
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

125469Orig1s000 
 
 

PHARMACOLOGY REVIEW(S) 



1

Tertiary Pharmacology/Toxicology Review

From: Timothy J. McGovern, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO
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Drug:  TRULICITY (Dulaglutide)
Sponsor:  Lilly

Indication: Adjunct to diet and exercise to improve glycemic control in adults with type 
2 diabetes mellitus

Reviewing Division: Division of Metabolism and Endocrinology Products

Introductory Comments: The pharmacology/toxicology reviewer and supervisor 
concluded that the nonclinical data support approval of dulaglutide for the indication 
listed above.

The recommended pharmacologic class for dulaglutide is a long-acting human glucagon-
like peptide-1 (GLP-1) receptor agonist. Exenatide (Byetta and Bydureon), liraglutide
(Victoza), and albiglutide (Tanzeum) are GLP-1 agonists that have been previously 
approved in the US.

Dulaglutide consists of two identical, disulfide-linked chains, each containing a human 
GLP-1 analog sequence covalently linked to a modified human immunoglobulin G4 
(IgG4) heavy chain fragment (Fc) by a small peptide linker. The GLP-1 analog portion of 
the molecule has approximately 90% sequence similarity to endogenous human GLP-1 
(7-37), , 

A complete general toxicology program was conducted in rats and monkeys. Prominent 
findings included body weight loss or decreased body weight gain that correlated with 
decreased food and water consumption. This is an expected pharmacodynamic effect that 
is also observed in the clinic. Observed gastrointestinal effects were transient.

Genetic toxicity studies were not applicable for this program. A carcinogenicity study in 
rats demonstrated a risk for thyroid C-cell hyperplasia and tumorigenesis, similar to other 
GLP-1 agonists, at exposures that were 7-fold or greater than the clinical AUC. A 6-
month transgenic assay in mice was negative. The totality of the available data indicates 
that rodents are more sensitive to the C-cell proliferative effects than nonrodents and 
presumably humans. Although the human relevance of GLP-1 receptor agonist-induced 
C-cell tumorigenesis in rodents is unknown, human relevance to drug-induced C-cell 
tumors cannot be discounted and therefore a boxed warning and appropriate 
epidemiological monitoring continue to be warranted for GLP-1 agonists.

Reference ID: 3628693

(b) (4)

(b) (4)



2

A complete battery of reproductive and developmental toxicity studies was conducted in 
rats and rabbits. Key findings in rats included prolonged diestrus, decreased number of 
corpora lutea, implantation sites, and viable embryos in a female fertility study, and 
increased post-implantation loss and decreased viable fetuses, an increase in mean litter 
proportions of unossified sternebrae, reduced skull ossification, unossified hyoid, and 
reduced vertebral arch ossification in an embryo-fetal development study. In a peri-/post-
natal study, observations included an increased incidence of pups showing small stature, 
paleness, or cool to touch, reduced body weight, and slightly longer mean time to balano-
preputial separation in male pups, and neurotoxicity (as demonstrated by an increase in 
mean Biel maze straight channel swim trial escape time) in female pups. Fetal 
malformations and skeletal variations were also observed in rabbits.  These findings 
occurred at exposures that were 13- to 17-fold the anticipated clinical AUC and are 
described in the product label. The recommended “Pregnancy Category C” for this 
product is consistent with the current labels for Byetta, Victoza and Tanzeum.

Conclusion:
I agree with the division pharmacology/toxicology conclusion that dulaglutide can be 
approved from the pharmacology/toxicology perspective. I have reviewed the proposed 
labeling and agree with the recommendations made by the division regarding the relevant 
nonclinical sections.
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≥26X clinical AUC).  There were no correlative histopathology findings for male 
reproductive organs.  In the 9-month study, decreased mean ovary weights were noted 
at ≥0.41 mg/kg (up to 39% for absolute weight and 31% for relative weight).  At the end 
of the recovery period, increased testis weights and decreased ovary weights were still 
noted for the 8.15 mg/kg groups (474X clinical AUC).  

Microscopic findings were generally limited to effects related to decreased body weight 
gain, such as hypocellularity and fat atrophy of the bone marrow and lymphoid depletion 
in the spleen and mesenteric and submandibular lymph nodes in monkeys.  General 
toxicology studies did not reveal target organs of toxicity.

Because of known safety concerns for other GLP-1 receptor agonists, the sponsor 
conducted 1-year toxicity studies to evaluate potential treatment-related effects on 
thyroid in rats and monkeys and on pancreas in monkeys.  A 3-month study in a 
diabetic rat model was also conducted to evaluate potential effects on the pancreas.  In 
male Sprague-Dawley rats treated with 5 mg/kg LY2189265 (~58X clinical AUC), an 
age-related increase in plasma calcitonin was observed in both control and treated 
animals, with no difference in mean values between the two groups.  Additionally, no 
difference in CaCl-stimulated calcitonin was observed between control and treated 
groups.  There were no noteworthy differences in the incidence or severity of C-cell 
hyperplasia after treatment for up to 9 months.  After 1 year of treatment, an increase in
incidence and severity of focal/multifocal C-cell hypertrophy/hyperplasia was noted for 
the treated group.  No difference in incidence or severity of diffuse C-cell hyperplasia or 
tumors was observed between the two groups.  Tissue morphometery showed no 
statistically significant difference between the two groups for percent calcitonin positive 
cells, volume of calcitonin positive tissue, thyroid tissue volume, or thyroid organ 
volume.  A consistent relationship between the number/size of calcitonin positive cells 
and plasma calcitonin values was not observed for individual animals.

In male Cynomolgus monkeys treated with 8.15 mg/kg LY2189265 (~474X clinical 
AUC), mean serum calcitonin values remained below the level of quantitation for both 
the control and treated groups throughout the study.  Calcitonin secretion with calcium 
gluconate also did not show a biologically meaningful difference between control and 
treated animals.  No treatment-related adverse microscopic findings were noted for the 
thyroid or pancreas, including signs of cell proliferation through Ki-67 staining.  A slight 
increase in the severity of increased pancreatic goblet cells in interlobular ducts was 
noted for the treated group.  This finding did not correlate with increases with serum 
amylase or lipase.  A group of pathologists who peer reviewed the slides as part of a 
pancreas working group concluded that the increased pancreatic goblet cells were not 
adverse or associated with inflammatory or proliferative changes including pancreatitis, 
ductal dilatation, ductal blockage, or PanIN.

In male ZDF rats treated with up to 5 mg/kg LY2189265 twice weekly for 3 months, a
dose-related increase in mean serum pancreatic-specific amylase was observed for all 
dose groups; no increases in serum lipase were observed.  Microscopically, an 
increased incidence and severity (minimal to moderate) of increased ductal epithelium 
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was observed at all dose levels (≥3X clinical AUC).  Animals treated with ≥1.5 mg/kg 
(≥8X clinical AUC) had an increased incidence of minimal to slight acinar atrophy, with 
or without mixed cell inflammation.  An increased incidence of minimal to slight 
neutrophilic acinar inflammation occurred at 5 mg/kg (30X clinical AUC).  These findings 
were observed as background lesions in the control group at low incidence (1 to 2 
animals) and at minimal severity.  An increase in the severity, but not incidence, of 
neutrophilic periductal inflammation (minimal to moderate) and islet cell hyperplasia was 
observed for treated groups.  With the exception of a few animals, there generally was 
not a good correlation for individual animals having both a high percentage of Ki-67 
positive duct cells and an increased incidence/severity of increased ductal epithelium.  
Although the microscopic changes observed in this study might imply that some diabetic 
patients taking LY2189265 could be more susceptible to morphological changes in the 
exocrine pancreas, the observed changes in ZDF rats were not sufficient or severe 
enough to classify the effects as drug-induced pancreatitis or premalignant lesions.  

The carcinogenic potential of LY2189265 was studied in a 6-month TgRas transgenic 
mouse study and a 2-year rat study.  Twice-weekly subcutaneous injections to 
transgenic mice for 26 weeks did not affect survival and there was no evidence of drug-
related neoplasms at the highest dose administered (5X clinical AUC). An increase in 
cytoplasmic volume of calcitonin-positive thyroid C-cells was observed for all treated 
groups (≥1X clinical AUC).  In Sprague-Dawley rats, 2 years of twice weekly treatment 
resulted in an increase in the incidence of thyroid C-cell adenomas at >0.5 mg/kg (≥7X 
clinical AUC).  A non-statistically significant, slight numerical increase in thyroid C-cell 
carcinomas was observed at 5 mg/kg (58X clinical AUC).  An increased incidence of 
diffuse (males and females) and focal (females only) thyroid C-cell hyperplasia was also 
evident at >0.5 mg/kg.  The NOEL for increased C-cell tumors was 0.05 mg/kg (0.5X 
clinical AUC).  

Treatment of male Sprague-Dawley rats every third day for 4 weeks prior to mating and 
during a 2-week cohabitation period did not have an adverse effect on male mating 
performance or fertility; on sperm concentration, motility, or morphology; or on early 
embryonic viability at doses up to 16.3 mg/kg (~150X clinical AUC).  Female Sprague-
Dawley rats treated with LY2189265 every third day for 2 weeks prior to mating, during 
the cohabitation period until mating was confirmed, and through gestational day (GD) 4, 
5, or 6 showed prolonged diestrus and a statistically significant decrease in the number 
of corpora lutea, implantation sites, and viable embryos at ≥4.9 mg/kg, which occurred 
in the presence of maternal toxicity (decreased body weight/body weight gain).  There 
were no compound-related effects on embryonic survival or maternal mating, fertility, or 
conception. The NOAEL for female reproductive performance was considered to be 1.6 
mg/kg (~15X clinical AUC).

In a fetal development study in which pregnant Sprague-Dawley rats received 
LY2189265 every third day from GD 6 through GD15, a significant reduction in maternal 
body weight gain was noted for all test article groups, with body weight loss occurring at 
≥1.63 mg/kg (14X clinical AUC) from GD 6 to 9.  An increase in percent post-
implantation loss and a decrease in percent viable fetuses were noted for the 4.9 mg/kg 
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group (44X clinical AUC). Mean fetal body weights were significantly decreased at 
≥1.63 mg/kg.  An increase in mean litter proportions of unossified sternebrae, reduced 
skull ossification, unossified hyoid, and reduced vertebral arch ossification were 
observed at 4.9 mg/kg.  The NOAEL for fetal development was 0.49 mg/kg (4X clinical 
AUC).

In a fetal development study in which pregnant New Zealand white rabbits received 
LY2189265 every third day from GD 7 through GD 19, an initial significant maternal 
weight loss followed by decreased body weight gain occurred at ≥0.12 mg/kg (≥4X 
clinical AUC); decreased body weight gain was also noted for the 0.04 mg/kg (1X 
clinical AUC) group throughout the treatment period.  There were no effects on maternal 
reproductive parameters.  Increased fetal malformations (lung lobular agenesis [upper 
end of historical control range], vertebral anomaly with or without associated rib 
anomaly, and costal cartilage anomaly) occurred at 0.41 mg/kg (13X clinical AUC).  
Increased fetal skeletal variations occurred at 0.41 mg/kg (increased incidence of 27 
presacral vertebrae, 13th full rib, bent hyoid arches, malaligned sternebrae, and reduced 
ossification of the ribs.  Also, a decreased incidence of having a 13th rudimentary rib 
was noted for kits from the 0.12 and 0.41 mg/kg litters.  The NOAEL for fetal 
development was determined to be 0.12 mg/kg.  

In a peri- and post-natal developmental toxicology study in which pregnant Sprague-
Dawley rats received LY2189265 every third day from GD 6 through lactation day (LD) 
19, a dose-related decrease in mean maternal body weight gain was noted for all F0

treated groups. The NOAEL for maternal toxicity was considered to be 0.2 mg/kg.  
Treatment did not affect mean values for gestation duration, litter size, live litter size, 
number of implantation sites, or pup sex ratio.  Survival rates during the lactation period 
for F1 pups from HD dams were lower than historical control values, but were similar to 
the concurrent control values.  An increased incidence of pups showing small stature, 
paleness, or cool to touch was noted for pups from HD dams.  Mean body weights for 
male and female pups from HD dams were statistically significantly lower than controls 
at all time points from LDs 1 to 21.  HD males had a slightly longer mean time to balano-
preputial separation (47.0 days vs. 45.6 days for control), which was likely secondary to 
the smaller size of the HD male pups.  The NOAEL for neonatal toxicity was considered 
to be 0.49 mg/kg (4X clinical AUC).  A statistically significant increase in mean Biel 
maze straight channel swim trial escape time was noted for HD female pups on PND 70 
(6.8 sec vs. 5.0 sec for control).  An increase in mean Biel maze memory escape time 
was also noted for HD female pups during trial number 12 (62.6 sec vs. 31.9 sec for 
control), which was associated with a greater number of memory errors during this trial.  
No effects in the Biel maze tests were noted for male pups.  Accordingly, the NOAEL for 
developmental neurotoxicity was considered to be 0.49 mg/kg for females and 1.63 
mg/kg for males (16X clinical AUC).  There were no effects on F1 generation mating, 
fertility, or reproductive organs (microscopic findings or organ weights).  There were no 
effects on the mean number of F2 pups born, live litter size, sex ratio, body weight, or 
postnatal survival (to PND 1).  There were no external findings suggestive of a test 
article effect.  The NOAEL for F1 reproductive parameters was 1.63 mg/kg.
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1.3 Recommendations

1.3.1 Approvability

On the basis of the nonclinical data reviewed in this marketing application, dulaglutide is 
recommended for approval.

1.3.2 Additional Non Clinical Recommendations

None

1.3.3 Labeling

Draft labeling for applicable nonclinical sections is presented below.  This draft is 
primarily taken from the sponsor’s proposed draft, although some suggested edits were 
made.  A boxed warning is recommended because of dulaglutide-induced thyroid C-cell 
tumors in rats for which human relevance is unknown; inclusion of a boxed warning is 
consistent with the labels of the other long-acting GLP-1 receptor agonists that have 
been granted marketing approval.  Clinical exposure margins achieved in rat fertility 
studies were calculated based on Day 92 AUC values from the 3-month rat toxicity 
study.

WARNING: RISK OF THYROID C-CELL TUMORS

See full prescribing information for complete boxed warning.

• Dulaglutide causes thyroid C-cell tumors in rats  It is 
unknown whether TRULICITY causes thyroid C-cell tumors, including medullary thyroid 
carcinoma (MTC), in humans, as human relevance could not be determined by clinical or 
nonclinical studies (5.1).

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

5 WARNINGS AND PRECAUTIONS

5.1 Risk of Thyroid C-cell Tumors

 It is 
unknown whether TRULICITY will cause thyroid C-cell tumors, including MTC, in 
humans, as the human relevance  
could not be determined by clinical or nonclinical studies.
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number of errors relative to the concurrent control in the memory evaluation portion of 
the Biel water maze.  The human relevance of these memory deficits seen in female F1

rats is unknown.  

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, and Impairment of Fertility
A 2-year carcinogenicity study was conducted with dulaglutide in male and female rats 
at doses of 0.05, 0.5, 1.5, and 5.0 mg/kg (0.5-, 7-, 20-, and 58-fold the MRHD of 1.5 mg 
once weekly based on AUC) administered by subcutaneous injection twice weekly.  In 
rats, dulaglutide caused a dose-related and treatment-duration-dependent increase in 
the incidence of thyroid C-cell tumors (adenomas and/or carcinomas) compared with 
controls at ≥0.5 mg/kg (≥7-fold the MRHD based on AUC).  A statistically significant 
increase in C cell adenomas was observed in rats of both genders receiving dulaglutide 
at ≥0.5 mg/kg.  Numerical increases in thyroid C-cell carcinomas occurred at 5 mg/kg 
and were considered to be treatment-related despite the absence of statistical 
significance.  Human relevance of thyroid C-cell tumors in rats is unknown and could 
not be determined by clinical studies or nonclinical studies [see Boxed Warning and 
Warnings and Precautions (5.1)].

A 6-month carcinogenicity study was conducted with dulaglutide in rasH2 transgenic 
mice at doses of 0.3, 1.0, and 3.0 mg/kg administered by subcutaneous injection twice 
weekly.  Dulaglutide did not produce increased incidences of thyroid C cell hyperplasia 
or neoplasia at any dose. 

Dulaglutide is a recombinant protein; no genotoxicity studies have been conducted.

In fertility and early embryonic development studies in male and female rats, no adverse 
effects of dulaglutide on sperm morphology, mating, fertility, conception, and embryonic 
survival were observed at up to 16.3 mg/kg (130-fold the MRHD based on AUC).  In 
female rats, an increase in the number of females with prolonged diestrus and a dose-
related decrease in the mean number of corpora lutea, implantation sites, and viable 
embryos were observed at ≥4.9 mg/kg (≥32-fold the MRHD based on AUC), which 
occurred in the presence of decreased maternal food consumption and body weight 
gain.

13.2 Animal Toxicology and/or Pharmacology
Zucker diabetic fatty (ZDF) rats were given 0.5, 1.5, or 5.0 mg/kg of dulaglutide (3-, 8-, 
and 30-fold the MRHD based on AUC) twice weekly for 3 months.  Increases of 12% to 
33% in total and pancreatic amylase, but not lipase, were observed at all doses without 
microscopic pancreatic inflammatory correlates in individual animals.  Other changes in 
the dulaglutide-treated animals included increased interlobular ductal epithelium without 
active ductal cell proliferation (≥0.5 mg/kg), increased acinar atrophy with/without 
inflammation (≥1.5 mg/kg), and increased neutrophilic inflammation of the acinar 
pancreas (5 mg/kg). 
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4 Pharmacology

Mechanism of action:
LY2189265 binds to and activates the human glucagon-like peptide 1 (GLP-1) receptor.  
This is anticipated to enhance glucose-dependent insulin biosynthesis and secretion; 
inhibition of glucagon secretion; slowing of gastric emptying; reduction of appetite; 
possible regulation of pancreatic islet cell apoptosis and neogenesis; and possibly 
weight loss in humans.

Drug activity related to proposed indication:
Pharmacology studies were conducted to examine the potential of LY2189265 to 
activate the GLP-1 receptor in vitro and the insulinotropic activity in vivo in rodent and 
non-human primate models of stepped glucose infusion (SGI).  The results of these 
experiments demonstrated that: LY2189265 potently activated the human GLP-1 
receptor; increased insulin secretion in a dose-dependent fashion after a single 
subcutaneous administration in a rodent model of SGI; increased insulin secretion after 
a single subcutaneous administration in a nonhuman primate model of SGI; increased
insulin secretion after multiple weekly subcutaneous administrations in a non-human 
primate model of SGI; and decreased glucose levels in rats and monkeys.

4.1 Primary Pharmacology

Study title:  In vitro activity of LY2189265 (Study bTDR01)
The ability of LY2189265 to activate the human GLP-1 receptor was evaluated by using 
HEK-293 cells that stably express both the human GLP-1 receptor and an intracellular 
reporter gene (CRE4-luciferase) whose expression is coupled to GLP-1 receptor 
signaling through cAMP production.  Results were compared with a control peptide, 
which is a DPP-4 protected GLP-1 analog (LY307161).  EC50 values were determined in 
19 individual experiments.

Results:
LY2189265 activated the reporter gene with approximately 2-fold greater potency than 
the control peptide (sponsor-generated Table 1).  Although native GLP-1 was not tested 
in this assay, the control peptide demonstrated approximately 60% less potency when 
compared with native GLP-1 (7-37) in a similar assay system (EC50 of 21.2 and 7.9 pM, 
respectively).  These data suggest that the potency of LY2189265 is similar to native 
GLP-1 under the conditions of this in vitro reporter gene assay.
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Results:
Insulin secretion from isolated rat islets was potently (2.5- to 3-fold) enhanced by the
inclusion of 3 or 30 nM LY2189265 in the presence of high (16.8 mM) glucose but not in 
the presence of low (2.8 mM) glucose. Unmodified human GLP-1 (3 nM) produced a 
4-fold enhancement of insulin secretion from rat islets elicited by 16.8 mM glucose 
(Figure 1A). The EC50 of insulin secretion by LY2189265 was 4.2 ± 2.9 nM (4 individual 
experiments) with maximal stimulation (4-fold) occurring at 300 nM LY2189265 (Figure 
1B; N=4). The inclusion of 1 μM of the GLP-1 receptor antagonist exendin-4 (9-39)
reversed the glucose-dependent stimulation of insulin secretion induced by LY2189265, 
providing evidence that LY2189265 acts through the GLP-1 receptor (Figure 1C).
LY2189265 also dose-dependently stimulated insulin secretion from INS-1 832/3 cells 
when stimulated by 16.8 mM glucose, with EC50 values of 8.3 and 34 nM in two 
individual experiments (data not shown).  In islets isolated from Cynomolgus monkeys, 
LY2189265 also dose-dependently increased insulin secretion in the presence of a high 
glucose concentration (Fig. 1D).
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Study title:  Assessment of the time action of insulinotropic activity of LY2189265 
in an intravenous glucose tolerance test (IVGTT) in Sprague-Dawley rats 
(Study bTDR02)
Male Sprague-Dawley rats (4-5/group/time point) were given an intravenous glucose 
challenge 24 and 72 hours after subcutaneous administration of vehicle (saline), 0.179, 
or 1.79 mg/kg (3 and 30 nmol/kg) LY2189265, respectively.  Plasma insulin levels were 
assessed as a measure for the insulinotropic activity of GLP-1.  After a 16 hour fast on 
Day 2 and Day 4, animals received 0.5 g/kg glucose via a bolus infusion.  Blood 
samples were collected just before the glucose infusion and at 2, 4, 6, 10, 20, and 30 
minutes after infusion.  

