. Reductions of
25, 24%, 19% and 22% were observed in the mitotic indices of the cultures treated with 625, 1250, 2500
and 5000 µg/ml, respectively, relative to the solvent control cultures. No significant increases in cells
with chromosomal aberrations, polyploidy, or endoreduplication were observed at the concentrations
analyzed.
Conclusion: AC2993 was considered negative for inducing chromosome aberrations in CHO cells with
and without metabolic activation.
Initial Chromosome Aberration Assay
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Confirmatory Chromosome Aberration Assay

6.6.6.4.4 Study Title: Mutagenicity test on AC2993 measuring chromosomal aberration in Chinese
hamster ovary (CHO) cells.
Study was performed to compare the genotoxicity of exenatide from new manufacturer (Mallinckrodt)

Key findings:
Confirmatory Chromosomal Aberrations Assay without and without Metabolic Activation
• No visual signs of toxicity were observed in any of the test cultures.
• No reductions were observed in the mitotic indices of the cultures analyzed as compared with the
solvent control cultures.
• No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication
were observed at the concentrations analyzed.
• AC2993 tested negative for chromosomal aberrations under the conditions of the study.
Study No: REST02304.
Volume # and Page #: N/A.
(b) (4)
Conducting Laboratory:
Date of Study Initiation: January 27, 1998.
GLP Compliance: Yes (U.S.A.)
QA- Reports Yes (x) No ( ):
Drug Lot Number and % purity: Lot # 97-1210RP. 96.5% pure.
Methods
Strains/Species/Cell line: Chinese hamster ovary cell line.
Doses used in definitive study: 625, 1250, 2500, 5000 µg/ml.
Basis of dose selection: The highest dose was selected as the dose/concentration that inhibited cell growth
(cytotoxicity) by 50%.
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Negative Controls: Deionized water.
Positive Controls: Mitomycin C (- S9); Cyclophosphamide (+ S9).
Incubation and sampling times:
Aberration assay without metabolic activation: Cultures were initiated by seeding approximately 1.2 x
106 cells per 75 cm2 flask into 10 ml of complete McCoy's 5a medium. One day after culture initiation,
the cells were incubated at 37°C with the test article at predetermined concentrations for approximately
3.0 hours for the initial assay or 17.8 hours in the confirmatory assay. The cultures were then washed with
buffered saline. In the initial assay, the cells were refed with complete McCoy's 5a medium and incubated
(b) (4)
for the rest of the culture period up to the time of harvest with 0.1 µg/ml
® present during the
last 2.0 hours of incubation. In the confirmatory assay, cells were refed with complete McCoy's 5a
(b) (4)
medium with 0.1 µg/ml
® and harvested 2.0 hours later.
Aberrations Assay With Metabolic Activation: Cultures were initiated as previously described. One
day after culture initiation, the cultures were incubated at 37°C for approximately three hours in the
presence of the test article and the S9 reaction mixture in McCoy's 5a medium without FBS. After the
three-hour exposure period the cells were washed twice with buffered saline and the cells were refed with
complete McCoy's 5a medium. The cells were incubated for the rest of the culture period up to the time of
(b) (4)
harvest with 0.1 µg/ml
® present during the last 2.0 hours of incubation. The cultures were then
harvested.
RESULTS:
Study Validity: Two replicate cultures per dose were evaluated. The method of counting was not
disclosed. The negative (untreated) and vehicle control cultures contain less than ~5% cells with
aberration. The positive control cultures contain significantly higher (p<0.01) number of cells with
aberrations than the vehicle controls. The assay tested the highest applicable dose (10 mM or 5 mg/ml).
The test article is considered positive if a statistically significant increase in the number of cells with
chromosomal aberrations is observed at one or more concentrations. The chromosomal aberrations should
show a dose response-response relationship. Overall, the study was valid and adequately performed.
Study Outcome:
Chromosomal Aberrations Assay without Metabolic Activation
Initial assay: No visual signs of toxicity were observed in any of the test cultures. No reductions were
observed in the mitotic indices of the cultures analyzed as compared with the solvent control cultures. No
significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication were
observed at the concentrations analyzed.
Based on the results from the initial trial, the confirmatory non-activation aberrations assay was
conducted testing concentrations of 313, 625, 1250, 2500, and 5000 µg/ml. Treatment period was for 20
and 3 hours without and with metabolic activation, r5espectively, and cultures were harvested 20 hours
from the initiation of treatment.
Confirmatory Assay: No visual signs of toxicity were observed in any of the test cultures. No reductions
were observed in the mitotic indices of the cultures analyzed as compared with the solvent control
cultures. No significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication
were observed at the concentrations analyzed.
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Chromosomal Aberrations Assay with Metabolic Activation
Initial assay: No visual signs of toxicity were observed in any of the test cultures. Reductions of 0%, and
10% were observed in the mitotic indices of the cultures treated with 2500 and 5000 µg/ml relative to the
solvent control cultures. No significant increases in cells with chromosomal aberrations, polyploidy, or
endoreduplication were observed at the concentrations analyzed.
Based on the results from the initial trial, the confirmatory aberrations assay with metabolic activation
was conducted testing concentrations of 313, 625, 1250, 2500, and 5000 µg/ml. Treatment period was for
20 and 3 hours without and with metabolic activation, r5espectively, and cultures were harvested 20 hours
from the initiation of treatment.
Confirmatory Assay: No visual signs of toxicity were observed in any of the test cultures. No reductions
were observed in the mitotic indices of the treated cultures relative the solvent control cultures. No
significant increases in cells with chromosomal aberrations, polyploidy, or endoreduplication were
observed at the concentrations analyzed.
Conclusion: AC2993 was considered negative for inducing chromosome aberrations in CHO cells with
and without metabolic activation.
Initial Chromosome Aberration Assay
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Confirmatory Chromosome Aberration Assay

6.6.6.4.5

Study Title: In vivo mouse micronucleus assay with AC2993

Key findings:
• No significant increase in micronucleated PCEs was observed at any doses tested.
• AC2993 tested negative in the bone marrow micronucleus assay under the condition of this assay.
Study No: REST00078.
Volume # and Page #: N/A.
(b) (4)
Conducting Laboratory:
Date of Study Initiation/completion: March 31, 2000/April 9, 2000.
GLP Compliance: Yes (U.S.A.).
QA- Reports Yes(x) No ( ):
Drug, Lot #, and % purity: 99-1002TP.
Methods:
Strains/Species/Cell line: Mouse/Crl:CD-1(ICR)BR.
Doses used in definitive study: 34, 380 and 2000 µg/kg.
Basis of dose selection: The highest dose selected was 2000 µg/kg. Justification for dose selection was
not provided.
Negative Controls: Formulation of vehicle was identical to that of test article but does not contain the
active ingredient (AC2993).
Positive Controls: Cyclophosphamide.
Incubation and sampling times (Exposure Conditions): 1 day of dosing. Sampling at 24 and 48 hrs after
dosing. The animals used (males) in this study were dosed subcutaneously with 34, 380 and 2000 µg/kg
of AC2993. The positive control substance was administered by oral gavage. At 24 hrs post dose, 6
mice/group were sacrificed and bone marrow extracted for slide preparation. At 48 hrs post-dose, another
6 mice/group were selected from the HD and control groups, sacrificed and bone marrow extracted for
slide preparation.
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STUDY DESIGN:

RESULTS:
Study Validity: 2000 PCEs/animal were analyzed to determine the micronucleus frequency (expressed as
percent micronucleated cells). Counting of PCEs from NCEs was done by microscopic evaluation of bone
marrow smear slides using color differentiation. The study was valid because the mean incidence of
micronucleated polychromatic erythrocytes (MNPCEs) did not exceed 5/1000 PCEs (0.5%) in the
negative (vehicle) control. The mean incidence of MNPCEs in the positive control group were
statistically significantly increased relative to the negative control. The test agent is said to be positive if a
statistically significant increase in MNCPEs is observed for at least one dose level relative to control with
significant dose-related response. Overall, the study was valid and adequately performed.
Study Outcome: The test article, AC2993, induced no signs of clinical toxicity in the treated animals and
was not cytotoxic to the bone marrow (i.e., no statistically-significant decrease in the PCE:NCE ratio). A
statistically significant increase in micronucleated PCEs was not observed at any dose level or harvest
timepoint. The test article was evaluated as negative in the bone marrow micronucleus assay under the
condition of this assay.

2.6.6.5 Carcinogenicity
2.6.6.5.1 Study title: Carcinogenicity Study of AC2993 Administered Subcutaneously in Rats
Key study findings:
• No exenatide-related adverse effect was observed on survival rate. Survival rate was greater in
the treated groups relative to controls.
• Body weight gain was slightly decreased (not SS) in the HD group. This correlated with the
overall decreased food consumption.
• Injection site discoloration, thickening, and scab were observed in all treated animals including
controls. Subcutaneous masses were observed in all treated groups including controls. Increased
incidence of tan focus/foci of the lung were observed in treated groups relative to controls.
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Low titers of anti-exenatide antibody were detected at Week 36 as follows: 5/78, 2/40, 3/40 and
3/40 at 0 (both groups), 18, 70 and 250 µg/kg/d respectively. Exenatide was not antigenic in rats
under the conditions of the study.
None of the tumors observed was statistically significant, or dose-related.
The incidence of thyroid C-cell adenoma was increased in all drug treated females relative to
controls. The incidence in HD females is 23% relative to controls (8% and 5% for control groups
1 and 2 respectively) and is greater than the sponsor’s historical control mean (5%) and range (010%). The thyroid C-cell adenomas may have been drug related.

Adequacy of the carcinogenicity study and appropriateness of the test model:
Sprague-Dawley rats were dosed once daily by subcutaneous administration of AC2993 at doses of 18, 70
and 250 µg/kg/d for 104 weeks. The test model (SD rat) is appropriate because the rat is a universal
model routinely used for evaluating the toxicity and carcinogenicity of various classes of chemicals and
for which there is a large historical database. The study was adequate because the study duration met the
regulatory required duration for carcinogenicity studies (104 weeks); the doses evaluated provided
adequate exposure multiples of 5X (LD), 23X (MD) and 130X (HD) the MRHD of 10 µg/day based on
AUC; cumulative survival was greater in the treated groups relative to control; and mean body weight
loss in the treated groups was slight (12-18%) over the 2 year period.
Evaluation of tumor findings:
• The incidence of thyroid C-cell adenoma was increased in all drug treated females (9/65-LD;
7/65-MD; 15/65-HD) relative to controls (5/65-Control 1 and 3/65-Control 2). The incidence in
HD females is 23% relative to controls (8% and 5% for control groups 1 and 2 respectively) and
is greater than the sponsor’s historical control mean (5%) and range (0-10%).
• The thyroid C-cell adenomas may have been drug related.
Study no.: REST01052.
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

(b) (4)

Date of study initiation: April 27, 2001.
GLP compliance: Yes.
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot #01-0102TP, 95% pure; Lot # 00-0606TP, 93% pure.
CAC concurrence: Executive CAC did not concur with the doses selected for the rat. It was
recommended that in order to receive concurrence on dose selection based on 25X AUC, the sponsor
would need to provide appropriate exposure data rather than extrapolation on the basis of a single dose.
Moreover, there may be a problem of excessive toxicity based on body weight changes.
The sponsor has submitted clinical PK data following a multiple dose study with 10 µg BID. Based on
this data, the doses selected by the sponsor resulted in 12X, 28X and 95X the MRHD (10 µg BID = 2076
pg.h/ml, AUC) based on AUC. Excessive toxicity based on body weight changes was not observed
throughout the carcinogenicity studies.
Methods
Doses: 0, 0, 18, 70, 250 µg/kg/d.
Basis of dose selection: AUC.
Species/strain: Rat/SD.
Number/sex/group (main study): 65/sex.group.
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Route, formulation, volume: Subcutaneous administration; 360, 700, 833 µl/kg for the LD, MD
and HD respectively. The control groups received 833 µl/kg each.
Frequency of dosing: Once daily.
Satellite groups used for toxicokinetics or special groups: Surviving main study animals were
used for TK.
Age: 7 to 8 weeks old at study initiation.
Animal housing: Animals were individually housed in suspended, stainless steel, wire-mesh type
cages in an environmentally-controlled room.
Restriction paradigm for dietary restriction studies: N/A.
Drug stability/homogeneity: Sponsor stated the test article was stable and homogeneous at the
concentrations evaluated in the carcinogenicity study.
Dual controls employed: Yes.
Interim sacrifices: N/A.
Deviations from original study protocol: None
Observation times
Mortality: Daily.
Clinical signs: Daily.
Body weights: Measured predose, weekly during the first 16 weeks, and every 4 weeks thereafter.
Food consumption: Measured predose, weekly during the first 16 weeks, and every 4 weeks thereafter.
Histopathology: Peer review: yes (X), no ( )
Toxicokinetics: Approximately one week prior to study termination (~ 30 minutes postdose), blood
samples were collected for determination of the plasma concentrations of the test article from the first five
surviving rats/sex/control group, and from the first ten surviving rats/sex/treatment group.
Anti-Exenatide antibody: Specimens from each rat were collected before dose administration during
Week 36 of the study. Collection before dose administration ensured that the plasma concentration of
AC2993 would be below a concentration that would interfere with the antibody assay and collection of
blood from each animal ensured that all animals in the study received approximately equal stress from the
procedure. Antibody detection was by means of ELISA.
Results
Mortality:
Dose (µg/kg/d)
Sex
# of Animals Start of treatment
Died/sacrificed moribund
Scheduled sacrifice
Cummulative Survival (%)

0 (Control 1)
M
F
65
65
48
52
17
13
32
20

18
M
65
44
21
32
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70
F
65
49
16
26

M
65
40
25
40

250
F
65
45
20
31

M
65
43
22
37

F
65
50
15
26

0 (Control 2)
M
F
65
65
45
49
20
16
31
26
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SURVIVAL CURVES – MALES

SURVIVAL CURVES - FEMALES

Clinical signs:
Treatment-related salivation was observed in all AC2993-treated groups in both sexes. Salivation was
observed in almost all treated rats at least once during the study, with the time of onset being dose related,
as increased salivation was generally noted during Weeks 3 to 4 at 250 µg/kg/d, Weeks 6 to 8 at 70
µg/kg/dose, and Weeks 16 to 18 at 18 µg/kg/dose and continued for the remainder of the study.
Body weights: (g) Mean body weight data.
Dose (µg/kg/d)
Sex
Week 1
Week 104
Body wt. gain

0 (Control 1)
M
F
30.40
25.61
42.20
36.02
11.80
10.40

18
M
30.71
41.68
10.97

70
F
25.78
37.22
11.40

M
30.93
41.28
10.35

* p< 0.05
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250
F
25.86
36.26
10.40

M
30.92
41.98
11.06

F
26.21
35.44
9.23

0 (Control 2)
M
F
30.25
25.05*
42.30
37.11
12.05
12.06

REVIEWER: JOHN COLERANGLE

NDA No. 21-919

Food consumption: (g/day)
Dose (µg/kg/d)
Sex
Week 1
Week 104
Decrease

0 (Control 1)
M
F
7.09
6.40
6.02
5.94
1.07
0.46

18
M
7.45
6.20
1.25

70
F
7.98*
6.14
1.84

M
7.66*
6.39
1.27

250
F
7.70**
6.11
1.59

M
6.48**
6.16
0.32

0 (Control 2)
M
F
6.55
7.27*
5.73
5.83
0.82
1.44

F
6.29
6.13
0.16

* p< 0.05; ** p< 0.01
Gross pathology: There were no treatment-related gross findings except for the gross findings noted at
the injection sites. These findings were attributed to the trauma caused by repeated injection.
Summary of Macroscopic Observations - Males
Dose (µg/kg/d)

Severity

Sex
# of Animals Examined

Injection site, Left flank
Discoloration, red
Thickened
Injection site, Left shoulder
Discoloration, red
Mass
Injection site, Right flank
Discoloration, red
Discoloration, black
Discoloration, gray
Injection site, Right shoulder
Discoloration, red

Minimal
Mild
Moderate
Mild
Mild
Moderate
Present

01

02

18

70

250

DOS
41

SNC
24

DOS
42

SNC
23

DOS
28

SNC
37

DOS
28

SNC
37

DOS
29

SNC
36

3
1
1
1
0
3
3

1

0

0

1

0

0

3

1

3

3

1

3

0
1
1

0
0

1
0
1
1

1
1
1

0
3
3

0
0

0
4
4

0

0

2
1
1

0
1
1

0
5
4
1
0
0
2
1
1

0
2
2

0
1
1

1
1
0

0
0
4
4

1
0
4
4

0
0

0
1
1

Mild
Moderate
Moderate
Mild

0
3
2
1
0
3
3

0
0
0
0
0
0
0
0
0
0
2
3
1
2
1
4
Mild
1
2
1
2
1
4
Moderate
1
1
DOS – Died or euthanized on study; SNC = Scheduled necropsy

0
0
1
1

Summary of Macroscopic Observations - Females
Dose (µg/kg/d)

Severity

Sex
# of Animals Examined

Injection site, Left flank
Discoloration, red
Scab
Injection site, Left shoulder
Discoloration, red
Thickened
Injection site, Right flank
Discoloration, red
Thickened
Injection site, Right shoulder
Discoloration, red
Skin, subcutis
Mass
Foot/feet
Ulcer, plantar
Lung

Minimal
Mild
Mild
Minimal
Mild
Moderate
Mild
Moderate
Minimal
Mild
Moderate
Moderate

01

02

DOS
51

SNC
14

7
1
6
1
3
1
2

0
0
1
1

18

70

250

DOS
51

SNC
14

DOS
35

SNC
30

DOS
22

SNC
43

DOS
30

SNC
35

4
0
3
1
2

0
0
1

3
0
1

1
0
4

5
0
4

1
0
1

0
1
2

1

3
1
8
1
7

1

4

3
1

1

2

0
1

1
3

0
4

0
1
1

0
3

0
5

3

4

0
2
1
1

1
1

0
2

1

2

1

0

6

1

0
6

6

1

6
0
1
1

1
0
0

0
0

2
1
0
4

0
2

4

2

3
2
0
4
1
3

1

Minimal
Mild

4
2
2

Present

51

14

50

9

16

12

8

17

11

20

Mild

6
1

4
0

0
0

0
1

0
3

0
4

0
0

0
6

0
2

0
3

1
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Minimal
1
Mild
1
2
4
Moderate
Severe
1
DOS – Died or euthanized on study; SNC = Scheduled necropsy

Histopathology:
Non-neoplastic:

Neoplastic:
Summary of Neoplastic Lesions
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4
2

1
1

2
1
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Summary of Neoplastic Lesions Contd.

Summary of Neoplastic Lesions Contd.
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Summary of Neoplastic Lesions Contd.

Summary of Neoplastic Lesions Contd.