Results:
Statistical significant decreases in mean plasma glucose AUC was noted at both dose 
levels 24 hours after treatment and 72 hours after treatment (0-30 min sampling period).  
A statistically significant increase in mean plasma insulin AUC was only noted for the 
lower dose level 24 hours after dosing and was only noted for the higher dose level 72 
hours after dosing (sponsor-generated Table 1).
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Study title:  Effect of LY2189265 on glucodynamics/insulinotropics in normal 
Cynomolgus monkeys subjected to repeat graded intravenous glucose infusions
(Study 6180-702)
Six male Cynomolgus monkeys underwent a stepped IV glucose infusion immediately 
after SC administration of vehicle or 0.1 mg/kg LY2189265 on Day 1 and Day 3, 
respectively.  The duration of glucose infusion was approximately 40 minutes, with 
glucose given at 10 mg/kg/min for the first 20 minutes and 25 mg/kg/min for the last 20 
minutes.  Glucose infusions also occurred 5 and 7 days after the SC injection of test 
article to evaluate the duration of pharmacodynamics after a single dose.  The PK 
profile of LY2189265 was also evaluated over the 7-day post-dose period.
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Results:
Administration of LY2189265 resulted in significant insulinotropic activity for at least 7 
days (sponsor-generated Figure 1) and was also associated with significant increases in 
C-peptide levels (sponsor-generated Figure 2).  There were no clear effects on glucose, 
GLP-1, or glucagon levels (relative to placebo).  Mean serum LY2189265 
concentrations were 325, 47, and 24 ng/mL at 1, 5, and 7 days after administration, 
respectively.
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Study title:  Repeat-dose effect of LY2189265 on glucodynamics/insulinotropics 
in normal Cynomolgus monkeys subjected to graded intravenous glucose 
infusions (Study 6180-773)
Six male Cynomolgus monkeys underwent a stepped IV glucose infusion immediately 
after SC administration of vehicle on Day 1.  Monkeys received a SC dose of 0.1 mg/kg 
LY2189265 every 7 days for a total of 4 doses, starting on Day 3.  Monkeys then 
underwent a stepped glucose infusion on Study Day 28, which was 25 days after first 
dose and 4 days after the final dose.  The duration of glucose infusion was 
approximately 40 minutes, with glucose given at 10 mg/kg/min for the first 20 minutes 
and 25 mg/kg/min for the last 20 minutes.  LY2189265 exposure was also measured on 
Study Day 28.

Results:
Administration of LY2189265 resulted in significant insulinotropic activity 4 days after 
the final dose of four once weekly doses (sponsor-generated Figure 1) and was also 
associated with significant increases in C-peptide levels (sponsor-generated Figure 2).  
On Study Day 28, mean triglyceride levels were lower than on Day 1 (Table 4) and 
mean GLP-1 levels were higher than on Day 1 (Table 6), suggesting an LY2189265-
related effect on these endpoints.  There were no clear effects on glucose or glucagon 
levels (relative to placebo).  Mean serum LY2189265 concentrations 4 days after the 
final administration was 53 ng/mL.
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Experiment 3:  
This experiment was conducted to evaluate the variability in PBMC activity among 
different donors.  The concentration range was increased to 50 µg/mL.  As with the 
previous experiments, sponsor-generated Figure 3 shows that the IgG4 isotype of 
LY2189265 did not induce cell lysis, whereas the IgG1 isotype induced a dose-
dependent increase in cell lysis.  No meaningful donor-to-donor variability was 
observed.  The sponsor stated that the bell shaped curve generated for the IgG1 
isotype has been observed for other antibodies and it is not believed to be antibody 
specific, target cell specific, or LDH specific.  
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4.3 Safety Pharmacology

Cardiovascular
hERG Assay
Study title:  LY2189265:  In vitro effect on hERG current (Ikr) expressed in human 
embryonic kidney (HEK) cells (Study LLY05_07)
The potential of LY2189265 to inhibit hERG channel current was evaluated in a stably 
transfected HEK cell line at concentrations of 0.51, 1.52, 5.1, and 15.2 µg/mL.  E-4031 
(0.1 µM) was used as a positive control.  Channel currents were measured using the 
whole-cell variant of the patch clamp method.  After current kinetics and amplitudes 
stabilized, rate-dependent effects were determined by a train of depolarizing voltage 
steps at 3 Hz from a holding potential of -75 mV.

Results:
A concentration-dependent increase in hERG current inhibition was noted, with 33% 
inhibition at the highest concentration of 15.2 µg/mL (sponsor-generated Table 1).  The 
positive control cells (n=2) showed 93% and 100% channel blockades.  
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Table 32.  Left Ventricular Inotropic State (sponsor-generated tables)
Phase 1

Phase 2
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Phase 3

Phase 4
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Phase 5

Phase 6

Heart rate
A dose-related increase in heart rate was observed.  These effects were considered to 
be physiologically important due to both the magnitude and duration of these effects.  At 
1 mg/kg, statistically significant increases (21% and 22%) in heart rate were observed at 
3 and 5 hours post dosing, respectively, compared with control.  Overall increases (15% 
to 28%) were also noted for the other data collection periods, except for Phase 5.  At 10 
mg/kg, a statistically significant increase in heart rate (26%) was observed at 3 hours 
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after dosing compared with control.  Overall statistically significant increases (19% to 
44%) were observed in Phases 2 through 6.  The difference in pre-treatment baseline 
values between the HD group and control was 16.5 beats per minute (133.9 vs. 117.4 
beats per minute for HD and control, respectively), which slightly increased the overall 
difference between the treated and control animals during each phase of the study.  
However, differences from control were also noted for the LD group, which had a similar 
baseline value as control (116.8 vs. 117.4 beats per minute), and differences between 
post-treatment and baseline values within each treatment group were observed, 
indicating a treatment-related effect.  The biggest effects appeared to occur during the 
sleeping hours in which heart rates for control monkeys were lower compared with 
baseline whereas heart rates for treated monkeys remained elevated or were similar to 
baseline values.

Table 38.  Statistical Evaluation of Heart Rate (sponsor-generated table; beats/min)

Summary of Mean Heart Rate (beats/minute)
Study Phase

1
(1-8 hr)

2
(11-20 hr)

3
(23-32 hr)

4
(35-44 hr)

5
(47-56 hr)

6
(59-74 hr)

Control

Diff from baseline 8.9 -12.9 3.9 -16.9 6.0 -14.1

1 mg/kg

Diff from control 14.8 29.6* 18.9* 28.9* 5.7 15.5
Diff from baseline 24.3 17.3 23.4 12.6 12.3 2.0

10 mg/kg

Diff from control 33.0 47.9* 34.4* 52.4* 32.4* 48.0
Diff from baseline 25.4 18.5 21.8 19.0 21.9 17.4
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Electrocardiographic Evaluation
Noteworthy ECG effects were noted for the 10 mg/kg group at 24 hours post dose, with 
a statistically significant 11% increase in mean QTcB (31 msec from baseline and 28 
msec from 24-hour control value).  At the 24-hour time point (dark cycle), the control 
value decreased compared with the other time points for this group, whereas the HD 
group value remained elevated from baseline, similar to the other time points for this 
group.  No other physiologically relevant effects on ECG parameters were noted.

Table 47: Statistical Evaluation of Bazett’s-Corrected QT Interval
(sponsor-generated table; milliseconds)

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Methods of Analysis
Validated bioanalytical methods (ELISA) were used to quantify the amount of 
LY2189265 in mouse, rat, rabbit, and monkey plasma collected during toxicology 
studies.  A summary of the validation data and the toxicology studies associated with 
the validated method is presented in the sponsor-generated table below.

Reference ID: 3527260







Reviewer: B. Timothy Hummer, PhD BLA #125469

39

6 General Toxicology

6.2 Repeat-Dose Toxicity

Study title:  A repeat-dose toxicity and toxicokinetic study in 001178-W (wild type) 
mice given LY2189265 twice weekly by subcutaneous injection for 4 weeks

Key study findings:  
 There were no unscheduled deaths.  One HD male and 2 HD females were noted as 

being hunched on Day 4.
 Mean body weight gain was statistically significantly decreased at the MD and HD.  

This effect was most severe during the first week of treatment, which correlated with 
decreased food consumption.  After Week 1, weight gain was still decreased for MD 
and HD animals compared with controls, but not to the same extent as during 
Week 1, which was consistent with food consumption being more similar to controls 
after Day 4.  

 Slight dose-related decreases in erythrocyte parameters (up to 12%) were noted for 
males.  A decrease in reticulocytes was noted for all treated animals, up to 47% for 
HD females.

 Increased mean AST (↑270%) and ALT (↑272%) were noted for HD females, which 
was primarily due to increases for 2/5 animals.  A slight, statistically significant 
increase in ALP was noted for MD (↑23%) and HD (↑37%) males.

 Statistically significant decreases in absolute and relative liver weights were noted for 
MD and HD animals.  Statistically significant decreases in absolute and relative heart 
weights were noted for MD animals and HD females.  Statistically significant decrease 
in absolute and relative uterus weights was noted for HD females.

 Microscopically, decreased vacuolation (glycogen content) was noted in the liver for 
MD and HD animals; decreased granulation of the granular secretory duct epithelium 
of the mandibular salivary gland was noted for HD females; decreased zymogen 
granules in the pancreas was noted for MD and HD males; decreased dilation and 
increased atrophy were noted in the uterus of MD and HD females; and increased 
inflammation and erosion/ulceration was noted at the injection site for MD males and 
females.

 Exposure increased with dose in a near linear fashion.  Mean exposures were higher 
on Day 29 compared with Day 1 suggesting either accumulation because of the long 
half-life or possibly because of antibody production (observed with other GLP-1R 
agonists).  However, Ab production was not assessed because the pharmacological 
effect on body weight gain and food consumption was maintained throughout the 
dosing period.

 Most findings appeared to be secondary to decreased body weight gain, which is an 
expected pharmacological effect of the drug.  Although increases in AST and ALT 
were observed, adverse microscopic findings were not identified in the liver.  In the 
absence of definitive drug-induced systemic toxicity, the NOAEL for this study was 
considered to be 100 mg/kg twice weekly.  This dose level resulted in mean AUC0-96

values of 9292 µg•h/mL in males and 8100 µg•h/mL in females on Day 29.
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Study title:  Repeat-dose toxicology and toxicokinetic studies in Fischer 344 rats 
given LY2189265 twice weekly by subcutaneous injection for a total of 10 doses 
(Report R00359)

In this GLP-compliant study, vehicle or 2, 6, or 20 mg/kg LY2189265 was administered 
twice weekly by subcutaneous injection to Fischer 344 rats (10/sex/group) for 5 weeks.  
During the treatment period, animals were evaluated for adverse effects on clinical 
signs, body weight, food consumption, and eyes (ophthalmoscopy).  At the end of the 
study, samples were collected for hematology, coagulation, serum chemistry, and 
urinalysis.  At necropsy, all surviving animals underwent gross examination and 
selected organs were weighed.  Histopathology was conducted on a complete list of 
tissues for control and HD groups.  Potential target organs were also evaluated in the 
MD and LD animals.  Samples for toxicokinetics were collected predose and at 4, 12, 
24, 48, and 96 hours postdose on Day 0 and 32 (9/sex/group; 3/sex/time point).

One male rat in the 20 mg/kg group was found dead 2 days after the first dose, which
was attributed to non-drug-related duodenal and gastric ulceration. The primary drug-
related effect was an initial body weight loss followed by decreased body weight gain at 
all dose levels that correlated with decreased food consumption.  Histopathology 
revealed an increased incidence of seminiferous tubule atrophy, bilateral epididymal 
luminal cell debris, oligospermia, and decreased prostate and seminal vesicle secretion 
in males given 20 mg/kg; an increased incidence of Diestrus II in 20 mg/kg females; and 
thymic atrophy in males given 6 or 20 mg/kg.  The sponsor stated that these changes 
were consistent with a generalized stress response due to decreased food intake and 
weight loss (Levin et al. 1991; Yuan 1991) and often correlated with decreased organ 
size and weight, but none of these findings were considered adverse. The target 
organs of toxicity included the epididymis, prostate, seminal vesicle, testes, thymus, and 
vagina. TK results are presented in the sponsor-generated table below.

The sponsor concluded that the NOAEL was 20 mg/kg; however, FDA reviewers felt 
that the treatment-related effects on body weight and reproductive organs at 20 mg/kg 
were adverse, and therefore, the NOAEL was considered to be 6 mg/kg.

    Toxicokinetics
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Study title: A repeat-dose toxicology study in Cynomolgus monkeys given 
LY2189265 twice weekly by subcutaneous injection for a total of 9 doses (Report 
P00054, Amendment 1)

In this GLP-compliant study, Cynomolgus monkeys (3/sex/group) were dosed twice 
weekly by subcutaneous administration with vehicle or 1, 3, or 10 mg/kg LY2189265 for 
1 month (9 doses). All monkeys survived until scheduled necropsy. During the 
treatment period, animals were evaluated for adverse effects on clinical signs, body 
weight, food consumption, and eyes (ophthalmoscopy).  Neurobehavioral and 
cardiovascular (ECG only) safety pharmacology endpoints were incorporated into the 
study.  Neurological assessments were made pretreatment and after 1 (Day 0), 4 (Day 
11), and 9 (Day 28) doses.  ECG assessments were taken under sedation prior to 
dosing and approximately 2 hours after dosing on Days 4 and 28.  Samples were 
collected for hematology, coagulation, and serum chemistry twice prior to initiation of 
dosing and prior to dosing on Days 0, 14, and 28.  Urine samples were collected prior to 
initiation of dosing and near the end of the live phase.  Blood samples were also 
collected before dosing on Day 0, on Day 15 (~24 hours after the Day 14 dose), and on 
Day 32 (~96 hours after the Day 28 dose for complement activation assessments (Bb 
and C3a).  At necropsy, all surviving animals underwent gross examination and 
selected organs were weighed.  Histopathology was conducted on a complete list of 
tissues for all study animals.  Samples for toxicokinetics were collected predose and at 
2 (Day 0 only), 4, 12, 24, 48, and 96 hours postdose on Days 0 and 28.

A slight increase in the incidence of vomiting occurred in the drug-treated groups. 
LY2189265 caused minimal weight loss in males given 1 mg/kg and moderate weight 
loss in monkeys given 3 or 10 mg/kg during the first 2 weeks of treatment. Dose-related
decreases in food consumption occurred in all compound-treated groups, but were 
generally limited to the first week of the study.  After the first dose, a single 10 mg/kg 
female exhibited abnormal gait (dragging of hind limb), curling of toes, and decreased 
skin elasticity. After repeated dosing, the signs for this female were consistent, but of 
lesser frequency.  Starting approximately 24 hours after the first dose, a single 3 mg/kg 
group female exhibited decreased activity, grip strength, muscle strength, motor 
coordination, skin elasticity, and body temperature, as well as increased 
responsiveness to handling, light sensitivity, and vomiting.  The signs were first noted 
approximately 24 hours after dosing and progressed through 96 hours after dosing.  
This female required supportive care (subcutaneous fluids and heat lamp) and did not 
receive the second dose.  The third dose was administered and symptoms were milder 
on Days 8 and 9 (only hunched posture).  The sponsor contended that the effects in 
these two female monkeys were not related to the test article because the severity did 
not occur in a dose-related manner and occurred in only one animal per group.  
However, given the known effects of GLP-1R agonists on food and water consumption 
and vomiting, it is likely that these effects were secondary to dehydration and decreased 
food consumption.

Increases in rate-corrected QT interval (QTcL; Lilly correction method) in relation to 
control group values occurred in all drug-treated groups. The increases were 
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statistically significant at 3 of 4 time points for the 3 and 10 mg/kg groups and at a single 
time point for the 1 mg/kg group. Prior to dosing and 2 hours after dosing on Day 4, the 
effects did not occur in a dose-related manner and the mid-dose group had a similar 
value as on Day -16.  The largest difference from control or baseline on Day 4 occurred 
for LD males (+59 ms and +32 ms, respectively).  Prior to dosing on Day 28, the MD 
group had the largest difference from control, although the mean value was similar to 
the Day -16 baseline value for this group.  The most noteworthy change on Day 28 was 
for HD females, which had a 34 ms increase from control and a 30 ms increase from 
Day -16.  Males had a similar value as baseline and a 19 ms increase from control.  
Two hours after dosing on Day 28, mean values from all groups were higher than 
control; however, most values were similar to Day-16 baseline values.  MD females had 
a 34 ms and 19 ms increase and HD females had a 58 ms and 45 ms increase from 
control and baseline, respectively.  

The immunogenicity of LY2189265 could not be accurately assessed because the 
plasma LY2189265 concentrations in the compound-treated groups on Day 32 (Day 28 
+ 96 hours) were above the interference level of the assay. There were no compound-
related differences in C3a and Bb complement split products by enzyme ELISA.  
Microscopic findings included the bone marrow (hypocellularity, atrophy of fat [≥3 mg/kg 
for females]), mesenteric, submandibular lymph nodes, spleen, thymus (lymphoid 
depletion [all doses]), and injection sites (inflammation [all doses], hemorrhage [1 HD 
male]). These effects, other than injection site findings, were considered to be 
secondary to the effects on food consumption and body weight.  The NOAEL was 
considered to be less than 1 mg/kg based on the prolonged QTc observed at all dose 
levels.  

Toxicokinetics
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Study title:  A repeat-dose toxicology and toxicokinetic study in Sprague Dawley rats 
given LY2189265 twice weekly by subcutaneous injection for a total of 27 doses

Study number:  7608-191, Amendment 2
Report location:  Module 4.2.3.2
Conducting laboratory:  
Date of study initiation: 19 June 2006
GLP compliance:  Yes
QA report:  Yes
Drug, lot #, and % purity: LY2189265, Lot # C1301-78, 57.6 mg/mL
Formulation/vehicle: Trisodium citrate dehydrate, citric acid anhydrous, 

sodium chloride, and polysorbate 80.

Key study findings:  
 There were no test article-related deaths.
 Decreased feces, thinness, and rough haircoat were noted for HD males and 

females.
 Body weights were statistically significantly decreased from control values at all 

dose levels for both males (↓15% to 21%) and females (↓10% to 13%).  The 
effects on body weight generally associated with decreased food consumption.

 A statistically significant decrease in reticulocytes (up to 30% decrease) was 
noted for males at all doses.  A slight decrease was also noted for HD females.

 Absolute and relative mean testis weights were slightly decreased by 4% to 5% 
in HD males. 

 Microscopically, minimal to slight degeneration of the seminiferous tubules 
(2/10), slight inflammation of the epididymis (1/10), and minimal hypospermia 
(1/10) were noted for HD males.

 Exposure increased in an approximate dose-proportional manner and no 
significant accumulation was noted after repeated dosing.

 Because no overt toxicity was observed, the NOAEL was determined to be the 
high dose level of 16.3 mg/kg twice weekly; at this dose level, the mean Cmax and 
AUC0-last values at Day 92 were 32.6 µg/mL and 1450 µg·h/mL, respectively.

Methods
Species/strain:  Rat / Sprague Dawley
Administration route:  Subcutaneous
Frequency of dosing: Twice weekly
Age:  6 to 7 weeks
Weight:  218 to 279 g (males); 161 to 213 g (females)
Recovery groups:  None
TK sampling times: Days 1 and 92 – predose (Day 92 only) and 4, 12, 24, 

48, and 96 hours postdose.
Ab sampling times: Immunogenicity not assessed
Protocol deviations: No GLP or protocol deviations occurred that impacted 

the validity or interpretability of the study data.  After 
the study report was finalized, it was determined that 
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Antibody production:  
Anti-LY2189265 antibodies were not measured.  Expected pharmacodynamic effects of 
decreased body weight gain and decreased food consumption were noted throughout 
the study.  TK data show a slight increase in mean exposure on Day 92 compared to 
Day 1 at the low and high dose levels.  This apparent slight accumulation was likely due 
to the long half-life of the drug.  Overall, the data suggest that even if antibodies were 
produced, they did not have a significant effect on exposure or a neutralizing effect.

Toxicokinetics:  
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Study title:  A repeat-dose toxicology study in Cynomolgus monkeys given LY2189265 
twice weekly by subcutaneous injection for a total of 27 doses

Key study findings: 
 Treatment resulted in a dose-dependent increase in the incidence of vomiting in 

both males and females, especially during the first two weeks of dosing; the 
incidence decreased once the animals acclimated to treatment.  Over the course 
of the study, two HD females required supplemental treatment and/or a dosing 
holiday due to dehydration and anorexia.

 Dose-dependent decreases in mean body weight and food consumption 
occurred for all treated groups during the first 2 weeks of dosing followed by 
decreased body weight gain. At the end of the dosing phase, the mean body 
weight for males given ≥1.63 mg/kg was 17% lower than controls and females 
given 8.15 mg/kg was 15% lower than controls.  Body weights rebounded 
significantly for all treated groups during the post-treatment period, indicating that 
pharmacodynamic activity was present throughout the dosing period.

 An increase in mean heart rate (up to 45%) was noted for HD groups on Day 5 
and Day 89 compared with baseline and control values.  Some increases in 
mean QTc values were noted for MD and HD groups on Day 5 and/or Day 89 
compared with control values.  However, the values for these groups were not 
much higher than at baseline and baseline values were also slightly higher than 
control values.  Therefore, these findings do not appear to be biologically 
relevant.  

 Absolute and relative thymus weights were significantly decreased for MD and 
HD males and were considered compound-related but not adverse. Decreased 
thymus weights correlated with an increased incidence and/or severity of thymic 
involution in some males or females given 1.63 or 8.15 mg/kg and some females 
given 0.41 mg/kg. As noted in monkeys treated with other GLP-1 receptor 
agonists, increased mean testicular weights were noted at ≥1.63 mg/kg.  
Similarly, increased mean weights were noted for epididymis, prostate, and 
seminal vesicles.  There were no correlative histopathology findings for male 
reproductive organs.

 No anti-LY2189265 antibodies were detected in animals at predose, Day 96 of 
the dosing period, or at the end of the recovery phase (Day 120).  Based on body 
weight gain during the recovery period for treated groups, there was no indication 
of neutralizing activity.

 Based on the need for the treatment of dehydration for one female at 8.15 mg/kg 
dose, initial body weight loss, and increased incidence of no supplement 
consumption, the NOAEL for LY2189265 when administered twice weekly by 
subcutaneous injection to Cynomolgus monkeys for 3 months was 1.63 mg/kg. 
On Day 92, the 1.63 mg/kg dose level resulted in a mean Cmax of 3.47 µg/mL and 
a mean AUC0-672hr of 1047 µg•h/mL. 
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Mean Body Weights (Males)

Mean Body Weights (Females)

Food Consumption:  (assessed qualitatively once daily)
Decreased food and supplement consumption was observed in LY2189265-treated 
animals, especially during the first 2 weeks of dosing.  However, there was also a high 
incidence of low food consumption in the control group (see clinical signs table above), 
making it difficult to definitively detect a treatment-related effect on qualitative food 
consumption over the course of the study.

Ophthalmoscopy:  (assessed once during predose and Week 13)
No treatment-related findings were observed.

Neurobehavioral Observations:  (assessed once during predose, Week 1, and Week 13 
approximately 24 hours after dosing)
No abnormalities in neurobehavioral function were observed.
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Toxicokinetics:  (sponsor-generated table)

Immunogenicity
Samples were assessed for anti-LY2189265 antibodies by using a validated bridging 
ELISA.  Samples were stored at -20°C for a total of 210 days.  However, long-term 
stability was not assessed per the sponsor.  It is also not clear what the limit of drug 
interference was for the assay (method validation report 06-077 wasn’t submitted), 
although this shouldn’t be an issue since samples were also assessed after a 1-month 
recovery period.  

No anti-LY2189265 antibodies were detected in serum samples taken predose, at Day 
92, or Day 120 (recovery).  

Dose Formulation Analysis:
LY2189265 was shown to be stable throughout the dosing phase.  The concentration of 
each sampled dosing formulation did not deviate substantially from its theoretical value 
(98 to 104% of nominal).
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Study title:  A repeat-dose toxicology and toxicokinetic study in rats given LY2189265 
twice weekly by subcutaneous injection for 6 months with a 1 month recovery

Key study findings:  

 One mid-dose female was sacrificed moribund on Day 78.  Pathology findings 
indicated that the moribund condition was due to urinary inflammation/calculi and 
renal pyelonephritis, which was considered an incidental finding.

 Abnormal clinical signs were limited to few feces, thin, and rough haircoat, which 
were more pronounced at the mid- and high-dose levels.

 Body weights were statistically significantly decreased from control values at all 
dose levels for both males (↓7% to 18%) and females (↓16% to 19%).  The 
effects on body weight generally correlated with decreased food consumption.  
Decreases in body weight and food consumption are expected pharmacological 
effects of GLP-1 receptor agonists.

 Slight decreases in mean reticulocyte counts were noted for all male dose 
groups, high dose females, and the high-dose female recovery group.

 Slight decreases in mean glucose (high-dose males), cholesterol (high-dose 
females), and triglycerides (high-dose males and females) were noted.

 Dose-dependent decreases in organ weights were considered a secondary effect 
of the decreases in body weights.

 Microscopic findings noted at the high dose included a slight increase in focal 
congestion/hemorrhage of the stomach (2/15 males, 1/15 females) and dilatation 
of the uterus (6/15).  An increase in the number of animals with bile duct 
proliferation was noted for the high-dose recovery males (2/10).

 Anti-drug Ab production was not assessed; however, signs of pharmacological 
activity (decreased mean body weights and decreased mean food consumption) 
were noted during the last week of the study indicating that sufficient drug 
exposure was maintained throughout the study.

 Because decreased body weight and food consumption are expected 
pharmacological effects and did not produce adverse outcomes with regard to 
overall animal health, the NOAEL of this study was considered to be 16.3 mg/kg.  
At the NOAEL, the mean Cmax and AUC0-last values at Day 183 were 43.7 µg/mL 
and 1590 µg·h/mL, respectively.

Study number:  7608-236, Amendment 2
Report location:  Module 4.2.3.2
Conducting laboratory:  
Date of study initiation:  14 August 2006
GLP compliance:  Yes
QA report:  Yes
Drug, lot #, % purity, and:  LY2189265, Lot # C1301-78, 65.9%
% unmodified peptide %
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The effects on reproductive organs correlated with the observation of fewer 
treated males having immature testes and a greater number of treated females 
having immature ovaries.

 No treatment-related adverse microscopic findings were observed.  No 
microscopic findings were noted in the thyroid or pancreas for any LY2189265-
treated animal.

 The NOAEL was considered to be 1.63 mg/kg based on the adverse effects on 
food and water intake leading to the moribund sacrifice of a single HD female. At 
the NOAEL, mean Cmax and AUC0-96h values were 12.37 μg/mL and
718.93 μg•h/mL on Day 274, respectively. 

Methods
Species/Strain: Monkey/Cynomolgus
Study Design: (sponsor-generated table)

Frequency of dosing: Twice weekly
Route of administration: Subcutaneous
Age: 3 to 5 years
Weight: 2.8 to 3.6 kg (males); 2.2 to 2.6 kg (females)
Unique study design: Anti-Keyhole Limpet Hemacyanin (KLH) IgM and IgG 

analysis and peripheral blood immunophenotyping
Protocol deviations: No GLP or protocol deviations occurred that impacted 

the validity or interpretability of the study data.  After 
the study report was finalized, it was determined that 
the extinction coefficient of the test article was 
different than previously calculated resulting in lower 
administered dose levels than planned.  The actual 
dose levels were 0, 0.41, 1.63, and 8.15 mg/kg rather 
than 0.5, 2, and 10 mg/kg as planned.

Observations and Results
Mortality: (assessed twice daily)
One HD female was sacrificed in moribund condition on Day 17.  On Day 4, after 
receiving only a single dose on Day 1, this female was observed as being hunched, 
appearing dehydrated with few feces, and having low food consumption and a rough 
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Toxicokinetics: (assessed on Days 1 and 274 at predose (Day 274 only) and 4, 12, 24, 
48, and 96 hours following dose administration; recovery group assessed at 168, 240, 
336, and 672 hours after the last dose on Day 274 and on Days 4, 7, 11, and 25 of the 
recovery phase)

(sponsor-generated table)

Immunogenicity: (assessed in the pre-dosing phase, on Day 25 of recovery, and at the 
end of recovery)
Anti-LY2189265 antibodies were detected in only 2 animals, both from the control 
group.  A cause for the positive antibody response in these animals is unknown.  
Neither the bioanalytical data nor the clinical signs support misdosing of the control 
group.  

Dosing Solution Analysis:
All dosing preparations were 98% to 104% of the nominal values.
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Histopathology Inventory for BLA 125469
Study Number 7608-191 7608-236 7608-192 7608-235
Study Duration/Species 3-Month Rat 6-Month Rat 3-Month Monkey 9-Month Monkey

Adrenals X* X* X* X*
Aorta X X X X
Bone Marrow smear X X
Bone (femur) with marrow X X X X
Brain X* X* X* X*
Cecum X X X X
Cervix X X X X
Colon X X X X
Duodenum X X X X
Epididymis X X X* X
Esophagus X X X X
Eye X X X X
Gall bladder

b
X* X

Gross lesions X X X X
Harderian gland X
Heart X* X* X* X*
Ileum X X X X
Injection site X X X X
Jejunum X X X X
Kidneys X* X* X* X*
Lachrymal gland X X
Larynx
Liver X* X* X* X*
Lungs X X X* X
Lymph nodes mandibular X X X X
Lymph nodes, mesenteric X X X X
Mammary Gland X X X X
Nasal cavity
Optic nerves X X X X
Ovaries X* X* X* X*
Pancreas X X X X
Pharynx
Pituitary X* X* X* X*
Prostate X* X* X* X*
Rectum X
Salivary gland X X X* X
Sciatic nerve X X X X
Seminal vesicles X X X* X
Skeletal muscle X X X X
Skin X X X X
Spinal cord X X X X
Spleen X X* X X*
Sternum X X X X
Stomach X X X X
Testes X* X* X* X*
Thymus X* X* X* X*
Thyroid w/ parathyroid X* X* X* X*
Tongue X X X X
Trachea X X X X
Urinary bladder X X X X
Uterus X* X* X* X*
Vagina X X X X
Zymbal gland

   X, histopathology performed; *, organ weight obtained; 
a
, weighed with thyroid; 

b, weighed with liver
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Paradigm for dietary restriction: NA
Dual control employed: Yes
Interim sacrifice: No
TK Satellite groups: 12/sex/group (control) + 42/sex/group (treated)
Protocol Deviations: Multiple, but none were considered to affect study 

integrity or overall study interpretation

Note:  The following abbreviations are used in reference to the dose levels:  C = 0 
(control); LD = 0.3 mg/kg; MD = 1 mg/kg; HD = 3 mg/kg; MNU = N-methyl-N-nitrosourea

Observations and Results
Mortality:  There was no adverse effect on survival.  The numbers of animals found 
dead (FD) or electively euthanized (EE) at unscheduled intervals are summarized in the 
sponsor table below:

Clinical signs in FD/EE animals included general signs of poor condition, such as rough 
hair coat, few feces, hunched posture, irregular breathing.  Additional reasons for 
euthanizing animals included a single MD female found out of its cage and 2 females (1 
C and 1 HD) with limited use of hind limbs. The main cause of death for control and 
drug-treated animals were non-treatment-related neoplasms, including squamous cell 
carcinoma, hemangiosarcoma, bronchiolar-alveolar carcinoma, and lymphosarcoma.  
Non-neoplastic causes of death included inflammation and hemmorhage at various 
sites.

A high incidence of unscheduled mortality occurred in the MNU groups.  There were 
11/25 males and 15/25 females found dead or euthanized early (statistically significant).  
Masses were observed on the backs, scrotum, or perivaginal areas of these animals.

Clinical Signs:  There were no compound-related clinical signs, although some 
observations occurred more frequently in some of the drug-treated groups.  
Observations included increased incidences of missing parts of the ear in HD males and 
females, hunched posture in HD females, few feces in HD males/females, and a slightly 
higher incidence of rough hair coat in all drug treated male groups.  Many of these signs 
were noted in the animals found dead or electively euthanized.

For males and females administered MNU, treatment-related clinical signs included 
hunched posture, few feces, masses, and rough hair coat; irregular and labored 
breathing was also noted in MNU females.  As with the drug-treated groups, these signs 
were most often associated with animals that were later found dead or euthanized early.
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Reviewer comment:  The relevance of some of these observations is unclear.  For 
instance, missing/partial ears were observed on days 8 and/or 15 yet not reported at 
later time points.

Body Weights:  Effects on body weight followed a pattern of reduced weight gain or 
weight loss during the intervals with 3 days between doses and increases in weight gain 
during intervals with 4 days between doses. This pattern was observed in both males 
and females.  However, the overall effect on weight gain was different for the two sexes.  
For males, over the course of the entire study (Days 1 – 183) there was a statistically 
significant dose-related reduction in weight gain leading to statistically significant 
reductions in absolute body weights in all drug-treated groups (14% to 20% lower) by 
the end of the study (Day 183).  In contrast, all groups of females gained weight over 
the course of the treatment period (Days 1 – 183; statistically significant) leading to 
slightly higher body weights (4% to 7% higher; statistically significant) at the end of the 
study (Day 183).  Selected data are summarized in the reviewer created tables and 
sponsor figures below:

Males - Mean Body Weight/Body Weight Gain (% difference from controls)
Dosage (mg/kg)

Day or 
Interval

0 0.3 1 3 MNU1

1 23.4 23.0 23.0 22.6 23.3
4 23.9 23.1 22.6* (-5) 21.9* (-8) 22.8
92 29.8 27.6 26.4* (-11) 26.3* (-12) 28.1
183 33.7 29.0* (-14) 28.7* (-15) 27.4* (-20) 30.2
1 – 922 6.4 4.6 (-28) 3.4 (-47) 3.7 (-42) 4.8
92 – 1832 3.9 1.4 (-64) 2.3 (-40) 1.1 (-72) 2.1
1 - 183 10.3 6.0* (-42) 5.8* (-44) 4.7* (-54) 7.2
1

MNU group not statistically evaluated
2

Calculated by reviewer; not statistically evaluated
* p<0.05%

Females - Mean Body Weight/Body Weight Gain (% difference from controls1)
Dosage (mg/kg)

Day or 
Interval

0 0.3 1 3 MNU1

1 17.4 17.5 17.6 17.8 18.0
4 17.9 17.9 17.3 16.9* (-6) 17.7
92 21.8 23.1* (+6) 22.8* (+5) 22.3 (+2) 21.8
183 22.4 24.0* (+7) 24.0* (+7) 23.4* (+4) 23.0
1 – 922 4.4 5.6 (+27) 5.2 (+18) 4.5 (+2) 3.8
92 – 1832 0.6 0.9 (+50) 1.2 (+100) 1.1 (+83) 1.2
1 - 183 5.0 6.5* (+30) 6.4* (+28) 5.4* (+8) 5.2
1

MNU group not statistically evaluated
2

Calculated by reviewer; not statistically evaluated
* p<0.05%
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Although not summarized or shown, a similar pattern was seen with the TK groups 
administered LY2189265.  For animals administered MNU, slight reductions in mean 
body weight or mean body weight gain were seen in males, but not females.

Feed Consumption:  The pattern of feed consumption typically paralleled that seen for 
body weights.  In MD and/or HD males, feed consumption was lower than controls 
during the intervals with 3 days between doses but occasionally higher than controls
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Ophthalmology:  No effects noted.

Clinical Pathology:  There were a number of minor variations that attained statistical 
significance noted in various clinical chemistry parameters.

Effects on hematologic parameters in males included decreases in red blood cells (<9%), 
hemoglobin (<8%), hematocrit (<6%), and mean cell hemoglobin concentration (<3%), 
and increases in mean cell volume (<3%) and reticulocytes (<22%) at all dose levels, with 
the effects attaining statistical significance for the majority of these alterations.  In 
females, decreases in red blood cells (<8%), hemoglobin (<8%), and hematocrit (<6%) 
were evident at the MD and HD, and increases in reticulocytes (<43%) were observed at 
all dose levels.  Although these effects may be treatment-related, they are considered 
minor changes.  The decreased red cell mass may have contributed to the increased 
extramedullary hematopoiesis seen in the spleen of females (see microscopic 
observations below).

Statistically significant alterations in clinical chemistry parameters were limited to slight 
decreases in globulin (<15%) leading to slightly higher albumin/globulin ratios (<12%) at 
all dose levels in males.  In females, slightly higher albumin levels (<9%) resulted in 
similar increases in the albumin/globulin ratios (<14%) at all dose levels. Minimally 
higher alkaline phosphatase levels (<39%) were also evident at all dose levels in males, 
but not in females.

In groups administered MNU, the same parameters affected by drug treatment were 
affected, but the magnitude of the changes were generally smaller than those occurring 
in the drug-treated groups.

Immunogenicity:  Blood samples were collected from TK animals for possible 
immunogenicity analysis.  However, as exposure to test article was seen through study 
termination and evidence of pharmacologic activity was seen throughout treatment, 
samples were not analyzed.

Gross Pathology:  There were no treatment-related macroscopic observations in 
animals subjected to unscheduled sacrifices or to those euthanized at the end of 
treatment.  

In MNU animals subjected to unscheduled exams, multiple macroscopic effects were 
noted.  Organs/tissues affected included the spleen (large), thymus (mass), stomach 
(mass, raised area in glandular and/or non-glandular), various lymph nodes (large), 
skin/subcutis (mass), and uterus (cyst, mass, large).  In MNU treated groups euthanized 
as scheduled, there was an increased incidence of masses and/or raised area observed 
in the glandular stomach of females and in the non-glandular stomach of both sexes, 
masses in the skin/subcutis of both sexes, and enlarged and/or cysts of the uterus.
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Organ Weights:  There were no changes in mean organ weights for males that were 
attributed to treatment.

In all female groups receiving LY2189265, increases in mean absolute (5% - 28%; not 
dose-related and only statistically significant at MD) and relative (<35%; only statistically 
significant at the MD) spleen weights were observed. The increased weights were 
associated with a modest increase in extramedullary hematopoiesis at all dose levels.  
Similar effects did not occur in males.

Histopathology
Battery Considered Adequate?  Yes
Peer Review Performed?  Yes

The occurrence of non-neoplastic and neoplastic lesions was similar in incidence and 
severity between the various drug-treated groups and controls, with the exception of 
effects on the spleen, thyroid, and injection sites where non-neoplastic lesions were
increased in incidence and/or severity in the drug-treated groups.  For the positive 
control group, microscopic examinations were limited to the thymus and gross lesions.

Non-neoplastic observations
Non-neoplastic effects were evident in the spleen, thyroid, and at the injection sites.  

In the spleen there was an increased incidence of minimal to mild extramedullary 
hematopoiesis in females at all dose levels.  This may have been a regenerative 
response to the decrease in red cell mass (red blood cell count, hemoglobin, and 
hematocrit) noted in females and was also correlated with the increased spleen weight.  
A similar effect was not seen in males even though a similar decrease in red cell mass 
was noted.  The incidence of other microscopic effects in the spleen was consistent 
between the groups.  Data are summarized in the sponsor-generated table below:  

In the thyroid there were no treatment-related effects based on evaluation of routine H 
and E stained sections.  However, in sections stained with calcitonin to identify thyroid 
C-cells, an increase in cytoplasmic volume was detected in all LY2189265-treated
groups. The severity grade was minimal in all cases.  There was no apparent increase 
in the number of C-cells.  Sponsor data from the immunohistochemistry exams are 
shown in the table below:
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At the injection sites, inflammation (characterized by infiltrates of neutrophils and
macrophages) was a common observation generally occurring at a higher incidence in 
the LY2189265 groups.  It was typically minimal in severity though the severity was 
increased slightly at the HD.  No microscopic evidence of degeneration or necrosis of 
subcutaneous tissues was noted.  The data are shown in the sponsor table below:

Note: groups 2, 3, 4, and 5 refer to 0.3, 1, and 3 mg/kg of LY2189265 or the MNU group, respectively.

There were no drug-related effects observed upon microscopic examination of the 
pancreas.  There was also no indication of a treatment-related increase in hyperplasia 
in any organ/tissues resulting from treatment with LY2189265.  Additional effects 
observed occurred at an incidence comparable to that in control groups or did not follow 
a dose-response.  Observations of hyperplasia are summarized in the sponsor-
generated table included in the neoplastic observations section below.

Neoplastic observations
The incidence of neoplastic lesions was comparable between the LY2189265-treated 
groups and controls.  There also was no indication of an increase in hyperplasia in any 
organ/tissues resulting from treatment with LY2189265 that may have progressed to 
neoplasia.  In the various organs in which neoplastic lesions were observed, they 
typically occurred at comparable incidences between the drug-treated and control
groups, did not necessarily follow a dose-response, were considered typical for the 
strain of mouse, and/or were in the range of published data.

In females, the highest incidences of vascular neoplasms were observed in the spleens 
(HD) and uterus (MD).  The majority of these findings in both males and females were 
benign hemangiomas or hemangiosarcomas.  These observations in females contributed 
to a statistically significant trend (p = 0.0196) for an increase in the incidence of ‘body, 
whole cavity hemangioma’ when evaluated across all organs/tissues (1, 0, 2, and 4 in 
the control, LD, MD, and HD groups, respectively), but the HD incidence was not 
statistically different from controls by pair-wise analysis.  Additionally, no statistically 
significant effects were seen when hemangiomas and hemangiosarcomas were 
combined (see FDA statistical tables following incidence tables below).  It should be 
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noted that the incidence of hemangiomas was in excess of the historical range (0% to 
8%), but given there were no differences in the comparisons to controls, this observation 
is considered incidental (see sponsor-generated Table 1 below for historical control 
data).  

In the positive control groups administered MNU (Group 5), there was a high incidence 
of neoplasms observed in multiple organs/tissues.  The neoplastic lesions were the main 
cause of death in the MNU groups.  For males, the positive control group showed 
increases in neoplasia of the nonglandular stomach (squamous cell papilloma, 
carcinoma, combined papilloma and carcinoma), skin/subcutis (squamous cell papilloma, 
combined papilloma and carcinoma), and a statistically significant increase in body, 
whole/cavity lymphosarcoma.  A similar pattern was seen for females; the positive 
control group showed increases in neoplasia of the nonglandular stomach (squamous 
cell papilloma, combined papilloma and carcinoma), skin/subcutis (squamous cell 
papilloma; combined papilloma and carcinoma), uterus endometrial stromal polyp; and 
whole/cavity malignant lymphosarcoma. In addition to the organs/tissues summarized in 
the data display above, hematopoietic neoplasms were also observed in the eye (1F), 
axillary (2M, 2F) and mandibular (1F) lymph nodes, ovary (1F), and ureter (1M).

Note: Groups 2, 3, and 4 are the LD, MD, and HD LY2189265-treated groups, respectively.  Group 5 is 
the positive control (MNU) group.  The following codes are used for the neoplastic observations: B = 
primary benign neoplasm, C = multi-centric neoplasm, M = primary malignant neoplasm.

There were no statistically significant increases in tumor incidence following the 
combination of various tumor types, as shown in the FDA statistical reviewer tables 
below:
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Toxicokinetics:  Exposure to LY2189265 increased with dose, but not dose-
proportionally.  Values for both Cmax and AUC were lower after multiple dosing on Day 
176 as compared to that seen on Day 1 (plasma drug levels on Day 85 were also lower 
than those on Day 1).  The tmax was similar on both Days 1 and 176, ranging from 4 to 
12 hours.  There was no apparent gender effect.  Data are summarized in the sponsor 
table and figure below:
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Dosing Formulation Analysis:  Dose formulations were stable under the conditions of 
use.  Dosing formulations ranged from 100% to 134% of claim, with the two highest 
values (112% and 134% occurring at the week 9 and 18 samplings from the LD 
formulations.  All other formulations at this concentration as well as for the other groups 
ranged from 100% to 109% of claim.  Although investigated, the causes for the above 
claim results were not determined.  The higher than desired test-article formulations for 
the LD group were not considered to have affected study interpretations by the sponsor.  

Reviewer comment:  Given that half of the samples evaluated at the low 
concentration were above the desired claim range it is likely that dosing 
formulations prepared at this concentration for dosing during other weeks would 
also be higher than expected.  As a result, it would not be surprising if the 
exposure data obtained at the LD are also slightly higher than that which would 
actually occur at the nominal dose.  Regardless, this reviewer agrees with the 
sponsor interpretation that the overall effect on the study is minimal.
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Gross Pathology:  
For animals examined following an unscheduled euthanasia or found dead there was no 
indication of a treatment-related effect on any tissue.  Tissues with the most 
observations were the brain (depressed area), pituitary (masses), female mammary 
(masses. cysts), and adrenal cortex (discolored).  For all these observations, the 
incidence was similar between the various drug-treated groups and controls.  An 
additional observation was an increase in the number of males with foot/foot pad 
findings, which were similarly higher in the control, 0.05, and 0.5 mg/kg groups 
compared with that seen in the 1.5 and 5 mg/kg groups; this effect likely reflected the 
generally higher weights of the animals in Groups 1-3 and the use of metal caging.