Toxicokinetics: Based on 91-day Rat TK from bolus SC administration.
Dose (µg/kg/d)
AUC0-6h (ph.h/ml)
Day 1
Day 91
C30min (pg/ml)

0 (Control 1)
18
70
250
M+F
M+F
M+F
M+F
N/A
20,188
45,619
201,764
N/A
10,178
48,554
268,094
31
13,413
47,179
208,635
Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

Anti-exenatide antibody data: Summary of ELISA positive Results

Based on the ELISA results, AC2993 has very low antigenic potential in rats.
84

0 (Control 2)
M+F
N/A
N/A
14
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2.6.6.5.2 Study title: Carcinogenicity Study of AC2993 Administered Subcutaneously in Mice
Key study findings:
• There were no exenatide-related effects on survival. Cummulative survival is greater in treated
versus control groups. Clinical findings, or macroscopic pathology were unremarkable in any of
the treated groups relative to controls.
• Body weight gain decreased by 23-27% in males and by 15-24% in females relative to controls.
The decreased body weight gain correlated with decreased food consumption.
• The only treatment-related non-neoplastic microscopic finding was an increased incidence and
severity of focal basophilic hypertrophy of acinar cells in the parotid salivary glands at doses ≥ 18
µg/kg/d. While there was no dose response with regard to incidence or severity in treated males,
there was a weak dose response with regard to incidence or severity in treated females.
• None of the tumors observed was statistically significant or dose-related.
• Based on the conditions and findings of the study, daily SC injections of AC2993 at doses ≤ 250
µg/kg/d (95X MRHD, AUC) for 98 weeks in male mice and 96 weeks in female mice did not
demonstrate any carcinogenic findings.
Adequacy of the carcinogenicity study and appropriateness of the test model:
CD-1 mice were dosed once daily by subcutaneous administration of AC2993 at doses of 18, 70 and 250
µg/kg/d for 96 weeks (females) and 98 weeks (males). The test model (CD-1 mouse) is appropriate
because the mouse is a universal model routinely used for evaluating the toxicity and carcinogenicity of
various classes of chemicals and for which there is a large historical database. The study was adequate
because the doses evaluated provided adequate exposure multiples (12-95X) of the MRHD based on
AUC; cumulative survival was greater in the treated groups relative to control; there was no significant
change in mean body weight of treated groups relative to controls over the 2 year period. While the mice
remained on study, and scheduled observations were continued until scheduled euthanasia after Week
104, treatment was discontinued after 96 weeks of dosing for the females (25/65 survival at 0 (Control 2)
and 250 µg/kg/d, and after 98 weeks of dosing for the males (25/65 survival at 0 (Control 1) and 18
µg/kg/d based on reduced survival in both sexes and ECAC’s recommendation. It is not clear from the
individual animal histopathology data what caused the death in the early decedents. The sponsor does not
know what caused the death of the early decedents either. However, the sponsor disclosed that survival
rates are lower in mouse carcinogenicity studies by subcutaneous injection compared to oral gavage
studies.
Evaluation of tumor findings:
• None of the tumors observed was statistically significant or dose-related.
Study no.: REST01053
Volume # and page #: N/A.
(b) (4)
Conducting laboratory and location:
(b) (4)
.
Date of study initiation: April 27, 2001.
GLP compliance: Yes.
QA report: yes (X) no ( )
Drug, lot #, and % purity: Lot # 01-0102TP, 95% pure; Lot # 00-0606TP, 93% pure.
CAC concurrence: Executive CAC did not concur with the doses selected for the mouse because of the
exposure extrapolation approach used. However ECAC indicated that if the exposure margins projected
were achieved, the study could be considered adequate. There was further concern that the volume
necessary to deliver the proposed dose might exceed a maximum feasible dose based on the toxicity
findings in the control and HD groups. The doses evaluated led to multiples of 12X, 28X and 95X the
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MRHD (10 µg BID = 2076 pg.h/ml) based on AUC. The dose volumes used (947, 1400 and 3205 µl/kg
for LD, MD and HD respectively; 3205 µl/kg for the control groups) did not appear to have exceeded the
maximum feasible dose because survival in the MD and HD groups were greater relative to the LD group
that received a lower dose volume. Survival in the control groups (given a higher dose volume) was also
slightly higher relative to survival in the LD group (given a lower dose volume).
Methods
Doses: 0, 0, 18, 70, 250 µg/kg/d.
Basis of dose selection: AUC.
Species/strain: Mouse/CD-1.
Number/sex/group (main study): 65/sex/goup.
Route, formulation, volume: Subcutaneous injection; 947, 1400, 3205 µl/kg for LD, MD and HD
groups. Controls received a dose volume of 3205 µl/kg.
Frequency of dosing: Once daily.
Satellite groups used for toxicokinetics or special groups: Some of the surviving animals in the
main study group were used for TK.
Age: 7 to 8 weeks at study initiation.
Animal housing: Mice were individually housed in suspended, stainless steel, wire-mesh type
cages in an environmentally-controlled room.
Restriction paradigm for dietary restriction studies: N/A.
Drug stability/homogeneity: Sponsor stated the test article was stable and homogeneous at the
concentrations evaluated in the carcinogenicity study.
Dual controls employed: Yes.
Interim sacrifices: N/A.
Deviations from original study protocol: None.
Observation times
Mortality: Daily.
Clinical signs: Daily.
Body weights: Measured predose, weekly during the first 16 weeks of the study, and every 4 weeks
thereafter.
Food consumption: Measured weekly during the first 16 weeks of the study, and every 4 weeks thereafter.
Histopathology: Peer review: yes (X), no ( )
Toxicokinetics: Blood samples for TK were collected during week 96 for females and week 98 for males
from the first 5 surviving mice/sex/control groups, and from the first 10 surviving mice/treatment groups.
Results
Mortality:
Dose (µg/kg/d)
Sex
# of Animals Start of treatment
Died/sacrificed moribund
Scheduled sacrifice
Cummulative Survival (%)

0 (Control 1)
M
F

M

F

M

F

M

F

65
41
24
37

65
28
37*
57*

65
35
30**
46**

65
28
37**
59**

65
22
43**
66**

65
29
36*
57**

65
30
35*
54**

65
51
14
23

18

70

* p<0.05; ** p<0.01
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250

0 (Control 2)
M
F
65
42
23
39

65
51
14
22
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Survival Curves - Males

Survival Curves - Females

Clinical signs: No treatment-related clinical findings were observed during the study.
Body weights: (g)
Dose (µg/kg/d)
Sex
Week 1
Week 104
Body wt. gain
% Decrease

0 (Control 1)
M
F
295
205
666
428
371
223
-

18
M
280**
567**
287**
23

70
F
205
383
178
20

M
275**
558**
283**
24

* p< 0.05; ** p< 0.01
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250
F
205
394
189
15

M
274**
546**
272**
27

F
203
373*
170
24

0 (Control 2)
M
F
290
202
655
428
365
226
-
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Food consumption: (g/day)
Dose (µg/kg/d)
Sex
Week 1
Week 104
% Decrease

0 (Control 1)
M
F
25
19
28
24
-

18
M
22**
25*
11

70
F
17**
21
13

250

M
21**
24**
14

F
16**
23
4

M
20**
25*
11

0 (Control 2)
M
F
25
18
27
24
-

F
15**
22
8

* p< 0.05
Gross pathology: There were no treatment-related gross findings except for the gross findings noted at the
injection sites. These findings were attributed to the trauma caused by repeated injection. Incidence of
macroscopic findings were similar between treated and control groups.
Summary of Macroscopic Observations - Females
Dose (µg/kg/d)

Severity

Sex
# of Animals Examined

Injection site, Left flank
Discoloration, red
Ulcer/erosion
Scab

Mild
Moderate
Severe
Moderate

01

02

18

70

SNC
24

DOS
42

SNC
23

DOS
28

SNC
37

DOS
28

SNC
37

DOS
29

SNC
36

1
1
0
0
0
4
3
1
1
1
0
0
1
1
3
2
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
1
0
1

0
0
0
0

1
0
1
0
0
2
2
0
1
0
1
1
0
0
1
2
0
1
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
1
0
0
0
3
3
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
4
0
0
0
3
3
0
2
2
0
0
2
2
2
2
0
2
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
5
1
2
2

0
1
0
1
0

0
6
1
4
1

0
0
0
0
0

4
0
4
0
0
0
4
0
Injection site, Left shoulder
Discoloration, red
Mild
1
0
Moderate
3
0
Mass
Present
0
0
0
0
Injection site, Right flank
Discoloration, red
Mild
0
0
Scab
Mild
0
0
2
0
Injection site, Right shoulder
Discoloration, red
Minimal
0
0
Mild
1
0
Moderate
1
0
Scab
Mild
1
1
Moderate
3
0
0
0
1
0
2
0
3
0
2
0
Kidneys
Granular surface
Minimal
0
0
0
0
0
0
Mild
2
0
3
0
1
0
Moderate
0
0
0
0
1
0
DOS – Died or euthanized on study; SNC = Scheduled necropsy
Mild
Severe

250

DOS
41

Summary of Macroscopic Observations - Males
Dose (µg/kg/d)

Severity

Sex
# of Animals Examined

Injection site, Left flank
Discoloration, red
Scab
Injection site, Left shoulder
Scab
Injection site, Right flank
Discoloration, red
Ulcer/erosion
Injection site, Right shoulder

01

02

18

DOS
51

SNC
14

DOS
51

SNC
14

Minimal
Mild
Minimal
Mild

0

0

0

0

0
0

0
0

Minimal
Mild

0
0

Minimal
Mild
Moderate
Severe

0
0
0
0

DOS
35

70

250

SNC
30

DOS
22

SNC
43

DOS
30

SNC
35

0

0

0

1
1

0

0
0

1
0
1
1
0
2
1
0
1
0

0
0

1
1

0

0
0

2
1
1

0
0

0
0
0
0

0
0
0
0

0
0
0
0
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1
0
0
0
0
2
0
2
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
1
1
0
1
1
0
1
0
1
2

0
0
0
0
0
0
0
0
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Discoloration, red
Lung
Discoloration, red
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Minimal
Mild

0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
3
0
Mild
1
0
0
0
3
0
Moderate
0
0
1
0
0
0
DOS – Died or euthanized on study; SNC = Scheduled necropsy

0
0
2
0
2

0
0
1
1
0

1
1
1
1
0

0
0
3
3
0

Histopathology:
Non-neoplastic:
104 Weeks Carcinogenicity Study – Summary of Non-Neoplastic Lesions

The only treatment-related microscopic finding in male and female mice was increased incidence and
severity of focal basophilic hypertrophy of acinar cells in the parotid salivary glands. While such foci
were seen at a low incidence in the control groups (one male and four females in control group 1, and
three males and two females in control group II), the incidence was greatly increased in all treated groups
of both sexes. In treated males, there was no dose response with regard to incidence or severity, while in
treated females there was a weak dose response with regard to incidence and severity. Sponsor stated that
the basophilic foci were small, usually occupying a small portion of a lobule. Affected cells were enlarged
by increased amounts of vesicular basophilic cytoplasm. As the number of lobules affected increased,
and/or the number of small foci per lobule increased, the grade increased. No other significant
microscopic changes were detected in the parotid salivary glands.
Neoplastic:
104 Weeks Carcinogenicity Study – Summary of Neoplastic Lesions
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104 Weeks Carcinogenicity Study – Summary of Neoplastic Lesions
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104 Weeks Carcinogenicity Study – Summary of Neoplastic Lesions

Toxicokinetics: Based on bolus SC TK from 91-day mouse study.
Dose (µg/kg/d)
AUC0-6h (ph.h/ml)
Day 1
Day 91
C30min (pg/ml)

0 (Control 1)
18
70
250
M+F
M+F
M+F
M+F
N/A
10,113
32,508
123,241
N/A
25,425
58,403
197,295
< 10
22,177
77,814
231,460
Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

0 (Control 2)
M+F
N/A
N/A
< 10

2.6.6.6 Reproductive and developmental toxicology
Fertility and Early Embryonic Development
2.6.6.6.1 Study title: Subcutaneous Fertility and General Reproduction Toxicity Study of AC2993 in
Mice.
Key study findings:
• 1/25 males dosed 6 µg/kg/day was found dead on study day 7 (DS 7). Sponsor stated that the demise
of this animal occurred after a tonic flexor convulsion.
• Body weight gain was significantly increased by 1.2-fold and 1.3-fold in MD and HD males relative
to control. Pre-cohabitation body weight gain was significantly increased in treated females by 2-fold
(LD), 4-fold (MD) and 3-fold (HD) relative to control.
• AC2993 neither affected mating nor fertility in males. The number of males that mated as well as
fertility index were similar in both control and treated males.
• There was a dose-dependent decrease in number of motile sperm, however, the decrement was not
significantly different from control.
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Absolute weight of seminal vesicle with fluid was significantly increased in LD and HD males
whereas weight of the seminal vesicle without fluid was only significantly increased in LD males.
Relative weight of the prostate was significantly increased in HD males relative to control.
AC2993 did not affect mating, fertility or estrous cycling in treated females. The numbers of females
that mated, percent of females pregnant as well as fertility index were similar in both control and
treated females.
The number of viable embryos and post-implantations loss was increased in treated females relative
to control. The changes observed were not statistically significant.
Post-implantation loss was increased by 2 to 3-fold in treated mice relative to control, but the
differences were not statistically significant.
There were no effects on mating and fertility parameters at the HD. NOAEL for mating and fertility >
760 µg/kg/d.

Study no.: REST01001.
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

(b) (4)

Date of study initiation: March 19, 2001.
GLP compliance: Yes (USA, UK and Japan).
QA reports: yes (X) no ( )
Drug, lot #, radiolabel, and % purity: Lot # 00-0606 TP, Purity 92.9%.
Methods
Doses: 3, 34 and 380 µg/kg BID i.e. 6, 68 and 760 µg/kg/day.
Species/strain: Mouse/CD-1.
Number/sex/group: 25/sex/group.
Route, formulation, volume, and infusion rate: Subcutaneous injection; 4875 µl/kg (control and
HD), 600 µl/kg (LD) and 1800 µg/kg (MD).
Satellite groups used for toxicokinetics: None. TK was not conducted.
Study design: Male mice were administered the test article and/or vehicle twice daily beginning
28 days before cohabitation and continuing through the day before sacrifice. The cohabitation
period consisted of a maximum of 21 days. Female mice were administered the test article and/or
vehicle twice daily beginning 15 days before cohabitation (maximum of 21 days) and continuing
through GD 7. Dosage volumes were adjusted daily for body weight changes and given at
approximately the same time each day. The two daily injections were separated by 11 to 13 hours.
Estrous cycling was evaluated daily by examination of vaginal cytology for 14 days before
initiation of administration and for 14 days beginning with the day after the first administration
and then until spermatozoa were observed in a smear of the vaginal contents and/or a copulatory
plug was observed in situ during the cohabitation period.
All female mice were sacrificed on GD 13 or estimated GD 13, cesarean-sectioned and a gross
necropsy of the thoracic, abdominal and pelvic viscera was performed. Uteri of apparently nonpregnant mice were examined while being placed between glass plates to confirm pregnancy
status. The number of corpora lutea in each ovary was recorded. The uterus of each mouse was
excised and examined for pregnancy, number and distribution of implantation sites and viable and
nonviable embryos.
All surviving male mice were sacrificed at the completion of the cohabitation period and
pregnancy evaluation of the respective females. A gross necropsy of the thoracic, abdominal and
pelvic viscera was performed. The following organs were individually weighed: right testis, left
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testis, left epididymis (whole and cauda), right epididymis, seminal vesicles (with and without
fluid) and prostate. A portion of the left cauda epididymis was used for evaluation of cauda
epididymal sperm concentration and motility using computer-assisted sperm analysis (CASA).
Parameters and endpoints evaluated:
Mortality: Daily.
Body weight: weekly
Food consumption: weekly.
Necropsy: After completion of the cohabitation period, all surviving male mice were sacrificed and a gross
necropsy of the thoracic, abdominal and pelvic viscera was performed. To assess the potential toxicity of
the test article on the male reproductive system, reproductive organs were weighed and retained for
possible histopathological evaluation and sperm evaluations.
Organ weights: right testis, left testis, left epididymis (whole and cauda), right epididymis, seminal vesicles
(with and without fluid) and prostate.

Semen Evaluation: A portion of the left cauda epididymis was used for evaluation of cauda
epididyrnal sperm concentration and motility using computer-assisted sperm analysis (CASA).
(b) (4)
Motility was evaluated by
using a sample collected from the left
(b) (4)
cauda epididymis. A homogenate was prepared for evaluation
to
determine sperm concentration (sperm per gram of tissue weight).
Histopathology: The remaining left epididymis (corpus and caput) were retained in neutral
buffered 10% formalin for possible further histopathological evaluation. The remaining portion of
the left epididymis, right epididymis, prostate and seminal vesicles were fixed in neutral buffered
10% formalin for possible histopathological evaluation. The testes were fixed in Bouin's solution
for 48 to 96 hours and then retained in neutral buffered 10% formalin for possible
histopathological evaluation.
Results
Mortality: 1/25 males dosed 6 µg/kg/day was found dead on study day 7 (DS 7). Sponsor stated that the
demise of this animal occurred after a tonic flexor convulsion. Body weight gain and feed consumption
were unremarkable. All tissues appeared normal at necropsy.
Clinical signs: Empty cells indicate zero incidence.
Dose (µg/kg/day)
Sex
Scab at dosage area
Chromodacryorrhea
Missing tail tip
Portion of tail black
Lacrimation
Back: ulceration
Abdominal distension
Ptosis
Tip of tail black
Convulsion: tonic flexor

0
M
20/25

6
M
9/25

68
M
16/25
1/25
1/25

2/25

760
M
23/25
2/25
1/25
1/25
1/25
1/25
1/25
1/25
1/25

1/25

Body weight: (g) – Body weight of females is unremarkable.
Dose (µg/kg/day)
Sex
Day 1
Termination
Body wt. gain (g)
Body wt. gain (%)

0
M
33.7
40.6
6.9 ± 1.6
21

*

6
M
33.7
41.9*
8.2 ± 2.0
24
p ≤ 0.05; ** p ≤ 0.01
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68
M
33.2
41.6
8.4 ± 2.6*
25

760
M
33.6
42.9**
9.3 ± 2.7**
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Food consumption: Unremarkable.
Toxicokinetics: No data.
Necropsy:
Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
Summary of Mating and Fertility in Males

Summary of Mating and Fertility in Males Contd.
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Summary of Mating and Fertility in Males Contd.

Summary of Mating and Fertility in Males Contd.
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Summary of Mating and Fertility, Estrous Cycling and Days in Cohabitation – Females

BEST POSSIBLE
COPY

Summary of Mating and Fertility, Estrous Cycling and Days in Cohabitation – Females Contd.
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Summary of Mating and Fertility, Estrous Cycling and Days in Cohabitation – Females Contd.

Summary of Mating and Fertility, Estrous Cycling and Days in Cohabitation – Females Contd.

Embryo-Fetal Development
2.6.6.6.2 Study title: Developmental Toxicity Study of Subcutaneously Administered AC2993 in
Mice (Segment II Teratology Study).
Key study findings:
• 1/25 female mice (# 251) in the 68 µg/kg/day dose group aborted on gestation day 15 (GD 15) and
was sacrificed on GD 16. The litter consisted of 13 late resorptions. 1/25 female mice (# 321) in the
760 µg/kg/day dose group aborted on GD 16 and was sacrificed on GD 17. The litter consisted of 11
dead fetuses. One fetus had a cleft palate: all other fetuses appeared normal at gross external and soft
tissue or skeletal examination.
• 1/25 female mice (# 255) in the 68 µg/kg/day dose group prematurely delivered on GD 17 and was
sacrificed. The litter consisted of 10 live pups and 1 presumed cannibalized pup. One of the live pups
was partially cannibalized. 1/5 females in the toxicokinetic 760 µg/kg/day dose group prematurely
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delivered on GD 17. 1/25 female mice (# 287) in the 460 µg/kg/day dose group prematurely delivered
on GD 17 and was sacrificed. All tissues examined appeared normal at necropsy. The litter consisted
of 13 dead pups. One pup was partially cannibalized; all other pups appeared normal at gross external
and soft skeletal examination. The cause of abortion or premature delivery is not clear.
Food consumption was slightly decreased in all treated dams relative to control during the treatment
period (GD 6-16). The changes in food consumption were reflected in body weight changes of the
dams. Sponsor stated that this observation is consistent with the reported pharmacological activity of
exendin-4 of slowing gastric emptying and reducing feed consumption.
Number of implantations, litter sizes and live fetuses were significantly decreased in the 460
µg/kg/day group relative to control.
Male and female fetal body weights decreased with increasing dose, achieving statistical significance
at doses ≥ 460 µg/kg/day in males and at doses ≥ 68 µg/kg/day in females (poor nutritional status in
dams fetal developmental toxicity).
The incidence of wavy ribs in the litter and fetuses of the 760 µg/kg/day group were significantly
increased by 11.8% (0.31% = historical control mean for litter; 0-4.8% = range) and 2.8% (0.05% =
historical control mean for fetuses; 0-0.9% = range) respectively, relative to control. Sponsor stated
that the higher incidence of reversible delayed ossification of ribs (i.e., wavy ribs) in the HD group is
due to the slow development of the fetuses due to the decreased nutritional state of the dams.
A slight but significant increase in ossification of the thoracic vertebra (13.43% compared to
historical control mean of 13.39%), and decrease in ossification of the lumbar vertebra (5.57%
compared to historical control mean of 5.60%) were observed at 460 µg/kg/day relative to control.
Ossification sites in the rib pairs were also slightly but significantly increased at 6 (13.37%) and 460
(13.39%) µg/kg/day relative to control. Historical control mean = 13.32%.
Five fetuses from the treated group and two from the control group had multiple findings. Cleft palate
with or without hole was a common finding. In addition, some fetuses had interfrontal ossification
site, cervical ribs and wavy ribs. Since the incidence of these findings were not dose-related, it is not
clear if they are treatment-related or not.
The TK data showed that the potential of AC2993 to cross the placental barrier is very low in mice.
Therefore the fetal findings observed may be a consequence of maternal toxicity.
The maternal NOAEL is = 6 µg/kg/day (3X MRHD, AUC) based on abortion. Fetal NOAEL is 6
µg/kg/day based on dose-related decrease in body weights of fetuses.