There was no drug-related increase in the occurrence of macroscopic observations in 
animals euthanized as scheduled.  As with the unscheduled animals, the tissues with 
the most observations in this subset of animals included the brain of females 
(depressed area), pituitary (discolored, masses), adrenal cortex of females (discolored, 
large), female mammary (masses, cysts), and uterus (cysts).  The incidence of foot/foot 
pad observations was comparable between groups.

When the incidence of observations was combined for the scheduled and unscheduled 
groups, no increases were noted for any observation.

Histopathology
Battery Considered Adequate?  Yes
Peer Review Performed?  Yes

Non-neoplastic observations
Hyperplasia of thyroid C-cells was observed in all groups (including controls).  This 
observation is discussed in more detail with the neoplastic findings later in this review. 

In other tissues, the occurrence of non-neoplastic lesions was generally similar in 
incidence and severity between the various drug-treated groups and controls in animals 
subjected to unscheduled sacrifice.  In animals evaluated following the scheduled 
termination, there was a slight increase in the incidence of lymphocyte/macrophage
infiltrates at the injection site of HD males, also leading to an increase when the 
unscheduled and scheduled groups were combined.  This was likely related to the 
injection process based on no differences in severity, lack of a dose-response, and 
absence of a similar increase in HD females.  The data were also somewhat 
confounded by the fewer injections administered to control males based on their lower 
survival. 

Corresponding to the macroscopically observed foot pad lesions, there was an 
increased incidence of erosions/ulcers, inflammation, and hyperplasia/new bone 
formation (periosteum) in the feet of control and the lower dose group animals.  
Inflammation of the footpad was one of the primary causes for the unscheduled sacrifice 
of animals.
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In all drug-treated male, but not female, groups surviving to study termination, there was 
an increase in the incidence of observations in the pituitary (hyperplasia), prostate 
(inflammation), and pancreas (islet cell hyperplasia, lymphocyte/macrophage infiltrates).  
In males, the incidence of pituitary carcinomas was higher in the 1.5 mg/kg groups than 
in any other group, but the absence of a dose-response suggests this observation is 
incidental.  In both males and females sacrificed as scheduled, the incidence of chronic 
progressive nephropathy, pelvic inflammation and/or hemorrhage and accompanying 
transitional epithelial hyperplasia occurred at a higher incidence in all drug treated 
groups than in controls, but the severity of these findings was generally minimal to slight 
and did not appear to differ between the groups.  A similar pattern was not seen in 
these organs in the unscheduled death/sacrificed animals nor when the unscheduled 
and scheduled groups were combined, suggesting that these effects may be a reflection 
of the longer survival of the drug-treated groups.  

Neoplastic observations
Tumors considered drug-related were limited to the thyroid gland.  A statistically 
significant increase in the incidence of C-cell adenomas plus carcinomas was seen in 
males at ≥0.5 mg/kg and in females at 5 mg/kg. A non-statistically significant, numerical 
increase in C-cell adenomas was observed in females at 0.5 and 1.5 mg/kg, which was 
considered treatment related.  Animals administered 5 mg/kg also had a non-statistically 
significant (pair-wise analysis), numerical increase in the incidence of thyroid C-cell 
carcinomas; the effect was statistically significant by trend analysis for females. 

Reviewer comment:  The incidences of C-cell adenomas alone at 0.5 and 1.5 
mg/kg did not reach the cut-off of p≤0.01 for a common tumor for either sex.  
Regardless, given the 2 to 3-fold increase in incidence over controls and the 
expected occurrence of these tumors with this class of compound, these tumors 
are considered drug-related.

Additionally, both focal and diffuse C-cell hyperplasia was evident in the thyroid.  Focal 
C-cell hyperplasia was predominant in controls and low dose groups while diffuse C-cell 
hyperplasia was predominant at the higher dose levels at unscheduled and scheduled 
sacrifices.  When the unscheduled and scheduled sacrifice groups were combined, the 
incidence and severity of diffuse C-cell hyperplasia was increased in males at ≥1.5 
mg/kg and in females at 5 mg/kg; females receiving ≥0.5 mg/kg also had an increased 
incidence and severity of focal C-cell hyperplasia.  There was a lower incidence of focal 
C-cell hyperplasia seen in males at dosages ≥0.5 mg/kg, occurring in conjunction with 
an increase in the incidence of thyroid C-cell adenomas, suggesting a progression from
focal hyperplasia to adenomas in these groups.  An overall summary of the thyroid 
observations are shown in the sponsor-generated Table 5 below.  Note that the 
statistical results for tumor incidence were slightly different than for the FDA statistical 
reviewer’s analysis.  However, the overall conclusions regarding treatment-related 
tumorigenesis are consistent between the sponsor and FDA reviewers.
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Similarly, details of the statistical analysis of the hyperplasia findings in the thyroid are 
summarized in the sponsor-generated tables below (sponsor tables modified by 
reviewer to only show thyroid observations):
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The severity determinations of the thyroid observations are shown in the sponsor-
generated table below:

There were no treatment-related tumor findings in other tissues.  Although hyperplasia 
or neoplasms were also observed in multiple other organs/tissues, the incidence and 
severity of these effects, as well as any other microscopic effects, was similar between 
LY2189265-treated and control groups and showed no dose-response in the 
unscheduled or scheduled sacrifice groups or when these two populations were 
combined.  The data were also evaluated for various combinations of tumor types,
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which revealed no increases in incidence for tumor types other than in the thyroid as 
mentioned previously. 

General Comment
The incidence of tissues identified as autolyzed or as not being examined was 
comparable between groups, and the inability to evaluate the autolyzed/missing tissues 
is not considered to have an impact on overall study interpretations (see sponsor-
generated table below).  The only possible exception is for the evaluation of the 
mammary gland of male rats as this tissue was not evaluated in 19% of the animals 
across all groups.  However, the groups with the highest proportion not examined were 
the control and low dose groups, and there was no indication of a drug related effect for 
any mammary observation.  For these reasons, this reviewer considers the examination 
of the male mammary to be adequate to conclude there are no drug-related effects on 
this tissue.

Toxicokinetics:  Exposure increased with dose in an approximately dose-proportional 
manner.  Exposures reached steady-state by approximately Week 13 and stayed 
constant through study termination (sponsor-generated Figure 1 below).  Accumulation 
was seen as exposures were higher following repeated dosing as compared to that 
seen following the initial dose-administration (sponsor-generated Table 1 below).  There 
were no differences in exposure between the sexes.  
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Table 1. Summary of TK data

Figure 1.  Mean (±SD) concentrations (ng/mL) of LY2189265 in male 
and female rats following twice weekly subcutaneous administration 
of 0.05, 0.5, 1.5, or 5 mg/kg LY2189265 for 93 weeks

Note: For Week 93, sacrifice time A was 27 June 2011 for males and 29 June 2011 for females.  Sacrifice 
time B was 28 June 2011 for males and 30 June 2011 for females.  Sacrifice times A and B occurred 
approximately 4 days after the final dose for each sex.
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Body weight:  (assessed predose and twice weekly thereafter)
A decrease in body weight gain was noted at all dose levels, with body weight loss 
occurring between Day 0 and 3.  Respective mean body weights in the 1.6, 4.9, and 
16.3 mg/kg groups were 8.8%, 8.1%, and 15.2% lower than the control group mean at 
the start of the mating period on Day 27, and 7.4%, 6.8%, and 15.9% lower than the 
control group mean at the conclusion of the dose administration period on Day 42.  A 
summary is presented in the sponsor-generated table below.

Food consumption:  (Predose and twice weekly thereafter)

(sponsor-generated table)

Necropsy
Gross Pathology:  A small prostate was noted for 2 HD males and small seminal 
vesicles were noted for 1 HD male.  These findings were considered secondary to the 
compound-related decreases in body weight gain observed in these males.  The profile 
of lower body weight and food consumption noted in this study was similar to feed 
restriction in adult males where absolute seminal vesicle and prostate weights were 
significantly reduced (Chapin et al., 1993).
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Clinical signs:  

       (sponsor-generated table)

Body weight (Pre-mating):  A mean body weight loss was noted in the 16.3 mg/kg group 
after administration of the second dose and in all dose groups at the end of the pre-
mating period.  Mean body weights for the 1.6, 4.9, and 16.3 mg/kg groups were 4.5%, 
8.6%, and 12.2% lower, respectively, than the control group at the end of the pre-mating 
period. The respective mean body weight gains during the pre-mating period for the 
1.6, 4.9, and 16.3 mg/kg groups were 129%, 286%, and 443% lower than the control 
group.  A summary of the body weight data during the pre-mating period is shown in the 
sponsor-generated table below.

Body weight (gestation) – The respective mean body weights for the 1.6, 4.9, and 16.3 
mg/kg groups were 7.7%, 12.1%, and 13.2% lower than the control group during the 
gestation treatment period (GD 0 to 6).  The respective mean body weight gains for the 
1.6, 4.9, and 16.3 mg/kg groups were 10%, 31%, and 24% lower than the control group.  
During the post-treatment period (GD 6 to 15), significant compensatory increases in 
body weight gain were noted in the 4.9 and 16.3 mg/kg groups.  As a result of these 
increases, mean body weight was only 6.7% and 3.7% lower than the control group for 
the 4.9 and 16.3mg/kg groups, respectively.  A summary of the body weight data during 
the gestation period is shown in the sponsor-generated table below.
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Food consumption:  Mean food consumption was decreased at all dose levels during 
the pre-mating period and during the gestation treatment period.  A compensatory 
increase in mean food consumption was noted for all dose levels once dosing ended. 

(sponsor-generated table)
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Protocol deviations: No GLP or protocol deviations occurred that impacted 
the validity or interpretability of the study data.  After the 
study report was finalized, it was determined that the 
extinction coefficient of the test article was different than 
previously calculated resulting in lower administered 
dose levels than planned.  The actual dose levels were 
0, 0.49, 1.63, and 4.89 mg/kg rather than 0.6, 2, and 
6 mg/kg.

Observations and Results

Mortality (dams):  One 4.9 mg/kg group female was found dead on GD 8, approximately 
48 hours following the first dose administration.  Approximately 5 to 6 hours before 
death, this animal was noted as having hunched posture, hypoactivity, hypothermia 
(cool to touch), decreased defecation, and red material around the eyes, nose, mouth, 
and forelimbs.  No macroscopic findings were noted and histopathology was not 
conducted.  The cause of death was undetermined.  This death may have been test 
article related.  

Clinical signs (dams):  

  (sponsor-generated table)

Body weight (dams):  Decreased body weight gain was noted in all compound-treated 
groups and body weight loss was observed for the 1.6 and 4.9 mg/kg groups from GD 6 
to 9.  A compensatory increase in body weight gain was noted between GD 18 and 20 
for the 1.6 and 4.9 mg/kg groups.  Between GD 6 and 18, the 0.49, 1.6, and 4.9 mg/kg 
group dams gained 16%, 33%, and 67% less weight than the control animals, 
respectively.  The respective mean weights for those groups were 5%, 9%, and 16% 
less than controls on GD 18 and 5%, 7%, and 13% less than controls on GD 20.  A 
decrease in mean gravid uterine weight was seen at 4.9 mg/kg.  Maternal body weight 
data are summarized in the sponsor-generated table below.
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Food consumption (dams):  A decrease in mean food consumption was noted for all 
dose levels compared with control animals.  A compensatory increase in food 
consumption was observed between GD 18 and 20.  Effects on food consumption are 
summarized in the sponsor-generated table below.
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Results
Mortality (dams):  There were no mortalities during the study.

Clinical signs (dams):  The noteworthy clinical signs observed during the study are 
presented in the sponsor-generated table below.  

Body weight (dams):  Mean body weight loss was observed between GD 7 and 13 for 
the 0.41 mg/kg group and between GD 7 and 10 for the 0.12 mg/kg group.  A decrease 
in body weight gain was observed for the 0.04 and 0.12 mg/kg groups from GD 7 to 19 
and GD 10 to 19, respectively.  Total mean body weight gain during the treatment 
period (GD 7 to 19) for the 0.04, 0.12, and 0.41 mg/kg groups was 48%, 63%, and 
104% less than control animals, respectively.  An increase in body weight gain relative 
to controls was noted for all treatment groups once the administration of the test article 
had ended (GD 19 to 29).  Interestingly, an increase in body weight gain was noted for 
the high dose group from GD 13 to 19, even though food consumption was lower than 
control animals.  A summary of the body weight and body weight gain data is presented 
in the sponsor-generated table below.

Food consumption (dams):  A dose-related decrease in mean food consumption was 
observed at all dose levels from GD 7 to 22.  A compensatory increase in food 
consumption was observed between GD 22 and 29.
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Macroscopic examinations:  There were no compound-related internal or external 
macroscopic findings at any dose level.

Maternal reproductive parameters:  There were no compound-related effects on 
intrauterine growth and survival parameters, including implantation sites, viable fetuses, 
resorptions, pre- or post-implantation losses, or combined fetal weights.
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Toxicokinetics:  A dose-related increase in systemic exposure was observed on both 
GD 7 and GD 19.  Exposure after either a single dose (GD 7) or repeated doses (GD 
19) increased in a reasonably dose-proportional manner.  There was no apparent 
accumulation after repeated dosing; however, a definitive conclusion concerning 
potential accumulation was confounded by high variability in plasma concentrations 
following the GD 19 administration.  This observed variability, particularly evident in one 
animal per group, may have resulted from possible presence of anti-LY2189265 
antibodies.  If present, the Sponsor feels that the impact of an antibody response with 
regard to LY2189265 exposure was minimal because it was shown that adequate 
exposure over the duration of the major organogenesis period was observed and 
evidence of a drug effect (decreased food consumption) was observed throughout the 
treatment period.  However, the drug-related effects at the high dose level may have 
been diminished after GD 13 because these animals tended to gain more weight than 
the control animals even though they were exposed to the test article during this time 
period.  A summary of the TK data is provided in the sponsor-generated table below.  

Note that AUC0-24hr values in the TK table should be listed as AUC0-last, for which the last 
sampling time point was 72 hours after dosing.  This is an important distinction for 
calculating clinical exposure margins, as the AUC values below should be divided by 72 
rather than 24 to standardize to the human AUC0-168h values.

Dose formulation analysis:  The LY2189265 concentration of each sampled dosing 
solution did not deviate substantially from its theoretical value.  Mean assayed 
concentrations of LY2189265 were 100% of their theoretical values.
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and female HD pups during a 60-minute observation period on PND 21.  HD 

female pups also showed a slight decrease in maximum startle response on PND 

22.  The effects on grip strength, motor activity, and startle response were not 

statistically significantly different from control values and were not observed 

during test occurring from PND 60 to 62.  These findings may be indicative of a 

slight developmental delay, possibly due to the smaller size of the pups.  

 A statistically significant increase in mean Biel maze straight channel swim trial 

escape time was noted for HD female pups on PND 70 (6.8 sec vs. 5.0 sec for 

control).  An increase in mean Biel maze memory escape time was also noted for 

HD female pups during trial number 12 (62.6 sec vs. 31.9 sec for control), which 

was associated with a greater number of memory errors during this trial.  No 

effects in the Biel maze tests were noted for male pups. 

 There were no effects on F1 generation mating, fertility, or reproductive organs 

(microscopic findings or organ weights).

F2 Pups
 There were no effects on the mean number of pups born, live litter size, sex ratio, 

body weight, or postnatal survival (to PND 1).  There were no external findings 

suggestive of a test article effect.

Conclusions

 On the basis of effects on body weight and food consumption for F0 females, the 
NOAEL for maternal toxicity was considered to be 0.2 mg/kg.

 On the basis of effects on body weight and body weight gain of the F1 pups, the 
NOAEL for neonatal toxicity was considered to be 0.49 mg/kg.  

 Because effects on memory were observed for F1 females derived from HD 
dams, the NOAEL for neurological developmental was considered to be 
0.49 mg/kg for females and 1.63 mg/kg for males.

 The NOAEL for F1 reproductive parameters was 1.63 mg/kg.

Methods
Species/Strain: Rat / Sprague-Dawley
Study design: (sponsor-generated table)
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        Bodyweights and Bodyweight Gains for Pregnant F1 Females

Feed consumption: (GD 0, 6, 9, 12, 16, and 20; pregnant F1 females only)
No noteworthy differences in mean food consumption were noted for pregnant F1

females.

Sex determination: (PND 0, 4, 10, and 21)
There were no effects on sex ratio of the F1 generation at any time point.

Physical development:
There were no treatment-related effects on the time until negative geotaxis was 
achieved.  HD males had a slightly longer mean time to balano-preputial separation 
(47.0 days vs. 45.6 days for control), which was likely related to the treatment-related 
effect on decreased mean pup weight for the HD group.  There were no apparent 
effects on the time to vaginal patency even though mean body weight was also lower for 
HD female pups.
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Neurological and neuromuscular assessments:
There was a slight reduction in mean forelimb and hindlimb grip strength for HD males
and females on PND 20.  This difference did not reach statistical significance.  A similar 
trend was not observed on PND 60.

FEMALES

Mean motor activity counts (total and ambulatory) on PND 21 were higher for HD males 
for the 60 minute test period, with the most noteworthy differences occurring between 
11 and 60 minutes.  In females, mean motor activity counts were higher from 21 to 60 
minutes.  However, these effects were not statistically significantly different from control
values.  This trend was not as noteworthy on PND 61.
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       Mean Motor Activity

On PND 22, female pups from treated dams had a slight decrease in mean maximum 
startle response.  Faster mean TMax and average values were also noted for these 
females compared to the control group.  These findings were considered to be 
secondary to the developmental delay observed in these pups (15.9% lower weight than 
controls). This was not observed on PND 62.

A statistically significant increase in mean Biel maze straight channel swim trial escape 
time was noted for HD female pups on PND 70 (6.8 seconds vs. 5.0 seconds for 
control).  An increase in mean Biel maze memory escape time was noted for HD female 
pups for trial number 12 only (62.6 seconds vs. 31.9 seconds for control), which was 
associated with a greater number of memory errors during this trial (see sponsor-
generated table below).  No effect was noted for male pups for Biel maze straight 
channel, learning escape times or learning errors, or memory escape times or memory 
errors. 
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There were no apparent effects on F1 male sperm motility or motility or mean left 
epididymal concentration at any dose level.

Necropsy: (fresh dissection technique for pups found dead on PND 0 to 7; detailed 
gross necropsy for any pup dying after PND 7; pups not selected for physical 
development evaluations were euthanized on PND 21)

There were no treatment-related macroscopic findings noted for F1 pups.

Organ weights: (All F1 parental animals (for females, only those that delivered: brain, 
epididymides, ovaries, prostate, seminal vesicles, testes, and uterus with cervix and 
oviducts)

HD F1 females had decreased mean absolute ovary (↓12%) and uterus (↓20%) weights, 
although this effect was considered to be secondary to the 9% difference in body weight 
for this group compared with control at the time of euthanization.  No meaningful 
differences in organ weights were noted for F1 males.

Histopathology: (All F1 parental animals from vehicle and HD groups and all F1 males 
found dead or euthanized moribund: ovaries and oviducts, prostate, seminal vesicles, 
testes with epididymides and vas deferens, uterus with vagina and cervix)

Peer Review: Yes

No treatment-related changes were observed in histologic sections of reproductive 
organs from F1 males and females.  

F2 Generation
Survival: (Daily)
The mean number of F2 pups born, mean live litter size, sex ratio, and postnatal survival 
was unaffected by F0 female exposure to the test article.  For pups that were found 
dead, there were no external or internal findings suggestive of a test article effect.

General Physical Condition:
The general physical condition of all F2 pups was unaffected by F0 maternal exposure to 
the test article.

Body Weight: (PND 1)
Mean body weights for F2 pups were unaffected by F0 maternal exposure to the test 
article.
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Clinical Chemistry: (assessed on the day of schedule sacrifice; standard endpoints)
There were no treatment-related adverse effects on clinical chemistry parameters when 
compared with mean control values.  Trends noted for treated animals included:

-Slightly lower mean glucose values at all time points (up to 10%).
-Lower mean triglyceride values starting at Day 185 (up to 41%).
-Slightly lower mean cholesterol values at all time points (up to 13%)
-Higher mean aspartate dehydrogenase values at Day 185 and 276 (up to 53%).
-Higher mean alanine dehydrogenase values starting at Day 285 (up to 200%).

Calcitonin Analysis/CaCl2 Injection: (a single bolus IV injection of 45 mg/kg CaCl2
was administered on the days stated in the dosing schedule table above; animals were 
fasted overnight.  Samples for calcitonin measurements were collected before and ~4 
minutes after CaCl2 injection)
As shown in the sponsor-generated figure below, mean plasma calcitonin levels were 
similar between control and treated groups, either prior to or after CaCl2 injection.  On 
Day 365 and 374, several deaths occurred in the control group after CaCl2 injection.  
Because of this, the LY2189265-treated animals did not undergo the calcitonin induction 
treatment with CaCl2, and therefore, data are not available for these animals.
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Gross Pathology: (conducted on all animals that died or were sacrificed, either at the 
scheduled time point or at an unscheduled interval)

There were no treatment-related macroscopic findings observed.

Organ Weights: (conducted for all animals at scheduled sacrifice and included: brain, 
kidneys, and thyroid (two lobes) with parathyroid; paired organs were weight together)

There were no biologically relevant differences in organ weights between the treated 
and untreated groups at any of the sacrifice time points.

Histopathology:

Adequate Battery: Yes, a limited number of tissues was collected because of 
the specific investigative nature of this study.  Tissues 
included: kidneys and thyroid with parathyroid.  L4 vertebra 
and tibia with bone marrow were collected and fixed but not 
analyzed.

Thyroid glands were exhaustively sectioned through at 5 µm.  
A series of 6 serial sections were collected at 100 µm 
intervals through the entire pair of thyroid glands.  Three 
slides with the 6 thyroid sections were stained with H&E; and 
an additional 3 slides with 6 thyroid sections were co-labeled 
with calcitonin and Ki67.  Quantitative image analysis 
included determinations of group mean total C-cell mass, 
and individual C-cell mass.  Image analysis software was 
used for thyroid morphometric analysis to determine the 
thyroid calcitonin-stained area.  

Peer Review: Yes, by the sponsor at 
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Histological Findings:
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Toxicokinetics: (a single sample was collected from each animal on the scheduled
sacrifice day)

Plasma LY2189265 levels measured at interim sacrifices (6 days after the last dose) 
generally decreased as the study progressed, however there was considerable variation  
(sponsor-generated Table 2).  Plasma levels measured 13 days after the final dose on 
Day 374 were below the LLOQ of 0.8 ng/mL for all animals except one that have a level 
of 0.91 ng/mL.