Study no.: REST99060R1
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

Date of study initiation: February 3, 2000.
GLP compliance: Yes.
QA reports: yes (X) no ( )
Drug, lot #, and % purity: Lot # 991002 TP, 94.3% pure.
Methods
Doses: 6, 68, 460, 760 µg/kg/day. The drug was administered (at 3, 34 230 and 380 µg/kg, BID)
twice daily on gestation days 6 through 15 (period of organogenesis). Each administration was
separated by 11 to 13 hours. TK mice were given same doses twice daily on gestation days 6
through 18. Each administration was separated by 11 to 13 hours.
Species/strain: Mouse/Crl:CD-1®(ICR)BR.
Number/sex/group: 25 pregnant mice/group (main study).
Route, formulation, volume, and infusion rate: Subcutaneous injection. Please see study design
for dose volumes. Test article was provided as 0.3 mg/ml formulated drug product. Each is a 1 ml
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single dose, sterile formulation in 30mM acetate buffer pH 4.5 with mannitol added as an isoosmolality modifer.
Satellite groups used for toxicokinetics: 5 pregnant mice/group.
Study design:

Parameters and endpoints evaluated
Clinical signs: Daily.
Body weight: Daily.
Food consumption: Daily.
Terminal examination of females: All mice assigned to the main study (Groups I through V) were
sacrificed on gestation day 18, Caesarean-sectioned, and a gross necropsy of the thoracic,
abdominal and pelvic viscera was performed. Uteri from mice that appeared nonpregnant were
examined while being pressed between glass plates to confirm the absence of implantation sites.
The number of corpora lutea in each ovary was recorded. The uterus of each mouse was excised
and examined for pregnancy, number and distribution of implantations, live and dead fetuses and
early and late resorptions. Each fetus was removed from the uterus, weighed and examined for
sex and gross external alterations. Live fetuses were sacrificed by an intraperitoneal injection of
euthanasia solution.
Approximately one-half of the fetuses in each litter were examined for soft tissue alterations. The
remaining fetuses in each litter were eviscerated, cleared, stained with alizarin red S and
examined for skeletal alterations. Following completion of all blood sample collections from
animals in the satellite portion of the study (Groups VI through X), carcasses and fetuses were
discarded without further evaluation.
Mice that were sacrificed because of abortion were examined on the day the observation was
made. The mice were examined for gross lesions. Pregnancy status and uterine contents were
recorded. Aborted fetuses, delivered pups and/or conceptuses in utero were examined using the
same methods described for term fetuses.
Toxicokinetics: Approximately 1.5 hours after the morning administration on GD 18, mice
assigned to the TK group were sacrificed and blood collected. The uterus of each female mouse
was excised and fetuses were removed. Blood samples were collected from each fetus and pooled
(per litter).
Results
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Mortality (dams): None.
Clinical signs (dams):
Abortions: 1/25 females in the 68 µg/kg/day dose group aborted on gestation day 15 (GD 15) and was
sacrificed on GD 16. Adverse clinical observations after aborting included ungroomed coat and
dehydration on GD 16. Body weight gains and feed consumption values were comparable to other mice in
this group. All tissues examined appeared normal at necropsy. The litter consisted of 13 late resorptions.
1/25 female in the 760 µg/kg/day dose group aborted on GD 16 and was sacrificed on GD 17. The only
other adverse clinical observation was scabs at the injection site on GD 12. Body weight gains and feed
consumption values were comparable to other mice in this group. All tissues examined appeared normal
at necropsy. The litter consisted of 11 dead fetuses. One fetus had a cleft palate: all other fetuses appeared
normal at gross external and soft tissue or skeletal examination.
1/5 females in each of the 0 (Vehicle), 6 and 760 µg/kg/day dose groups was not pregnant.
Premature Deliveries: 1/5 females in the toxicokinetic 760 µg/kg/day dose group prematurely delivered
on GD 17. 1/25 females in the 68 µg/kg/day dosage group prematurely delivered on GD 17 and was
sacrificed. No additional adverse clinical observations occurred during the study. Body weight gains and
feed consumption values were comparable to other mice in this group. All tissues examined appeared
normal at necropsy. The litter consisted of 10 live pups and 1 presumed cannibalized pup. One of the live
pups was partially cannibalized; all other pups appeared normal at gross external and soft or skeletal
examination.
1/25 females in the 460 mcg/kg/day dose group prematurely delivered on GD 17 and was sacrificed. The
only other adverse clinical observation was scabs at the injection site on GDs 13 to 17. Body weight gains
and feed consumption values were comparable to other mice in this group. All tissues examined appeared
normal at necropsy. The litter consisted of 13 dead pups. One pup was partially cannibalized; all other
pups appeared normal at gross external and soft skeletal examination.
Body weight (dams): No treatment-related effects on body weight.

Food consumption (dams):
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Toxicokinetics: This TK data was adopted from the 91-Day mouse toxicity study with BID dosing.
Dose (µg/kg BID)
3
34
230
3485
51,389
252,080
AUC0-12hr (pg.h/ml)
Total Daily Dose (µg/kg/d)
6
68
460
6970
102,778
504,160
Total Daily AUC0-12hr (pg.h/ml)
Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

AC2993 BID
DOSE
(mcg/kg)
3
34
230
380

N
(Dams)
5
5
5
5

Mean Plasma
Concentration
(pg/ml)
665
20,870
194,087
11,126,136

N
(Fetal)
4
5
3
3

Mean Fetal Plasma
Concentration
(pg/ml)
18
162
3,987
7,584

Mean Relative
Distribution
(Fetal ÷ Maternal)
0.027
0.008
0.021
0.001

380
539,949
760
1,079,898

Samples with
Relative Distribution
of < 0.01
3
3
0
2

Potential of AC2993 to Cross the Placenta:
The TK data show that the potential of AC2993 to cross the placental barrier is very low in the mouse (i.e., mean
ratios of fetal plasma concentrations of AC2993 ÷ maternal plasma concentrations of AC2993 ranged from 0.001 to
0.027). Sponsor stated that a large variation in plasma drug levels was present in both dams and fetuses. Some
control fetal plasma has detectable drug levels. LLQ = 2.5 pg/ml.

Terminal and Necroscopic evaluations:
DAMS
Mice pregnant and Caesarean sectioned on GD 18.
Dose µ/kg/day
Pregnant
Prematurely delivered
Aborted
Corpora lutea
Implantations
Litter sizes
Live fetuses
Dead fetuses
Dams with resorptions
Dams with late resorptions
/litter
Dams with viable fetuses
Live fetal body wt (g/litter)
Male fetuses
Female fetuses
% Dead or resorbed
conceptus/litter

0
24 (96%)
0 (0.0%)
0 (0.0%)
14.1 ± 1.6
13.0 ± 1.4
12.7 ± 1.4
12.6 ± 1.5
0.1 ± 0.3
7 (29.1%)
0.1 ± 0.3

6
21 (84%)
0 (0.0%)
0 (0.0%)
13.3 ± 2.0
12.3 ± 1.8
11.4 ± 2.2
11.4 ± 2.2
0.0 ± 0.0
12 (57.1%)
0.1 ± 0.4

68
23 (92%)
1 (4.3%)
1 (4.3%)
13.6 ± 1.5
12.7 ± 1.3
12.2 ± 1.3
12.2 ± 1.4
0.0 ± 0.2
9 (42.8%)
0.2 ± 0.4

460
22 (88%)
1 (4.5%)
0 (0.0%)
12.9 ± 2.0
11.8 ± 1.6*
11.0 ± 1.6**
11.0 ± 1.6*
0.0 ± 0.2
11 (52.4%)
0.2 ± 0.5

760
19 (76%)
1 (5.3%)
1 (5.3%)
14.3 ± 1.9
13.2 ± 1.4
12.3 ± 1.4
12.2 ± 1.4
0.0 ± 0.2
8 (47%)
0.4 ± 0.7

24(100%)
1.27 ± 0.08
1.29 ± 0.10
1.25 ± 0.08
3.4 ± 5.3

21(100%)
1.27 ± 0.10
1.30 ± 0.09
1.24 ± 0.11
7.7 ± 9.3

21(100%)
1.22 ± 0.07
1.24 ± 0.08
1.19 ± 0.09*
3.7 ± 4.8

21(100%)
1.17 ± 0.07**
1.20 ± 0.09**
1.14 ± 0.07**
6.3 ± 7.4

17(100%)
1.11 ± 0.06**
1.13 ± 0.07**
1.07 ± 0.07**
6.8 ± 8.8

*p<0.05; **P<0.01

101

REVIEWER: JOHN COLERANGLE

NDA No. 21-919

Terminal and Necroscopic evaluations:
FETUSES
FETAL ALTERATIONS SUMMARY
FETAL GROSS EXTERNAL ALTERATIONS

BEST POSSIBLE
COPY

FETAL VISCERAL ALTERATIONS
Dose (mcg/kg/d) a
Litters evaluated
Fetuses evaluated
Live
Dead

0
24
146
146
0

Litter incidence
Fetal incidence

Litter incidence
Fetal incidence

1(4.2%)
1(0.7%)

6
68
21
21
115
121
115
121
0
0
Palate: contained a hole (Malformation)
2(9.5%)
0(0.0%)
1(1.7%)
0(0.0%)

460
21
110
110
0

760
17
100
99
1b

1(4.8%)
1(0.9%)

0(0.0%)
0(0.0%)

Vessels: Umbilical artery descended to the left of urinary bladder (Variation)
5(20.8%)
0(0.0%)
7(33.3%)
5(23.8%)
6(4.1%)
0(0.0%)
9(7.4%)
5(5.5%)
b.

6(35.3%)
7(7.1%)

a. Dosage occurred on days 6 through 15 of gestation.
Dead fetuses were excluded from group averages and statistical analyses

Fetuses with multiple findings:
Mouse #-Fetus #
2001-5
2002-1
243-4
243-9
298-10
282-9

Dose (mcg/kg/d)
0
0
6
6
460
460

327-7
327-9

760
760

Findings
Cleft palate with hole, Interfrontal ossification site, cervical ribs
Cleft palate, Interfrontal ossification site
Cleft palate with hole, cervical ribs
Cleft palate, cervical ribs
Cleft palate, Interfrontal ossification site
Hernia in right flank, manubrium fused to 1st sternal centra, bifid
xiphoid.
Cleft palate, Interfrontal ossification site, wavy ribs
Cleft palate, wavy ribs

FETAL SKELETAL ALTERATIONS
Dose mcg/kd/day
Litters evaluated
Fetuses evaluated
Live fetuses
Dead fetuses
Ribs: Wavy
Litter incidence
Ribs: Wavy
Fetal incidence

0
24
304
302
2

6
21
239
239
0

68
21
257
256
1

460
21
232
231
1

760
17
209
208
1

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

2 (11.8%)**

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

3 (2.8%)**
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Skull: Interfrontal ossification site
Litter incidence
14(58.3%)
15(71.4%)
18(85.7%)
Skull: Interfrontal ossification site
28(17.9%)
36(29.0%)
34(25.2%)
Fetal incidence
Cervical vertebra: cervical ribs present at 7th cervical vertebra
13(52.4%)
11(52.4%)
13(61.9%)
Litter incidence
24(15.4%)
20(16.1%)
27(20.0%)
Fetal Incidence
*p<0.05; **P<0.01

Dose µg/kd/day
Vertebrae
Thoracic
Vertebrae
Lumbar
Ribs (pairs)

FETAL DELAYED OSSIFICATION SITES
0
6
68
13.22 ± 0.24
5.78 ± 0.24
13.17 ± 0.20

13.41 ± 0.34
5.58 ± 0.35
13.37 ± 0.33*
*p<0.05; **P<0.01

13.23 ± 0.27
5.77 ± 0.27
13.18 ± 0.21

11(52.4%)

13(76.5%)

31(25.6%)

32(29.4%)

7(33.3%)
12(9.9%)

6(35.3%)
10(9.2%)

460

760

13.43 ± 0.30*

13.40 ± 0.32

5.57 ± 0.30*
13.39 ± 0.30*

5.59 ± 0.32
13.32 ± 0.28

2.6.6.6.3 Developmental Toxicity Study of Subcutaneously Administered AC2993 in Rabbits
(Segment II Teratology Study).
Key study findings:
• 1/20 females in the 2 µg/kg/day dose group was found dead on the morning of GD 10 prior to dosing.
1/20 females in the 22 µg/kg/day dosage group was found dead on GD 19, approximately 13 hours
after the last dose. The cause of death of these does was not addressed by the sponsor.
• 1/20 females in the 156 µg/kg/day dose group aborted on GD 21 and was sacrificed. 1/22 females in
the 22 µg/kg/day dosage group prematurely delivered on GD 29 and was sacrificed.
• Decrement in body weight was –2.8% and –5.1% at 156 and 260 µg/kg/day respectively relative to
control (+7.3%) for gestation days 6 through 19. From gestation days 19 through 29 (post dose
period), body weight increased with increasing dose and treated group values were greater than that
of control. However, the overall body weight change in the treated groups decreased in a somewhat
dose-dependent manner. This may relate to the decreased food consumption.
• Food consumption was significantly decreased during gestation days 6 to 9 and throughout the dosing
period (GDs 6-19). After the dosing period (GDs 19-29), food consumption in the treated groups
increased with increasing dose and the increments were generally greater than that of control except
for the LD group.
• Some fetuses were observed with multiple findings (umbilical hernia with angulated hyoid, or with
fused sternal centra, unossified pubis and absence of intermediate lung lobe) at doses ≥ 22 µg/kg/d.
• Treatment-related effects that were dose-dependent or showed a trend towards dose-dependency
include dead/resorbed conceptuses/litter, umbilical hernia, angulated hyoid, fused sternal centra
(litter) and ossification sites/fetus/litter for thoracic vertebra. For small gall bladder (fetus) and
ossification sites/fetus/litter for lumbar vertebra, the incidence of these findings decreased with
increasing dose. It is not clear if the incidence of fused ribs (litter) is treatment related or not because
it was not observed in the HD group.
• The TK data show that the potential of AC2993 to cross the placental barrier is very low in the rabbit.
• Maternal NOAEL < 0.2 (0.2X MRHD, AUC) since mortality was observed in 1/20 does each in the
0.2 and 22 µg/kg/d groups. Doses of 22 µg/kg/day and higher also caused dose-related decreased
weight gain during the dosing period. The developmental NOAEL was 0.2 µg/kg/day (0.2X MRHD,
AUC) based on the higher incidence of dead/resorbed conceptuses/litter, fetal umbilical hernia, small
gall bladder, angulated hyoid, fused sternal centra, decreased ossification of the lumbar vertebra at
higher doses.
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Study no.: REST99061R2
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

Date of study initiation: February 6, 2000.
GLP compliance: Yes.
QA reports: yes (X) no ( )
Drug, lot #, and % purity: Lot # 991002TP, 94.3% pure.
Methods
Doses: 0.1, 11, 78, 130 µg/kg BID (0.2, 22, 156 and 260 µg/kg/d) on GDs 6 through18 (groups IV) and on GDs 6 through 24 (groups VI-X).
Species/strain: Rabbit/New Zealand white.
Number/sex/group: 20 pregnant females/group (main study).
Route, formulation, volume, and infusion rate: Subcutaneous injection. See study design for dose
volumes.
Satellite groups used for toxicokinetics: 5 pregnant females/group.
Study design:

Parameters and endpoints evaluated
Clinical signs: Daily
Body weight: Daily.
Food consumption: Daily.
Terminal examination of females: Surviving rabbits assigned to the main study (Groups I through V)
were sacrificed on GD 29. The rabbits were Caesarean-sectioned and a gross necropsy of the thoracic,
abdominal and pelvic viscera was performed. Gross lesions were preserved for possible future evaluation.
The number of corpora lutea in each ovary was recorded. The uterus was excised and examined for
pregnancy, number and distribution of implantations, live and dead fetuses and early and late resorptions.
The fetuses were removed from the uterus. Each fetus was subsequently weighed and examined for gross
external alterations. Live fetuses were sacrificed. All fetuses were examined internally to identify sex.
Visceral alterations and cavitated organs were evaluated by dissection. The brains were cross-sectioned (a
single cross section was made between the parietal and the frontal bones) and examined in situ. The
fetuses in each lifter were examined for skeletal alterations after staining with alizarin red S.
Skeletal preparations were retained in glycerin with thymol added as a preservative. Late resorptions and
dead fetuses were examined to the extent possible, using the same methods described for term fetuses.
Fetal gross lesions were preserved in neutral buffered 10% formalin for possible future evaluation.
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Rabbits that died or were sacrificed because of abortion or premature delivery were examined for the
cause of death on the day the observation was made. Pregnancy status and uterine contents were recorded.
Fetuses were examined to the extent possible, using the same methods described for term fetuses. Rabbits
assigned to toxicokinetic evaluation (Groups VI though X) were sacrificed on GD 24. Live fetuses were
sacrificed and following completion of blood sample collections, the carcasses and fetuses were discarded
without evaluation.
Toxicokinetics: Approximately 1.5 hours after the morning administration on GD 24, the female rabbits
assigned to the toxicokinetic sample collections (Groups VI through IX) were sacrificed, and blood was
collected. The uterus of each female rabbit assigned to the TK group was excised, and the fetuses were
removed, rinsed with warm saline and towel-dried. Blood samples were collected from each fetus via
decapitation and pooled (per litter).
Results
Mortality (dams): 1/20 in the 0.2 µg/kg/day dose group was found dead on the morning of GD 10 prior to
dosing. This doe appeared normal, gained weight and had normal feed consumption values prior to death.
All tissues examined appeared normal at necropsy. The litter consisted of nine dead embryos that
appeared normal for their developmental ages. No cause of death could be determined.
1/20 in the 22 µg/kg/day dose group was found dead on GD 19, approximately 13 hours after the last
dose. This doe had scant feces on GDs 15, 17 and 18 and rigidity, yellow dried perioral substance and,
ungroomed coat on GDs 17 and 18. It lost weight and had severely decreased feed consumption from GD
13 until death. All tissues examined appeared normal at necropsy. The litter consisted of nine dead fetuses
that appeared normal for their developmental ages. Sponsor stated that the early gestational age precluded
soft tissue and skeletal evaluations.
Clinical signs (dams): Abortions: 1/20 in the 156 µg/kg/day dose group aborted on GD 21 and was
sacrificed. Adverse clinical observations consisted of scant feces on GDs 8, 10 to 16, 20 and 21 and no
feces on GDs 17 to 19. The doe lost weight and had severely reduced feed consumption from GD 7. All
tissues examined appeared normal at necropsy. The litter consisted of six fetuses, one early and four late
resorptions. All fetuses appeared normal at gross external evaluation; early gestational age and/or
autolysis precluded soft tissue and skeletal evaluations.
Premature Deliveries: 1/22 in the 22 µg/kg/day dose group prematurely delivered on GD 29 and was
sacrificed. Adverse clinical observations occurred only on GD 29, red substance in the cage pan. Body
weight gains and feed consumption values were unremarkable. At necropsy, the doe had a red substance
in the stomach, presumed to be ingested blood. All tissues examined appeared normal at necropsy. The
litter consisted of two pups. One pup was dead but appeared normal at gross examination and the other
was partially cannibalized.
Body weight (dams): (kg)
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Food consumption (dams): (g/day)

Toxicokinetics: Pregnant rabbits show non-linear PK. Water consumption is dramatically reduced and it
is suspected that clearance of exenatide is markedly reduced.
Dose (µg/kg BID)
0.1
11
78
228
214,883
1,486,667
AUC0-12hr (pg.h/ml)
Total Daily Dose (µg/kg/d)
0.2
22
156
456
429,766
2,973,334
Total Daily AUC (pg.h/ml)
Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml
AC2993 BID
DOSE
(mcg/kg)
1
11
78
130

N
(Dams)
5
5
5
5

Mean Plasma
Concentration
(pg/ml)
27
6690
368,211
431,670

N
(Fetal)
3
2
3
3

Mean Fetal Plasma
Concentration
(pg/ml)
< Low Std.
62
467
806

Mean Relative
Distribution
(Fetal ÷ Maternal)
0
0.009
0.001
0.002

130
3,610,750
260
7,221,500

Samples with
Relative Distribution
of < 0.01
3
1
3
3

Potential of AC2993 to Cross the Placenta:
The TK data show that the potential of AC2993 to cross the placental barrier is very low in the Rabbit (i.e., mean
ratios of fetal plasma concentrations of AC2993 ÷ maternal plasma concentrations of AC2993 ranged from 0 to
0.009). Sponsor stated that a large variation in plasma drug levels is present in both dams and fetuses. Some control
fetal plasma has detectable drug levels. LLQ = 2.5 pg/ml.

Terminal and necroscopic evaluations: C-section data

BEST
POSSIBLE
COPY
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Summary of C-Section Data Contd.

Summary of Caesarean-Delivered Fetuses

Fetuses:
FETAL ALTERATIONS

107

BEST
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FETUSES WITH GROSS EXTERNAL ALTERATIONS

BEST
POSSIBLE
COPY

FETAL VISCERAL ALTERATIONS
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FETAL SKELETAL ALTERATIONS

BEST
POSSIBLE
COPY

See footnotes on the last page of this table

FETAL SKELETAL ALTERATIONS Contd.

109

REVIEWER: JOHN COLERANGLE

NDA No. 21-919

FETAL SKELETAL ALTERATIONS Contd.

BEST
POSSIBLE
COPY

See footnotes on the last page of this table

FETAL SKELETAL ALTERATIONS Contd.
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BEST POSSIBLE COPY
FETAL OSSIFICATION SITES

Fetuses with multiple findings
Dam-Fetus #
2645-5
2679-8
2686-2
2686-5
2687-3
2688-4

Dose (mcg/kg/d)
22
156
260
260
260
760

Findings
Umbilical hernia, angulated hyoid
Umbilical hernia, angulated hyoid
Umbilical hernia, unossified pubis
Umbilical hernia, fused sternal centra
Umbilical hernia, angulated hyoid, absent intermediate lobe of lung
Umbilical hernia, angulated hyoid

Table shows doses at which incidence (%) was statistically significant relative to control.
OBSERVATION
Dead/resorbed conceptuses/litter
Umbilical hernia (ltter)
Umbilical hernia (fetus)
Circumcorneal hemorrhage (fetus)
Small gall bladder (fetus)
Angulated hyoid (fetus)
Fused ribs (litter)
Fused sternal centra (litter)
Fused sternal centra (fetus)
Thoracic vertebra: Ossification sites/fetus/litter
Lumbar vertebra: Ossification sites/fetus/litter
Rib pairs: fetal ossification sites

INCIDENCE (%) AT INDICATED DOSE
(mcg/kg/d)
0
2
22
156
260
0.0
10.1
12.7
0.0
33.3
0.0
1.6
5.6
11.8
0.0
2.4
0.0
5.6
3.5
2.8
1.2
5.6
4.9
7.6
0.0
21
0.0
21
22.2
0.0
3.5
12.5
12.8
12.8
12.9
6.48
6.19
6.16
6.09
12.47
12.73
13.1
12.8
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HISTORICAL
CONTROL DATA
Mean % (range %)
3.7 (0-22.2)
0.28 (0-5.3)
0.03 (0-0.6)
0.22 (0-1.3)
0.10 (0-1.7)
2.06 (0-6.4)
2.81 (0-21.4)
9.97 (0-25.0)
1.65 (0-4.4)
12.6 (12.47-12.82)
6.39 (6.18-6.53)
12.53 (13.39-12.71)
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2.6.6.6.4 Study title: Comparative Evaluation of the Effects on Normal Development and Growth of
the Embryo and Fetus in Rabbits of Subcutaneously Administered AC2993 at Doses that Cause
Depression in Feed Consumption and Matched Pair Fed (PF) Animals.
The purpose of this study was to determine if effects observed in fetuses in a previous Segment II
reproduction study are explainable as the result of the compromised nutritional state of the does due to
reduced feed consumption.