Table 2.  Mean LY2189265 Plasma Level for Animals Given 5.0 mg/kg

Anti-Drug Antibody Analysis: (a single sample was collected from each animal on the 
scheduled sacrifice day)
Samples were discarded without analysis.

Dosing Solution Analysis:
Mean assayed concentrations of formulated LY2189265 dosing solutions ranged from 
99% to 101% of theoretical values.
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Body Weights: (assessed pre-dose, Days 1, 3, and 5, and twice weekly thereafter)

Feed Consumption: (assessed qualitatively once daily through Day 130 (Set 2 
animals) or Day 137 (Set 1 animals)

Clinical Chemistry:  (samples collected at scheduled sacrifice)
There were no apparent treatment-related effects on clinical chemistry parameters.  
Compared with controls, the LY2189265-treated group had slightly elevated values for 
mean ALT (70 vs 101 U/L) and AST (64 vs. 115.5 U/L) on Day 367, which was primarily 
the result of a single monkey with very high values (590 and 507 U/L, respectively).  It is 
uncertain whether the increased liver enzymes correlated with microscopic lesions 
because the liver was not included in the histopathology evaluation.  No effects on 
serum lipase or amylase were noted.

Calcitonin Analysis/Calcium Gluconate Injection: 
Blood samples were collected from fasted animals on Days 35 and 42 of the pre-dose 
phase (first and second 10 animals/group, respectively) and on Days 88, 179, 270, and 
365 of the dosing phase prior to calcium gluconate (5 mg/kg calcium IV bolus over ~3 
minutes), immediately after, 2 minutes after, and 10 minutes after sodium gluconate.  
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Group Study
Day

Concentration (pg/mL)

Pre-stimulated
Post-stimulated
(end of infusion)

Post-stimulated
(2 min postdose)

Post-stimulated
(10 min postdose)

Control
-7

<11.8 38.7 58.8 41.8
LY2189265 <11.8 55.4 62.8 18.2

Control
0

<11.9 57.5 72.2 50.0
LY2189265 <11.9 50.4 59.6 48.4

Control
88

<10.7 52.2 42.5 41.6
LY2189265 <10.7 82.2 66.2 71.6

Control
179

<10.7 64.0 42.7 53.4
LY2189265 <10.7 80.1 56.8 69.5

Control
270

<10.7 62.3 33.4 51.7
LY2189265 <10.7 72.6 52.1 62.0

Control
365

<10.7 55.7 33.3 45.1
LY2189265 <10.7 73.7 47.6 63.1

Gross Pathology: (conducted for all animals on Day 367)
There were no treatment-related macroscopic findings.
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Organ Weights: (conducted on brain, kidneys, pancreas, and thyroid with parathyroid 
for all animals).
There were no treatment-related effects on organ weights.

Histopathology: (a complete list of tissues was collected and archived)
Adequate Battery: Yes, because of the specific investigative nature of this 

study, only the thyroid (with parathyroid), pancreas, and 
kidney were evaluated microscopically.  Tibia and L4 
vertebra were collected and archived.  A complete list of 
tissues was collected and archived for each animal that died 
or was euthanized at an unscheduled interval.

For the thyroid, three slides, each containing one section of 
each thyroid lobe from one of the spatial thirds of the thyroid, 
were stained with H&E; an additional three slides, each 
containing one section of each thyroid lobe from one of the 
spatial thirds of the thyroid, were co-labeled for calcitonin 
and Ki67.  Positive and negative control co-labeled slides 
were included. Slides were evaluated at 400x magnification 
and up to 200 C-cells were counted in each section on the 
slide.

For the pancreas, six slides, each containing one section of 
pancreas (three sections from the head, two sections from 
the body, and one section from the tail of the pancreas) were 
stained with H&E; an additional three slides (containing 
sections from the head) were labeled for Ki67.  Positive and 
negative control Ki67-labeled slides were included.  The 
specifics of how many duct cells and Ki67 stained cells were 
counted per slide are discussed in the anatomic pathology 
report.  The assessment focused on the pancreatic ducts 
and cell types other than duct luminal or glandular epithelium 
were not evaluated.  It appears that duct cells were identified 
by morphology rather than a duct-specific stain.

Peer Review: Yes, by the sponsor

Expert Panel Review:  After the primary microscopic evaluation and independent 
peer review by a  contributing scientist and the 
sponsor’s peer review pathologist, stained slides of the 
pancreas (H&E and Ki67 immunohistochemistry) from each 
animal were reviewed by an expert working group, 
consisting of three expert consultant pathologists, the study 
pathologist, and the sponsor’s peer review pathologist.
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Histological Findings:
No treatment-related adverse effects were noted in the thyroid, parathyroid, kidney, or 
pancreas.  A slight increase in severity of increased goblet cells in interlobular ducts 
was noted for 4 animals treated with LY2189265.  This finding did not correlate with 
serum chemistry (amylase, lipase) or clinical pathology (inflammation, proliferation 
change, ductal dilatation, or ductal blockage) endpoints.  There was no increase in the 
percentage of Ki67-labeled thyroid C-cells or pancreatic ductal cells (sponsor-generated 
tables).  Morphometry analysis of the thyroid did not show any treatment-related effects 
on the percentage or volume of calcitonin-positive cells (sponsor-generated table).
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PWG Conclusions:

Toxicokinetics:  (a single sample/animal was collected on Days 88, 179, 270, and 365)
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Organ Weights: (all main study animals; brain and pancreas only)
No treatment-related effects on mean pancreas weights were observed.

Histopathology: The pancreas was dissected with the common duct and attached 
duodenum with papilla.  The pancreas was serially trimmed entirely (head, body, tail) 
into cross sections of approximately 3 mm.  For each block containing multiple cross 
sections of pancreatic tissue, 2 sets of 7 consecutive sections (each set approximately 
100 µm apart) were collected.  One slide of each set was stained with H&E.  The 
adjacent sections were used for immunohistochemistry.  Two sets of consecutive 
sections as described above for each block were obtained with approximately 100 µm 
between each pair; one slide from each set was stained for Ki67 (proliferation marker) 
and cytokeratin-19 (duct epithelial cell marker) and a second selected slide was stained 
with TUNEL and cytokeratin-19.  

Adequate Battery: Yes
Peer Review: Yes, by the sponsor
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Histomorphometry:  Quantification of proliferation and apoptosis was conducted on 
pancreata of main study animals from scheduled necropsies.  A minimum of 1000 
cytokeratin-positive cells were evaluated.  Histomorphometry parameters and results 
are presented in the sponsor-generated tables below.
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Although there was a correlation between Ki67 staining and increased duct epithelium 
or increased inflammation with increased serum amylase for some animals
(i.e., numbers 4001, 4006, 4009, and 4020), a clear correlation could not be made for 
the majority of the high-dose animals.  Overall, the microscopic changes observed in 
ZDF rats might suggest that some diabetic patients taking LY2189265 could be more 
susceptible to morphological changes in the exocrine pancreas. However, the changes 
observed were not sufficient or severe enough to classify the effects as drug-induced 
pancreatitis or premalignant lesions.  

Toxicokinetics: (samples collected from TK animals (3/group/time point) predose and 
4, 12, 24, 48, and 96 hours postdose on Days 1 and 88.  Additional samples were 
collected predose and 24 hours postdose on Day 43 and from all main study animals at 
scheduled sacrifice)

  (sponsor-generated table)

Dosing Solution Analysis:
Day 1 and Day 85 dosing formulations were found to be between 100% and 106.7% of 
the nominal concentrations.
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significant increases of 19% to 44% were also observed at various time points between 
11 and 74 hours after treatment (increases of 17 to 25 ms from baseline values).  A 
lower background mean heart rate for the control group led to a bigger increase in heart 
rate when compared with controls rather than when compared with the baseline value 
for that particular treatment group.  However, the apparent increase in heart rate in the 
two treated groups was considered to be drug related.  The biggest effects on heart rate 
appeared to occur during the sleeping hours, during which heart rates for control 
monkeys were lower compared with baseline values whereas heart rates for treated 
monkeys remained elevated or were similar to baseline values.  A dose-responsive 
increase in left ventricular inotropic state was also noted at both dose levels.  As with 
heart rate, the greatest differences from control tended to occur during the dark cycle, 
during which values decreased for control animals but remained elevated for treated 
animals.  Noteworthy ECG effects were noted for the 10 mg/kg group (Cmax ~35 µg/mL; 
307X clinical Cmax) at 24 hours post dose, with a statistically significant 11% increase in 
mean QTcB.  No physiologically important test article-related effects were noted for 
systolic, diastolic, pulse, or mean pressures.  

In a 1-month monkey study, increases in QTcL interval (Lilly correction method) in 
relation to control group values occurred in all drug-treated groups. The increases were 
statistically significant at 3 of 4 time points for the 3 and 10 mg/kg groups and at a single 
time point for the 1 mg/kg group. Prior to dosing and 2 hours after dosing on Day 4, the 
effects did not occur in a dose-related manner and the MD group had a similar value as 
at baseline (Day -16).  The largest difference from control or baseline on Day 4 occurred 
for LD males (+59 msec and +32 msec, respectively).  Prior to dosing on Day 28, the 
MD group had the largest difference from control, although the mean value was similar 
to the Day -16 baseline value for this group.  The most noteworthy change on Day 28 
was for HD females, which had a 34 msec increase from control and a 30 msec
increase from Day -16.  Males had a similar value as baseline and a 19 msec increase 
from control.  Two hours after dosing on Day 28, mean values from all groups were 
higher than control; however, most values were similar to Day-16 baseline values.  MD 
females had a 34 msec and 19 msec increase and HD females had a 58 msec and 45 
msec increase from control and baseline, respectively.  Mean Cmax values on Day 28 for 
the 1, 3, and 10 mg/kg dose levels were 8.5, 23.8, and 87.4 µg/mL, respectively, which 
are 75-, 209-, and 767-fold greater than the average clinical Cmax value in type 2 
diabetics after repeated dosing of 1.5 mg dulaglutide.

In a 3-month monkey study, an increase in mean heart rate (up to 45%) was noted for 
HD groups (16.29 mg/kg) on Day 5 and Day 89 compared with baseline and control 
values.  Some increases in mean QTc values were noted for MD (4.89 mg/kg) and HD 
groups on Day 5 and/or Day 89 compared with control values.  However, the values for 
these groups were not much higher than at baseline and baseline values were also 
slightly higher than control values.  Therefore, the changes in QTc did not appear to be 
biologically relevant.  The mean Cmax value for the HD group at Day 92 was 51.6 µg/mL
(453X clinical Cmax).  In a 9-month study in which monkeys received twice weekly 
subcutaneous injections of up to 8.15 mg/kg LY2189265, no toxicologically meaningful 
effects on neurobehavior, heart rate, or ECG endpoints were noted.  Heart rate and 
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ECG parameters were measured on Days 5, 29, 92, 180, and 274.  Mean Cmax at the 
HD level on Day 274 was 73.5 µg/mL (645X clinical Cmax).

General Toxicology
Standard toxicology studies were conducted in rats and monkeys for up to 6 and 9 
months, respectively, with doses being administered by subcutaneous injection twice 
weekly.  A 4-week study was conducted in mice as a dose range-finding study for the 
6-month transgenic mouse carcinogenicity study.  One-year studies were conducted in 
rats and monkeys as part of an enhanced analysis of potential drug-related effects on 
the thyroid and pancreas (monkey only).  A 3-month study in a rodent model of diabetes 
(ZDF rat) was also conducted to evaluate pancreatic safety.

Animals treated with moderate to high dose levels of LY2189265 experienced an initial 
body weight loss or decreased body weight gain compared with controls that generally 
correlated with decreased food and water consumption.  After the first week or two of 
treatment, body weight gains became more similar to the control group, although final 
body weights were generally still lower than controls.  During the treatment-free 
recovery period body weights typically rebounded to values similar to or greater than 
control values.  Initial body weight effects were observed in mice, rats, and monkeys at 
≥10, ≥1.6, and ≥0.41 mg/kg twice weekly, respectively.  The effect on body weight and 
food consumption is related to the pharmacodynamic activity of LY2189265, which is
also observed with other GLP-1 receptor agonists.  

Observed clinical signs were generally associated with the treatment-related effects on 
food and water consumption and included hunched posture (100 mg/kg in mice); 
decreased feces, thinness, and rough haircoat (16.3 mg/kg for 3 months and ≥4.9 
mg/kg for 6 months in rats); and increased emesis (≥0.41 mg/kg in monkeys).  At 8.15 
mg/kg, one or two monkeys in each study required supplemental fruit/treat 
supplements, IV fluids, and/or a dosing holiday due to dehydration and anorexia.  In a 
1-month study, one female monkey receiving 10 mg/kg exhibited abnormal gait 
(dragging of hind limb), curling of toes, and decreased skin elasticity and hunched 
posture.

Clinical pathology assessments showed slight decreases in erythrocyte parameters for 
mice and rats.  In the 1-month mouse study, the 100 mg/kg female group had increases 
in mean ALT (272%) and AST (270%) values compared with control values, which was 
primarily due to individual increases for 2 of the 5 animals; there were no correlative 
histopathology findings in the liver.  In monkeys, there were no noteworthy treatment-
related effects on clinical pathology parameters for up to 9 months of treatment and 
there was no indication of complement activation (C3a or Bb) after 28 days of treatment.

Effects on organ weights generally correlated with decreased body weight gains in 
mice, rats, and monkeys.  In the 3-month monkey study, absolute and relative thymus 
weights were significantly decreased at ≥1.63 mg/kg for males. Decreased thymus
weights correlated with increased incidence and/or severity of thymic involution in some 
males or females given 1.63 or 8.15 mg/kg and some females given 0.41 mg/kg. As 
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noted in monkeys treated with other GLP-1 receptor agonists, increased mean testicular 
weights were noted at ≥1.63 mg/kg (≥85X clinical AUC).  Similarly, increased mean 
weights were noted for epididymis, prostate, and seminal vesicles.  In the 9 month 
monkey study, increased mean absolute and relative prostate (up to 2-fold) and testis 
weights (up to 2.5-fold) were noted for all male treatment groups (≥0.41 mg/kg; ≥26X 
clinical AUC).  There were no correlative histopathology findings for male reproductive 
organs.  In the 9-month study, decreased mean ovary weights were noted at ≥0.41 
mg/kg (up to 39% for absolute weight and 31% for relative weight).  At the end of the 
recovery period, increased testis weights and decreased ovary weights were still noted 
for the 8.15 mg/kg groups (474X clinical AUC).  The effects on reproductive organs 
correlated with the observation of fewer treated males having immature testes and a 
greater number of treated females having immature ovaries.

After 1 month of treatment, mice showed decreased vacuolation (glycogen content) in 
the liver at ≥10 mg/kg (83X clinical AUC); decreased granulation of the granular 
secretory duct epithelium of the mandibular salivary gland for 100 mg/kg females (675X 
clinical AUC); decreased zymogen granules in the pancreas for males treated with ≥10 
mg/kg; and decreased dilation and increased atrophy were noted in the uterus in
females receiving ≥10 mg/kg. These findings appeared to be secondary to the effects 
on body weight.

In Fischer 344 rats after 1 month of treatment, histopathology revealed an increased 
incidence of seminiferous tubule atrophy, bilateral epididymal luminal cell debris, 
oligospermia, and decreased prostate and seminal vesicle secretion in males given 20 
mg/kg (215X clinical AUC); an increased incidence of diestrus II in 20 mg/kg females; 
and thymic atrophy in males given 6 or 20 mg/kg.  These changes were consistent with 
a generalized stress response due to decreased food intake and weight loss; often 
correlated with decreased organ size and weight; and were not considered adverse.

In Sprague-Dawley rats treated for 3 months, histopathology revealed minimal to slight 
degeneration of the seminiferous tubules (2/10), slight inflammation of the epididymis 
(1/10), and minimal hypospermia (1/10) at 16.29 mg/kg (148X clinical AUC).  After 6 
months of treatment, microscopic findings included a slight increase in focal 
congestion/hemorrhage of the stomach (2/15 males, 1/15 females) and dilatation of the 
uterus (6/15) at 16.29 mg/kg (162X clinical AUC).  An increase in the number of animals 
with hepatic bile duct proliferation was noted for the high-dose recovery males (2/10).

In Cynomolgus monkeys treated for 1 month, microscopic findings included 
hypocellularity and fat atrophy of the bone marrow (≥3 mg/kg for females; 135X clinical 
AUC), lymphoid depletion in the spleen and mesenteric and submandibular lymph 
nodes (≥1 mg/kg; 45X clinical AUC), and inflammation at the injection sites (≥1 mg/kg).  
Other than injection site reactions, the microscopic findings were attributed to secondary 
effects on body weight and food consumption.  There were no adverse microscopic 
findings attributed to treatment after 3 or 9 months of twice weekly doses up to 8.15 
mg/kg (379X to 474X clinical AUC), including the pancreas and thyroid.
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Enhanced Thyroid Analysis
Long-acting GLP-1 receptor agonists induce thyroid C-cell tumors in rats and mice.  The 
relevance of this finding to humans is uncertain.  The sponsor attempted to address the 
question of human relevance by conducting a thorough assessment of rodent and 
monkey thyroids after different durations of LY2189265 treatment, up to 1 year.  The 
intent of the studies was to correlate drug-induced thyroid C-cell proliferation and serum 
calcitonin levels with the duration of treatment in rodents and show that similar effects are 
not observed in monkeys.  The sponsor’s hypothesis is that humans will respond to 
GLP-1-induced C-cell proliferation in a manner that is more similar to monkeys than rats.  
Therefore, the finding of a more robust response in rats compared with monkeys would 
suggest that rats are more sensitive to the C-cell proliferative effects than humans, 
resulting in a larger clinical safety margin.

Male Sprague-Dawley rats received vehicle or 5 mg/kg LY2189265 (~58X clinical AUC) 
by subcutaneous injection twice weekly for up to 1 year.  Groups of 20 males were 
sacrificed after 94, 185, 276, and 374 days of treatment.  Another untreated group was 
euthanized on Day 3 for a baseline assessment.  Approximately 3 days before scheduled 
sacrifice, animals received an intravenous dose of calcium chloride to induce calcitonin 
secretion.  Thyroid glands were exhaustively sectioned through at 5 µm.  A series of 6 
serial sections were collected at 100 µm intervals through the entire pair of thyroid glands.  
Three slides with the 6 thyroid sections were stained with H&E; and an additional 3 slides 
with 6 thyroid sections were co-labeled with calcitonin and Ki67.  Quantitative image 
analysis included determinations of group mean total C-cell mass, and individual C-cell 
mass.  Image analysis software was used for thyroid morphometric analysis to determine 
the thyroid calcitonin-stained area.  

Treated animals gained less weight than controls throughout the study, with final mean 
body weights being 20% less than controls.  The effect on body weight generally 
correlated with decreased food consumption. An age-related increase in plasma 
calcitonin was observed in both control and treated animals.  No difference CaCl-
stimulated calcitonin was observed between control and treated groups.  There were no 
noteworthy differences in the incidence or severity of C-cell hyperplasia after treatment for 
up to 9 months.  After 1 year of treatment, an increase in incidence and severity (slight) of 
focal/multifocal C-cell hypertrophy/hyperplasia was noted for the treated group.  No 
difference in incidence or severity of diffuse C-cell hyperplasia was observed between the 
two groups.  One C-cell adenoma was observed in each of the control and treated 
groups.  One animal from the LY2189265-treated group had a C-cell carcinoma. A higher 
severity (slight) for Ki67/calcitonin double staining was observed for treated animals after 
1 year of treatment.  However, at earlier time points, more control animals had severity 
scores of slight or moderate for double staining, so the significance of the finding at 1 year 
is uncertain. Tissue morphometery was conducted on thyroids to determine if C-cell 
volume or number increased over time in treated animals and if that correlated with 
increased plasma calcitonin levels.  No statistically significant difference was noted 
between the two groups for percent calcitonin positive cells, volume of calcitonin positive 
tissue, thyroid tissue volume, or thyroid organ volume.  Although there was some 
correlation between the number/size of calcitonin positive cells and plasma calcitonin 
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values in individual animals, a consistent relationship was not observed.  Histopathology 
findings of focal hyperplasia or carcinoma also did not correlate well with plasma 
calcitonin values, as it would be expected that these animals would have higher calcitonin 
levels, but this was not observed.

Male Cynomolgus monkeys (20/group) received vehicle or 8.15 mg/kg LY2189265 
(~474X clinical AUC) by subcutaneous injection twice weekly for 1 year.  Blood samples 
were collected before and after calcium gluconate administration on Days 88, 179, 270, 
and 365 to evaluate calcitonin levels before and after induction. For the thyroid, three 
slides, each containing one section of each thyroid lobe from one of the spatial thirds of 
the thyroid, were stained with H&E; an additional three slides, each containing one 
section of each thyroid lobe from one of the spatial thirds of the thyroid, were co-labeled 
for calcitonin and Ki67.  Positive and negative control co-labeled slides were included.  
Slides were evaluated at 400x magnification and up to 200 C-cells were counted in 
each section on the slide.

One drug-treated monkey was sacrificed moribund around Day 30 due to body weight 
loss and poor condition.  The treated group had an increased incidence of few or no 
feces, low food consumption, and thin appearance compared with the control group.  
Mean body weights for the LY2189265-treated group decreased from baseline by 0.3 kg 
between Days 1 and 29.  By the end of the study, the final mean body weight for the 
treated group was 20% lower than the control group.  Effects on body weight correlated 
with decreased food consumption.  Mean serum calcitonin values remained below the 
level of quantitation for both groups throughout the study.  A slight trend for higher 
calcitonin secretion was noted for the LY2189265-treated group compared with control 
at 2 and 10 minutes after calcium gluconate treatment.  However, these differences 
were not statistically significant and did not correlate with C-cell morphometry data.  No 
treatment-related adverse microscopic findings were noted for the thyroid or 
parathyroid.  There was no increase in the percentage of Ki67-labeled thyroid C-cells.  
Histomorphometry analysis also did not reveal any treatment-related cell proliferative 
effects in the thyroid.

Enhanced Pancreas Analysis
Male Cynomolgus monkeys (20/group) received vehicle or 8.15 mg/kg LY2189265 
(~474X clinical AUC) by subcutaneous injection twice weekly for 1 year.  Pancreas 
slides from each animal included three sections from the head, two sections from the 
body, and one section from the tail.  Slides were stained with H&E and an additional 
three slides (containing sections from the head) were labeled for Ki67.  After the primary 
microscopic evaluation and independent peer review, the stained slides from each 
animal were also reviewed by an expert working group.

No treatment-related adverse microscopic findings were noted for the pancreas.  A 
slight increase in the severity of increased pancreatic goblet cells in interlobular ducts 
was noted for the treated group.  This finding did not correlate with increases in serum 
amylase or lipase.  There was no increase in the percentage of Ki67-labeled pancreatic 
ductal cells.  The conclusion of the pathologist working group was: “Of the findings 
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recorded for the pancreas in the anatomic pathology report, the consensus of the PWG 
was that only the increases severity of “goblet cells, increased, interlobular duct” in four 
treated animals was considered to be treatment related.  This effect was considered 
non-adverse because there was no evidence of an associated inflammatory or 
proliferative change including pancreatitis, ductal dilatation, ductal blockage, or PanIN.”

To further evaluate the potential effect of LY2189265 on the exocrine pancreas, male 
ZDF rats were treated with twice weekly subcutaneous injections of vehicle or 0.5, 1.5, 
or 5 mg/kg LY2189265 for 3 months.  The pancreas was dissected with the common 
duct and attached duodenum with papilla.  The pancreas was serially trimmed entirely 
(head, body, tail) into cross sections of approximately 3 mm.  For each block containing 
multiple cross sections of pancreatic tissue, 2 sets of 7 consecutive sections were 
collected and one slide of each set was stained with H&E and the adjacent sections 
were used for immunohistochemistry (Ki67 plus cytokeratin-19 and TUNEL plus 
cytokeratin-19).  

LY2189265-treated animals lost weight during the first 2 weeks of the study.  For the 
next 4 weeks, body weight gain was similar for all groups.  However, after 
approximately Day 42, the control group gained significantly less weight in spite of 
eating significantly more food as a result of their worsening hyperglycemia.  In addition 
to the body weight and food consumption data, mean glucose, insulin, and HbA1c 
values also indicated drug-related efficacy for the mid- and high-dose groups.  A dose-
related increase in mean serum pancreatic-specific amylase was observed for all dose 
groups, with the increase being statistically significant for the MD and HD groups (↑22% 
and 33% from controls, respectively).  No increases in serum lipase were observed.  
Increased incidence and severity (minimal to moderate) of increased ductal epithelium 
was observed at all dose levels (≥3X clinical AUC).  Only one control animal was noted 
with this finding, which was of minimal severity.  Animals treated with ≥1.5 mg/kg (≥8X 
clinical AUC) had an increased incidence of minimal to slight acinar atrophy, with or 
without mixed cell inflammation.  An increase in the incidence of minimal to slight 
neutrophilic acinar inflammation occurred at 5 mg/kg (30X clinical AUC).  An increase in 
the severity, but not incidence, of neutrophilic periductal inflammation (minimal to 
moderate) and islet cell hyperplasia was observed for treated groups.

A non-statistically significant, dose-related trend for increased mean Ki-67 staining and 
decreased mean TUNEL staining in pancreatic duct cells was observed at ≥1.5 mg/kg, 
indicating an increase in ductal cell proliferation and/or a decrease in ductal cell 
apoptosis.  With the exception of a few animals, there generally was not a good 
correlation for individual animals having both a high percentage of Ki-67 positive duct 
cells and an increased incidence/severity of increased ductal epithelium.  The 
microscopic changes observed in this study might imply that some diabetic patients 
taking LY2189265 could be more susceptible to morphological changes in the exocrine 
pancreas. However, the observed changes were not sufficient or severe enough to 
classify the effects as drug-induced pancreatitis or premalignant lesions.  
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Carcinogenicity
The carcinogenic potential of LY2189265 was studied in a 6-month TgHras transgenic 
mouse study and a 2-year rat study.  Genetic toxicology studies were not conducted, as 
LY2189265 is a biotechnology-derived product.

Twice-weekly subcutaneous injections to transgenic mice for 26 weeks did not affect 
survival and there was no evidence of drug-related neoplasms at the highest dose 
administered (3 mg/kg; 5X clinical AUC).  Postmortem non-neoplastic observations of 
note were limited to an increase in cytoplasmic volume of thyroid C-cells stained with 
calcitonin for all treated groups (≥0.3 mg/kg; ≥1X clinical AUC) and an increased 
incidence of extramedullary hematopoiesis in the spleen of all female treatment groups 
(≥0.3 mg/kg). 

In rats administered LY2189265 twice weekly for two years, there were no drug-related 
adverse effects on survival.  The study was terminated early (Week 93) as a result of low 
survival rates in the control groups for which no cause was ascertained.  Final body 
weights were statistically significantly lower for all male treatment groups and the female 
high-dose group.  Effects on body weight gain generally correlated with decreased food 
consumption.  Animals administered >0.5 mg/kg (7X clinical AUC) showed a statistically 
significant or nearly statistically significant increase in the incidence of thyroid C-cell 
adenomas. A non-statistically significant, slight numerical increase in thyroid C-cell 
carcinomas was observed at 5 mg/kg (58X clinical AUC).  An increase in the incidence of 
C-cell adenoma and carcinoma combined was also noted, but this was a reflection of the 
high incidence of adenomas.  An increased incidence of diffuse (males and females) and 
focal (females only) thyroid C-cell hyperplasia was also evident at >0.5 mg/kg. The 
NOEL for increased C-cell tumors was 0.05 mg/kg (0.5X clinical AUC). No treatment-
related neoplasms or non-neoplastic lesions were observed in other tissues.  A summary 
of C-cell findings for male and female rats is shown in the tables below.
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Developmental and Reproductive Toxicology
Male Sprague-Dawley rats were treated with vehicle or 1.6, 4.9, or 16.3 mg/kg 
LY2189265 every third day by subcutaneous injection for 4 weeks prior to cohabitation 
and during a 2-week cohabitation period.  Decreased body weight gain and decreased 
food consumption were noted at all dose levels.  Decreased weights were noted for the 
testes, epididymides, seminal vesicles, and prostate, which were likely secondary 
effects of decreases in body weight gain.  There were no direct test article effects on 
gross pathology or histopathology. There were no effects on male mating performance 
or fertility; on sperm concentration, motility, or morphology; or on early embryonic 
viability at doses up to 16.3 mg/kg (~130X clinical AUC).

Female Sprague-Dawley rats were treated with vehicle or 1.6, 4.9, or 16.3 mg/kg 
LY2189265 every third day by subcutaneous injection for 2 weeks prior to mating,
during the cohabitation period until mating was confirmed, and through GD 4, 5, or 6.  
Rats were euthanized on GD 15 for evaluation of maternal reproductive parameters.  
Maternal body weight loss during the pre-mating period and a decrease in body weight 
gain during the gestation treatment period were noted at all dose levels, which 
correlated with reduced food intake.  A dose-related compensatory increase in food 
intake and corresponding body weight gain was noted during the gestation non-
treatment period for all dose levels.  An increase in the number of females with 
prolonged diestrus was noted at ≥4.9 mg/kg (~32X clinical AUC).  A dose-related 
decrease in the mean number of corpora lutea, implantation sites, and viable embryos 
was seen at all dose levels; however these decreases were only statistically significant 
at ≥4.9 mg/kg groups.  There were no compound-related effects on embryonic survival 
or maternal mating, fertility, or conception. On the basis of prolonged diestrus and 
statistically significant decreased number of corpora lutea, implantation sites, and viable 
embryos noted at ≥4.9 mg/kg, the NOAEL for female reproductive performance was 1.6 
mg/kg (~17X clinical AUC).  These effects occurred in the presence of maternal toxicity 
(decreased body weight/body weight gain).  

In a Segment 2 developmental toxicology study, pregnant Sprague-Dawley rats 
received vehicle or 0.49, 1.63, or 4.89 mg/kg LY2189265 by subcutaneous injection 
every third day from GD 6 through GD15.  Fertility and embryonic development 
parameters were assessed on GD 20.  One death occurred in the high dose group on 
GD 8 that was considered to be possibly test article-related. Clinical signs, which were 
mainly observed at ≥1.63 mg/kg, consisted of hunched posture, decreased defecation, 
hair loss on ventral abdominal and thoracic regions, and red material around the eyes, 
nose, mouth, and forelimbs. A significant reduction in maternal body weight gain was 
noted for all test article groups, with body weight loss occurring at ≥1.6 mg/kg from GD
6 to 9.  The effects on body weight correlated with decreased food consumption. An 
increase in percent post-implantation loss and a decrease in percent viable fetuses 
were noted for the 4.9 mg/kg group. Fetal body weight was significantly decreased at 
≥1.63 mg/kg.  An increase in mean litter proportions of unossified sternebrae, reduced
skull ossification, unossified hyoid, and reduced vertebral arch ossification were 
observed at 4.9 mg/kg.  On the basis of decreased fetal body weights at ≥1.63 mg/kg 
and increased post-implantation loss and decreased skeletal ossification at 4.9 mg/kg,
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which occurred in the presence of decreased maternal body weight gain, the NOAEL for 
fetal development was 0.49 mg/kg (4X clinical AUC).  

In a Segment 2 developmental toxicology study, pregnant New Zealand white rabbits
received vehicle or 0.04, 0.12, or 0.41 mg/kg LY2189265 by subcutaneous injection 
every third day from GD 7 through GD 19.  Fertility and embryonic development 
parameters were assessed on GD 29.  Initial significant weight loss followed by 
decreased body weight gain occurred at ≥0.12 mg/kg; decreased body weight gain was 
also noted for the 0.04 mg/kg group throughout the treatment period.  These effects on 
weight correlated with a significant decrease in food consumption at all dose levels. A 
compensatory increase in body weight and food consumption occurred once dosing 
ended, which lasted until the end of the study. There were no effects on maternal 
reproductive parameters.  Increased fetal malformations (lung lobular agenesis [upper 
end of historical control range], vertebral anomaly with or without associated rib 
anomaly, and costal cartilage anomaly) occurred at 0.41 mg/kg.  Increased fetal skeletal 
variations occurred at 0.41 mg/kg (increased incidence of 27 presacral vertebrae, 13th

full rib, bent hyoid arches, malaligned sternebrae, and reduced ossification of the ribs.  
Also, a decreased incidence of having a 13th rudimentary rib was noted for kits from the
0.12 and 0.41 mg/kg litters.  On the basis of the fetal malformations and increase in 
skeletal variations observed at 0.41 mg/kg, the NOAEL for fetal development was 0.12 
mg/kg (4X clinical AUC).  The adverse effects on fetal development were observed only 
in the presence of maternal toxicity (body weight loss).

In a Segment 3 developmental toxicology study, pregnant Sprague-Dawley rats
received vehicle or 0.2, 0.49, or 1.63 mg/kg LY2189265 by subcutaneous injection 
every third day from GD 6 through lactation day (LD) 19.  A subset of F1 generation 
pups were followed through postnatal day (PND) 85, during which time pups were 
evaluated for locomotor activity, acoustic startle, learning and memory, sexual 
maturation, and reproductive performance.  A dose-related decrease in mean body 
weight gain was noted for all F0 treated groups.  HD females lost weight between GD 6 
and 9 followed by body weight gains similar to or slightly greater than the MD group, but 
less than the control group.  During lactation, body weight gains were similar to controls.  
The effects on body weight correlated with decreased food consumption during the 
gestation and lactation periods. Treatment did not affect mean values for gestation 
duration, litter size, live litter size, number of implantation sites, or pup sex ratio.

Survival rates during the lactation period for F1 pups from HD dams were lower than 
historical control values, but were similar to the concurrent control values.  An increased 
incidence of pups showing small stature, paleness, or cool to touch was noted for pups 
from HD dams.  Mean body weights for male and female pups from HD dams were 
statistically significantly lower than controls at all time points from LDs 1 to 21.  Weights 
remained lower throughout the remainder of the study, with the differences being 
statistically significant up to PND 63 for males and up to PND 84 for females. HD males 
had a slightly longer mean time to balano-preputial separation (47.0 days vs. 45.6 days 
for control), which was likely secondary to the smaller size of the HD male pups.  A 
decrease in forelimb and hindlimb grip was noted for male and female HD pups on PND 
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20, and mean total and ambulatory motor activity was increased for male and female 
HD pups during a 60-minute observation period on PND 21.  HD female pups also 
showed a slight decrease in maximum startle response on PND 22.  The effects on grip 
strength, motor activity, and startle response were not statistically significantly different 
from control values and were not observed during the tests occurring from PND 60 to 
62.  These findings may be indicative of a slight developmental delay, possibly due to 
the smaller size of the pups.  A statistically significant increase in mean Biel maze 
straight channel swim trial escape time was noted for HD female pups on PND 70 (6.8 
sec vs. 5.0 sec for control).  An increase in mean Biel maze memory escape time was 
also noted for HD female pups during trial number 12 (62.6 sec vs. 31.9 sec for control), 
which was associated with a greater number of memory errors during this trial.  No 
effects in the Biel maze tests were noted for male pups.  

Mean body weights remained lower for HD F1 pregnant females during gestation, 
although body weight gains during gestation were similar to controls.  There were no 
effects on F1 generation mating, fertility, or reproductive organs (microscopic findings or 
organ weights).  There were no effects on the mean number of F2 pups born, live litter 
size, sex ratio, body weight, or postnatal survival (to PND 1).  There were no external 
findings suggestive of a test article effect.  On the basis of effects on body weight and 
food consumption for F0 females, the NOAEL for maternal toxicity was considered to be 
0.2 mg/kg.  On the basis of effects on body weight and body weight gain of the F1 pups, 
the NOAEL for neonatal toxicity was considered to be 0.49 mg/kg (4X clinical AUC).  
Because effects on memory were observed for F1 females derived from HD dams, the 
NOAEL for developmental neurotoxicity was considered to be 0.49 mg/kg for females 
and 1.63 mg/kg for males (16X clinical AUC).  The NOAEL for F1 reproductive 
parameters was 1.63 mg/kg.

A summary of clinical exposure multiples achieved in the toxicology program is 
presented in the sponsor-generated table below.  Note that the NOAEL for organ 
toxicity (does not include adverse effects on body weight and food consumption), 
carcinogenicity, and developmental toxicity are notated for each study.  These values 
are consistent with this reviewer’s evaluation of the toxicology studies.
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Conclusions and Discussion
The toxicity profile of dulaglutide has been extensively evaluated in a standard 
toxicology program.  One of the prominent treatment-related effects observed in animals 
is body weight loss or decreased body weight gain that correlates with decreased food 
and water consumption.  This is an expected pharmacodynamic effect that is also 
observed in the clinic.  During the first few weeks of initial treatment, patients often 
experience gastrointestinal discomfort, nausea, and/or vomiting.  As with animals, these 
gastrointestinal effects are transient and usually subside within 2 or 3 weeks.  Although 
high dose levels can lead to adverse degrees of body weight loss and dehydration in 
animals, these effects are not considered to be overly concerning for the clinical dose 
level that type 2 diabetics receive, many of whom are overweight or obese.

Increased heart rate and QTc intervals were observed in monkeys after single and 
repeated dosing.  However, the QTc prolongation effects were observed at high 
multiples of the clinical Cmax (≥75X), were not observed in the 9-month monkey study, 
and were not observed in a clinical thorough QT study.  Therefore, QT prolongation 
does not appear to be a high risk for the clinical setting.

As with other long-acting GLP-1 receptor agonists, dulaglutide shows a risk for thyroid 
C-cell hyperplasia and tumorigenesis in rats.  Other long-acting GLP-1 receptor 
agonists have also induced tumors in mice after 2 years of treatment, although 
generally at higher exposures than required for C-cell proliferation in rats.  For 
dulaglutide, the mouse carcinogenicity study was conducted in the TgHRas transgenic 
model, which is a 6-month study and was agreed upon by the ECAC.  Although this 
study was negative for proliferative effects on C-cells, it would be expected that an 
increase in the incidence of C-cell adenomas would be observed after 2 years of 
treatment in CD-1 mice at high dose levels, based on the other products in the drug 
class.  Because rats appear to be more sensitive than mice, the use of a 6-month 
transgenic study rather than the typical 2 year study does not impact the ability to 
calculate clinical exposure margins for the NOEL in the most sensitive species.  

The human relevance of GLP-1 receptor agonist-induced C-cell tumorigenesis in 
rodents is unknown.  Many mechanistic studies have been conducted by sponsors of 
this drug class to investigate human relevance.  Although none of these studies have 
definitively shown this to be a rodent-specific effect, the studies have also not indicated 
that humans, or non-human primates, are sensitive to the C-cell proliferative effects of 
GLP-1 receptor agonists.  Compelling lines of evidence to support a rodent-specific 
effect include the following:  

1) Rats have a higher percentage of C-cells in the thyroid and have a high 
baseline incidence of C-cell hyperplasia and adenomas, so it appears that GLP-1 
receptor agonists accelerate a process that normally occurs in rats (Martin-Lacave et 
al., 1992, Cell Tis Res, 270:73; Bjerre Knudsen et al., 2010, Endocrinol, 151:1473).  In 
contrast, medullary thyroid tumors are rare in humans, so enhancement of a 
background lesion is not expected to be overly relevant to humans; 
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2) Research has shown that rodents have a higher density of GLP-1 receptor 
expression on thyroid C-cells (Korner et al., 2007, J Nucl Med, 48(5):736; Bjerre 
Knudsen et al., 2010, Endocrinol, 151:1473; Waser et al., 2011, Neuroendocrinol, 
94(4):291).  It has also been shown that the GLP-1 receptor is required for GLP-1 
receptor agonist-induced C-cell proliferation in mice (Madsen et al., 2012, Endocrinol, 
153:1538).  Although it has not been determined that receptor density influences C-cell 
proliferation, a higher receptor density is an additional factor that may result in a rodent-
specific effect; 

3) Several studies have been conducted in monkeys and dogs for up to 1 year, 
longer in the case of liraglutide.  Some of these studies, such as the one conducted for 
dulaglutide and reviewed herein, have involved extensive microscopic thyroid evaluation 
to assess for C-cell proliferation.  Although 1 year of treatment is a much shorter 
exposure duration for a nonrodent in relation to its life expectancy compared with a 1 or 
2 year study in rats, the fact that no indication of C-cell proliferation has been observed 
in monkeys or dogs after chronic administration is supportive of the hypothesis that 
rodents are more sensitive to GLP-1-induced C-cell proliferation than nonrodents.  

4) Although the precise role of postprandial calcitonin secretion for bone 
homeostasis is uncertain, it has been suggested that this regulation may be more 
important for rodents compared with nonrodents because of continuous bone growth 
throughout life resulting in a higher rate of bone metabolism.  This could imply a greater 
role for endogenous GLP-1 in postprandial calcitonin secretion in rodents.  If this 
hypothesis is correct, it could explain the apparent higher degree in sensitivity for C-cell 
proliferation in rodents (Talmage et al., 1980, Proc Natl Acad Sci, 77(1):609; Wang, 
Lewin, and Olgaard, 2002, Eur J Clin Invest, 32:674; Bjerre Knudsen et al., 2010, 
Endocrinol, 151:1473).

Overall, human relevance to drug-induced C-cell tumors cannot be discounted and 
therefore a boxed warning and appropriate epidemiological monitoring continue to be 
warranted for these products.  However, the totality of the available data does indicate 
that rodents are more sensitive to the C-cell proliferative effects than nonrodents and 
presumably humans.  The sponsor’s 1 year thyroid studies in rats and monkeys have 
contributed to this assessment and additional mechanistic studies from Lilly are not 
being requested at this time.  If future patient data indicate an increased risk for 
medullary thyroid tumors, then additional nonclinical mechanistic data may be required 
from the sponsor at that time.

GLP-1 receptor agonists have been implicated in an increased risk for acute 
pancreatitis in type 2 diabetics that is primarily based on post-marketing reports.  
Studies in healthy animals, including the studies conducted with dulaglutide, have not 
shown that GLP-1 receptor agonists cause pancreatic injury or tumors, even when 
treated for up to 2 years at exposure multiples that are several fold higher than the 
clinical exposure.  Studies in diabetic animal models have shown varying degrees of 
evidence for a drug-related effect on the pancreas in a background of type 2 diabetes.  
Extreme models of diabetes or premalignancy, such as the HIP rat and the KrasG12D
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mouse model, respectively, have indicated an increased risk for GLP-1-based 
pancreatic toxicity and/or ductal proliferation (Matveyenko et al., 2009, Diabetes, 
58:1604; Gier et al., 2012, Diabetes, 61:2195).  Additionally, treatment with exenatide in 
healthy mice fed a high-fat diet was reported to exacerbate the incidence and severity of 
background pancreatic lesions (Rouse et al., 2014, Toxicol Appl Pharmacol, 
276(2):104).

However, in studies conducted in ZDF rats, no definitive adverse effects on the 
pancreas were observed after treatment with three different GLP-1 based therapeutics 
for 3 months (Vrang et al., 2012, Am J Physiol Endocrinol Metab, 303(2):E253; 
Tatarkiewicz et al., 2013, Diabetes Obes Metab, 5:417; Forest et al., 2014, 
Endocrinology, 155(3):783).  For dulaglutide, a 3-month study in ZDF rats did show 
evidence of treatment-related effects including increased incidence and/or severity of 
increased ductal epithelium and neutrophilic periductal inflammation at ≥3X clinical 
AUC, increased incidence of minimal to slight acinar atrophy, with or without mixed cell 
inflammation at ≥8X clinical AUC, and an increase in the incidence of minimal to slight 
neutrophilic acinar inflammation at 30X clinical AUC.  Although these data did not 
indicate treatment-related pancreatitis or premalignant lesions, the data did differ slightly 
from the other ZDF studies.  The sponsor stated that their study undertook a more 
thorough evaluation of the entire pancreas than previously reported, especially by 
including the head of the pancreas in their analysis.  However, based on the individual 
animal data, the majority of increased ductal epithelium occurred in the pancreas body 
rather than the head.  Also, at least one of the other studies evaluated the pancreas 
head, so it is not clear that methodological differences completely explain the 
observation of increased ductal epithelium while this was not observed in the other 
three ZDF studies.  Taken together, the pancreatic changes observed in diabetes 
models may suggest that a subset of diabetic subjects taking GLP-1-based therapies 
could be more susceptible to morphological changes in the exocrine pancreas; 
however, the studies did not show compelling evidence for drug-induced pancreatitis or 
premalignant lesions.  Currently, a robust animal model to further investigate a 
susceptible diabetic subpopulation has not been identified although additional work in 
the high-fat diet mouse may be useful.  In the meantime, it will be important that post-
marketing analyses collect thorough patient information for those who develop acute 
pancreatitis while taking GLP-1 receptor agonists in an effort to determine if there are 
characteristics that can identify a susceptible diabetic subpopulation.
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Eli Lilly and Company
45 Day Filing Meeting Checklist

NONCLINICAL PHARMACOLOGY/TOXICOLOGY

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

X

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

X

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

X

4)   Are all necessary and appropriate studies for 
this agent, including special studies/data 
requested by the Division during pre-submission
communications/discussions, completed and 
submitted in this BLA? 