Key study findings:
• One out of 20 HD does was found dead on GD 17. This was considered drug-related since it
occurred at the HD. This doe lost weight and feed and water consumption were reduced.
• Two MD does aborted in GDs 20 and 21. One HD doe aborted on GD 21 as well. These does lost
weight and feed and water consumption were reduced. All tissues appeared normal at necropsy.
• Reversible and dose-dependent decreases in mean body weight was noted in the drug treated
groups relative to control (non pair-fed) during GDs 6-18. Decreases were observed in the
vehicle-treated pair fed groups. The decreased body weight gain correlated with the decreased
food consumption noted in both drug-treated and vehicle-treated pair fed groups during GDs 618. However, drug treated groups have greater decrease in weight compared to pair-fed controls
despite both groups having equivalent food. This suggest drug toxicity.
• Reversible and dose-dependent decreases in water consumption was noted in the drug treated
groups but not in the vehicle-treated pair fed groups during GDs 6-18.
• Lymphocyte count was decreased in the drug-treated groups relative to controls.
• Slight but reversible increase in serum glucose levels were noted in the vehicle-treated pair fed
groups on GD 9. Reversible increases in lactate levels were observed in the vehicle-treated pair
fed animals that matched the MD and HD groups.
• Reversible and dose-dependent increases in β-hydroxybutyric acid (a marker of starvation) was
observed in the MD and HD treated groups (on GD 9) as well as the vehicle-treated pair fed
animals that matched the HD group. By GD 29 (post treatment), β-hydroxybutyric acid levels in
the MD and HD groups as well as the vehicle-treated pair fed animals that matched the HD group
were 2X lower relative to that of control (non pair-fed). Dose-dependent and reversible decreases
in serum potassium levels (another marker of starvation) was noted in all drug-treated groups on
GD 9 as well as the vehicle-treated pair fed animals that matched the HD group. Total protein
was slightly decreased in the HD group as well as the vehicle-treated pair fed groups on GD 18.
Albumin was decreased in the HD group (GD 18) as well as in the vehicle-treated pair fed
animals that matched the HD group.
• There were no significant drug-related effects on number of corpora lutea, implantations, litter
size, live fetuses, and fetal weight. Incidence of resorptions was increased (not SS) 3 to 2-fold in
MD and HD does.
• An increased incidence of umbilical hernia was observed in fetuses from MD (0.7%) and HD
(6.2%) does. The incidence in fetuses from the MD and HD does is greater than the historical
control mean (0.05%). While the incidence of this finding in fetuses from HD does exceeds the
range (0 – 0.7%), the incidence in fetuses from MD does is equal to the higher end of the range.
The incidence of umbilical hernia was also increased in litters from MD (5.9%) and HD (29.4%)
does. Both incidences are greater than the historical control mean (0.4%). While the incidence in
MD litters falls within the historical control range (0 – 6.2%), the incidence in HD litters exceeds
the range.
• An increased incidence of bifid thoracic vertebrae-centrum was observed in fetuses from MD
(0.7%) and HD (0.8%) does. The incidence in fetuses from the MD and HD does is greater than
the historical control mean (0.08%). While the incidence of this finding in fetuses from HD does
equals the range higher end of the (0 – 0.8%), the incidence in fetuses from MD does falls within
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the range. The incidence of bifid thoracic vertebrae-centrum was also increased in litters from
MD (5.9%) and HD (5.9%) does. Both incidences are greater than the historical control mean
(0.68%) but equals the higher end of the range (0 – 5.9%). The incidence of fused thoracic
vertebrae centrum was increased in fetuses from MD (0.7%) and HD (0.8%) does. These values
are greater than the historical control mean (0.16%) but falls within the range (0 – 1.1%).
Similarly increased incidence of this finding was noted in litters from MD (5.9%) and HD (5.9%)
does. These values are greater than the historical control mean (1.35%) but falls within the range
(0 – 10.5%). The incidence of unilateral ossification of thoracic vertebrae centrum was increased
in fetuses from MD (1.4%) and HD (0.8%) does. These values are greater than historical control
mean (0.06%) but falls with in the range (0 – 3.8%). Similarly increased incidence of this finding
was noted in litters from MD (11.8%) and HD (5.9%) does. These values are greater than the
historical control mean (0.54%) but falls within the range (0 – 20%). The incidences of split,
fused and irregularly shaped/wavy ribs in both litters and fetuses are greater than their historical
control means. The incidences of these findings falls within their respective ranges except for the
fetal and liter incidences of incompletely ossified sternal centra and wavy ribs that is greater than
the range. The incidence of unossified pubis was increased in fetuses and litters from HD does.
These values are greater than their historical control means and ranges. Increased incidence of
ossification sites (not dose-dependent) of the thoracic vertebrae and rib pairs were observed in
fetuses from LD and HD does as well as in fetuses from the vehicle-treated pair-fed groups.
Incidence of ossification sites of the lumbar vertebrae were decreased in fetuses from drug-treated
does as well as in fetuses from the vehicle-treated pair-fed groups.
Maternal NOAEL is 2 µg/kg/d (12X MRHD, AUC) based on the decreases in body weight, food
and water consumption, mortality at HD, and abortion at doses ≥ 22 µg/kg/d. Fetal NOAEL is 2
µg/kg/d (12X MRHD, AUC) based on increased resorptions and fetal skeletal anomalies at doses
≥ 22 µg/kg/d.

Study no.: REST02022.
Volume # and page #: N/A.
Conducting laboratory and location:

(b) (4)

Date of study initiation: March 31, 2002.
GLP compliance: Yes.
QA reports: yes (X) no ( )
Drug, lot #, and % purity: Lot #s 00-0605 TP, 92% pure; and 01-0102 TP, 95.1% pure.
Methods
Doses: 1, 11 and 130 µg/kg BID (giving total daily doses of 2, 22 and 260 µg/kg/d).
Species/strain: Rabbit/NZW.
Number/sex/group: 20/females/group.
Route, formulation, volume, and infusion rate: Subcutaneous injection. See study design for dose
volumes.
Satellite groups used for toxicokinetics: None.
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Study design:

One-hundred and forty New Zealand White rabbits were randomly assigned to seven dosage
groups (Groups I through VII), 20 rabbits per group. Formulations of the test article, AC2993 for
injection, and/or the vehicle, were administered subcutaneously twice daily (BID) to these female
rabbits on days 6 through 18 of presumed gestation (GDs 6 through 18) at dosages of 0, 1, 11, and
130 µg/kg BID (total doses of 2, 22 and 260 µg/kg/day) for Groups I through IV, respectively.
Rabbits in Groups V, VI and VII were pair fed to match the feed consumption in the groups
administered 2 (Group II), 22 (Group III) and 260 µg/kg/day (Group IV), respectively. Groups V
through VII were administered the vehicle. The dosage volumes were 433 (Groups I, IV and VII),
10 (Groups I1 and V) and 36.5 (Groups Ill and VI) µl/kg, adjusted daily on the basis of the
individual body weights recorded immediately before administration of the test article and/or
vehicle.
On GDs 6, 7, 8, 9, 10, 11, 12, 14, 16 and 18 (three hours after the first daily dosage) and on GDs
5, 19, 20, 22, 24, 26 and 29 (approximately the same time each day as the GD 6 through 18
samples are collected) blood samples were collected from at least 12 rabbits per dose group. As
soon as possible following blood collection at each time point, a sample of whole blood was
assayed for glucose and lactate. On GDs 4, 9, 18, 22 and the day of scheduled sacrifice (GD 29),
whole blood samples were collected from each of the rabbits for hematological and clinical
biochemical evaluation.
The surviving rabbits were Caesarean-sectioned on GD 29 and a gross necropsy of the thoracic,
abdominal and pelvic viscera was performed. The number of corpora lutea in each ovary was
recorded. The uterus was excised and examined for pregnancy, number and distribution of
implantations, early and late resorptions and live and dead fetuses. Uteri from does that appeared
nonpregnant were examined while being pressed between glass plates to confirm the absence of
implantation sites. All fetuses were weighed and examined for gross external alterations. All
fetuses were examined internally to identify sex. The fetuses were examined for skeletal
alterations after staining with alizarin red S.
Parameters and endpoints evaluated:
Clinical signs: Twice daily.
Body weight: Daily.
Food consumption: Twice daily.
Water consumption: Twice daily.
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Hematology: On GDs 4, 9, 18, 22 and the day of scheduled sacrifice (GD 29), whole blood
samples were collected from each of the rabbits for hematological evaluation.
Clinical chemistry: On GDs 4, 9, 18, 22 and the day of scheduled sacrifice (GD 29), whole blood
samples were collected from each of the rabbits for clinical chemistry evaluations. On GDs 6, 7,
8, 9, 10, 11, 12, 14, 16 and 18 (three hours after the first daily dosage) and on GDs 5, 19, 20, 22,
24, 26 and 29 (approximately the same time each day as the GD 6 through 18 samples are
collected) blood samples were collected from at least 12 rabbits per dosage group. As soon as
possible following blood collection at each time point, a sample of whole blood was assayed for
glucose and lactate. The percent change from the predosage concentration was calculated.
Terminal examination of females: All surviving rabbits were sacrificed on GD 29. Rabbits were
Caesarean-sectioned and the thoracic, abdominal and pelvic viscera were examined for gross
lesions. Uteri of apparently non-pregnant does were examined while being pressed between glass
plates to confirm the absence of implantation sites. The number of corpora lutea in each ovary
was recorded. The uterus of each rabbit was excised and examined for pregnancy, number and
distribution of implantation sites, early and late resorptions and live and dead fetuses.
The fetuses were weighed, examined for gross external alterations and individually identified
with a tag noting study number, litter number and uterine distribution. Live fetuses were
sacrificed. All fetuses were examined internally to identify sex. Cavitated organs were evaluated
in all fetuses by dissection. A single cross-section was made between the parietal and the frontal
bones, and the brain was examined in situ. All fetuses were examined for skeletal alterations after
staining with alizarin red S.
Rabbits that died or were sacrificed because of abortion or premature delivery were examined for
the cause of death or moribund condition on the day the observation was made. Pregnancy status
and uterine contents were recorded. Aborted fetuses and/or delivered pups were examined to the
extent possible, using the same methods described for term fetuses.
Toxicokinetics: Not conducted.
Results
Mortality (dams): One 260 µg/kg/day dosage group doe was found dead on GD 17. The death was
considered related to the test article because it occurred in the HD group. All other does survived to
scheduled sacrifice.
Dose
(µg/kg/d)
# of Females
# Died

0

2

22

260

20
0

20
0

20
0

20
1(GD 17)

0
PF with 2
20
0

0
PF with 22
20
0

0
PF with 260
20
0

Clinical signs (dams): Two 22 µg/kg/day (GDs 20, 21) and one 260 µg/kg/day (GD 21) dose group does
aborted and one 2 µg/kg/day (GD 29) dose group doe delivered before scheduled sacrifice.
Dose
(µg/kg/d)
# of Females
Scant feces
No feces
No urine
Pregnant (%)
Abortions (%)
Premature
Deliveries (%)

0

2

22

260

20
1/20
0/20
0/20
95
0
0

20
20/20
0/20
0/20
100
0
5

20
19/20
9/20
6/20
95
10
0

20
20/20
13/20
4/20
95
5
0
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0
PF with 2
20
6/20
0/20
0/20
95
0
0

0
PF with 22
20
19/20
2/20
0/20
90
0
0

0
PF with 260
20
20/20
1/20
0/20
100
0
0
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2 µg/kg/day Dose Group: Doe 9352 delivered and was sacrificed on GD 29. This doe had scant feces on
DGs 8, 11 and 16. This doe lost weight and feed and water consumption values were reduced after GD
26. All tissues appeared normal at necropsy. The litter consisted of two pups and nine fetuses; all
appeared normal for their developmental ages at gross external, soft tissue and skeletal evaluation.
22 µg/kg/day Dose Group: Doe 9371 aborted and was sacrificed on GD 2 1. This doe had scant feces on
GDs 7 to 14 and 19, no urine in the cage pan on GDs 15, 17 and 18 and no feces in the cage pan on GDs
15 to18. This doe generally lost weight and feed and water consumption values were severely reduced
between GDs 6 and 17. All tissues appeared normal at necropsy. The litter consisted of seven late
resorptions. Doe 9372 aborted and was sacrificed on GD 20. This doe had scant feces on GDs 7 to 9, 12
and 17 to 18, no feces in the cage pan on GDs 10 to 11, 13 to 16 and 19 to 20 and no urine in the cage pan
on GD 19. This doe generally lost weight, feed consumption was severely reduced and water
consumption was reduced after GD 6. All tissues appeared normal at necropsy. The litter consisted of
seven late resorptions.
260 µg/kg/day Dose Group: Doe 9381 in the 260 µg/kg/day dosage group was found dead
approximately 9 hours after the first dose on GD 17; a total of 23 doses were administered. This doe had
scant feces on GDs 8 to 10 and 15 to 17, no feces in the cage pan on GDs 11 to 14 and emaciation and
dehydration on GD 17. This doe lost weight and had severely reduced feed and water consumption after
GD 6. All tissues appeared normal at necropsy. The litter consisted of 11 embryos; early developmental
age precluded evaluation of the embryos.
Doe 9388 aborted and was sacrificed on GD 21. This doe had scant feces on GDs 6 to 10, 13 to 16 and 20
to 2 1, no feces in the cage pan on GDs 11 to 12 and 17 to 19 and no urine in the cage pan on GDs 18 and
20. This doe generally lost weight and had severely reduced feed and water consumption after GD 6. All
tissues appeared normal at necropsy. The litter consisted of one early and 10 late resorptions.
Body weight (dams): (kg)
Dose
(µg/kg/d)
# of Females
GD 6
GD 18
% ∆ GD 6-18
GD 29

Percent Change in Mean Body Weights
22
260
0
PF with 2
20
20
20
3.54
3.48
3.68*
3.43
3.27**
3.71
-3.11
-6.03
0.80
3.77
3.68
3.92

0
PF with 22
20
3.68**
3.65
-0.08
3.91

0
PF with 260
20
3.69**
3.61
-2.17
3.85

Absolute Feed Consumption Relative to Controls(%)
2
22
260
0
PF with 2
20
20
20
20
70**
48**
30**
69**
105
110**
112**
96
83**
76**
64**
80**

0
PF with 22
20
46**
103
69**

0
PF with 260
20
28**
110
61**

0
PF with 22
20
103
101
102

0
PF with 260
20
100
108
100

0

2

20
3.43
3.64
6.12
3.84

20
3.52
3.54
0.01
3.76

Food consumption (dams):
Dose
(µg/kg/d)
# of Females
GD 6 – 19
GD 19 – 29
GD 6 - 29

0
20
100
100
100

** p<0.01
Water consumption: ** p<0.01
Dose
(µg/kg/d)
# of Females
GD 6 – 19
GD 19 – 29
GD 6 - 29

0
20
100
100
100

Absolute Water Consumption Relative to Controls (%)
2
22
260
0
PF with 2
20
20
20
20
86
67**
41**
92
105
114
119
91
95
90
73**
91
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Hematology:
Dose (µg/kg/d)
# of Females
Lymphocytes (103/mm3) GD 9

0

2

22

260

20
7.8

20
5.8**

20
4.8**

20
4.9**

0
PF = 2
20
7.0

0
PF = 22
20
7.9

0
PF = 260
20
8.1

** p<0.01
Clinical chemistry:

Toxicokinetics: TK was not conducted in this study. The data provided below was adopted from previous
study.
Dose (µg/kg BID)
1
11
130
12,164
214,883
3,610,750
AUC0-12hr (pg.h/ml)
Total Daily Dose (µg/kg/d)
2
22
260
24,328
429,766
7,221,500
Total Daily AUC (pg.h/ml)
Total daily AUC(0-10hr) for the MRHD (10 µg BID = 20 µg/day) = 2076 pg.h/ml

EFFECTS ON EMBRYO-FETAL DEVELOPMENT
Terminal and Necroscopic Evaluations: Does

BID = Dose divided and administered twice daily; N/A Not assayed or measured; No. Number ;
DG = Presumed Day of Gestation (starting on Day 0); PF Pair-fed to match respective exenatide-treated group; * p<0.05; ** p<0.01
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Fetuses
Fetal External and Visceral Anomalies

Historical Control Data
Umbilical hernia

Fetal Incidence (%)
0.05

Fetal Range (%)
0 – 0.7

Litter Incidence (%)
0.4

Litter Range (%)
0 – 6.2

Fetal Skeletal Anomalies

Historical Control Data
T. Vertebrae-extra ossification
T. Vertebrae-centrum, bifid
T. Vertebrae-centrum, fused
T. Vertebrae-unilateral, ossification
Hyoid: Ala, angulated

Fetal Incidence (%)
No data
0.08
0.16
0.06
1.76

Fetal Range (%)
No data
0 – 0.80
0 – 1.10
0 – 3.80
0 – 6.4
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Litter Incidence (%)
No data
0.68
1.35
0.54
12.70

Litter Range (%)
No data
0 – 5.9
0 – 10.5
0 – 20.0
0 – 31.6
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Fetal Skeletal Anomalies Contd.

Fetal Ossification Sites

* p<0.05; ** p<0.01
Historical Control Data
Ribs-split
Ribs-fused
Ribs-irregularly shaped/wavy
Sternal centra-incomplete ossification
Pelvis-pubis not ossified

Fetal Incidence (%)
0.13
0.17
0.02
0.24
0.03

Fetal Range (%)
0 – 1.40
0 – 3.8
0 – 0.6
0 – 1.20
0 – 0.6

Litter Incidence (%)
0.95
1.49
0.14
1.89
0.27

Litter Range (%)
0 – 10.5
0 – 20.0
0 – 5.3
0 – 10.5
0 – 5.3

2.6.6.6.5 Study title: The Toxicokinetics of AC2993 and the Pharmacodynamics of Plasma Glucose
in Pregnant Rabbits Administered AC2993 by Subcutaneous Injection
The purposes of this study were: 1) to determine the plasma concentration of AC2993; and 2) to evaluate the AC2993related changes in plasma glucose in pregnant rabbits as a function of AC2993 dosage.

Key study findings:
• Body weight gain was suppressed at doses ≥ 22 µg/kg/d. This correlated with the decreased food
and water consumption.
• Food consumption was significantly decreased at doses ≥ 22 µg/kg/d and showed a dosedependent effect. Water consumption also decreased dose-dependently being significant at doses
≥ 156 µg/kg/d.
• β-hydroxy butyrate (a marker of starvation) was increased by 1 to 5-fold (not DD) in all treated
groups relative to control. However the differences were not significant relative to control.
• Average glucose levels were significantly reduced (p≤0.05) in the 156 and 260 µg/kg/day dosage
groups on GD 9 at 5 hours post-dose but the reductions were not strictly dose dependent. Average
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glucose levels and the percent changes in glucose from 0 minutes post-dose were generally
comparable among the six dose groups at all other time-points tested on GDs 6, 9, 12, 18 and 19;
no toxicologically important differences occurred.
• Average lactate levels and the percent changes in lactate from 0 minutes post-dose were generally
comparable among the six dose groups at all time-points tested on GDs 6, 9, 12, 18 and 19; no
toxicologically important differences occurred. Significant differences (p≤0.05 to p≤0.01) in the
lactate levels were considered unrelated to treatment because they were not dose dependent.
Lactate levels were significantly increased (p≤0.05 to p≤0.01) in the 0.2 and 2 µg/kg/day dose
groups on GD 18 at 15 minutes post-dose and in the 2 µg/kg/day dose group on GD 19.
• Weights of the liver were significantly decreased in the 156 and 260 µg/kg/day dose groups
relative to control. This may be due to the decreased body weights noted in these groups.
• Fetal resorption was increased by 3 to 4-fold (not SS) at doses ≥ 22 µg/kg/day.
• Plasma concentrations of AC2993 (AUC and Cmax) increased with increasing dose. Rabbit TK
indicates greater exposure than in mice, rats or monkeys at a similar dose or NOAEL. Decreased
water consumption coincides with the unusual increased exposure. The sponsor suggests that
since exenatide is cleared by the kidney, impaired clearance in the pregnant rabbit may explain
the sensitivity to toxicity.
Study no.: REST02021.
Volume # and page #: N/A.
(b) (4)
Conducting laboratory and location:
(b) (4)

Date of study initiation: May 7, 2002.
GLP compliance: Yes.
QA reports: yes (X) no ( )
Drug, lot #, and % purity: Lot # 00-0605TP, 94% pure; 00-0606TP, 93% pure; 00-0102TP, 95% pure.
Methods
Doses: 0.1, 1, 11, 78, 130 µg/kg BID (total daily doses of 0.2, 2, 22, 156 and 260 µg/kg/d).
Species/strain: Rabbit/NZW.
Number/sex/group: 5 pregnant females/group.
Route, formulation, volume, and infusion rate: Subcutaneous injection. See study design for dose
volumes.
Satellite groups used for toxicokinetics: All animals were used for TK as well.
Study design: Thirty NZW rabbits were randomly assigned to six dosage groups (Groups I
through VI), five rabbits per group. AC2993 for Injection, and/or the vehicle were administered
subcutaneously twice daily to these female rabbits on GDs 6 through 19 at doses of 0, 0.2, 2, 22,
156 and 260 mcg/kg/day for Groups I through VI, respectively.