Please itemize the critical studies included and 
indicate any significant studies that were 
omitted from the BLA.
(genotox, reprotox, adequate duration
of chronic tox, carcinogenicity)

X Key Toxicology Studies include:
6-month rat
9-month monkey
Complete DART program
Carcinogenicity studies
1-year studies to evaluate C-cell hyperplasia
in rats and monkeys and effects on pancreas 
in monkeys
3-month study in Zucker diabetic fatty rats
for effects on pancreas

Genetic toxicology studies were not 
conducted because dulaglutide is a 
biotechnology-derived product

5)   Were the studies adequately designed (ie., 
appropriate number of animals, adequate 
monitoring consistent with the proposed clinical 
use, state-of-the art protocols, etc.)?

X
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ITEM YES NO COMMENT
6)  If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined the 
differences and submitted reviewable supportive 
data (ie., adequate repeat studies using the 
marketed product and/or adequate justification 
for why such repetition would not be 
necessary)?

X

7)  Does the route of administration used in 
animal studies appear to be the same as the 
intended human exposure route? If not, has the 
sponsor submitted supportive data and/or an 
adequate scientific rationale to justify the 
alternative route?

X

8)  Has the proposed draft labeling been 
submitted? Are the appropriate sections for the 
product included and generally in accordance 
with 21 CFR 201.577? Is information available 
to express human dose multiples in either 
mg/m2 or comparative serum/plasma AUC 
levels?

X Sponsor has proposed boxed warning for 
risk of C-cell tumors

9)   From a pharmacology/toxicology 
perspective, is this BLA fileable? If not, please 
state in item # 10 below why it is not.

X

10)  Reasons for refusal to file:  None

No comments to sponsor.

Reviewing Toxicologist:  Tim Hummer, PhD, DABT
Supervisory Pharmacologist:  Karen Davis-Bruno, PhD
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Previous clinical experience:  The current clinical dose is 1.5 mg. 
 

 
 
 
 
Disclaimer:  Some tables, figures, and/or text were taken from the Sponsor’s submission, 
where indicated. 
 
 
Studies reviewed within this submission:   
Study  - Evaluation of the potency and efficacy of LY2189265 on glucose-
dependent insulin secretion from rat and cynomolgus monkey pancreatic islets  
 
Study 8216121 - A Repeat-Dose Non-GLP Pilot Toxicity Study in CD-1 Mice Given 
LY2189265 Twice Weekly by Subcutaneous Injection for 2 Weeks 
 
Study 8224143 - A Repeat-Dose Toxicity and Toxicokinetic Study in 001178-W (wild 
type) Mice Given LY2189265 Twice Weekly by Subcutaneous Injection for 4 Weeks 
 
Studies not reviewed within this submission: None 
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2.6.2 PHARMACOLOGY 
  
2.6.2.1 Brief summary   
Mechanism of action: 
LY2189265 binds to and activates the human glucagon-like peptide 1 (GLP-1) receptor.  
This is anticipated to enhance glucose-dependent insulin biosynthesis and secretion; 
inhibition of glucagon secretion; slowing of gastric emptying; reduction of appetite; 
possible regulation of pancreatic islet cell apoptosis and neogenesis; and possibly weight 
loss in humans. 
 
Drug activity related to proposed indication: 
LY2189265 has been shown to enhance glucose stimulated insulin secretion and decrease 
glucose levels in rats and monkeys following 4-5 weeks of treatment. 
 
Pharmacology summary (from previous submissions): 
Mechanistic studies were conducted to examine the potential of LY2189265 to activate 
the GLP-1 receptor in vitro and the insulinotropic activity in vivo in rodent and non-
human primate models of stepped glucose infusion (SGI).  The results of these 
experiments demonstrate that: 

o LY2189265 potently activated the human GLP- 1 receptor. 
o LY2189265 increased insulin secretion in a dose-dependent fashion after a single 

subcutaneous administration in a rodent model of SGI. 
o LY2189265 increased insulin secretion after a single subcutaneous administration 

in a nonhuman primate model of SGI. 
o LY2189265 increased insulin secretion after multiple weekly subcutaneous 

administrations in a non-human primate model of SGI. 
o LY2189265 decreased glucose levels in rats and monkeys 

 
2.6.2.2 Primary pharmacodynamics   
LY2189265 Glucose-Dependently Stimulates Insulin Secretion from Rodent and 
Primate Pancreatic Islets through Interaction with the GLP-1 Receptor (Study 

 (text and figure taken from sponsor’s study report) 
 
Insulin secretion from isolated rat islets was potently (2.5- to 3-fold) enhanced by the 
inclusion of 3 or 30 nM LY2189265 in the presence of high (16.8 mM) glucose but not in 
the presence of low (2.8 mM) glucose (Figure 1A).  Unmodified human GLP-1 (3 nM) 
produced a 4-fold enhancement of insulin secretion from rat islets elicited by 16.8 mM 
glucose.  The EC50 of insulin secretion by LY2189265 was 4.2 ± 2.9 nM (4 individual 
experiments) with maximal stimulation (4-fold) occurring at 300 nM LY2189265 (Figure 
1B; N=4).  The inclusion of 1 μM of the GLP-1 receptor antagonist [9-39]exendin-4 
reversed the glucose-dependent stimulation of insulin secretion induced by LY2189265, 
suggesting that LY2189265 acts through the GLP-1 receptor (Figure 1C). 
 
In islets isolated from cynomolgus monkeys, LY2189265 also dose-dependently 
increased insulin secretion in the presence of a high glucose concentration (Fig. 1D). 
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Hematology: 
A dose-related, statistically significant decrease in erythrocyte parameters (RBC, 
hemoglobin, hematocrit) was noted for males (up to 13%) and females (up to 18%). 
 
 
Clinical chemistry: 
A 23% decrease in mean glucose compared to control was noted for HD males.  A 
similar finding was not observed for females. 
 
 
Gross pathology: 
There were no meaningful macroscopic findings noted. 
 
 
Organ weights: 
There were no meaningful changes in organ weights noted. 
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Histopathology: (taken from sponsor-generated table) 
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Histopathology summary (sponsor-generated table): 
 

 
 
 
 
Toxicokinetics: 
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Study title:  A Repeat-Dose Toxicity and Toxicokinetic Study in 001178-W (wild 
type) Mice Given LY2189265 Twice Weekly by Subcutaneous Injection for 4 Weeks 
  
Key study findings:   
• There were no unscheduled deaths.  One HD male and 2 HD females were noted as 

being hunched on Day 4. 
• Mean body weight gain was statistically significantly decreased at the MD and HD.  

This effect was most severe during the first week of treatment, which correlated with 
decreased food consumption.  After Week 1, weight gain was still decreased for MD 
and HD animals compared with controls, but not to as great of extent as during 
Week 1.  This is consistent with food consumption being more similar to controls after 
Day 4.   

• Slight dose-related decreases in erythrocyte parameters (up to 12%) were noted for 
males.  A decrease in reticulocytes was noted for all treated animals, up to 47% for HD 
females. 

• Increased mean AST (↑270%) and ALT (↑272%) were noted for HD females, which 
primarily due to increases for 2/5 animals.  A slight, statistically significant increase 
ALP was noted for MD (↑23%) and HD (↑37%) males. 

• Statistically significant decreases in absolute and relative liver weights were noted for 
MD and HD animals.  Statistically significant decreases in absolute and relative heart 
weights were noted for MD males and females and HD females.  Statistically 
significant decrease in absolute and relative uterus weights was noted for HD females. 

• Microscopically, decreased vacuolation (glycogen content) was noted in the liver for 
MD and HD animals; decreased granulation of the granular secretory duct epithelium 
of the mandibular salivary gland was noted for HD females; decreased zymogen 
granules in the pancreas was noted for MD and HD males; decreased dilation and 
increased atrophy were noted in the uterus of MD and HD females; and increased 
inflammation and erosion/ulceration was noted at the injection site for MD males and 
females. 

• Exposure increased with dose in a near linear fashion.  Mean exposures were higher on 
Day 29 compared with Day 1 suggesting either accumulation because of the long half 
life or possibly because of antibody production (observed with other GLP-1R 
agonists).  However, Ab production was not assessed because the pharmacological 
effect on body weight gain and food consumption was maintained throughout the 
dosing period. 

• Most findings appeared to be secondary to decreased body weight gain, which is an 
expected pharmacological effect of the drug.  Although increases in AST and ALT 
were observed, adverse microscopic findings were not identified in the liver.  In the 
absence of definitive drug-induced systemic toxicity, the NOAEL for this study was 
considered to be 100 mg/kg twice weekly.  This dose level resulted in mean AUC0-96 
values of 9292 µg·h/mL in males and 8100 µg·h/mL in females on Day 29. 

 
Study no.:  8224143 
Volume # and page #:  NA, electronic submission 
Conducting laboratory and location:   
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Toxicokinetics:   

 
 
Immunogenicity:   
Samples collected for the assessment of anti-drug antibodies were discarded without 
analysis because analysis was not warranted based on the exposure data. 
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Histopathology inventory for IND #70,930 
Study  8224143 
Species Mouse 
Adrenals X 
Aorta X 
Bone Marrow Smear X† 
Bone (femur) X 
Brain X* 
Cecum X 
Colon X 
Duodenum X 
Epididymides X* 
Esophagus X 
Eyes X 
Fallopian tube  
Gall bladder X 
Gross lesions X 
Harderian gland  
Heart X* 
Ileum X 
Injection sites X 
Jejunum X 
Kidneys X* 
Lachrymal gland  
Larynx  
Liver (weighed with gallbladder) X* 
Lungs X 
Lymph nodes, axillary X 
Lymph nodes, mesenteric X 
Mammary Gland (females only) X 
Nasal cavity  
Optic nerves X 
Ovaries X* 
Pancreas (longitudinal section) X 
Peyer’s patches X 
Pharynx  
Pituitary X 
Prostate X* 
Rectum  
Salivary gland (mandibular) X 
Sciatic nerve X 
Seminal vesicles X 
Skeletal muscle (biceps femoris) X 
Skin X 
Spinal cord (cervical, thoracic, and lumbar) X 
Spleen X* 
Sternum with bone marrow X 
Stomach X 
Testes X* 
Thymus X* 
Thyroid + parathyroid X 
Tongue X 
Trachea X 
Ureters  
Urinary bladder X 
Uterus + cervix X* 
Vagina X 
Zymbal gland  

         X, histopathology performed; *, organ weight obtained; 
         †tissues collected but not evaluated microscopically. 
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Summary:   
The sponsor conducted two range-finding studies in mice.  In one study, CD-1 mice were 
administered LY2189265 by subcutaneous injection twice weekly for 2 weeks and in the 
other study, wild type 001178-W mice were administered LY2189265 by subcutaneous 
injection twice weekly for 4 weeks to aid in the dose selection for a 6-month 
carcinogenicity study in Tg.rasH2 transgenic mice (001178-T hemizygous).  The primary 
drug-related effect was body weight loss during the first week of dosing followed by 
decreased body weight gain that correlated with decreases in food consumption.  This 
effect was most noteworthy during the first week of dosing.  The effect on food and water 
consumption likely resulted in the moribund sacrifice of a TK group female receiving 
100 mg/kg on Day 7 of the 2-week study and the observation of hunched posture at 100 
mg/kg on Day 4 of the 4-week study.  After the first week of treatment, body weight gain 
rebounded to a greater degree in CD-1 mice than in 001178-W mice.   
 
In the 2-week study, minimal to moderate increased hepatocyte mitosis and minimal 
increased pancreatic acinar cell mitosis was noted for females treated with ≥1 mg/kg and 
in males and females treated with ≥10 mg/kg, respectively.  These findings were not 
noted in the 4-week study.  One HD male also showed minimal focal necrosis 
co-localized with acute inflammation; this finding was also not observed in the 4-week 
study.  Because this finding only occurred in one animal, it is uncertain whether the 
necrosis and inflammation was drug related.  In the 4-week study, mean AST and ALT 
were increased by nearly 4-fold in females receiving 100 mg/kg.  Correlative microscopic 
findings were not observed and this observation was not noted in the 2-week study.  The 
slight effect on erythrocyte parameters has also been observed with several other GLP-1R 
analogs and is not considered adverse.  Other organ weight and microscopic observations 
were likely secondary to decreased body weight gain.  Differences in findings between 
the two studies are likely due to the difference in mouse strains that were used for the two 
studies.   
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Safety Margins:  (sponsor-generated table) 

 
 
 
Internal comments:   
The dose level of 100 mg/kg twice weekly represents the MTD due to significant effects 
on body weight and food consumption after 4 weeks.  Although body weights do slightly 
recover after the first week of dosing, this dose level is considered to be too high for the 
carcinogenicity study because of the effect on body weight.  Therefore, the mid-dose 
level of 10 mg/kg is recommended as the high dose for the 6-month carcinogenicity 
study.  Additional study design recommendations for the 6-month carcinogenicity study 
will be discussed in the information provided to the ECAC (see attachment). 
 
 
External comments (to sponsor):  
Comments were conveyed to sponsor via the ECAC meeting minutes. 
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ATTACHMENTS 
 
 
Carcinogenicity Assessment Committee (CAC/CAC-EC) Cover Sheet 
Review of Carcinogenicity Study Design/Dose Selection Proposals 
 
Application (IND/NDA) number:  70,930 
Submission date and number:  17 December 2010, #199 
Division:  Metabolism and Endocrinology Products 
Project manager:  Ray Chiang 
CAS#:  NA 
Drug name:  LY2189265 
Pharmacological Classification:  Long-acting GLP-1 receptor agonist 
Clinical dosing regimen: Once weekly subcutaneous injection 
Sponsor/Applicant: Eli Lilly 
Sponsor/Applicant contact name:  Sharon Myers 
Sponsor/Applicant telephone and fax number:  317-276-1609 (p); 317 276-1652 (f) 
Date submitted (stamp date):  17 December 2011 
45-day date (from submission stamp date):  31 January 2011 
P/T Reviewer(s):  Tim Hummer 
Date Review Completed:  14 January 2011 
Date of CAC review:  25 January 2011 
CAC members:  David Jacobson-Kram (chair), Abby Jacobs, Paul Brown, Linda Fossom 
 
Summary of Proposal for Review:   
 
Species/strain:  Mouse/ 001178-T (hemizygous)Tg rasH2 for carcinogenicity group 
            001178-W (wild type) for TK group 
Number/sex/dose:  25 
Route:  Subcutaneous 
         male       female 
Doses proposed (mg/kg twice weekly):  0, 0.1, 1, 10   0, 0.1, 1, 10 
Positive control:  single IP dose of MNU at 75 mg/kg 
 
Basis of dose selection: 
 MTD     ___X__    ___X__ 
 AUC ratio    ______    ______
 saturation    ______    ______ 
 MFD     ______    ______ 
 PD     ______    ______ 
 other     ______    ______ 
 
Kinetics submitted:       rodent        human 
 pharmacokinetics    ___X__    ___X__ 
 metabolism    ______    ______ 
 protein binding    ___    ______ 
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Summary of Recommendations to CAC 
 
      male    female 
Doses recommended by reviewer:   0, 0.1, 1, 10   0, 0.1, 1, 10 
 
Basis for recommendation (details):  Note: information in the cover sheet given to the ECAC prior to the 
meeting and in the ECAC meeting minutes sent to the sponsor state that two range-finding studies were 
conducted in 001178-W mice.  However, the 2-week study was conducted in CD-1 mice.  This error has 
been corrected in the text below. 
 
A 2-week study in CD-1 mice and a 1-month range-finding study in 001178-W (wild type) mice were 
conducted.  Animals were administered LY2189265 using twice weekly subcutaneous injections at doses 
of 1, 10, and 100 mg/kg.  The results of the range-finding studies show that the proposed high dose for the 
carcinogenicity study (10 mg/kg) resulted in body weight loss during the first week of dosing that 
correlated with decreased food consumption.  Decreased body weight gain and food consumption is a 
known pharmacological effect of GLP-1R agonists.  After Week 1, body weight gains exceeded controls in 
the 2-week study (CD-1 mice) but remained lower than controls in the 4-week study (001178-W mice) with 
mean body weight gains being 38% and 57% less for male and female 10 mg/kg-group animals and 8% and 
43% less for male and female 100 mg/kg-group animals, respectively.  In the 2-week study, one TK group 
female was sacrificed moribund on Day 7, possibly due to excessive effects on body weight and food 
consumption.  An increase in minimal to moderate hepatocellular mitosis in the absence of other liver 
findings was noted at 100 mg/kg in the 2-week study and an approximate 4-fold increase in mean ALT and 
AST were noted for 100 mg/kg females in the 4-week study with no correlative microscopic lesions.   
 
It is felt that the effect on body weight at 100 mg/kg (820X clinical exposure) exceeds the acceptable limit 
for a carcinogenicity study.  Additionally, one moribund sacrifice occurred at this dose in the 2-week study 
(CD-1 mouse), which was likely drug related.  The effect on body weight at 10 mg/kg (~100X clinical 
exposure) may be slightly greater than ideal (70% less body weight gain over the 4-week period), however 
body weight gains did rebound slightly after the first week.  The next lowest dose that was tested (1 mg/kg; 
~8X clinical exposure) did not induce a sufficient pharmacological response or toxicity, and therefore is not 
considered to be an appropriate high dose for the carcinogenicity study.  The proposed carcinogenicity 
study low dose of 0.1 mg/kg is near clinical exposure.  Other GLP-1R agonists have shown an increase in 
thyroid c-cell tumors at or near clinical exposure.  Therefore, this reviewer agrees with the sponsor’s 
proposed doses because the degree of body weight effect at the high dose is considered to be at the upper 
limit for a carcinogenicity study and the low dose is near the clinical exposure, which will potentially help 
ensure that a NOEL for c-cell tumors is identified, based on data from other compounds in this class. 
 
 
CAC Concurrence (y/n): No 
 
CAC Recommendations:   
The Committee felt that the extent of decreased body weight gain observed at 10 mg/kg was too great.  The 
Committee had the following recommendations: 
 
• The Committee recommended changing the LY2189265 doses to 0.3, 1, and 3 mg/kg by twice weekly 

subcutaneous injection, based on MTD (reduced body weight gain). 
• The Committee recommended the addition of a saline control group in addition to the planned vehicle 

control group. 
• Accordingly, the Committee recommended the following treatment groups: 0 (vehicle), 0 (saline), 0.3, 1, 

3 mg/kg LY2189265, and positive control. 
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Special Protocol Assessment – Rat Carcinogenicity Study LY2189265 
 
 

1 

Carcinogenicity Assessment Committee (CAC/CAC-EC) Cover Sheet 
Review of Carcinogenicity Study Design/Dose Selection Proposals 

 
Application (IND/NDA) number:  IND 70,930 
Submit date and supporting document number:  24 June 2009, #124 
Division:  DMEP 
Project manager:  Lina AlJuburi 
CAS#:  NA 
Drug name:  LY2189265 
Pharmacological Classification:  GLP-1 receptor agonist (LY2189265 consists of two identical, 
disulfide-linked chains each containing an N-terminal GLP-1 variant sequence covalently linked 
to a human IgG4 heavy chain by a (GGGS)3 linker; ~60kD) 
Sponsor/Applicant: Eli Lilly 
Sponsor/Applicant contact name:  Sharon Myers 
Sponsor/Applicant telephone and fax number:  (317) 276-1606 / (317) 276-1652 
Date submitted (stamp date):  24 June 2009 
45-day date (from submission stamp date):  08 August 2009 
P/T Reviewer(s):  Tim Hummer 
Date Review Completed:  28 July 2009 
Date of CAC review:  04 August 2009 
CAC members:  Drs. Todd Bourcier, Paul Brown, and David Jacobson Kram 
 
 
Summary of Proposal for Review: 
 
Species/strain:  Rat/Sprague-Dawley 
Number/sex/dose:  60 
Route:  Subcutaneous 
         male       female 
Doses proposed: (twice weekly)  0, 0.05, 0.15, 1.5, 5 mg/kg 0, 0.05, 0.15, 1.5, 5 mg/kg 
(Note: clinical dosing will be once weekly; however AUC comparisons are based on AUC0-96h 
values to be consistent with the sponsor’s calculations.  Based on these calculations, the exposure 
margins are likely underestimated) 
 
Basis of dose selection: (the sponsor stated that the high dose was justified based on both effects 
on body weight and predicted exposure multiples to the maximum clinical dose). 
 MTD     ______    ______ 
 AUC ratio         X          X    
 Saturation    ______    ______ 
 MFD     ______    ______ 
 PD     ______    ______ 
 Body weight         X         X  
 
Kinetics submitted:       rodent        human 
 pharmacokinetics        X          X  
 metabolism    ______    ______ 
 protein binding    ___    ______ 
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Notable design features:  
 

 
 
Age:    At least 4 weeks but no more than 8 weeks at initiation of dosing 
Weight:    100 to 300 g 
TK sampling times (3/sex/time point; 2 time points per rat):   
  Control: Pre-dose and 24 hours post-dose (Week 13 and 52) 
  Treated: Pre-dose and 4, 12, 24, 48, and 96 hours post-dose (Week 13 and 52) 
Ab sampling times:    Currently not planned 
Analysis of dosing preparations: Samples to be collected during Weeks 1, 13, 27, 40, 52, 66, 78, 

and 92 of the dosing phase.  Concentrations to be within ±10% 
of nominal value (or ±15% for concentrations <0.001 mg/mL) 
for acceptance. 