Parameters and endpoints evaluated:
Mortality: Daily.
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Clinical signs: Daily.
Body weight: Daily.
Food consumption: Daily.
Water consumption: Daily.
Hematology: Blood samples for hematology evaluation were collected on GD 19 after the
morning dose.
Clinical chemistry: Blood samples for clinical chemistry evaluation were collected on GD 19
after the morning dose.
Toxicokinetics: On GDs 6, 9, 12 and 18, blood samples were collected from each rabbit before
and after the morning dose. Samples were collected prior to the morning dosage (t=0) and at
approximately 15 minutes, 30 minutes, 45 minutes, 1, 2, 5, 8 and 12 hours post-dose after the first
daily dosage. The 12-hour sample was collected prior to the second daily dose (afternoon).
Necropsy: All rabbits were sacrificed on GD 19. Rabbits were Caesarean-sectioned and the
thoracic, abdominal and pelvic viscera were examined for gross lesions. The gravid uterus was
excised and weighed. The following organs were individually weighed (paired organs were
weighed as pairs): brain, heart, liver, kidneys and ovaries, and retained in neutral buffered 10%
formalin.
The number of corpora lutea in each ovary was recorded. The uterus of each rabbit was examined
for pregnancy, number and distribution of implantation sites, early and late resorptions and live
and dead fetuses.
Following sacrifice of the does on GD 19, amniotic fluid was collected and the amount was
recorded. The fluid was transferred to a tube labeled with the study number, animal number,
dosage group/level, the date, the fetus number and the nature of the specimen (i.e., amniotic
fluid).
Results
Mortality (dams): None.
Clinical signs (dams):
Dose (µg/kg/d)
Scant feces

0
0/5

0.2
0/5

2
2/5

22
3/5**

156
5/5**

260
5/5**

22
3.34
3.22
-0.12
-3.6

156
3.39
3.00
-0.39
-11.5

260
3.48
3.13
-0.35
-10.0

** p<0.01
Body weight (dams): (kg)
Dose (µg/kg/d)
GD 6
GD 19
Wt. gain
% ∆ in B. wt

0
3.51
3.57
0.06
1.7

0.2
3.35
3.49
0.14
4.2

2
3.45
3.46
0.01
3.0

Food consumption (dams): Absolute Food Consumption Relative to Control -g/day
Dose (µg/kg/d)
GD 6 - 19
%∆

0
159
100

0.2
149
93.7

2
96*
60.4

22
86**
54.0

156
45**
28.3

260
48**
30.2

156
146*
48*

260
143*
47*

* p<0.05; ** p<0.01
Water consumption: Absolute Water Consumption Relative to Control -g/day
Dose (µg/kg/d)
GD 6 - 19
%∆

0
304
100

0.2
392
129

2
240
79

* p<0.05
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Hematology: No treatment-related changes.
Clinical chemistry:
Dose (µg/kg/d)
Glucos. (mg/dl)
BHBA (mg/dl)

0
100
1.01±0.023

0.2
95
1.22±0.29

2
94
1.25±0.50

22
100
2.48±3.78

156
100
4.54±4.97

260
116**
3.74±6.60

** p<0.01; BBHA = β-hydroxy butyrate
Glucose: See summary data for details.
Average glucose levels were comparable among the six dosage groups on GD 6 before dosage
administration (0 minutes post-dose). The average glucose levels were significantly reduced (p≤0.05) in
the 156 and 260 µg/kg/day dosage groups on GD 9 at 5 hours post-dose but the reductions were not
strictly dose dependent. Average glucose levels and the percent changes in glucose from 0 minutes postdose were generally comparable among the six dosage groups at all other time-points tested on GDs 6, 9,
12, 18 and 19; no toxicologically important differences occurred. All other significant differences (p≤0.05
to p≤0.01) in the glucose levels or the percent changes in glucose from 0 minutes post-dose were
considered unrelated to the test article because they were not dosage dependent.
Lactate: See summary tables for details.
Average lactate levels were comparable among the six dosage groups on GD 6 before dosage
administration (0 minutes post-dose). Average lactate levels and the percent changes in lactate from 0
minutes post-dose were generally comparable among the six dosage groups at all time-points tested on
GDs 6, 9, 12, 18 and 19; no toxicologically important differences occurred. Significant differences
(p≤0.05 to p≤0.01) in the lactate levels were considered unrelated to the test article because they were not
dosage dependent. Lactate levels were significantly increased (p≤0.05 to p≤0.01) in the 0.2 and 2
meg/kg/day dosage groups on GD 18 at 15 minutes post-dose and in the 2 µg/kg/day dosage group on GD
19.
Serum Glucose Results
BEST POSSIBLE
COPY
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Serum Glucose Results Contd.
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Serum Glucose Results Contd.

Serum Lactate Results

124

REVIEWER: JOHN COLERANGLE

NDA No. 21-919
BEST POSSIBLE COPY
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Serum Lactate Results Contd.
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Serum Lactate Results Contd.

Organ weights:
Dose (µg/kg/d)
Liver (g)
Liver/body wt.

0
103
3.0

0.2
113
3.2

2
106
3.1

* p<0.05
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22
88
2.7

156
68*
2.2*

260
75*
2.4*
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Terminal and Necroscopic Evaluations:
BEST POSSIBLE COPY

EMBRYO-FETAL DEVELOPMENT
CAESAREAN SECTIONING AND LITTER OBSERVATION

Toxicokinetics:
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The primary purposes of this study were to determine the systemic load of AC2993 in pregnant rabbits at
the same SC BID doses of AC2993 used in two previous developmental toxicity studies and to define
pharmacodynamics of blood glucose in these animals. Secondary objectives were to confirm, in the same
study using all of the doses used in the two previous rabbit developmental toxicity studies, the effects of
AC2993 on feed and water consumption, impact in a plasma indicator of starvation (β-hydroxybutyrate)
and body weight. The plasma concentrations of AC2993 as measured by AUC and Cmax increased with
dose of peptide while Tmax remained relatively constant over the BID dose range of 0.1 µg/kg to 130
µg/kg (e.g., AUC values ranged from 228 pg.h/ml to 3,611,000 pg.h/ml).
In contrast to what was expected, there was not a clear and consistent AC2993-related pattern of blood
glucose depression, a known pharmacological action of the peptide. The Sponsor has conducted a PK/PD
study in non-pregnant female rabbits and showed that rabbits can exhibit AC2993-dependent decreases in
plasma glucose concentrations. An explanation for not seeing such a pattern of glucose change in the
current study could be the confounding relationship between the effect of AC2993 to lower glucose and
the glucose increases associated with the stress of handling and b1eeding the animals in the Sponsor's
study were sedated to reduce stress while they were not sedated in the current study so as not to
compromise the pregnancy. Thus, one is unable to make a conclusion regarding the effect of AC2993 on
blood glucose concentrations in pregnant rabbits.
The doses of AC2993 at SC BID doses of 0.1, 1, 11, 78 and 130 µg/kg used in the current study were
previously used in two other developmental toxicity studies in rabbits. The same dose-related patterns of
depressed feed consumption, depressed water consumption and weight loss observed in these two studies
were also observed in the current study. In addition, a serum indicator of starvation (β-hydroxybutyrate)
was observed to increase with dose as was observed in the other study where it was measured. In addition,
there was a dose-related decrease in liver weight that is probably associated with the depressed nutritional
state of the does.

Prenatal and Postnatal Development
2.6.6.6.6 Developmental and Perinatal Reproduction Toxicity Study of AC2993 in Mice, Including a
Postnatal Behavioral/Function Evaluation (Segment III Study).
Key study findings:
• 1/25 female mice died at all dose levels. The HD female died while delivering a litter. Sponsor stated
that the death may be drug-related because it occurred in the HD group and the other mice in this dose
group had increased incidences of stillbirths and pup deaths on day 1 of lactation. Although the cause
of death could not be determined, it is likely that the deaths in the 6 and 68 mg/kg/day dose groups
were also drug-related.
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Maternal (F0) body weight gain decreased in a dose-dependent manner by 6%, 12% and 18% for the
LD, MD and HD dams respectively during gestation. During lactation, body weight gain was
significantly increased in the MD and HD groups by 169% and 167% respectively.
Maternal (F0) Food consumption was significantly decreased in MD and HD animals by 11% relative
to control during GD 15-18. This may explain the decreased body weight gain observed during
gestation. Food consumption was also decreased during lactation by 16% in the HD group.
F0 Dams delivering stillborn pups was significantly increased in the HD group (24%) relative to
control. Dams with all pups dying during days 1-4 postpartum was significantly increased in the HD
group (12%) relative to control. Implantation sites were decreased by 29% (NS) in the HD group
relative to control.
Number of live birth was significantly decreased in the HD group (92%) relative to control (100%).
Still birth was significantly increased by 6% in the HD group relative to control (0%).
Pups found dead/presumed cannibalized was significantly increased in the HD group (3%) on day 1
postpartum. Similar increases were observed in the LD (3.2%) and HD groups (5.5%) relative to
control during days 2-4 postpartum, and in the MD group (4.5%) during days 8-14 postpartum.
Viability index was slightly but significantly decreased in the HD group (92%) relative to control
(99%). Lactation index was also slightly but significantly decreased in the MD group (92%) relative
to control (97%).
Number of surviving pups/litter was significantly decreased in the HD group by 25% relative to
control during days 1-14 postpartum.
Pup weight/litter decreased significantly in the HD group on days 1-7 postpartum and on PPD 7
postpartum in the MD group.
Postweaning body weight was slightly but significantly decreased in the HD F1 males by 5% from
day 1 post weaning to terminal sacrifice. Postweaning body weight was also slightly but significantly
decreased in the HD F1 females by 5% during precohabitation, on GD 0 and on GD 18 relative to
control.
Total number of pups delivered was decreased by 29% in the HD group. Live-born pups was slightly
but significantly decreased by 8% whereas still-born pups was significantly increased by 6% in the
HD group relative to control.
Maternal administration of the test article at doses as high as 760 µg/kg/d (HD) did not affect short or
long term memory in the F1 generation mice. No significant differences in the number of trials to
criterion, or in latency time occurred among the groups tested in the passive avoidance paradigm. No
mice failed to learn.
There were no treatment-related effects on corpora lutea, implantations, litter sizes and resorptions in
cesarean-sectioned F1 females.
1/297 (0.3%) LD F2 fetuses had a cleft palate (within historical range: 0-1.2%). 1/268 MD 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 statistically significant) in F2 litters/fetuses
of HD F1 parents.
The maternal (F0) NOAEL < 6µg/kg/d (3X MRHD, AUC) due to mortality at doses ≥ 6 µg/kg/d.
NOAEL for fetal viability and growth is 6 µg/kg/d (3X MRHD, AUC) because the 68 µg/kg/d (MD)
and 760 µg/kg/d (HD) dose groups caused reduced pup body weights preweaning and the HD
increased perinatal mortality and reduced body weight gains postweaning.

Study no.: REST00150R1.
Volume # and page #: N/A.
Conducting laboratory and location:
(b) (4)
.
Date of study initiation: July 19, 2000.
GLP compliance: Yes (USA, Japan, UK)

(b) (4)
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QA reports: Yes (X) no ( )
Drug, lot #, and % purity: Lot # 991002 TP, 94.3% pure.
Methods
Doses: 3, 34 380 µg/kg BID giving total doses of 6, 68 and 760 µg/kg/day.
Species/strain: Mouse/CD-1.
Number/sex/group: 25 female mice/group.
Route, formulation, volume, and infusion rate: Subcutaneous injection. Please see study design
for dose volumes. Test article was provided as 0.3 mg/ml formulated drug product. Each is a 1 ml
single dose, sterile formulation in 30mM acetate buffer pH 4.5 with mannitol added as an isoosmolality modifer.
Satellite groups used for toxicokinetics: 3 female mice/group.
Study design:
Parental Females (F0): Presumed-pregnant female mice (25 females/group) were dosed with 3,
34 and 380 µg/kg BID giving total doses of 6, 68 and 760 µg/kg/day AC2993. The doses were
administered by subcutaneous injection on Day 6 of gestation (GD 6) through day 20 of lactation
(DL 20, mice that delivered a litter) or GD 22 (mice that did not deliver a litter). Three additional
females/group were used for toxicokinetics. The female mice were evaluated for adverse clinical
signs during parturition, duration of gestation, litter size and pup viability at birth. Maternal
behavior was evaluated on DLs 1, 4, 7, 14 and 21.
F1 Generation: F1 generation pups were not directly given test article or vehicle, but were
possibly exposed to the test article or vehicle during maternal gestation (in utero exposure) or via
maternal milk during the lactation period. Litters were observed for dead pups at least twice daily.
Clinical observations were recorded once daily during the pre-weaning period (DLs 1 to 21). Pup
body weights were recorded on DLs 1 (birth), 4, 7, 14 and 21. At weaning on DL 21, 25 male and
25 female pups/group were chosen for continued evaluation. F1 generation animals were
evaluated for growth, development and behavior and for the ability to mate and reproduce. The
fetuses of F1 dams were examined on GD 18 for abnormalities.
F1 Generation Litters – Pre-weaning Observations:
DL 1 was defined as the day of birth and is also the first day on which all pups in a litter were
individually weighed (pup body weights were recorded after all pups in a litter were delivered
and groomed by the dam). Litters were observed for dead pups at least twice daily. The pups in
each litter were counted once daily. Clinical observations were recorded once daily during the
preweaning period (DLs 1 to 21). Pup body weights were recorded on DLs 1 (birth), 4, 7, 14 and
21.
F1 Generation Mice – Post-weaning Observations:
All F1 generation male and female mice were observed for viability at least twice each day of the
study. These mice were also examined for clinical observations and general appearance once
weekly during the post-weaning period. Body weights for male mice were recorded weekly
during the post-weaning period and at sacrifice. Body weights for female mice were recorded
weekly during the post-weaning period and on GDs 0, 6, 12 and 18. Female mice were evaluated
for the age of vaginal patency, beginning on day 27 postpartum. Male mice were evaluated for the
age of preputial separation, beginning on day 27 postpartum.
Beginning at day 23 ±1 postpartum, one male rat and one female mouse from each litter, where
(b) (4)
possible, were evaluated
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Each mouse was tested twice. The test sessions were separated by a one-week interval, and the
criterion is the same for both days of testing. Dosage groups were compared for the following
dependent measures: the number of trials to the criterion in the first session (this measure was
used to compare groups for overall learning performance), the latency (in seconds) to enter the
"dark" compartment from the "bright" compartment on trial 1 in the first test session (this
measure was used to compare groups for activity levels and exploratory tendencies in a novel
environment), the latency (in seconds) to enter the "dark" compartment from the "bright"
compartment on trial 2 in the first test session (this measure was used to compare groups for
short-term retention, the number of trials to the criterion in the second test session) (this measure
was used to compare groups for long-term retention) and the latency (in seconds) to enter the
"dark" compartment from the "bright" compartment on trial 1 in the second session (this value
was another indication of long-term retention).
At approximately 90 days of age, the F1 generation mice within each dosage group were assigned
to cohabitation, one male mouse per female mouse, based on a random unit table, with the
exclusion of sibling matings. The cohabitation period consisted of a maximum of 6 days. All
female mice were removed from cohabitation daily. Female mice not observed to have had a
copulatory plug in situ were returned to cohabitation in the evening. Female mice with a
copulatory plug observed in situ were considered to be at GD 0 and assigned to individual
housing.
Parameters and endpoints evaluated:
Clinical signs: Daily.
Body weight: Weekly.
Food consumption: Daily.
Terminal Examination:
After completion of the 21-day postpartum period, F0 generation female mice assigned to the
main study were sacrificed and a gross necropsy of the thoracic, abdominal and pelvic viscera
was performed. The number and distribution of implantation sites were recorded. All pups culled
on DL 21 were sacrificed and examined for gross lesions. Necropsy included a single cross
section of the head at the level of the frontal-parietal suture and examination of the crosssectioned brain for hydrocephaly.
Gross Necropsy
F0 Generation Dams: Following completion of milk sample collection on DL 14, mice assigned
for TK evaluation were sacrificed and plasma was collected. A gross necropsy of the thoracic,
abdominal and pelvic viscera was performed. The number and distribution of implantation sites
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were recorded. Gross lesions were retained in neutral buffered 10% formalin for possible future
evaluation.
After completion of the 21-day postpartum period, F0 generation female mice assigned to the
main study were sacrificed, and a gross necropsy of the thoracic, abdominal and pelvic viscera
was performed. The number and distribution of implantation sites ware recorded. Gross lesions
were retained in neutral buffered 10% formalin for possible future evaluation.
Mice that did not deliver a litter were sacrificed on GD 23 and examined for gross lesions. The
uterus was examined while being pressed between glass plates to confirm the absence of
implantation sites.
Dams with no surviving pups were sacrificed after the last pup was found dead or missing,
presumed cannibalized. A gross necropsy of the thoracic, abdominal and pelvic viscera was
performed. The number and distribution of implantation sites were recorded.
Mice that died were examined for the cause of death on the day the observation was made. The
mice were examined for gross lesions. Pregnancy status and uterine contents of female mice were
recorded. Delivered pups were examined. Uteri of apparently nonpregnant mice were examined
while being pressed between glass plates to confirm the absence of implantation sites.
F1 Generation Litters/Mice:
Surviving male mice were sacrificed after completion of the 14-day cohabitation period. A gross
necropsy of the thoracic, abdominal and pelvic viscera was performed. Testes and epididymides
of male mice were excised and paired organ weights were recorded. The epididimides were
retained in neutral buffered 10% formalin. The testes were fixed in Bouin's solution for 48 to 96
hours and then retained in neutral buffered 10% formalin.
Surviving female mice were sacrificed on GD 18, Caesarean-sectioned and a gross necropsy of
the thoracic, abdominal and pelvic viscera was performed. Female mice without a confirmed date
of mating were sacrificed on an estimated GD 16. Uteri of apparently nonpregnant mice were
examined while being pressed between glass plates to confirm the absence of implantation sites.
Gross lesions were retained in neutral buffered 10% formalin for possible future evaluation.
The mice were examined for number and distribution of corpora lutea, implantation sites,
placentae that appeared abnormal (size, color or shape), live and dead fetuses (a live fetus was
defined as one that responded to stimuli; a dead fetus was defined as a term fetus that did not
respond to stimuli and that was not markedly autolyzed; dead fetuses demonstrating marked to
extreme autolysis were considered to be late resorptions), and early and late resorptions (a
conceptus was defined as a late resorption if it was grossly evident that organogenesis had
occurred; if this was not the case, the conceptus was defined as an early resorption). Each fetus
was weighed and examined for sex and gross external alterations. Live fetuses were sacrificed by
(b) (4)
an intraperitoneal injection
Fetuses were tagged with identification noting
study number, litter number, uterine distribution and fixative, and retained for possible future
evaluation. Approximately one-half of the fetuses in each litter were retained in Bouin's solution;
the remaining fetuses were retained in alcohol.
Mice that died or were sacrificed because of moribund condition or delivery were examined for
the cause of death or moribund condition on the day the observation was made. The mice were
examined for gross lesions. Testes and epididymides of male mice were excised and paired organ
weights were recorded. The epididymides were retained in neutral buffered 10% formalin. The
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testes were fixed in Bouin's solution for 48 to 96 hours and then retained in neutral buffered 10%
formalin. Pregnancy status and uterine contents of female mice were recorded. Delivered fetuses
were examined to the extent possible, using the same methods described for term fetuses.
Toxicokinetics: 3 dams/group. Approximately 1 hr after administration of the first dose on DL
14, milk samples were collected. The dams were sacrificed following completion of milk
collection. Following sacrifice, blood samples were collected from each dam for analysis of
AC2993 concentrations.
Results
F0 :
Mortality:

Main Study Group
0
0/25

Dose (µg/kg/day)
Deaths

6
1/25 (LD 11)

68
1/25 (LD 16)

760
1/25 (LD 1)

1/25 HD mice died while delivering a litter. Sponsor stated that the death may be related to administration
of the test article because it occurred in the HD group and the other mice in this dose group had increased
incidences of stillbirths and pup deaths on day 1 of lactation. Although the cause of death could not be
determined, the deaths in the 6 and 68 µg/kg/day dosage groups were considered treatment-related. All
tissues appeared normal at necropsy.
TK Group
0
2/3

Dose (µg/kg day)
Deaths

6
0/3

68
0/3

760
0/3

Sponsor stated that the mice in the control group died during milk collection on day 14 of lactation.
Clinical signs: There were no treatment-related clinical signs.
F0 GENERATION FEMALE MICE BODY WEIGHTS (g)
Dose (µg/kg day)
GD 6
GD 18
Wt. gain
% Decrease in wt. gain

GESTATION
6
30.0
53.5
23.5
6

0
30.6
55.6
25
0

68
30.2
53.1
22.9
12

760
30.2
50.6**
20.4
18

68
34.8
43.9
9.1**
169

760
34.9
43.9
9.0*
167

** p<0.01
Dose (µg/kg day)
DL 1
DL 21
Wt. Gain
% Increase in wt. gain

LACTATION
6
35.3
42.6
7.3
135

0
35.4
40.8
5.4
0

* p<0.05; ** p<0.01

Food consumption: g/day
Dose (µg/kg day)
Days 6 - 9
Days 15 - 18
Gain in food intake
% decrement in food intake

0
6.5
8.7
2.2
0

GESTATION
6
6.0
8.1
2.1
5

** p<0.01
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68
6.1
7.7**
1.6
27

760
6.1
7.7**
1.6
27
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Dose (µg/kg day)
Days 1 - 4
Days 10-14
Gain in food intake
% decrement in food intake

NDA No. 21-919

0
13.9
20.3
6.4
0

LACTATION
6
13.0
19.7
6.7
0

* p<0.05; ** p<0.01

Mating/Fertility Data: F0 Generation Female Mice.