General observations:  Twice daily 
Detailed observations:  Day 1, weekly during study, and day of necropsy 
Body weights:     Before dosing on Day 1, weekly thereafter, and at necropsy (fasted) 
Food consumption:  Weekly (quantitative) 
Clinical pathology:  Limited to blood films made as part of the necropsy procedure 
Gross pathology:  Exam of external features of the carcass; external body orifices; 

the abdominal, thoracic, and cranial cavities; organs; and tissues 
(all main study animals and TK animals with unscheduled death) 

Organ weights:   Not planned 
Histopathology:   Unscheduled and scheduled sacrifices and deaths from main 

study groups 
    Tissues to be preserved in 10% neutral buffered formalin, except 

where noted otherwise 
    Bone marrow smears to be collected from femur for possible 

future examination 
    Slides to be stained with H & E 
    Adequate Battery:  Yes 
    Peer review:  Yes 
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Summary of Recommendations to CAC 
 
      male    female 
Doses recommended by reviewer: 0, (0.05), 0.15, 1.5, 5 mg/kg  0, (0.05), 0.15, 1.5, 5 mg/kg 

Note 1: low dose is optional - the sponsor has proposed a fourth treatment group. 
 
Note 2:  In the 3- and 6-month study reports, the dose levels are listed as 0, 2, 6, and 20 
mg/kg.  However, the sponsor has since determined that the actual dose levels were 0, 1.63, 
4.89, and 16.89 mg/kg.  For simplicity and consistency, dose levels for those studies will be 
discussed as 0, 2, 5, and 17 mg/kg. 

 
Basis for recommendation (details): 
Dose levels for the rat carcinogenicity study were considered based on both treatment-related 
decreased body weights as well as AUC ratios between the exposures achieved in the rat and 
human studies.  At the end of the 6-month treatment period, body weights were 14% and 16% 
less than controls for males and females treated with 5 mg/kg twice weekly, respectively.  Weight 
effects with GLP-1 receptor agonists typically are most noteworthy during the first 3 to 4 weeks, 
after which time weight gain decrements tend to stabilize.  The proposed high-dose level also 
provides an exposure margin that is greater than 25 times higher than the anticipated human 
exposure for the 1.5 mg dose.  Because of the difference in dosing regimen (twice weekly for rats 
and once weekly for humans), the AUC0-96h comparison underestimates the true exposure margin.  
The sponsor states that 1.5 mg has been selected as the highest clinical dose for their Phase 3 
studies.  Exposure margins for the 3 mg dose are also included to show that a 25-fold exposure 
margin also exists for this dose level  

 
 
Summaries of the key toxicology findings in the 3- and 6-month rat studies are presented below. 
 
General Toxicology Studies (reviews are attached) 
 
3-Month Study in Sprague-Dawley Rats 
LY2189265 was administered twice weekly by subcutaneous injection to Sprague-Dawley rats 
for 3 months (27 total doses) at doses of 2, 5, and 17 mg/kg.  The key study findings are 
summarized below. 
 

• There were no test article-related deaths. 
• Decreased feces, thinness, and rough haircoat were noted for HD males and females. 
• Body weights were statistically significantly decreased from control values at all dose 

levels for both males (↓15% to 21%) and females (↓10% to 13%).  The effects on body 
weight were generally associated with decreased food consumption. 

• A statistically significant decrease in reticulocytes (up to 30% decrease) was noted for 
males at all doses.  A slight decrease was also noted for HD females. 

• Absolute and relative mean testis weights were slightly decreased by 4% to 5% in HD 
males.  

• Microscopically, minimal to slight degeneration of the seminiferous tubules (2/10), slight 
inflammation of the epididymis (1/10), and minimal hypospermia (1/10) were noted for 
HD males. 

• Exposure increased in an approximate dose-proportional manner and no significant 
accumulation was noted after repeated dosing. 

(b) (4)
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• Because no overt toxicity was observed, the NOAEL was determined to be the high dose 
level of 20 µg/kg twice weekly; at this dose level, the mean Cmax and AUC0-last at Day 92 
were 32.6 µg/mL and 1450 µg·h/mL, respectively. 

 
 
6-Month Study in Sprague-Dawley Rats 
LY2189265 was administered twice weekly by subcutaneous injection to Sprague-Dawley rats 
for 6 months (with 1 month recovery) at doses of 2, 5, and 17 mg/kg.  The key study findings are 
summarized below.  

• One mid-dose female was sacrificed moribund on Day 78.  Pathology findings indicated 
that the moribund condition was due to urinary inflammation/calculi and renal 
pyelonephritis, which was considered an incidental finding. 

• Abnormal clinical signs were limited to few feces, thin, and rough haircoat, which were 
more pronounced at the mid- and high-dose levels. 

• A dose related decrease in body weight was noted for all treated animals that correlated 
with decreased food consumption, an expected pharmacological effect.  Decreases in 
mean body weight ranged from 7% to 18% for males and 16% to 19% for females.  Once 
dosing was halted, high-dose recovery animals gained considerably more weight than 
controls during the recovery period, demonstrating both reversibility of the weight effects 
and a durable pharmacodynamic effect during the dosing period. 

• Slight decreases in mean reticulocyte counts were noted for all male dose groups, high 
dose females, and the high-dose female recovery group. 

• Slight decreases in mean glucose (high-dose males), cholesterol (high-dose females), and 
triglycerides (high-dose males and females) were noted. 

• Dose-dependent decreases in organ weights were considered a secondary effect of the 
decrease in body weights. 

• Microscopic findings noted at the high dose included a slight increase in focal 
congestion/hemorrhage of the stomach (2/15 males, 1/15 females) and dilatation of the 
uterus (6/15).  An increase in the number of animals with bile duct proliferation was 
noted for the high-dose recovery males (2/10). 

• Although Ab production was not assessed in this study, the fact that exposure data were 
the same or greater on Day 183 compared with Day 1 and signs of pharmacological 
activity (decreased mean body weights and decreased mean food consumption) were 
noted during the last week of the study suggests that sufficient drug exposure was 
maintained throughout the study. 

• Because decreased body weight and food consumption are expected pharmacological 
effects and did not produce adverse outcomes with regard to overall animal health, the 
NOAEL of this study was considered to be 20 mg/kg.  At the NOAEL, the mean Cmax and 
AUC0-last at Day 183 were 43.7 µg/mL and 1590 µg·h/mL, respectively. 

 
Treatment-related decreased body weight associated with decreased food consumption was the 
key toxicological finding for the toxicology studies.  A summary of treatment-related body 
weight effects is shown in the table below. 
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Sponsor’s Estimated Exposure Multiples for the Proposed Carcinogenicity Study Dose Levels 

 
 
 
Antibody Formation: 
The sponsor did not evaluate whether anti-LY2189265 antibodies were produced in the 
toxicology studies performed to date.  Instead, the sponsor has relied upon sustained markers of 
pharmacological activity (i.e., decreased food consumption and decreased body weight gain) to 
indicate the absence of neutralizing activity.  Dose-dependent compound-related changes in food 
and body weights occurred throughout the 6-month study with changes in body weight following 
a distinct biweekly pattern of decreased weight gain or weight loss in males and females for the 
three-day interval following administration of the second of the two weekly doses.  Body weight 
gains in treated animals for the four-day interval following the first weekly dose were generally 
comparable or greater than controls.  Moreover, the 6-month data show a clear rebound in body 
weight gain during the recovery period for the high-dose group indicating that the 
pharmacological activity of LY2189265 was not being neutralized at 6 months. 
 
 
Overview of LY2189265 Pharmacology, ADME, and Genotoxicity 
Mechanism of action:  LY2189265 is a modified GLP-1 molecule covalently linked to a human 
IgG4 heavy chain.  LY2189265 binds to and activates the GLP-1 receptor.  Receptor binding with 
endogenous GLP-1 enhances glucose dependent insulin biosynthesis and secretion, inhibition of 
glucagon secretion, slowing of gastric emptying, reduction of appetite, and the possible regulation 
of pancreatic islet cell apoptosis and neogenesis.  LY2189265 is anticipated to have the similar 
pharmacodynamic activity as endogenous GLP-1. 
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Drug activity related to proposed indication:   
LY2189265 has been shown to enhance glucose-stimulated insulin secretion in rats and monkeys.   
 
Metabolism: 
Because LY2189265 is a biotechnology-derived protein product, classical biotransformation 
studies have not been conducted.  The elimination of LY2189265 is expected to be through the 
degradation into small peptides and individual amino acids. 
 
Protein binding: 
Protein binding has not been determined. 
 
Genotoxicity: 
Because LY2189265 is a biotechnology-derived product, genetic toxicology studies were not 
conducted per the ICH S6 guidance document. 
 
 
Reviewer Questions for ECAC : 
 
1. Because the sponsor relied on pharmacodynamic endpoints in the 3- and 6-month studies, is it 
acceptable for them to use these endpoints for the carcinogenicity study in lieu of assessing for 
neutralizing antibodies? 
 
ECAC response:  A pharmacodynamic endpoint demonstrating sustained drug activity is actually 
preferred to a neutralizing antibody assay. 
 
2. Does the committee agree that a second carcinogenicity study is justified for this product? 
 
ECAC response: Yes 
 
 
Sponsor Questions for the Division: 
Sponsor Question #1 
Does FDA agree with the design and dose selection of the 2-year carcinogenicity study in rats 
with LY2189265? 
 
Proposed FDA Response: Yes, with the following recommendations. 
 
• If the sponsor chooses to rely on pharmacodynamic endpoints as an indication for non-

neutralizing activity, it is recommended that body weights be taken twice weekly as conducted 
in the 6-month study so that the durability of the distinct biweekly pattern of decreased weight 
gain/weight loss can be tracked throughout the study.  If this approach is taken it is 
recommended that blood samples be stored for future antibody analysis, if needed, in case it is 
found that the pharmacodynamic activity diminishes over the course of the study. 

 
Sponsor Question #2 
In accordance with the ICH S6 guideline “Nonclinical safety evaluation of biotechnology-derived 
pharmaceuticals” and as agreed with FDA during the 17 November 2004 pre-IND meeting with 
Lilly, Lilly is planning to conduct a carcinogenicity study in a single species (rat) to support 
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registration of LY2189265.  Lilly believes a rat carcinogenicity study is sufficient to evaluate the 
potential of LY2189265 to produce tumors.  Lilly is aware of benign and malignant thyroid c-cell 
tumors in rodents administered another long-acting GLP-1 analog in the 2-year carcinogenicity 
studies.  Rats appeared to be more sensitive since these findings occurred at low multiples of 
human exposure while in mice these occurred at somewhat higher exposures.  Furthermore, in 
the 2-year carcinogenicity studies with the GLP-1 analog Byetta®, benign thyroid c-cell 
adenomas were observed in female rats at all doses while there were no effects in mice. 
Does FDA agree with the plan to conduct a single carcinogenicity study in rats to support 
registration with LY2189265? 
 
Proposed FDA Response: No, as the sponsor indicated in their dose selection package, other 
long-acting GLP-1 receptor agonists have induced thyroid C-cell adenomas and carcinomas in 
both rats and mice, for which the relevance to humans is currently unknown.  This potential risk 
to humans was not known at the time of the pre-IND meeting.  Although it appeared that rats 
were more sensitive than mice based on exposure for one particular GLP-1 receptor agonist, this 
assumption should not be made for all compounds in this class. For LY2189265, the GLP-1 
molecule has been significantly modified through the recombinant addition of a human IgG4 
heavy chain.  Therefore, it should not be assumed that the tumor-inducing properties, with regard 
to potency, species selectivity, or target tissue, will be the same as for other compounds in this 
class.  Accordingly, a carcinogenicity study in mice will be required to fully assess the 
tumorigenic potential of LY2189265. 
 
 
ECAC Concurrence (y/n):  The ECAC agreed with the proposed high dose, but did make other 
study design recommendations. 
 
ECAC Recommendations:  In addition to the reviewer’s recommendation above, the Committee 
also had the following comments:  
 
• The Committee recommends doses of 0, 0.05, 0.5, 1.5, and 5 mg/kg by twice weekly 

subcutaneous injection, based on AUC ratios, raising the sponsor’s proposed low mid-dose 
from 0.15 to 0.5 mg/kg. 

• The Committee notes that if the clinical dose changes such that the ratio is no longer at least 25 
fold above the clinical exposure, the study may not be acceptable. 

• The Committee notes that if the sponsor prefers to use only three dose groups that the 0.05 
mg/kg group may be dropped. 

• The Committee recommends the addition of a saline control group in addition to the planned 
vehicle control group. 

 
 
Comments: 
Also refer to the ECAC meeting minutes that were sent to the sponsor. 
 
 
 
ATTACHMENTS:  
The reviews for the 3- and 6-month rat studies are attached below. 
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Study title:  A repeat-dose toxicology and toxicokinetic study in Sprague Dawley rats given 
LY2189265 twice weekly by subcutaneous injection for a total of 27 doses 
  
Key study findings:   
 

• There were no test article-related deaths. 
• Decreased feces, thinness, and rough haircoat were noted for HD males and females. 
• Body weights were statistically significantly decreased from control values at all dose 

levels for both males (↓15% to 21%) and females (↓10% to 13%).  The effects on body 
weight generally associated with decreased food consumption. 

• A statistically significant decrease in reticulocytes (up to 30% decrease) was noted for 
males at all doses.  A slight decrease was also noted for HD females. 

• Absolute and relative mean testis weights were slightly decreased by 4% to 5% in HD 
males.  

• Microscopically, minimal to slight degeneration of the seminiferous tubules (2/10), slight 
inflammation of the epididymis (1/10), and minimal hypospermia (1/10) were noted for 
HD males. 

• Exposure increased in an approximate dose-proportional manner and no significant 
accumulation was noted after repeated dosing. 

• Because no overt toxicity was observed, the NOAEL was determined to be the high dose 
level of 20 µg/kg twice weekly; at this dose level, the mean Cmax and AUC0-last at Day 92 
were 32.6 µg/mL and 1450 µg·h/mL, respectively. 

 
Study no.:  7608-191 
Volume #, and page #:  Vol. 1 (SN 029); page 1 
Conducting laboratory and location:   

 
Date of study initiation:  19 June 2006 
GLP compliance:  Yes 
QA report:  yes ( X ) no ( ) 
Drug, lot #, and % purity:  LY2189265, Lot # C1301-78, 57.6 mg/mL 
Formulation/vehicle:  Trisodium citrate dehydrate, citric acid anhydrous, sodium chloride, and 
polysorbate 80. 
 

(b) (4)

(b) (4)



Reviewer: B. Timothy Hummer, Ph.D., DABT  IND #70,930 
 
Special Protocol Assessment – Rat Carcinogenicity Study LY2189265 
 
 

10 

 
 
Methods 
 Doses:  0 (vehicle), 2, 6, and 20 mg/kg (actual doses were later determined to be 1.63, 

4.89, and 16.89 mg/kg) 
 Species/strain:  Rat / Sprague Dawley 
 Number/sex/group (main study):  10/sex/group 
 Route and volume:  Subcutaneous twice weekly; 1 mL/kg 
 Satellite groups used for recovery:  No Recovery Groups 
 Satellite groups used for toxicokinetics: 3/sex/group (control) or 9/sex/group 
 TK sampling times: Days 1 and 92 – predose (Day 92 only) and 4, 12, 24, 48, and 96 

hours postdose. 
 Ab sampling times: Immunogenicity not assessed 
 Age:  6 to 7 weeks 
 Weight:  218 to 279 g (males); 161 to 213 g (females) 
 Unique study design or methodology (if any):   
 
Observation and Times:  
Clinical signs:  Cage side - twice daily; Detailed observations – predosing, Day 1, and 

once weekly thereafter. 
Body weights:  Predosing and before each dose administration 
Food consumption: Twice weekly 
Ophthalmoscopy: Pre-dose and once during the final week of dosing 
EKG:   Not conducted 
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Hematology:  Weeks 4 and 13 

 
 
Clinical chemistry:  Weeks 4 and 13 

 
 
Urinalysis:  Weeks 4 and 13 

 
 
Gross pathology:   Conducted on all main study animals 
 
Organ weights:    Conducted on all main study animals 

 
 
Histopathology:   Conducted on all main study animals 
   Adequate Battery:   yes (X),  no ( )—explain  - typical organs not 

evaluated included: lachrymal gland and rectum. 
   Peer review:   yes ( X ),  no (  )  - all tissues from the 1st 3 animals of 

both sexes from control and high dose groups. 
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Toxicokinetics:   

 
 
 
Antibody production:   
Anti-LY2189265 antibodies were not measured.  Expected pharmacodynamic effects of 
decreased body weight gain and decreased food consumption were noted throughout the study.  
TK data show a slight increase in mean exposure on Day 92 compared to Day 1 at the low and 
high dose levels.  This apparent slight accumulation was likely due to the long half-life of the 
drug.  Overall, the data suggest that even if antibodies were produced, they did not have a 
significant effect on exposure or a neutralizing effect. 
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Study title:  A repeat-dose toxicology and toxicokinetic study in rats given LY2189265 twice 
weekly by subcutaneous injection for 6 months with a 1 month recovery 
  
Key study findings:   
 

• One mid-dose female was sacrificed moribund on Day 78.  Pathology findings indicated 
that the moribund condition was due to urinary inflammation/calculi and renal 
pyelonephritis, which was considered an incidental finding. 

• Abnormal clinical signs were limited to few feces, thin, and rough haircoat, which were 
more pronounced at the mid- and high-dose levels. 

• Body weights were statistically significantly decreased from control values at all dose 
levels for both males (↓7% to 18%) and females (↓16% to 19%).  The effects on body 
weight generally associated with decreased food consumption.  Decreases in body weight 
and food consumption are expected pharmacological effects of GLP-1 receptor agonists. 

• Slight decreases in mean reticulocyte counts were noted for all male dose groups, high 
dose females, and the high-dose female recovery group. 

• Slight decreases in mean glucose (high-dose males), cholesterol (high-dose females), and 
triglycerides (high-dose males and females) were noted. 

• Dose-dependent decreases in organ weights were considered a secondary effect of the 
decrease in body weights. 

• Microscopic findings noted at the high dose included a slight increase in focal 
congestion/hemorrhage of the stomach (2/15 males, 1/15 females) and dilatation of the 
uterus (6/15).  An increase in the number of animals with bile duct proliferation was 
noted for the high-dose recovery males (2/10). 

• Although Ab production was not assessed in this study, the fact that exposure data were 
the same or greater on Day 183 compared with Day 1 and signs of pharmacological 
activity (decreased mean body weights and decreased mean food consumption) were 
noted during the last week of the study suggests that sufficient drug exposure was 
maintained throughout the study. 

• Because decreased body weight and food consumption are expected pharmacological 
effects and did not produce adverse outcomes with regard to overall animal health, the 
NOAEL of this study was considered to be 20 mg/kg.  At the NOAEL, the mean Cmax and 
AUC0-last at Day 183 were 43.7 µg/mL and 1590 µg·h/mL, respectively. 

 
Study no.:  7608-236 
Volume #, and page #:  Vol. 1 (SN 041); page 1 
Conducting laboratory and location:   

 
Date of study initiation:  14 August 2006 
GLP compliance:  Yes 
QA report:  yes ( X ) no ( ) 
Drug, lot #, and % purity:  LY2189265, Lot # C1301-78, 57.6 mg/mL 
Formulation/vehicle:   
Diluent A:  citrate buffer and  (w/v) polysorbate-80 with  sodium chloride 
in sterile water for injection, USP. 
Control article (diluent B):   citrate buffer (pH  and  (w/v) polysorbate-80 with 

 sodium chloride in sterile water for injection, USP. 

(b) (4)

(b) (4)

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

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

(b) (4)
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Methods 
 Doses:  0 (vehicle), 2, 6, and 20 mg/kg/d (actual doses were later determined to be 1.63, 

4.89, and 16.89 mg/kg) 
 Species/strain:  Rat / Sprague Dawley 
 Number/sex/group (main study):  15/sex/group 
 Route and volume:  Subcutaneous; 1 mL/kg 
 Satellite groups used for recovery:  10/sex/group (control and 20 mg/kg/d only) 
 Satellite groups used for toxicokinetics: 6/sex/group (control) or 12/sex/group 
      3/sex/group/timepoint 
 TK sampling times:  
  Control - Days 1 and 183 – predose (Day 183 only) and ~24 hours postdose 
  Test article – Days 1 and 183 - predose (Day 183 only) and 4, 12, 24, 48, and 

96 hours postdose 
 Ab sampling times:  Samples collected on recovery phase sacrifice day only; 
    Immunogenicity samples discarded without analysis 
 Age:  6 to 8 weeks 
 Weight:  179 to 268 g (males); 153 to 221 g (females) 
 
 
Observation and Times:  
Clinical signs:  Cage side - twice daily; Detailed observations – predosing, Day 1, and 

once weekly thereafter. 
Body weights:    Predosing and before each dose administration 
Food consumption: Twice weekly (quantitatively) 
Ophthalmoscopy: Pre-dose and once during the final week of dosing 
EKG:     Not conducted 
 
Hematology:   

 
 

 
Clinical chemistry:  
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Urinalysis:  

 

 
 
Gross pathology:   Conducted on all main study group animals 
 
Organ weights:   Conducted on all main study group animals 
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Histopathology:   Conducted on all main study group animals 

 
 

 Adequate Battery:   yes (X),  no ( ) 
 Peer review:   yes ( X ),  no (  )  performed by sponsor - all tissues from the 1st 3 

animals of both sexes from control and high dose groups.  Additionally, all tissues from 
the Group 3 female that was sacrificed moribund were examined. 

 
 

 
Results: 
 
Mortality:  One mid-dose female was sacrificed moribund on Day 78.  Prior to sacrifice, the 
animal was debilitated (i.e., thin, recumbent, genitals that were red in color, and cold to touch).  
Pathology results indicated that the moribund condition was due to urinary inflammation/calculi 
and renal pyelonephritis, which was considered an incidental finding.  One low-dose TK male 
animal was found dead on Day 96; the cause of death was not determined.  Neither event was 
considered test article-related. 
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Toxicokinetics:  There were no apparent differences in PK data between genders.  Slight 
accumulation was noted at the mid and high doses. 

 
 
 
Antibody measurements:   
Anti-LY2189265 antibody levels were not measured.  Although antibody production was not 
assessed in this study, the fact that exposure data were the same or greater on Day 183 compared 
with Day 1 and signs of pharmacological activity (decreased mean body weights and decreased 
mean food consumption) were noted during the last week of the study suggests that sufficient 
drug exposure was maintained throughout the study.  Additionally, the high-dose group gained 
considerably more weight during the recovery period compared with controls indicating that 
treatment-related weight suppression was maintained throughout the dosing period. 
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