F0 necropsy: Unremarkable.
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18.5
6.3
1.6

760
11.2**
17.1**
5.9
7.8
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F1 physical development:
Litter Observations (Naturally delivered pups) – F1 Generation Litters

Litter Observations (Naturally delivered pups) – F1 Generation Litters
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Litter Observations (Naturally delivered pups) – F1 Generation Litters

Clinical Signs: Clinical observation from birth to day 21 postpartum

F1 necropsy:
F1 Generation pups (Preweaning).

136

BEST POSSIBLE
COPY

REVIEWER: JOHN COLERANGLE

NDA No. 21-919

BEST POSSIBLE
COPY

Cesarean-Sectioning Observations – F1 Generation Female Mice

For peri-postnatal development studies:
In-life observations: Offspring
Mortality: F1 Generation (Postweaning):
0

Dose (µg/kg/d)
Sex
Mortality
Moribund sacrifice
Found Dead
Accidental Death

6

M
2/25

F
1/25

M
1/25

1/25
(PWD 2)
1/25
(PWD 9)

1/25
(PWD 2)

1/25
(PWD 29)

68
F

M
1/25

F

760
M
F
1/25
1/25
1/25
1/25
(PWD 2)
(DG 6)

1/25
(PWD 25)

Emaciation
Dehydration
Tissues Appeared Normal
25/25
25/25
25/25
25/25
25/25
24/25
25/25
(PWD) = Day Postweaning on which death occurred; (DG) = Day of gestation on which death occurred

1/25
1/25
25/25

Clinical signs:
Dose (µg/kg/d)
Sex
Bent tail

0
M
5/25

6
F
2/25

M
4/25

Body weight: (g) Postweaning – Males
Dose (µg/kg/d)
Day 1
Precohabitation
Terminal body wt.
% Decrement in body wt

68
F
2/25

M
7/25

760
F
2/25

M
9/25

F
5/25

* p < 0.05; ** p < 0.01
0
11
37
37
0

6
11
37
37
0
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68
10
37
37
0

760
9*
34**
35*
5
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For males, absolute and relative weights of the testes and epididymides in treated groups were not
significantly different from those of control.
F1 Generation – Female body wt. (g)
Dose (µg/kg/d)
Day 1
Precohabitation
Gestation Day 0
Gestation Day 18
% Decrement in body wt

0
10
30
30
65
0

6
10
30
30
64
2
* p < 0.05; ** p < 0.01

68
9
29
29
61*
6

760
9
28**
28**
62*
5

Food Consumption: No data.
F1 Generation Sexual Maturation: Average number of days postpartum that the prepuce was observed to
be separated or the vagina patent.
Dose (µg/kg/d)
Preputial Separation
Vaginal patency

0
29
32

6
30
32

F1 behavioral evaluation:
F1 Generation: Passive Avoidance Performance

68
31
32

760
31
32

BEST POSSIBLE
COPY
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F1 reproduction:
F1 Generation: Mating and Fertility – Male Mice

F2 findings:
Litter Observations (Cesarean-Delivered Fetuses) – F2 Generation Litters
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Fetal Gross External Alterations – F2 Generation Litters/Fetuses
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Toxicokinetics:
Mean AC2993 Concentration (pg/ml) in Plasma and Milk
Dose (µg/kg/d)
0

6

68

760

ANIMAL #
107
106
110
139
145
146
170
171
175
196
198
201

PLASMA
< Low Std
< Low Std
< Low Std
< Low Std
< Low Std
1,658.4
8,072.5
6,594.4
7,357.8
163,982.5
259,995.0
161,001.0

MILK
652.1
782.9
187.5
1,031.3
952.0
871.3
979.1
1,322.4
75,693.0
3,871.0
7,207.8
5,882.0

Please note that AC2993 was observed in the milk of vehicle control animals that were not dosed with the
drug. Sponsor did not offer any explanation as to how this might have occurred.
2.6.6.7 Local tolerance
Local tolerance of exenatide was conducted as part of the pivotal repeat-dose studies with durations in
mice up to 182 days, rats up to 28 days, and monkeys up to 273 days. Local tolerance was evaluated by
clinical observations and morphologic pathology of injection sites. A tabulated summary of local
tolerance studies and effects observed are provided in the following tables.
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LOCAL TOLERANCE STUDIES AND RESULTS

Mouse: The local tolerance of exenatide SC injection was assessed by clinical observations and
morphologic pathology of the injection sites in repeat-dose toxicity studies with BID dosing over 28, 91,
and 182 days duration. Exenatide and vehicle formulations were similar in the three studies but differed in
the dilutions employed. Formulations contained 0 or 0.3 mg/ml exenatide in the 28-day study; 0, 0.005,
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0.019, or 0.078 mg/ml exenatide in the 91-day study; and 0, 0.01, 0.019, or 0.078 mg/ml exenatide in the
182-day study. Metacresol concentrations were 2.20 mg/ml in the 28-day study, 3.00 mg/ml in the 91-day
study and 2.20 mg/ml in the 182-day study. There were no exenatide-related effects on local tolerance in
studies up to 182 days duration. There were no exenatide-related changes in clinical observations or
morphologic pathology observations; events common to both vehicle- and exenatide-treated groups
included the presence of localized redness, alopecia, or exudate. Local microscopic changes in all studies
were common to both vehicle- and exenatide-treated groups, consisting of localized, inflammatory,
hemorrhagic, fibrotic, exudative, or degenerative changes, or epithelial hyperplasia/acanthosis of trace-tomild severity. Severity and incidence of the morphologic changes were related to the volume of either
vehicle or exenatide injection, which in the 182-day study was up to 4.9 ml/kg/injection. The resulting
volume of injection of about 170 µl/injection in a 35 g mouse, is 4.3 times the proposed human dose of 40
µl. The morphologic changes in each study were consistent with the consequences of repeated injection
trauma and were not attributed to any exenatide-related effects. The results in the general toxicity studies
were replicated in the mouse carcinogenicity study, where no local, exenatide-related effects were noted
following once-daily, SC injection for up to 98 weeks.
Rat: The local tolerance of exenatide SC injection was assessed by clinical observations and morphologic
pathology of the injection sites in a repeat-dose toxicity study, once-daily injection, of 28 days duration.
Formulations contained exenatide concentrations of 0, 0.30, or 1.00 g/l but did not contain metacresol.
There were no exenatide-related effects on local tolerance following 28 days of dosing. There were no
exenatide-related changes in clinical observations or morphologic pathology; events common to both
vehicle- and exenatide-treated groups included the presence of localized redness. Local microscopic
changes in all studies were limited to the vehicle and high-dose, exenatide-treated groups, both treated at
1.0 ml/kg/injection. The resulting volume of injection was about 350 µl in a 350-g rat, is 8.8 times the
proposed human dose of 40 µl. Microscopic changes across the treatment groups included localized
inflammatory, hemorrhagic, fibrotic, exudative, or degenerative changes of minimal to moderate severity.
The morphologic changes were the consequences of repeated injection trauma and were not attributed to
any exenatide-related effects. The results in the general toxicity studies were replicated in the rat
carcinogenicity study, where no local, exenatide-related effects were noted following once-daily, SC
injection for up to 2 years.
Monkey: The local tolerance of exenatide SC injection was assessed by clinical observations and
morphologic pathology of the injection sites in repeat-dose toxicity studies with once to BID dosing over
28, 91 and 273 days duration. Exenatide and vehicle formulations were similar in the three studies,
except for dilution employed and the presence/absence of metacresol. Formulations contained 0, 0.3, or
1.0 mg/ml exenatide in the 28-day study, 0, 0.05, 0.1, or 0.3 mg/ml exenatide in the 91-day study, and 0,
0.05, 0.1, and 0.3 mg/ml exenatide in the 273-day study. Metacresol concentrations were 0.00 mg/ml in
the 28-day study, 3.00 mg/ml in the 91-day study, and 2.20 mg/ml in the 273-day study. There were no
exenatide-related effects on local tolerance in studies up to 273 days duration. There were no exenatiderelated changes in clinical observations or morphologic pathology; events common to both vehicle- and
exenatide-treated groups included the presence of localized redness or exudate. Local microscopic
changes in all studies were common to both vehicle- and exenatide-treated groups, consisting of localized,
inflammatory, hemorrhagic, fibrotic, exudative, or degenerative changes of trace-to-mild severity.
Severity and incidence of microscopic changes were mostly related to the volume of either vehicle or
exenatide injection, which in the 273-day study were up to 0.25 ml/kg/injection. The resulting volume of
injection of about 750 µl in a 3-kg monkey, is 18.8 times the proposed 40-µL human dose. The
morphologic changes in each study were consistent with the consequences of repeated injection trauma
and were not attributed to any exenatide-related effects.
Conclusion: Exenatide (drug substance) was well tolerated, lacking exenatide-related local effects, when
administered as a SC injection in repeat-dose studies of up to 98 weeks in mice once daily, 104 weeks in
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rats once daily, and 273 days in monkeys BID. Exenatide formulations (drug products) were well
tolerated, with changes limited to those normally expected from repeated injections, when administered as
a SC injection in repeat-dose studies of up to 98 weeks in mice once daily, 104 weeks in rats once daily,
and 273 days in monkeys BID. Events common to both vehicle- and exenatide-treated groups included
the presence of localized redness or exudates. Local microscopic changes in all studies were common to
both vehicle- and exenatide-treated groups, consisting of localized, inflammatory, hemorrhagic, fibrotic,
exudative, or degenerative changes of trace-to-moderate severity.
2.6.6.8 Special Toxicology Studies - Antigenicity
Study title: Neutralizing Anti-Exendin-4 Antibody Production in NIH Swiss Mice
Key study findings:
• The animals treated with exendin-4 showed a consistent drop in plasma glucose levels an hour
after IP administration regardless of the duration of weekly treatment with exendin-4, GLP-1, or
vehicle.
• There was no reduction in biological activity of exendin-4, as measured by the glucose lowering
effect, in any treatment group.
• No measurable anti-exendin-4 antibody titers were established with the treatment of exendin-4 for
up to 8 weeks.
Study no.: REST98145
Methods
Species/strain: Mouse/Non-diabetic NIHSw.
Doses employed: Please see study design.
Route of Administration: I. P. injection.
Rationale: Exendin-4 is a synthetic preparation of the natural sequence of the peptide isolated from the
salivary secretions of the Gila monster lizard, Heloderma suspectum. Because no mammalian homolog of
the peptide has been identified (except the glucagon-like peptide 1 i.e. GLP-1 to which it has
approximately 50% sequence homology), it has been presumed that the molecule is foreign to mammals
and that production of antibody is likely to defeat its therapeutic use. Hence this study was conducted to
determine the biological activity of the drug and to determine the presence of anti-exendin and anti GLP-1
antibody by ELISA.
Number of animals/sex/dosing group: Please see study design.
Study design: Mice were deprived of food for 2 hrs, lightly anesthetized and blood was collected to
determine baseline plasma glucose, anti-exendin and anti GLP-1 antibody levels. The animals were then
injected I.P. with either saline (100 µl), exendin-4 (1 µg/100 µl per animal) or GLP-1 (100 µg/100 µl per
animal). One hour after initial glucose sampling and injections, animals are again lightly anesthetized and
50 µl of blood collected for plasma glucose concentration. By this schedule, there was one week after
peptide injection before sampling for antibody.
Weeks
0
1
2
3
4
5
6
7
8
8 + 2 days

Group 1
Group 2
Group 3
Group 4
Saline
GLP-1 100 µg
GLP-1 100 µg
Exendin 1 µg
Saline
GLP-1 100 µg
GLP-1 100 µg
Exendin 1 µg
Saline
GLP-1 100 µg
GLP-1 100 µg
Exendin 1 µg
Saline
GLP-1 100 µg
GLP-1 100 µg
Exendin 1 µg
Saline
GLP-1 100 µg
Exendin 1 µg
Exendin 1 µg
Saline
GLP-1 100 µg
Exendin 1 µg
Exendin 1 µg
Saline
GLP-1 100 µg
Exendin 1 µg
Exendin 1 µg
Saline
GLP-1 100 µg
Exendin 1 µg
Exendin 1 µg
GLP-1 100 µg
Exendin 1 µg
Exendin 1 µg
Exendin 1 µg
Exendin 1 µg
Exendin 1 µg
Exendin 1 µg
Exendin 1 µg
a: glucose sample at t=0, antibody at t-0, inject peptide, glucose sample at t=1 hr.
b: inject peptide only.
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Results: % change in plasma glucose level, 1 hr after I.P. injection was measured at week 0, week 4, week
8 and week 8+2days for each group of animals.
Weeks
Group 1
Group 2
Group 3
0
-2.94 ± 3.50
-2.83 ± 5.38
-12.25 ± 4.18
4
-9.36 ± 6.30
-12.40 ± 3.91
-19.25 ± 4.08
8
-8.57 ± 4.27
-20.62 ± 3.01
-25.28 ± 3.4
8 + 2 days
-33.75 ± 3.26
-32.94 ± 3.36
-30.67 ± 4.17
Group 1 (treated with GLP-1 for 8 weeks, exendin-4 week 8+2 days)
Group 2 (treated with GLP-1 for 1st 4 weeks, exendin-4 week 5 through 8+2 days)
Group 3 (treated with exendin-4 for 8 weeks)
Group 4 (treated with saline for 7 weeks, exendin-4 on week 8 and 8+2 days)

Group 4
18.26 ± 4.04
2.85 ± 3.35
-23.0 ± 2.92
-29.3 ± 3.20

Glucose Levels: At week 0 the group of animals treated with vehicle (saline) showed an increase in
plasma glucose levels 1 hour post-injection (18.3 %) compared to GLP-1 treated groups (-2.9% and -2.8
%) and the exendin-4 treated group (-12.3%). As treatment progressed, animals treated with exendin-4
consistently showed a decrease in plasma glucose level 1 hour after I.P. injection; and this decrease in
plasma glucose due to exertdin-4 was seen in all groups of animals, regardless of their treatment during
the previous weeks with either GLP-1, combination of GLP-I and exertdin-4, or saline. Thus, there was
no reduction in biological action of exendin-4, as measured by the glucose lowering activity, in any
treatment group.
Plasma antibody: Plasma antibody titers for anti-exendin-4 activity were also evaluated in all animals
using ELISA at week 0, week 4, week 8 and week 8+2 days. Only two animals showed a positive
response to a presence of anti-exendin-4 antibody and both of these animals had been treated with GLP-1.
None of the animals treated with exendin-4 showed titers for anti-exendin-4 antibody.
Conclusion: Based on the biological response (glucose lowering 1 hour after peptide injection) in the
NIH Swiss mice, no diminishing effect is seen over time. The animals treated with exendin-4 showed a
consistent drop in plasma glucose levels an hour after peripheral administration regardless of the duration
of weekly treatment with exendin-4, GLP-1, or vehicle. In this study, no measurable anti-exendin-4
antibody titers were established with the treatment of exendin-4 for up to 8 weeks.
Study Title: Effects of Anti-AC2993 Antibodies on Plasma Toxicokinetics, Body Weight Changes
and Histological Change in Cynomolgus Monkey Administered AC2993 BID by Subcutaneous
Injection for 9 Months
Key study findings:
• There was no effect of antibody formation on decreased body weight gain in the treated groups.
• There was no effect of antibody formation on increased pancreas islet cellularity.
• Except for one, monkeys with an antibody titer >125 exhibited a larger plasma exenatide AUC
value at sample days 90, 180 and 273 relative to the AUC value on day 1.
• Anti-AC2993 antibodies were not neutralizing with regard to the biological responses evaluated
in this study.
Study no.: REST02136
Methods
Species/strain: Monkey/Cynomolgus.
Doses employed: Please see study design.
Route of Administration: Subcutaneous injection.
Rationale: To investigate the potential impact of antibody formation on the toxicokinetics, body weight
gains and histological changes in a 9-month toxicity study, where cynomolgus monkeys were exposed to
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AC2993 by twice daily subcutaneous. Plasma antibodies to AC2993 were detected using a sensitive
ELISA method. Antibody titers were evaluated using plasma samples collected just prior to necropsy
after 9 months of dosing.
Number of animals/sex/dosing group: 6/sex/group.
Study design: 6 Monkeys/sex/group were dosed by subcutaneous administration of AC2993 at 1.1, 9 and
75 µg/kg BID for 9 months (273 Days). Prior to necropsy on Day 275, blood samples were collected to
determine anti-AC2993 antibodies using ELISA, and evaluation of toxicokinetics. The primary objective
was to determine if anti-AC2993 antibodies were formed and whether the antibodies have a neutralizing
effect on AC2993 by evaluating the effect of the antibodies on body weight changes, systemic exposure
to AC2993 and on pancreas islet cellularity.
Results
Summary of Anti-AC2993 Antibody Results: A summary of the anti-AC2993 antibody results from the
ELISA method evaluation of the plasma samples collected prestudy and after 9 months of exposure to
AC2993 is shown in Table 1. With the exception of one female (FN15711) in the LD group with a titer of
625, all animals that had SDscore ≥ 3 had titers between 5 and 125.
Table 1: Summary of Assay Results for Anti-AC2993 Antibodies in Cynomolgus Monkeys Exposed to
AC2993 for 9 Months

Summary of Toxicokinetics: As part of the chronic monkey study, timed, serial plasma samples were
collected after the morning dose on days 1, 90, 180 and 273. They were assayed for AC2993
concentration using a validated immunoenzymetric assay (IEMA). In summary, the mean AUC values for
all animals within a dose group increased with the number of doses received.
Interpretation of Toxicokinetics with Consideration for Anti-AC2993 Antibodies: Some individual
animals exhibited an increase in AUC values at day 90, 180 and/or 273 relative to the day-1 AUC values
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while others did not appear to increase with length of exposure to AC2993. Therefore, animals were
grouped by visual inspection into two groups: 1) those with a plasma profile of AC2993 concentration vs.
time which appeared to give a constant AUC over the study (i.e., AUC on days 1, 90, 180 and 273
approximately equal) or 2) those with a plasma profile of AC2993 concentration vs. time which appeared
to be greater at days 90, 180 and/or 273 than at day 1. Toxicokinetic graphs for individual animals by
dose group were provided but not include in this review. The graphs were evaluated with regard to the
end-of-the-study titer values of the animals. All but two animals [FN15705M (titer = 25) and FN14015F
(titer = 25) both at 150 µg/kg/day] that were judged to have had an increase in AUC values over time
exhibited antibody titers ≥125. Only one animal (FN15702M at 150 µg/kg/day) had a titer of 125, but no
change in AUC over time. The relationship of titer to changes in AUC values are summarized by dose
group and sex in Table 2. Ten of eleven animals with a titer ≥125 exhibited a change in AUC value over
time. Twenty-three of twenty-five animals with a titer <125 did not exhibit a change in AUC value over
time. Thus, the antibody titer correlated with a change or lack of change in AUC value over the length of
dose administration in 33 of 36 animals.
Table 2: Summary of the Relationship between Change in Plasma AUC Values With Length of Dose
Administration in Monkeys and the Assay Results for Anti-AC2993 Antibody Titers

Definition of Antibody Positive: With one exception, animals with an antibody titer >125 exhibited a
larger plasma AC2993 AUC value at sample days 90, 180 and/or 273 relative to the AUC value on day 1.
Based on this evaluation, an antibody titer >125 caused a change in plasma pharmacokinetics, probably
by slowing renal clearance due to increased plasma protein binding. This is considered a “positive” titer
for causing a measurable pharmacokinetic change in the animals.
AUC DATA From Animals That Were Judged To Have No Change Over Time

Effect of Anti-AC2993 Antibody Formation on Body Weights: Antibodies formed against a peptide may
neutralize the biological activity of the peptide. In the 9-month toxicity study of AC2993, the changes in
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body weight over time of the animals appeared to be effected by AC2993 (Figures 1 - 6). An evaluation
was done on individual animals to determine if the formation of anti-AC2993 antibodies caused a change
in the pattern of depressed body weight gains that would indicate a neutralization of this biological
expression of AC2993 activity. Data related to body weight are shown in Figures 1 - 6. In the group of
male monkeys administered 1.1 µg/kg BID (Figure 1), monkey FN15737 (titer = 125) exhibited an
increase in body weight starting approximately day 100. In contrast monkey FN15734 (titer = 125) did
not change his pattern of weight gain. In females administered 1.1 µg/kg BID (Figure 2), monkey
FN15711 (titer = 625), exhibited an increase in body weight around day 100, while monkeys FN15728
(titer = 125) and FN14937 (titer = 125) did not change their pattern of weight gain. Male monkey
FN15740 (titer = 125) administered 9 µg/kg BID showed an increase in body weight gain beginning
approximately day 50 while monkeys FN15741 (titer = 125) and FN15722 (titer = 125) did not change
their pattern of weight gain (Figure 3). In females at 9 µg/kg BID (Figure 4), one monkey (FN15703)
exhibited a change in the weight gain pattern and this animal was negative for the presence of antiAC2993 antibodies. An initial pattern of weight loss was observed at the 75 µg/kg BID dose in both
males and females. Male FN15705 (titer = 25) showed a recovery in body weight gain around day 125,
while monkey FN15714 (titer = 125) showed no change (Figure 5). In females administered 75 µg/kg
(Figure 6), one animal (FN14015) was antibody positive (titer = 25) and she maintained her pattern of
weight change throughout the study. Thus, no consistent pattern between anti-AC2993 antibody
formation and changes in body weight gains or loss could be discerned in this study.
Figures 1 & 2: Body Weights in Male (Fig. 1) and Female (Fig. 2) Monkeys Administered 1.1 µg/kg BID (open
symbols = animals with antibody titer <125, closed symbols = animals with antibody titer >125)
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Figures 3 & 4: Body Weights in Male (Fig. 3) and Female (Fig. 4) Monkeys Administered 9 µg/kg BID (open
symbols = animals with antibody titer <125, closed symbols = animals with antibody titer >125)

Figures 5 & 6: Body Weights in Male (Fig. 5) and Female (Fig. 6) Monkeys Administered 75 µg/kg BID (open
symbols = animals with antibody titer <125, closed symbols = animals with antibody titer >125)

Effect of Anti-AC2993 Antibody Formation on Histological Change: The only histological change
observed in the 9-month toxicity study of AC2993 in monkeys that appeared related to AC2993 was in
the pancreas: increased islet cellularity. Table 3 is a summary of these findings.
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Table 3: Summary of Histological Change of Increased Islet Cellularity in Cynomolgus Monkeys
Exposed to AC2993 for 273 Days

No animals in the two lower dose groups (2.2 and 18 µg/kg/day) were found to have increase islet
cellularity and thus, no relationships to antibody formation at these doses for the presence or lack of this
histological change could be discerned. At 150 µg/kg/day, two males exhibited the histological change.
One (FN15702) had a titer = 125 while the other (FN15736) had no detectable antibodies. The other three
males were negative for the histological change and their titers ranged from negative to 125. In the
females, the three animals with the histological change had titers that ranged from negative to 25 and
those that did not exhibit the histological change had titers that ranged from negative to 25. Thus, there
was no obvious relationship between the formation of anti-AC2993 antibodies and pancreatic change.
Discussion
Plasma antibodies to AC2993 in cynomolgus monkeys exposed to AC2993 by twice-daily subcutaneous
injections were detected using a sensitive ELISA method. The potential impact of antibody formation on
the toxicokinetics, body weight gains and histological change in this study were evaluated. An effect of
antibody formation on depressed body weight gain and on increased pancreas islet cellularity could not be
discerned. Based on these two biological responses, the anti-AC2993 antibodies were not neutralizing.
Animals with an antibody titer >125 tended to exhibit a greater plasma AC2993 AUC value at sample
days 90, 180 and/or 273 relative to the AUC value on day 1. Evaluation of the TK data indicated that, in
monkeys, a titer >125 is a good predictor for change in plasma TK (i.e., 33 of 36 animals correctly
predicted change or no change in AUC values over time). Thus, in the 9-month toxicity study, the
following is concluded with regard to positive animals in each dose group (Table 4):
Table 4: Anti-AC2993 Antibody “Positive” Monkeys (Titer >125) Based on ELISA Results of
Plasma Samples Obtained After 9 Months of BID Subcutaneous Administration

What is the cause of increased AUC in some animals that developed anti-AC2993 antibodies? Sponsor
stated that a definitive answer cannot be provided at this time. However, two key assumptions were
proposed as an explanation. The assumptions are: 1) the IEMA method used to measure plasma AC2993
measures total AC2993 and not just free AC2993 and 2) clearance in the monkey is, like the rat, primarily
by renal glomerular filtration. Therefore, the apparent increase in AUC in antibody positive animals is
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explained by increase in the plasma protein binding in the presence of antibodies and the corresponding
decrease in renal clearance. Since only free AC2993 can be elimination by glomerular filtration, plasma
clearance is less efficient in a monkey when antibody titer >125 result in an increase in plasma protein
binding and the AUC increases.
Conclusion:
An effect of antibody formation on depressed body weight gain and on increased pancreas islet cellularity
could not be discerned. Thus, with regard to these two biological responses, the anti-AC2993 antibodies
were not neutralizing.
Antigenicity in Other Species (See also individual toxicology studies)
Antigenicity of exenatide was evaluated by analysis of anti-exenatide antibody by ELISA in repeat-dose
toxicity studies in mice, rats, and monkeys for up to 182, 91, and 273 days, respectively. Anti-exenatide
antibody was also assessed following 36 weeks of once-daily treatment days in rats during a
carcinogenicity study. In addition to anti-exenatide antibody, injection site observations and morphologic
pathology were performed as part of pivotal repeat-dose toxicity or carcinogenicity studies in mice, rats,
and monkeys for up to 96-98 weeks, 104 weeks, and 39 weeks, respectively. Finally, anti-exenatide
antibody was measured following SC BID treatment in mice for 28 days with exenatide from three
manufacturers, Star, Bachem, and Mallinckrodt.
Mouse
The antigenicity of exenatide was assessed by analysis of clinical observations, morphologic pathology of
the injection sites, and anti-exenatide antibody in repeat-dose toxicity studies with BID dosing over 28,
91, and 182 days duration. In addition, injection sites were assessed following 96 to 98 weeks dosing in a
2-year carcinogenicity study. There were no exenatide-related changes in injection site clinical
observations or morphologic pathology; events noted were common to both vehicle- and exenatidetreated groups. Severity and incidence of injection site microscopic changes were related to the volume of
either vehicle or exenatide injection. The morphologic changes in each study were attributed to repeated
injection trauma but not attributed to any exenatide-related effects. Anti-exenatide antibody, while
uncommon in the three studies, was present in few mice at very low titers (1:5, to 1:25), and was not
dose-dependent, as summarized in Table 1.
Table 1: Anti-exenatide Antibody-positive Incidence in Mice

The low titer antibody response along with similar incidence of mice scoring positive between vehicle
and exenatide-treated groups following treatment up to 26 weeks indicate exenatide is very weakly
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antigenic in mice, if at all. The lack of exenatide-related effects at injection sites indicates no local
antigenic or immune-mediated tissue reaction. Among the exenatide lots produced by the different
manufacturers of drug substance, Star, Bachem, or Mallinckrodt, the lot manufactured by Star was weakly
antigenic.
Rat
The antigenicity of exenatide was assessed in a repeat-dose toxicity study using once-daily, SC injection
for 91 days. Antigenicity in the rat was also assessed in the carcinogenicity study by clinical observations,
morphologic pathology of the injection sites following treatment for 104 weeks, and anti-exenatide
antibody following treatment for 36 weeks with once-daily dosing. There were no exenatide-related
changes in injection site clinical observations or morphologic pathology. Events noted were common to
both vehicle- and exenatide-treated groups. Severity and incidence of injection site morphologic changes
tended to be related to the volume of either vehicle or exenatide injection. The morphologic changes in
each study were attributed to repeated injection trauma and not to any exenatide-related effects. Antiexenatide antibody was uncommon in the three studies, present in few rats at very low titers (≤1:25) and
lacking dose-response relationship, as summarized in Table 2.
Table 2: Anti-Exenatide Antibody-Positive Incidence in Rats

The low titer antibody response along with similar incidence of rats scoring positive between vehicle and
exenatide-treated groups following treatment up to 36 weeks indicate exenatide is very weakly antigenic
in rats. The lack of exenatide-related effects on injection sites indicates no local antigenic or immunemediated reaction following treatment up to 104 weeks.
Monkey
Anti-exenatide antibody formation was assessed in repeat-dose toxicity studies with once-daily dosing
over 28 days or BID dosing over 91 days and 273 days duration. There were no exenatide-related changes
in injection site clinical observations or morphologic pathology. Events were common to
both vehicle- and exenatide-treated groups. The morphologic changes in each study were attributed to
repeated injection trauma and not any exenatide-related effects. Although many exenatide-treated
monkeys were anti-exenatide antibody positive, there were no anaphylactic reactions for up to 273 days.
Additionally, there was no apparent evidence of autoimmune or antibody-antigen complex-related
pathology, such as autoimmune or delayed-type hypersensitivity changes (dermal reactions, arthritis,
anemia or aplasias, mucocutaneous reactions) or antibody-antigen complex-related pathology (arthritis,
nephropathies), or other immune response-related pathology following dosing up to 273 days. Unlike
rodents, anti-exenatide antibody formation was more common among monkeys. Anti-exenatide antibodypositive monkeys generally had low titers of ≤1:125, except a single female with 1:625 at 2.2 µg/kg/day
exenatide for 273 days. No dose-response relationship on incidence or titer was apparent, as summarized
in Table 3.
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Table 3: Anti-Exenatide Antibody-Positive Incidence Monkeys

The low titer of antibody response, but higher (up to 75%) incidence following treatment up to 39 weeks
indicate exenatide, was antigenic in monkeys. In the 273-day study, monkeys with an antibody titers
≥1:125 measured at Day 275 demonstrated disproportionately higher plasma exenatide AUC values at 90,
180, and 273 days of treatment, compared to AUC values on the first day of treatment. Since renal
clearance has been demonstrated to be the major component of exenatide disposition, these data
suggested decreased elimination due to antibody binding was likely responsible for the altered
toxicokinetics. However, exenatide-related effects on body weight and focal pancreatic islet cell
hypercellularity in monkeys were not affected by the presence of anti-exenatide antibody. These data
demonstrated that while anti-exenatide antibody altered the pharmacokinetics of exenatide, it was not
neutralizing in monkeys. The lack of exenatide-related effects at injection sites indicated that no local
antigenic or immune-mediated tissue reaction were associated with the presence of anti-exenatide
antibody.
Conclusions
Exenatide was very weakly antigenic or non-antigenic in rodents and antigenic in monkeys. Antiexenatide antibodies were noted following 1 month of treatment, and were present following 9 months of
treatment, resulting in 8 months of exposure to anti-exenatide antibody in monkeys. The formation of
anti-exenatide antibody in monkeys was not dose-dependent. The presence of anti-exenatide antibody at
titers ≥1:125 resulted in altered pharmacokinetics in monkeys but was not neutralizing. There were no
apparent adverse effects of anti-exenatide antibody formation in monkeys such as injection sites reactions,
anaphylaxis, delayed-type hypersensitivity, autoimmune (dermal reactions, arthritis, anemia or aplasias,
mucocutaneous reactions) or antibody-antigen-complex-related pathology (arthritis, nephropathies).
IMPURITIES AND DEGRADATION PRODUCTS
Studies were not performed with specific exenatide-related impurities. A 28-day toxicity study conducted
in mice and genotoxicity studies (bacterial reverse mutagenesis and in vitro chromosomal aberration)
compared lots of exenatide drug substance with their respective impurities from different manufacturers
(Star, Bachem, Mallinckrodt). There were no toxicologically important differences in the effects of
exenatide from the three manufacturers.
To assess the potential toxicity of degradation products in exenatide drug product, the sponsor conducted
a 28-day study in CD-1 to evaluate the toxicity of heat-degraded (H-D) AC2993 following twice daily
subcutaneous administration. A 0.1 mg/ ml formulation of AC2993 was exposed to heat (50°C) in order
to simulate an improper storage temperature of product. The formulated AC2993 before heating had a
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purity of 92% to 94% while the formulated AC2993 after heating (HD-AC2993) had a purity of 76% to
77%. No treatment-related differences were observed between AC2993 and H-D AC2993 with respect to
survival, clinical findings, body weights, food consumption, ophthalmology, hematology, clinical
chemistry, organ weights, and macroscopic and microscopic pathology. Both treated groups exhibited a
slight increase in body weight, more prominent in the H-D AC2993 group (females), and a slight decrease
in food consumption, more prominent in the AC2993 group ( males and females) relative to control.
AC2993 and H-D AC2993 were well tolerated by the mice and no substantive differences were observed
for the test substances when compared to each other or to control. The toxicokinetics of AC2993 showed
that the plasma concentration profiles of AC2993 in animals administered AC2993 and HD-AC2993 were
similar with regards to Tmax, Cmax and AUC values.
TK Data following 28-Days Treatment with AC2993 and Heat-Degraded AC2993
Dose Group
AC2993
Heat-Degraded AC2993

Tmax (hr)
0.5
0.5

Cmax (pg/ml)
392,251
489,809

AUC0-4 hr (pg.hr/ml)
301,298
356,018

2.6.6.9 Discussion and Conclusions
In single dose studies, the median lethal dose values for exenatide in mice (IV), rats (SC), and monkeys
(SC) were >1500 µg/kg, >30,000 µg/kg, and >5000 µg/kg, respectively.
Following subacute exposure (~ 1 month) to exenatide, mean body weight of rats and monkeys (but not
mice) was decreased due to decreased food consumption. Weight of the thymus decreased in monkeys
dosed 1000 µg/kg/d (3592X MRHD, AUC) which correlated with the lymphoid depletion observed
microscopically. Increased incidence of basophilic foci in the parotid salivary gland (minimal severity)
was observed in mice dosed 760 µg/kg/d (520X MRHD, AUC). Very low titers of anti-exenatide
antibody were evident in 2/20 (titers ≤ 1:25) mice treated with exenatide manufactured by Star. Antiexenatide antibody was not evident in mice treated with exenatide manufactured by Bachem or
Mallinckrodt. In monkeys, very low titers (<1:5) of anti-exenatide antibody were observed at doses ≥ 10
µg/kg/d (19X MRHD, AUC). Anti-exenatide antibody detection was not performed in the rat study.
Subchronic exposure (91 days) of mice to exenatide at doses of 3, 34 and 380 µg/kg BID was well
tolerated. A high incidence of basophilic foci in the parotid salivary gland (minimal to mild severity) was
observed in mice at doses ≥ 6 µg/kg/d (3X MRHD, AUC). A high incidence of mandibular lymph node
hemorrhage was observed in mice dosed 706 µg/kg/d (520X MRHD, AUC). In another subchronic (91
days) toxicity study, mice dosed with exenatide at 18, 70 and 250 µg/kg QD followed by a 30-day
recovery period showed reversible increases in incidence of basophilic foci in the parotid salivary gland at
doses ≥ 18 µg/kg/d (12X MRHD, AUC). Subchronic exposure (91 days) of rats and monkeys to exenatide
caused decreased body weight gain which correlated with decreased food consumption. Reversible
decreases in body weight gain were observed in rats at doses ≥ 18 µg/kg/d (5X MRHD, AUC). Decreased
body weight gain was observed in monkeys at doses ≥ 0.6 µg/kg BID (3X MRHD, AUC). Reversibility
was not assessed in monkeys. A low incidence and minimal severity of basophilic foci (reversible) was
observed in female rats at 18 µg/kg/d (5X MRHD, AUC) and 250 µg/kg/d (129X MRHD, AUC). At the
end of the recovery period, relatively high incidences of vacuolar change (adrenal gland), lymphocyte
infiltration (pancreas), and a low incidence of basophilic foci (parotid salivary gland) with minimal
severity were noted in 250 µg/kg/d (129X MRHD, AUC) male rats. NOAEL could not be established in
the rat study since microscopic evaluation was performed on only a few selected organs/tissues. In the
monkey, the target organs toxicity of minimal to mild severity were observed in the lung (inflammation,
hemorrhage, syncytial giant cells), endometrium (hemorrhage) pancreas (hypercellular islet) and stomach
(focal inflammation) at doses ≥ 6.7 µg/kg BID (65X MRHD, AUC). NOAEL for the monkey study was
0.6 µg/kg BID (3X MRHD, AUC). The potential of exenatide to elicit an immune response in rats was
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low. In monkeys, 5% of control animals tested positive for anti-exenatide antibodies compared to 38%,
25% and 50% for the 0.6, 6.7 or 75 µg/kg BID groups respectively. There was to be a treatment-related
increase in percentage of animals that tested positive suggesting that the drug may be antigenic to
monkey. However, the positive finding in some control animals (which may be due to contamination or
background error) undermines the accuracy of this study. Moreover, with the exception of one 75 µg/kg
BID (1004X MRHD, AUC) animal that had an antibody titer of 125, the rest of the treated animals had
antibody titer of 25 regardless of treatment group. Systemic exposure increased with dose in the monkey
suggesting that the anti-exenatide antibody formed is not neutralizing.
Chronic toxicity studies in mice (182 days) and monkeys (273 days) showed no treatment-related effects
on body weight/body weight gain in the mouse but body weight gain decreased dose-dependently in
treated monkeys. The target organs of toxicity in the mouse include the eye (retinal atrophy, corneal
mineralization, cataract), testis (degeneration of seminiferous tubules), parotid salivary gland (basophilia),
bone marrow (hyperplasia) and injection sites (inflammation, hemorrhage, fibrosis, epithelial
hyperplasia). Except for the basophilia observed at all doses in the parotid salivary gland, most of the
remaining toxicities were limited to the HD of 380 µg/kg BID (520X MRHD, AUC) group. Antiexenatide antibody reactivity was not different between control and exenatide-treated mice. NOAEL
could not be established because of the ophthalmology findings, tissue reaction at the injection sites and
the parotid gland basophilia observed at all doses. In monkeys, the target organs of toxicity include the
brain (mononuclear cell infiltration, hemorrhage), thyroid (follicular distension, epithelial degeneration males), adrenal gland (mineralization - males, nodular hypertrophy – female), kidney (tubular dilatation males), heart (mononuclear cell infiltration - males), skeletal muscle (lymphoid cell infiltrate - males),
pancreas (vacuolation, fibrosis, mononuclear cell infiltrate, hypercellular islet – males and females),
sciatic nerve (fibrosis - male), uterus (protein deposits - females), stomach (lymphoid hyperplasia,
lymphoplasmacytic infiltrate), colon (cystic dilatation), cecum (pigmented macrophages), jejunum
(cytoplasmic vacuolation), rectum (inflammation)- all the GI lesions were observed in females except for
the pigmented macrophages observed in a HD males; injection sites (epidermal hyperplasia – males).
Most of the toxic effects occurred in the 9 µg/kg BID (1360X MRHD, AUC) and 75 µg/kg BID (994X
MRHD, AUC) groups. NOAEL was 1.1 µg/kg BID (8X MRHD, AUC) based on histopathology. One of
12 control monkeys compared to 9/12 monkeys each receiving 1.1 µg/kg/BID and 9.0 µg/kg/BID and 8
/12 monkeys receiving 75 µg/kg/BID were found positive for anti-exenatide antibody. The anti-exenatide
antibody was be neutralizing at 75 µg/kg BID (994X MRHD, AUC) due to the decreased systemic
exposure relative to systemic exposure at 9 µg/kg BID (1360X MRHD, AUC).
Reproductive toxicology: The potential of exenatide to cause reproductive or developmental toxicity was
evaluated in mice and rabbits. In fertility and general reproductive toxicity studies, male and female mice
were dosed at 3, 34 and 380 µg /kg BID (3X, 50X and 520X MRHD, AUC). There were no treatmentrelated effects on mating and fertility in both sexes or estrous cycling in treated females. There was a
dose-dependent decrease (not SS) in number of motile sperm by 7%, 8% and 20% at 3, 34 and 380 µg/kg
BID respectively. There were dose-dependent decreases (not SS) in number of corpora lutea,
implantations and viable embryos in treated females relative to control. Post-implantation loss was
increased by 2 to 3-fold (not dose-related) in treated mice relative to control, but the differences were not
significant relative to control. A decrease in relative weight of the prostate was observed in males dosed
380 µg/kg BID. NOAEL for mating and fertility is 380 µg/kg BID (520X MRHD, AUC).
In a mouse teratology study, exenatide doses of 3, 34, 230 and 380 µg/kg BID (3X, 50X, 243X and 520X
MRHD, AUC) were administered subcutaneously to pregnant mice on GDs 6 through 15. In addition,
extra pregnant mice were exposed to the same doses of exenatide and used to assess the extent of
placental transfer. Food consumption was decreased in all treated dams relative to control. One out of 25
female mice each dosed 34 µg/kg BID (50X MRHD) and 380 µg/kg BID (520X MRHD) aborted on GDs
15 and 16 respectively. 1/25 female mice in the 34, 230 and 380 µg/kg BID groups prematurely delivered.
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In addition, one female in the toxicokinetic 380 µg/kg BID (520X MRHD) group delivered prematurely.
Food consumption was slightly but significantly decreased by 13% and 9% in the 230 µg/kg BID and 380
µg/kg BID dose groups respectively relative to control. Number of implantations, litter sizes and live
fetuses were significantly decreased in the 230 µg/kg BID group relative to control. Male fetal body
weights showed decrements with increasing dose, achieving statistical significance at doses ≥ 230 µg/kg
BID. Female fetal body weights also showed decrements with increasing dose, achieving statistical
significance at doses ≥ 68 µg/kg BID. Five fetuses from the treated group and two from the control group
had multiple findings. Cleft palate with/without hole was a common finding. In addition, some fetuses
had interfrontal ossification site, cervical ribs and wavy ribs. Since the incidence of the multiple findings
was greater in the treated group compared to control, it may be treatment-related. The findings that
occurred at 230 µg/kg BID (243X MRHD) and 380 µg/kg BID (520X MRHD) may not be that
concerning since they occurred at higher multiples of the MRHD and occurred at doses above the
maternal NOAEL, 3 µg/kg BID (3X MRHD). The incidence of wavy ribs in the litter and fetuses were
significantly increased at 380 µg/kg BID group relative to control and the increments were greater than
their historical control means. Sponsor stated that the higher incidence of reversible delayed ossification
of ribs (i.e. wavy ribs) in the 380 µg/kg BID group is due to the slowed development of the fetuses as a
result of the decreased nutritional state of the dams. The TK data showed that the potential of exenatide to
cross the placental barrier is very low in mice. Maternal NOAEL is 3 µg/kg BID (3X MRHD) based on
the abortions observed. Developmental NOAEL is also 3µg/kg BID (3X MRHD) based on dose-related
lower body weights in fetuses at higher doses, cleft palate and wavy ribs. Since the potential of exenatide
to cross the placental barrier is very low, the fetal findings observed may be a consequence of the doserelated reduced nutritional state of the dams during gestation or maternal toxicity. Sponsor stated that
dams with compromised nutritional state during organogenesis, produced fetuses with decreased body
weights and delays in normal fetal maturation (e.g., wavy ribs).
In a rabbit teratology study, timed pregnant female rabbits were dosed subcutaneously at 0.1, 11, 78 and
130 µg/kg BID resulting in total daily doses of 0.2 (0.2X), 22 (207X), 156 (1432X), or 260 µg/kg/day
(3479X MRHD, AUC). A satellite group of 25 female rabbits were exposed to the same doses of
exenatide and used to assess the extent of placental transfer. One out of 20 females in the 0.2 µg/kg/day
(0.2X MRHD) dose group was found dead on the morning of GD 10 prior to dosing. One of 20 females in
the 22 µg/kg/day (207X MRHD) dosage group was found dead on GD 19, approximately 13 hours after
the last dose. Sponsor stated that the cause of death could not be determined since all tissues examined
appeared normal at necropsy. One of 20 females in the 156 µg/kg/day (1432X MRHD) dosage group
aborted on GD 21 and was sacrificed. Another 1/20 females in the 22 µg/kg/day (207X MRHD) dose
group prematurely delivered on GD 29 and was sacrificed. 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 of a single doe in a study is within the historical control incidence for the
testing facility. Body weight gain was significantly decreased in all treated groups in a dose-dependent
manner relative to control (GDs 6-19). The decreased body weight gain during the treatment period (GDs
6-19) correlated with the decreased food consumption observed. The decreased food consumption may be
due to the pharmacological activity of the drug.
Fetal and litter incidence of umbilical hernia (intestines protruding through the umbilical opening) were
significantly increased in the 260 µg/kg/day group (3479X MRHD). The increment is greater than the
historical control mean. Fetal incidence of circumcorneal hemorrhage was significantly increased at 22,
µg/kg/day (207X MRHD) by 2.4% relative to control. This increment is greater than the historical control
mean (0.22%). The significance of this finding is not clear since it was not observed at 156 and 260
µg/kg/day. Fetal incidence of small gall bladder was significantly increased at 22, 156 and 260 µg/kg/day
by 5.6%, 3.5% and 2.8% respectively relative to control. These increments are greater than the historical
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control mean (0.10%). Fetal incidence of angulated hyoid and fetal ossification sites per fetus per were
significantly increased at doses ≥ 22 µg/kg/day relative to control. The increments are greater than the
historical control means. Incidence of mean fetal ossification sites per fetus per litter in the lumbar
vertebra was slightly but significantly decreased with increasing dose at 22, 156 and 260 µg/kg/day
relative to control. The decrements at 22 (6.19%), 156 (6.16%) and 260 (6.09%) µg/kg/day dose groups
were less than the historical control mean (6.39%). Incidence of fetal ossification sites in the rib pairs
were slightly but significantly increased in all treated groups relative to control. The increments are
greater than the historical control mean. Some fetuses were observed with multiple findings (umbilical
hernia with angulated hyoid, or with fused sternal centra, unossified pubis and absence of intermediate
lung lobe) at doses ≥ 22 µg/kg/day (207X MRHD). Since these multiple findings were not observed in
control fetuses, they are likely to be treatment related. Maternal NOAEL = 0.2 µg/kg/day (0.2X MRHD)
based on dose-related decrease in weight gain during the dosage period. The developmental NOAEL is
also 0.2 µg/kg/day (0.2X MRHD) based on the developmental toxicity (higher incidence of umbilical
hernia, small gall bladder, angulated hyoid, delayed ossifications and fused sternal centra). The potential
of exenatide to cross the placental barrier is very low. Therefore the fetal findings observed may be a
consequence of the reduced nutritional state of the dams during gestation or maternal toxicity. Sponsor
stated that dams with compromised nutritional state during organogenesis, produce fetuses with decreased
body weights and delays in normal fetal maturation (e.g., resorptions, umbilical hernia and delays in
ossifications).
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 effecs. In this study, pregnant rabbits were administered 1, 11 and 130 µg/kg BID SC
exenatide resulting in total daily doses of 2 (12X MRHD) , 22 9207X MRHD), and 260 µg/kg/day
(3479X 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 K) 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 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 (12X MRHD).
In a developmental and perinatal/postnatal reproduction toxicity study, pregnant mice were administered
exenatide at doses of 3, 34 and 380 µg/kg BID SC resulting in total daily doses of 6 (3X MRHD), 68
(50X MRHD) and 760 µg/kg/d (520X MRHD). One of 25 (F0) female mice died at all dose levels. The
HD (520X MRHD) female died while delivering a litter. The HD death might be drug-related because it
occurred in the HD group and the other mice in this dose group had increased incidences of stillbirths and
pup deaths on LD1 (Lactation Day 1). Although the cause of death could not be determined, sponsor
indicated that the deaths in the 6 (3X MRHD) and 68 µg/kg/day (50X MRHD) dose groups were not
considered drug-related because the incidences were not dose-dependent. F0 Dams delivering stillborn
pups was significantly increased in the 760 µg/kg/day group (24%) relative to control (0%). Dams 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%). Number of live birth was significantly decreased in the 760 µg/kg/day
group (92%) relative to control (100%). Still birth was significantly increased in the HD group (6%)
relative to control (0%).
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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. Two of 25 (control) and 1/25 F1 generation males each in the 6, 68
and 760 µg/kg/day respectively, and 1/25 F1 generation female in the control and 760 µg/kg/day maternal
dose groups died prior to scheduled sacrifice. These deaths were not considered related to exenatide
because the incidences were not dose-dependent. All 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, 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. 1/297 LD F2 fetuses had a cleft palate. 1/268 MD 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 HD 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 maternal
(F0) NOAEL < 6 µg/kg/d (<3X MRHD) due to mortality at doses ≥ 6 µg/kg/d. NOAEL for fetal viability
and growth is 6 µg/kg/d (3X MRHD) because the 68 µg/kg/d (50X MRHD) and 760 µg/kg/d (520X
MRHD) dose groups caused reduced pup body weights preweaning and the 760 µg/kg/day increased
perinatal mortality and reduced body weight gains postweaning.
In an anti-exenatide antibody study in NIH Swiss mice, no measurable anti-exenatide antibody titers were
established with the treatment of exenatide for up to 8 weeks. The results indicate that no neutralizing
antibodies are formed since treatment with exenatide showed consistent drop in glucose levels. In monkeys
exposed to exenatide for 9 months, there were no effects of antibody formation on decreased body weight
gain and increased pancreas islet cellularity in the treated groups. Except for one, monkeys with antibody
titer >125 exhibited a larger plasma exenatide AUC value at sample days 90, 180 and 273 relative to the
AUC value on day 1. Based on this evaluation, an antibody titer >125 caused a change in plasma
pharmacokinetics, probably by slowing renal clearance due to increased plasma protein binding. The antiexenatide antibody may be neutralizing at 75 µg/kg BID (994X MRHD, AUC) due to the decreased
systemic exposure relative to systemic exposure at 9 µg/kg BID (1360X MRHD, AUC).
Overal, exenatide was weakly antigenic or non-antigenic in rodents but antigenic in monkeys. Sponsor
stated that there were no apparent adverse effects of anti-exenatide antibody formation in monkeys such
as injection sites reactions, anaphylaxis, delayed-type hypersensitivity, autoimmune (dermal reactions,
arthritis, anemia or aplasias, mucocutaneous reactions) or antibody-antigen-complex-related pathology
(arthritis, nephropathies).
A 28-Day study in CD-1 mice which evaluated the toxicity of AC2993 and heat-degraded AC2993
showed no treatment-related differences between AC2993 and heat-degraded AC2993 with respect to
survival, clinical findings, body weights, food consumption, ophthalmology, hematology, clinical
chemistry, organ weights, and macroscopic and microscopic pathology.
Toxicology conclusions
Exenatide caused no lethality and minimal toxic responses when administered as a single, IV dose in mice
at doses up to 1500 µg/kg, as a SC dose in rats up to 30,000 µg/kg, and as a SC dose in monkeys up to
5000 µg/kg. Exenatide caused minimal toxicity following SC dosing in repeat-dose toxicity studies in
mice at ≤760 µg/kg/day for up to 182 days, rats at ≤250 µg/kg/day for up to 91 days, and monkeys at
≤150 µg/kg/day for up to 273 days.
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Exenatide-related effects demonstrated most consistently in rats and monkeys (not mice) were decreased
food consumption and correlative decrease in body weight/body weight gain. Effects on body weight and
food consumption were related to the known pharmacologic effects of exenatide. Treatment in rats at ≥18
µg/kg/day (5X MRHD) and monkeys at ≥13.4 µg/kg/day (131X MRHD) decreased body weight/body
weight gain and food consumption. Conversely, exenatide treatment in mice generally tended to mildly
elevate body weight and food consumption, but these effects subsided with chronic dosing. The two most
notable exenatide-related microscopic pathology changes were basophilic foci in the parotid salivary
gland of mice and focal islet cell hypercellularity in the pancreas of monkeys. Basophilic foci in the
parotid salivary gland were noted in mice at ≥18 µg/kg/day exenatide (10X MRHD) at 91 and 182 days,
and at 760 µg/kg/day exenatide (520X MRHD) at 28 days. Reversibility of these lesions was
demonstrated in mice treated for 91 days and allowed a 30-day recovery period following completion of
exenatide treatment. These lesions were of minimal to moderate severity. Basophilic foci were noted in
all exenatide-treated groups of mice at ≥18 µg/kg/day exenatide (10X MRHD) in the 2-year
carcinogenicity. However, despite the lesion’s relatively common occurrence (~ 45% to 65% across all
exenatide-treated groups) there were no exenatide-related increases in salivary gland tumors and no
exenatide-related adverse effects on survival. Sponsor stated that the physiologic significance of this
lesion remains unclear, but the lack of any adverse or preneoplastic consequence of the lesion suggest that
the basophilic foci of the parotid salivary gland is not a toxicologically important effect.
Focal, minimal-to-mild islet cell hypercellularity was noted in the pancreas of monkeys treated at 150
µg/kg/day exenatide (994 to 2007X MRHD) for 91 and 273 days. These monkeys had tremors, males had
decreased body weight in addition to pancreatic islet hypercellularity. Islet cell hypercellularity was
accompanied by increased staining with Gomori’s Aldehyde Fuchsin, suggesting the hypercellularity was
an increase in the β-cell population. No islet cell changes were noted in mice or rats. Sponsor stated that
exenatide, exendin-4 (naturally occurring form of exenatide), GLP-1, and GLP-1 analogs have been
demonstrated to increase β-cell mass both in vitro and in vivo. There were no changes in serum glucose
noted in either study and no degenerative microscopic changes. There were no neoplastic changes in the
pancreas of mice or rats treated with 250 µg/kg/day exenatide (>90X MRHD) in two-year carcinogenicity
studies. Based on the minimal to mild severity and lack of adverse effects, these changes were considered
a pharmacologic effect of exenatide, not toxicity. Thus, exenatide was generally well-tolerated in repeatdose toxicity studies with durations of up to 182 days in mice, 91 days in rats, and 273 days in monkeys.
Decreased body weight/food consumption was transient in rodents and occurred in monkeys (chronic
dosing). Anti-exenatide antibody formation was observed in rodents and monkeys.
Exenatide was neither mutagenic nor clastogenic in the battery of genotoxicity studies conducted.
Exenatide was not tumorigenic in mice when administered SC for up to 96 weeks (females) and 98 weeks
(males) at doses resulting in exposures 129X human systemic exposure at 10 µg BID. Exenatide when
administered SC for up to 104 weeks in rats at doses resulting in 95X the clinical exposure at 10 µg BID,
was associated with increased incidence of thyroid C-cell adenoma in all drug treated females relative to
controls. The incidence in HD females is 23% relative to controls (8% and 5% for control groups 1 and 2
respectively) and is greater than the sponsor’s historical control mean (5%) and range (0-10%). The
thyroid C-cell adenomas may have been drug related. Exenatide was devoid of mutagenic effects, with or
without metabolic activation, in both in vitro (Ames bacterial reverse mutation, chromosomal aberration
in mammalian cells) and in vivo (mouse micronucleus formation) assays.
Exenatide produced no impairment of fertility, sperm concentration, or sperm motility in male mice, or
fertility or estrous cycling in female mice at doses up to 760 µg/kg/d resulting in exposures 260X the
clinical exposure at 10 µg BID based on AUC. Exenatide was not teratogenic in mice at doses up to 6
µg/kg/d resulting in exposures 5X the clinical exposure and in rabbits at 12X the clinical exposure 10 µg
BID. Higher exposures in rats and particularly rabbits resulted in maternal toxicity (death, weight loss,
litter loss) which confounded the developmental assessment.
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Exenatide was weakly antigenic in rodents (mouse & rat) and monkeys. The antibodies seem to be
neutralizing at 75 µg/kg BID (994X MRHD, AUC) due to the decreased systemic exposure relative to
systemic exposure at 9 µg/kg BID (1360X MRHD, AUC). In the chronic monkey study, exenatide
exposure increased with titer ≥ 1:125 but body weight effects were still seen suggesting an effect on
exenatide antibody complex excretion rather than neutralizing antibody formation. A 28-Day study in
CD-1 mice which evaluated the toxicity of AC2993 and heat-degraded AC2993 showed no treatmentrelated differences between AC2993 and heat-degraded AC2993 with regards to toxicity but there were
differences in antibody formation depending on manufacturer (i.e. Star) and impurities profile for each.
2.6.6.10 Tables and Figures
Tables and figures were presented with their respective individual studies.
2.6.7 TOXICOLOGY TABULATED SUMMARY
2.6.7.1 Single-Dose Toxicity

2.6.7.2 Repeat-dose Toxicity – Pivotal Studies
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2.6.7.11 Contd.
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Reproductive and Developmental Toxicity - Effects on Embryo/Fetal Development

2.6.7.12.1 Embryo-Fetal Development in Mice

2.6.7.12.1 Contd.
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2.6.7.12.2 Embryo-Fetal Development Study in Rabbits
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2.6.7.12.3 Embryo-Fetal Development Study in Rabbits
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2.6.7.14 Effects on Pre- and Postnatal Development and Maternal Function
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Impurities (Degradation Products)

OVERALL CONCLUSIONS AND RECOMMENDATIONS
Conclusions:
Exenatide, an incretin mimetic acts through multiple mechanisms to potently and immediately promote
lowering of plasma glucose levels and to promote long-term actions to significantly lower HbA1c.
Exenatide decreases fasting glucose levels in all animal models of type 2 diabetes assessed to date (rat,
mouse, and monkey) and exhibits a durable effect to lower HbA1c levels in diabetic rats. Improvements
in glycemic control are achieved through both modulation of the rate of glucose appearance in the
circulation (slowing of gastric emptying rate, reduced food intake, suppression of glucagon secretion),
and modulation of the rate of glucose clearance from the blood (glucose-dependent insulin secretion,
improved insulin sensitivity, increased β-cell mass). The results from glucose-lowering studies in several
animal species support an efficacious dosage range of 0.01 to 1 µg/kg BID.
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Exenatide caused no lethality and minimal toxic responses when administered as a single, IV dose in mice
at doses up to 1500 µg/kg, as a SC dose in rats up to 30,000 µg/kg, and as a SC dose in monkeys up to
5000 µg/kg. Exenatide caused minimal toxicity following SC dosing in repeat-dose toxicity studies in
mice at ≤760 µg/kg/day for up to 182 days, rats at ≤250 µg/kg/day for up to 91 days, and monkeys at
≤150 µg/kg/day for up to 273 days.
Exenatide-related effects demonstrated most consistently in rats and monkeys (not mice) were decreased
food consumption and correlative decrease in body weight/body weight gain. Effects on body weight and
food consumption were related to the known pharmacologic effects of exenatide. Treatment in rats at ≥18
µg/kg/day (5X MRHD) and monkeys at ≥13.4 µg/kg/day (131X MRHD) decreased body weight/body
weight gain and food consumption. Conversely, exenatide treatment in mice generally tended to mildly
elevate body weight and food consumption, but these effects subsided with chronic dosing. The two most
notable exenatide-related microscopic pathology changes were basophilic foci in the parotid salivary
gland of mice and focal islet cell hypercellularity in the pancreas of monkeys. Basophilic foci in the
parotid salivary gland were noted in mice at ≥18 µg/kg/day exenatide (10-12X MRHD) at 91 and 182
days, and at 760 µg/kg/day exenatide (520X MRHD) at 28 days. Reversibility of these lesions was
demonstrated in mice treated for 91 days and allowed a 30-day recovery period following completion of
exenatide treatment. These lesions were of minimal to moderate severity. Basophilic foci were noted in
all exenatide-treated groups of mice at ≥18 µg/kg/day exenatide (5X MRHD) in the 2-year
carcinogenicity. However, despite the lesion’s relatively common occurrence (~ 45% to 65% across all
exenatide-treated groups) there were no exenatide-related increases in salivary gland tumors and no
exenatide-related adverse effects on survival. Sponsor stated that the physiologic significance of this
lesion remains unclear, but the lack of any adverse or preneoplastic consequence of the lesion suggest that
the basophilic foci of the parotid salivary gland is not a toxicologically important effect. Focal, minimal to
mild islet cell hypercellularity was noted in the pancreas of monkeys treated at 150 µg/kg/day exenatide
(994 to 2007X MRHD) for 91 and 273 days. Islet cell hypercellularity was accompanied by increased
staining with Gomori’s Aldehyde Fuchsin, suggesting the hypercellularity was an increase in the β-cell
population. No islet cell changes were noted in mice or rats. Sponsor stated that exenatide, exendin-4
(naturally occurring form of exenatide), GLP-1, and GLP-1 analogs have been demonstrated to increase
β-cell mass both in vitro and in vivo. There were no changes in serum glucose noted in either study and
no degenerative microscopic changes. There were no neoplastic changes in the pancreas of mice or rats
treated with 250 µg/kg/day exenatide (>90X MRHD) in two-year carcinogenicity studies. Based on the
minimal to mild severity and lack of adverse effects, these changes were considered a pharmacologic
effect of exenatide, not toxicity. Thus, exenatide was generally well-tolerated in repeat-dose toxicity
studies with durations of up to 182 days in mice, 91 days in rats, and 273 days in monkeys. In general,
effects on body weight and food consumption were noted in all repeat-dose toxicity studies, a known
pharmacologic effect of exenatide. Production of anti-exenatide antibody was limited to monkeys, and
may be neutralizing at neutralizing 75 µg/kg BID (994X MRHD, AUC) due to the decreased systemic
exposure relative to systemic exposure at 9 µg/kg BID (1360X MRHD, AUC).
Exenatide produced no impairment of fertility, sperm concentration, or sperm motility in male mice, or
fertility or estrous cycling in female mice at doses upto 760 µg/kg/d resulting in exposures 260X the
clinical exposure at 10 µg BID. Exenatide was not teratogenic in mice at doses up to 6 µg/kg/d resulting
in exposures 5X the clinical exposure and in rabbits at doses up to 2 µg/kg/d resulting in exposures 12X
the clinical exposure, 10 µg BID. In mice and particularly rabbits, higher exposures resulted in maternal
toxicity which precluded the developmental assessment of exenatide.
Exenatide did not show a mutagenic or clastogenic potential with or without metabolic activation in in
vitro Ames or chromosomal aberration assay in CHO cells or in vivo in the mouse micronucleus assay.
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Lifetime carcinogenicity evaluations in rats and mice demonstrate increased thyroid C-cell adenomas in
female rats at exposures 130X the clinical dose of 20 µg/day. Mice did not demonstrate a tumorigenic
potential.
Unresolved toxicology issues: None.
Recommendations: Approval (AP).
Suggested labeling: Please see page 1.
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